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Background: Even with a strong evidence base, many healthcare interventions fail to be translated to clinical practice due to the absence of robust implementation strategies. For disorders such as Alzheimer's disease and other dementias, access to evidence-based interventions beyond research settings is of great importance. Cognitive Stimulation Therapy (CST) is a brief, group-based intervention, with consistent evidence of effectiveness.

Methods: An implementation focused, three-phase methodology was developed using extensive stakeholder engagement. The methods resulted in a standardized Implementation Plan for the successful translation of CST from research to practice. The methodology was developed using the Consolidated Framework for Implementation Research (CFIR) and refined in three countries that vary in levels of economic development and healthcare systems (Brazil, India and Tanzania).

Results: Five Implemention Plans for CST were produced. Each plan contained implementation strategies and action plans devised in conjunction with policy professionals, healthcare professionals, people with dementia and family carers, and an international team of researchers and clinicians.

Conclusion: This novel methodology can act as a template for implementation studies in diverse healthcare systems across the world. It is an effective means of devising socio-culturally informed Implementation Plans that account for economic realities, health equity and healthcare access.

Keywords: translational research, implementation, cognition, developing countries, methodology, psychosocial, dementia


INTRODUCTION

Cognitive Stimulation Therapy (CST) is a brief, group-based, psychosocial intervention for people living with mild to moderate dementia (1). Manualised CST consists of 14 sessions of 45-min duration each, occurring twice a week for 7 weeks. Each session follows a theme (e.g., current affairs, word games, faces) and is designed to stimulate a range of cognitive abilities, whilst providing an optimal learning environment, and the social benefits of a group (2). The original CST programme referenced here was developed in the United Kingdom (UK), due to the limited efficacy of medication prescribed for dementia (3). It has a consistent evidence base for improving cognition and quality of life for people with dementia (4, 5). In particular, memory, comprehension of syntax and orientation appear to be most impact by CST, whilst impact on executive function, attention, and praxis has not been documented (6). CST has also been widely implemented in UK National Health Service (NHS) Memory Clinics (7) and is consistently recommended for people with dementia in the UK (8, 9). Whilst many programmes similar to CST have since been developed, the original UK version remains the most consistently evidenced (10–12).

As manualised CST was developed in the UK, some activities such as the use of a group song to open and close sessions, and reminiscence about childhood may be less appropriate in other contexts and cultures. To ensure that CST remains cross-culturally valid, a standardized methodology involving three distinct stages was developed, where adaptations are generated and reviewed in collaboration with stakeholders. Where this methodology has been adhered to, consistent evidence for the effectiveness of CST has emerged across countries (10). However, after adaptation, implementation is needed to maximize global uptake of evidence-based interventions.

Barriers to implementing evidence based interventions can occur at multiple levels of a health system including the patient level, provider or group level, organizational level and policy level (13) and there is a growing recognition of the importance of implementation research including evaluating what works, where and why across multiple contexts. The Consolidated Framework for Implementation Research (CFIR) (14) is a meta-theoretical amalgamation of 19 previous implementation models that can inform this process. It incorporates theories of innovation, organizational change, knowledge translation, uptake and dissemination and is designed to offer an overarching typology for constructs associated with implementation science, where constructs and domains can be used to guide and evaluate the implementation process. The CFIR has been used widely and can underpin diverse programmes, from weight management initiatives (15) to pharmacological interventions in addiction services (16).

There is no existing methodological framework for implementing healthcare interventions that also accounts for differing economic development of countries, healthcare systems, and complex implementation issues such as those contained within the CFIR. Thus, the aim of this paper is to present a newly developed, three-stage, implementation methodology that facilitates the successful implementation of evidence-based interventions like CST in diverse settings. Whilst evidenced for CST, the methodology can be generalized to other programmes and interventions across diverse contexts, thereby facilitating the translation of interventions from research to practice globally.



MATERIALS AND METHODS

Implementation Plans were developed separately for three countries (Brazil, India, and Tanzania) using the CFIR. The CFIR is a taxonomy of factors intrinsic to the implementation or “scaling up” of interventions from research to practice and has been used successfully in a number of interventions (15, 17). Consisting of five domains (intervention characteristics, outer setting, inner setting, characteristics of individuals and process) and 39 constructs, the CFIR can be used to guide and evaluate the implementation process across multiple and diverse healthcare systems. In particular, the continual engagement of stakeholders is advocated to explore the barriers to and facilitators of implementation and inform the implementation process at a provider, service user and organizational or political level (Table 1).


Table 1. Consolidated framework for implementation research (CFIR) domains and constructs.
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For the current project, the CFIR was used to develop a three-stage, mixed methodology employing both stakeholder engagement and the development of a quantitative scoring system. In summary, the methods consisted of: [1] exploration of barriers to and facilitators of CST implementation, [2] development of implementation activities to overcome each barrier or support each facilitator, and [3] development and monitoring of formal Implementation Plans. To demonstrate cross cultural validity, this methodology was used in three diverse countries with differing levels of economic development and differing healthcare systems: Brazil, India, and Tanzania. Brazil is an upper-middle income country, with both a public [Sistema Único de Saúde (SUS)] and private healthcare system (18). India is a lower-middle income country, with a public government healthcare system covering primary, secondary, and tertiary care. However, bottlenecks in accessing these services can occur, leading people to seek private care (19). Tanzania is a low-income country, where the health system is descentralised and is pyramidal in structure. Dispensaries serve local communities, followed by health centers, hospitals and larger referral hospitals (20).

The three countries chosen for this work were part of the CST-International research programme (21) and teams in each country had previously completed the formal adaptation of CST (22–24) using the established methodology (25). As this was a stakeholder project and not a formal research study, no identifying information was collected from stakeholders beyond their job title and no formal analysis was conducted.


Phase 1: Exploration of the Barriers to and Facilitators of CST Implementation
 
Identifying Stakeholders

The Formative Method for Adapting Psychotherapy (FMAP) has previously been used to identify relevant stakeholders when adapting CST for different countries (25). This, combined with implementation theory, resulted in the identification of three groups of stakeholders from both public and private healthcare systems: Group [1] Decision makers or policy professionals who may commission or authorize the use of CST in services, group [2] healthcare professionals who may be expected to deliver CST as part of their regular duties, and group [3] those who may expect to receive CST and their supportive others.



Implementation Questions

All 39 constructs contained within the CFIR were examined and transformed into a series of questions addressing each of the five domains of implementation (see Supplementary Material). The questions were developed iteratively with researchers and clinicians from the UK, Brazil, India and Tanzania providing feedback and suggesting additional questions. Questions were designed to be all encompassing and cross-culturally valid. They could refer to differing awareness of dementia, healthcare systems and services including long-term care, private facilities and non-governmental organizations (NGOs). Further, questions were targeted according to stakeholder group and accounted for job role and responsibility, experience and expertise. A total of 39 questions were developed and a distinction was made between those considered essential to inform the implementation process and those deemed as supplementary. Thus, 15 questions (5 per group) were considered essential, with researchers in Brazil, India, and Tanzania required to ask them and 24 were classed as supplementary that could be asked if time allowed.



Stakeholder Meetings

Flexibility was needed when organizing stakeholder meetings and the format was amended to suit individual settings. However, all stakeholder meetings were required to be prefaced by introductory talks on both dementia and CST, ensuring equivalency of baseline knowledge. Further, all talks were tailored to ensure that the information presented was appropriate for the country or setting and the stakeholder group presented to. Following the talks, stakeholders were split into small groups, with one or two facilitators present. Facilitators asked each of the essential questions to the group, ensuring that all stakeholders were given an opportunity to express views. If there was time following thorough discussions of the essential questions, supplementary questions were put to stakeholders. Sessions were audio-recorded if attendees gave permission for this but as, this was not a formal research study, no formal qualitative analysis was undertaken.




Phase 2: Development of Implementation Activities
 
Compilation of Barriers and Facilitators

Every barrier and facilitator identified across stakeholder meetings were synthesized into tables specific to each country. Each barrier or facilitator was then grouped according to the CFIR construct they referred to and were also grouped according to a more generic research theme. These tables were discussed by the primary team in each country and by the wider international team, who proposed implementation activities designed to overcome barriers or reinforce facilitators identified. Researchers were asked to focus on tangible and realistic activities that could be achieved as part of the CST-International research programme (2018–2021). Activities proposed by the primary team in each country were subsequently discussed and agreed upon in teleconferences with the UK based team. All agreed upon activities were added to the table, next to the corresponding barrier or facilitator.



Reaching Consensus on Implementation Activities Proposed

As numerous barriers and facilitators were identified, the corresponding number of implementation activities was also high. Recognizing that it might not be feasible to use all activities proposed, a system was devised to ensure that activities considered essential to the successful implementation of CST were prioritized. Further, the team recognized that implementation activities were of ranging difficulty practically. As such, a secondary rating system was added to ensure that activities that were of relative ease were also prioritized. This resulted in a two-by-three matrix system (26), where both the perceived importance and ease of use for each implementation activity proposed could be captured. It was also important to ensure that stakeholders were re-engaged with to determine the importance and difficulty of each proposed activity. Thus, the completed table with barriers, facilitators and proposed activities were circulated firstly to each research team and then to all other stakeholders for feedback. Both the research team and stakeholders were asked to provide two ratings for each activity according to the two-by-three matrix (Figure 1).


[image: Figure 1]
FIGURE 1. Rating matrix for implementation activities.


It was stipulated that all stakeholders should be invited to provide ratings, in order to maximize the response rate. To analyse responses, a scoring system was used for the matrix where scores ranged from one (activity was both advisory and difficult) to 9 (activity was both essential and easy). The mode(s) for each activity was then calculated and results discussed during a consensus meeting in each country. Consensus was reached when members of the primary team in each site formally agreed upon which activities would be undertaken, prioritizing those with the highest modes judged most feasible. The teams did this by further splitting activities into those that were “essential” for successful implementation and those that the team would “further consider” if time and resources allowed.




Phase 3: Writing and Monitoring the Implementation Plan

The agreed upon implementation activities were formalized in a research document called an “Implementation Plan.” Whilst plans could be written in the format or style most suited to each context, it was stipulated that all teams were required to continue using the CFIR and that each Implementation Plan should include:

1) A written summary of the barriers and facilitator tables, detailing which implementation activities were to be undertaken and the CFIR construct they referred to.

2) Justification for the number of activities that the team agreed to undertake, with reference to available time and resources.

3) Justification for decisions not to undertake an activity that had a high mode (8 = essential and intermediate or 9 = essential and easy), where applicable.

4) “Action plans” for the site where each activity to be undertaken was assigned to a member of staff and given a due date for when the action should be completed by.

5) A local barrier and facilitator checklist to be used by newly trained facilitators before commencing a CST group addressing logistical issues commonly faced when beginning CST.

After the Implementation Plan had been written and agreed upon by the local and international teams, it was routinely monitored by staff to ensure that actions were undertaken. Staff were encouraged to keep a record of completed actions and a research diary detailing which activities were successful and which were less so.

An overview of the methodology and process, with example results can be found in Table 2. More detail on results from each phase can be found in subsequent sections.


Table 2. Methodology overview and example results.
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RESULTS


Phase 1: Exploration of the Barriers to and Facilitators of CST Implementation
 
Brazil

Four meetings took place between November 2018 and January 2020 in Rio de Janeiro and São Paulo involving 50 stakeholders (Group 1 = 15, Group 2 = 20, and Group 3 = 15). In Rio de Janeiro all three groups attended one session where they listened to introductory talks to dementia and CST by the research team before dividing into smaller groups, according to their designation (Group 1, 2, or 3) for the discussion. In São Paulo, three meetings where facilitated by the research team, with each stakeholder group attending introductory talks and taking part in small group discussions. Group 1 stakeholders included administrative directors of public health services and NGOs, primary care coordinators, private clinic administrators and private clinic administrators. Group 2 stakeholders included psychologists, nurses, speech therapists, social workers and occupational therapists. Group 3 consisted of people with dementia, their family members or supportive others and other members of the general public with experience of or an interest in dementia. In both locations, common barriers identified by Group 1 included a lack of awareness regarding treatment policies or guidelines for dementia or how policies were applied practically in the varied healthcare services. Group 2 stakeholders noted there could be high staff burden, with healthcare professionals lacking capacity to deliver what was perceived as an extra service alongside their usual duties. Group 3 stakeholders discussed a lack of support from the public sector and high levels of stigma.



India

Across three sites (Mysore, Chennai and New Delhi) a total of 77 stakeholders took part in discussions (Group 1 = 22, Group 2 = 31, and Group 3 = 24). Group 1 stakeholders included Government officers in charge of Ministry of Health programmes, representatives from the Alzheimer's and Related Disorders Society of India (ARDSI) and decision makers NGOs. Group 2 representatives included psychiatric nurses, research assistants, consultant psychiatrists, neurologists, geriatricians, neurology, and psychiatry residents and psychologists. For Group 3, people with dementia, family caregivers and community leaders responded. In all sites, Group 1 stakeholders were interviewed individually, due to their limited availability. In Chennai, the decision was made to speak to nurses and nursing assistants separately from medical doctors to ensure that nurses were comfortable giving a view. Group 1 responders across sites noted that there was often a lack of national funding available for research and services for people with dementia and there was often a lack of communication between key policy professionals and professionals. Group 2 noted that stigma and the cost of services could impact attendance for dementia services and that psychosocial interventions were perceived as less valuable than medical interventions. Caregivers in Group 3, who had taken part in previous psychosocial interventions in Chennai, suggested that they viewed these interventions as beneficial, improving communication for the person with dementia. They also noted some logistical barriers including transportation difficulties and scheduling conflicts as caregivers had to take time off from employment to accompany persons with dementia to attend sessions.



Tanzania

Two meetings took place in Arusha and Moshi in October 2018 involving 49 stakeholders (Group 1 = 5, Group 2 = 33, and Group 3 = 11). Group 1 stakeholders included directors of services at local hospitals, regional mental health coordinators and heads of departments in a local hospital. Group 2 were mostly nurses, medical doctors, counselors and psychologists. Group 3 consisted of five people with dementia and six carers or supportive others. The people with dementia had previously participated in a pilot study of CST. Barriers identified in Tanzania included a lack of awareness of dementia as a disease, under-developed transport networks limiting the degree to which people with dementia could travel to a group and, similar to Brazil, high staff burden. However, carers and people with dementia in Group 3 described the benefits of meeting with their peers and the sharing of news across villages and towns. There were also more practical barriers identified in Tanzania associated with running CST groups. First, some sessions required the use of electronic equipment and electricity could not always be relied upon in more rural areas. Second, a small but significant proportion of older adults spoke only Chaga languages, thus creating a language barrier with some of their fellow attendees and Swahili speaking healthcare professionals. Third, meeting spaces could be difficult to source, with previous groups taking place in churches or school. Both were described as problematic with the former potentially leading to exclusion and the latter to embarrassment.




Phase 2: Development of Implementation Activities
 
Compilation of Barriers and Facilitators
 
Brazil

A total of 58 barriers and facilitators were identified across both sites within CFIR categories of: inner setting (implementation readiness, networks and communications, structural characteristics), outer setting (patient needs/resources, external policies, and incentives), intervention characteristics (cost, relative advantage, evidence strength and quality) and characteristics of individuals (knowledge and beliefs about the intervention). To overcome each barrier or support each facilitator, 41 implementation activities were proposed, with a minimum of one activity proposed for each area of the CFIR but activities proposed could address multiple barriers or facilitators.



India

As the India sites were diverse, research teams in each site wrote and compiled their own barrier and facilitator documents. In Chennai, a total of 133 barriers and facilitators were identified, and 49 implementation activities proposed. In Mysore, 26 barriers and facilitators were identified, and e 62 identified activities to support implementation were proposed. Finally, in New Delhi, a total of 25 barriers and facilitators were identified, and 62 activities proposed (country total: 184 barriers/facilitators and 173 activities proposed). Activities fell under the CFIR domains of inner setting (structural characteristics, implementation climate, networks, and communications), outer setting (peer pressure, patient needs/resources, external policies and incentives, cosmopolitanism), intervention characteristics (complexity, cost, adaptability, design quality and packaging, evidence strength and quality, relative advantage) and characteristics of individuals (knowledge/beliefs about the intervention, motivation, values, self-efficacy).



Tanzania

A total of 55 barriers and facilitators were documented in Arusha and Moshi, within the CFIR categories of: inner setting (networks and communications, structural characteristics, culture), outer setting (patient needs/resources), intervention characteristics (cost, relative advantage, design quality, and packaging), and characteristics of individuals (knowledge/beliefs about the intervention). A total of 41 implementation activities were proposed to overcome all barriers and support all facilitators. For Tanzania, the research team discussed whether it was more feasible for CST facilitators to transport people with dementia who lived in very rural setting or whether it was feasible for people with dementia and carers to arrange their own transport. Ultimately a decision could not be made and so both activities were proposed, with the decision postponed until stakeholders could express a preference.




Reaching Consensus on Implementation Activities Proposed
 
Brazil

Thirty-three stakeholders from Phase 1 rated the 41 implementation activities according to their perception of how essential each activity was for successful implementation and how easy each were to do. Responders consisted of five members of the CST-International research team (two psychologists, one psychiatrist, one PhD candidate, and one research assistant) and 16 potential CST facilitators (Group 2), for whom professions included psychologists, nurses, physicians, gerontologists, speech therapists, recreation workers, and social workers. Six decision makers from the private and public sectors responded on behalf of Group 1 (local policy or decision makers). For Group 3 (people with dementia, caregivers and other interested parties), six caregivers responded.

The most common individual rating for activities was 8 (Essential and Intermediate), however, there was a large amount of variance in responses. For example, the implementation activity “CST training should be delivered where CST sessions are going to be offered” was rated as advisory and intermediate (2) by two responders and essential and easy (11) by two responders. All activities were discussed at a local team meeting, with reference to how many could be implemented and the prioritization of those activities that were rated as both essential for implementation and easy to use. It was decided that activities rated as essential and easy/intermediate to use would always be categorized as “essential” and activities with lower modes would be categorized as “further consider.” A total of 22 activities were considered essential for implementation success and nine were designated as further consider if time and resources allowed.



India

In Chennai, 12 stakeholders rated how essential and easy the identified activities to support implementation were. Responders consisted of four members of the CST-International research team (three consultant psychiatrists and one psychologist). Two decision makers from an NGO responded on behalf of Group 1. For Group 2, two potential CST facilitators (psychologists) and two psychiatrists responded. For Group 3, two caregivers responded.

The most common individual ratings for activities were 9 (Essential and Easy) and 8 (Essential and Intermediate). All activities were discussed at a local research team meeting, where it was decided activities rated as essential and easy/intermediate to implement would always be categorized as “essential” (40 activities). Some activities rated six (Desirable and Intermediate) or below were deemed too resource intensive. For example, under “Inner Setting” a mechanism that required “researchers to identify homes willing to deliver CST and pitch CST to them” was considered too resource intensive, involving creating an exhaustive list of care homes in Chennai. Six activities were further considered by the team.

In Mysore, 13 stakeholders rated the implementation activities. Responders consisted of four members of the CST-International research team (three psychiatrists and one speech pathologist) and three potential CST facilitators (Group 2) that included two psychologists and one psychiatric social worker. Three stakeholders responded on behalf of Group 1 and included a head of Department in Psychiatry in a State-run Medical College, a District Mental Health Officer and a District Psychiatrist. For Group 3, two caregivers and one person with dementia responded. All activities were discussed at a local team meeting, where it was decided that activities rated as essential and easy/intermediate (9/8) to implement would always be categorized as “essential” and activities with lower modes would be categorized as “further consider”. This resulted in 16 “essential” activities and eight “further consider” activities.

For New Delhi, all identified stakeholders from Phase 1 rated the implementation activities (Group 1 = 10, Group 2 = 10, Group 3 = 8). All domain areas considered essential were shortlisted as mandatory for CST implementation (45 “essential” activities) while the consensus view was that domain areas considered advisory and desirable should be left to the discretion of the team depending on available resources and logistics. These nine activities were designated as “further consider.”



Tanzania

16 stakeholders rated implementation activities for Arusha and Moshi. These consisted of four members of the CST-International team (two geriatricians, one registrar, and one senior research associate) and eight potential CST facilitators (Group 2), for whom professions included psychologists, medical officers and occupational therapists. A decision maker at a large university hospital responded on behalf of Group 1 (local policy or decision makers). For Group 3 (people with dementia, caregivers and other interested parties), two caregivers and one person with dementia responded.

The most common individual rating for activities was 6 (Desirable and Intermediate), however, there was a large amount of variance in responses. For example, the activity “psychoeducation should include information on the underlying pathology of neurodegenerative diseases” was rated as advisory and difficult (1) by two responders and essential and easy (11) by two responders. All activities were discussed at a local team meeting, with reference to how many could be implemented and the prioritization of those activities that were rated as both essential for implementation and easy to use. It was decided that activities rated as essential and easy/intermediate to implement would always be categorized as “essential” (15 activities) and activities with lower modes would be categorized as “further consider” (seven activities).




Phase 3: Writing and Monitoring the Implementation Plan
 
Brazil

The São Paulo and Rio de Janeiro sites were considered similar enough to allow for one Brazil Implementation Plan, with specific actions attributed to sites where appropriate. A draft implementation plan was circulated, and CST-Investigators were invited to comment and refine the plan. The fifth and final iteration of this plan was reviewed and approved by all members of the team. The 22 essential activities recorded in the Brazil Implementation Plan fell under CFIR domains of: knowledge/beliefs about the intervention, relative advantage, costs (direct and indirect), networks and communications, external policy and incentives and structural characteristics. The nine further consider activities fell under the CFIR categories of: patient needs and resources, adaptability, structural characteristics and individual stage of change. Ten members of the research across sites were assigned action plans consisting of their essential and further consider actions. An example of a Rio de Janeiro based researcher's action plan is given in Table 3. The Brazil local barriers and facilitators checklist contained four subsections: participants, facilities, travel and timing and materials. Example items included “Is group to be held in a neutral setting (e.g., it is not in a church)?,” “can the building be reached by public transport?,” and “have you got all the electronic devices needed for sessions (e.g., mobile phone with songs preloaded)?


Table 3. Example action plan for Rio de Janeiro based researcher.
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India

The India sites were considered too diverse for one Implementation Plan and, therefore, three local level plans were first developed. Each plan was developed iteratively with feedback from other Indian sites and from the international team. In Chennai, the 39 essential activities fell under CFIR constructs of: structural characteristics, implementation climate, external policies and incentives, patient needs and resources, cosmopolitanism, knowledge/beliefs about the intervention, other attributes, costs (direct and indirect), relative advantage, complexity, and evidence strength. The six further consider activities fell under: structural characteristics, external policies and incentives, patient needs and resources, costs (direct and indirect), and complexity.

In Mysore, the 16 essential activities fell under the CFIR constructs of: patient needs and resources, knowledge/beliefs about the intervention, costs (direct and indirect), design quality and packaging, network and communications, structural characteristics, adaptability, complexity, and implementation climate. Further consider activities (10) fell under: patient needs and resources, knowledge/beliefs about the intervention, costs (direct and indirect), structural characteristics, adaptability, complexity, and implementation climate.

In New Delhi, 55 activities were considered essential and seven were further considered. Essential activities fell under the CFIR domains of interventions characteristics, inner setting and outer setting. Examples specific essential activities under the domain of intervention characteristics included highlighting the advantages of group therapy during educational initiatives for carers and the use of culturally heterogeneous CST groups for participants.

Across all plans, seven researchers were assigned action plans and an example of a Mysore based researcher action plan is given in Table 4. Local barriers and facilitator checklists were largely similar across sites and all contained the same subsections as the Brazil checklist (participants, facilities, travel and timing and materials). Example items from the Mysore checklist included, “Are there enough chairs?,” and “Have you agreed which times and dates CST sessions will be with carers?”


Table 4. Example action plan for Mysore based researcher.
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Tanzania

As in Brazil, it was decided that the Moshi and Arusha areas were similar enough to necessitate the use of one Implementation Plan. The plan was finalized over three iterations and the 15 essential actions fell under the CFIR categories of: patient needs and resources, knowledge/beliefs about the intervention, costs (direct/indirect), design quality and packaging, network and communications, structural characteristics, and culture. The seven further consider activities fell under the CFIR constructs of patient needs and resources, knowledge/beliefs about the intervention, costs (direct and indirect) and structural characteristics. Ten members of the team were assigned action plans, an example of which is given in Table 5. The local barriers and facilitators checklist contained items such as “Will there be access to drinking water?,” “Have you checked when the local market day is?” and “Is there a contingency plan for sessions where you will need electricity?”


Table 5. Example action plan for Tanzania researcher.
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DISCUSSION

Using an innovative methodology developed using the CFIR and extensive stakeholder engagement, five Implemention Plans for CST were produced for three countries. The systematic development of methods in implementation research in LMICs has previously been suggested as an important means of facilitating cross-culturally valid research in this setting (27). The methods described here represent a first step in achieving this goal.

Each plan contained implementation strategies devised in conjunction with policy professionals, healthcare professionals, people with dementia and family carers, and an international team of researchers and clinicians. The use of this methodology resulted in unique plans suitable for diverse contexts including NGOs, public health services and private clinics in countries with varying levels of economic development or infrastructure. For example, the Brazil Implementation Plan contained strategies to implement CST in both private clinics and in the public system. In India, creating networks and collaborations between both NGOs and government healthcare facilities to facilitate information sharing was prioritized. In Tanzania, increasing awareness of dementia and treatment options amongst all stakeholders was a necessary step for successful implementation. The individualistic nature of the developed plans illustrates the flexibility of this methodology when applied to diverse contexts.

Barriers and facilitators documented here were consistent with those previously identified. A shortage of qualified professionals was identified here as a barrier to delivering CST and this shortage across services has also been suggested as negatively impacting on how a service user evaluates the quality of a healthcare service (28). In Brazil, it has been suggested that CST could be viewed as additional work for both caregivers and healthcare professionals (24). This is consistent with the barrier of healthcare professionals having competing demands on their time documented here. In India, the role of NGOs was identified here as an important facilitator for CST, creating networks across other NGOs and to government healthcare facilities. NGOs such as the 10/66 Research Group, have been identified as playing an important role in the facilitation of knowledge sharing both within India and internationally (29).

Whilst there is consistent evidence for the effectiveness of CST, less is known about its implementation to routine clinical care. To our knowledge, this is the first paper that provides a practical, evidence-based methodology for planning the systematic implementation of CST for people with dementia in diverse contexts. The resulting “Implementation Plans” developed as a result of using this methodology can be used to determine how best to implement CST. This moves the body of research concerning CST forward, from successful adaptation of the CST manual to effective implementation in varying countries and healthcare systems.

The CFIR provides a pragmatic structure for identifying, organizing and exploring constructs associated with implementation for healthcare interventions. In contrast to other studies where individual domains have been selected (30), all domains of the CFIR were examined and included in the current methods. This enabled an in-depth and holisitic exploration of the barriers to and facilitators of implementation in three diverse countries. Whilst these methods specifically address implementation issues for CST in different contexts, the methodology used can be generalized to other interventions in diverse countries.


Methodological Problems and Limitations

The methodology here was developed drawing on implementation science. However, as it was novel, there were some difficulties observed during its use as part of the CST-International trial. Examples of methodological problems presented here can act as further guidance or considerations for future use of the methodology. During Stage 1 in the Rio de Janeiro site, it was noted that during a small stakeholder discussion group of potential CST facilitators, the group was being led by a member of staff who was the hierarchical superior of the stakeholders. This may have influenced the answers given, however, no other groups were led by managers, limiting the effect of this.

During Phase 2, a large amount of variance was sometimes observed for activities in Tanzania, with the implementation activity “dementia awareness course for family carers should contain information on stigma associated with dementia” rated as essential/easy and advisory/difficult. It was not clear why there was a large variance and formal qualitative interviews alongside may have helped.




FUTURE RESEARCH

Whilst not included here, a further Implementation Plan for Trissur using the same methodology is in development. Once this plan is completed site leads will hold a consensus meeting to synthesize the local plans and create one National Implementation Plan for India. This plan will include information that is deemed relevant across sites and will ensure that the activities proposed target the full range of institutions involved with dementia care or treatment such as NGOs, government hospitals and charities.

This methodology is proposed as a “gold standard” for the implementation of CST and further evidence will be evaluated in future work planned in China. It should also be tested in more diverse settings to ensure the methodology can be used effectively in both LMICs and high-income countries (HICs). The methodology will also be disseminated via the International CST Centre, hosted by University College London (UCL) to ensure implementation of CST follows best practice for both the adaptation, and the implementation stage. The effectiveness of the strategies in Brazil, India and Tanzania will be evaluated as part of the CST-International body of work (21).



CONCLUSION

A practical, evidence-based methodology for the successful implementation of CST in diverse countries and healthcare systems was developed using implementation science frameworks. The methodology has been successfully used to create “Implementation Plans” for CST in Brazil, India, and Tanzania with further work in other countries planned. This methodology is the first of its kind and could be used as a template for the implementation of other non-pharmacological interventions for people with dementia, particularly in LMICs.
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Introduction: Little is known about risk factors of dementia in Latin American countries. We aimed to identify socio–demographic, health and lifestyle risk factors of incident dementia in Cuban older adults.

Methods: Data were from 1,846 participants in the Cuban cohort of the 10/66 Dementia Research Group. Participants completed questionnaires, health examinations, and cognitive tests at baseline (2003–2006) and 4.5 years later (2007–2010). Associations between risk factors (baseline) and incident dementia (follow-up) were examined using logistic regression.

Results: Just over 9% of participants developed dementia. Overall, older age and low physical activity were associated with incident dementia. In those 65–74 years of age, depression, stroke and low physical activity were associated with incident dementia. In those ≥75 years of age, low physical activity, never eating fish, and smoking were associated with incident dementia.

Conclusions: Modifiable lifestyle factors play an important role in developing dementia in Cuban older adults. This knowledge opens up opportunities for preventive strategies.

Keywords: dementia, risk profile, lifestyle, older adults, epidemiology


INTRODUCTION

Two-thirds of the people living with dementia live in low- and middle-income countries (LMIC) (1). Due to population aging and changing lifestyles, the prevalence of dementia risk factors such as midlife hypertension and diabetes is rapidly increasing in these countries (2, 3). Over the coming decades, the largest increase in dementia prevalence will be in LMIC (1, 4). In 2015, 27.3 million people lived with dementia in LMIC. This number is projected to increase to 89.3 million in 2050 (1). Until there is a cure, implementation of evidence-based preventive strategies is crucial to reduce the impact of dementia on the society and the economy. There is strong evidence that the dementia risk in populations can be lowered by reducing the prevalence of risk factors (5, 6).

While many researchers have examined risk factors of dementia in high income countries (HIC), little is known about risk factors for dementia in LMIC. Findings from HIC cannot necessarily be extrapolated to LMIC as the prevalence of dementia and established risk factors differ between LMIC and HIC (7, 8). A study in which population attributable fractions (PAF) were estimated for nine health and lifestyle factors, showed that for seven of the nine risk factors the PAF was much higher in Latin America than worldwide (6, 9). Moreover, the overall PAF was much higher in Latin America [55.8%, confidence interval [CI]: 54.9–56.7] than worldwide (35%, CI: 34.1–35.9), suggesting that health and lifestyle factors may contribute more to the dementia risk in Latin American countries than in other countries (9). Previous Latin American studies have shown associations between individual risk factors, such as tobacco use and APOE genotype, and dementia (10, 11). In two studies in Mexico (12) and Argentina (13) risk profiles of cognitive impairment were examined, but a comprehensive analysis of factors associated with increased dementia risk is lacking.

Given the absence of a cure and limited resources for healthcare in Cuba, the policy focus is on prevention. To guide preventive strategies, it is pivotal that we know which risk factors are most important for focused health promotion programs in Cuba. The aim of the present study was to identify risk factors for incident dementia in Cuban older adults. The focus was on socio-demographic, health and lifestyle factors, with a particular interest to identify potentially modifiable factors.



METHODS


Setting and Study Design

The data used in this study were from the Cuban cohort of the 10/66 Dementia Research Group, a population-based cohort study designed to examine the prevalence and determinants of stroke, dementia and mortality in LMIC (14, 15). For the current analyses, data were used from the first (2003–2005) and second (2007–2010) data collection waves, that involved clinical and informant interviews, physical examination, and blood draws collected by trained interviewers (15). The variables were measured using the same methods across the data collection waves. Where available, translated, culturally adapted and validated instruments were used (see §2.3 for details per variable).

Written informed consent was obtained from all participants. The design of the 10/66 study and protocols for data collection were described in detail elsewhere (14) and were approved by the Medical Ethics committee of the University of Havana and the King's College London research Ethics Committee. Additional ethics approval for the current study was obtained from the Medical Ethics committee of the University of Havana and the Trinity College Dublin Faculty of Health Sciences Ethics Committee.



Participants

All residents aged 65 years and over in geographically defined catchment areas (urban and rural sites in Cuba) were invited to participate through door knocking (94% response rate) (14). Baseline surveys were completed by 2,813 participants in 2003–2005. Of these, 806 participants were lost to follow up (see Figure 1 for further details) and 2007 participants completed the follow-up interview in 2007–2010 (average follow-up of 4.5 years, range 2–7) Participants with a dementia diagnosis at baseline (n = 115) or missing data on dementia diagnosis (n = 40) or age (n = 6) were excluded from the analyses. Therefore, data from 1,846 participants were included in the current analyses.


[image: Figure 1]
FIGURE 1. Flow chart. Describing the flow of participants in the study, attrition, and selection of participants in the analyses sample.




Measures
 
Incident Dementia

Incident dementia was operationalized using two methods previously developed and validated by the 10/66 Dementia Research Group (16, 17). The first method is a regression algorithm based upon: (a) a structured Geriatric Mental State interview (18), (b) cognitive tests including the Community Screening Instrument for Dementia (CSI-D) (19), verbal fluency task, object recognition and modified CERAD 10 word list learning task with delayed recall (20) and; (c) an informant interview (CSI-D) (19) for evidence of cognitive and functional decline. Participants scoring above a prediction probability cutpoint are defined as having dementia. The second method is based on operational definitions of the DSM IV criteria (21). Although the DSM-IV does not specify a criterion for the diagnosis of dementia, this could be inferred from the common elements of the DSM-IV criteria for each of the dementia sub-type diagnoses (21). The criteria for DMS-IV diagnosis were: impairment in memory and at least one other domain of cognitive function; impairment in social or occupational functioning, and representing a decrease from a previous level of functioning; not occurring exclusively during delirium; and not better accounted for by another mental disorder. Validation of the two definitions of dementia in the 10/66 cohort, demonstrated that the DSM-IV criterion was specific but insensitive to mild to moderate dementia (16). The 10/66 dementia algorithm corresponded better to clinician diagnosis and was more sensitive to milder cases (16). To capture the maximum number of cases with dementia, all participants who met the criteria for at least one of the two definitions were classified as having dementia. Participants with dementia at baseline were excluded from the analyses. Participants with new onset dementia at follow-up were classified as having incident dementia.



Sociodemographic Factors

The socio-demographic variables were based on self- or informant-report and included: age (≤75 years and >75 years), sex, level of education [completed primary or less, secondary, or tertiary education [i.e., college/university]], marital status (response options collapsed as married/cohabiting; widowed/divorced/separated; never married) and occupational class (professional trade; skilled laborer; laborer).



Health Factors

Hypertension was measured and dichotomized using the ISH criterion of ≥140 mmHg for systolic and ≥90 mmHg for diastolic bloodpressure. Waist circumference was measured using standard procedures and obesity was defined as a waist circumference of >102 cm. Total and LDL cholesterol were derived from blood samples and high levels were defined as levels exceeding the 75th percentile in the distribution (total: ≥6 mmol/L, LDL: ≥4.3 mmol/L). Presence of doctor diagnosed diabetes, stroke, head trauma (i.e., head injury with loss of conscious) and ischemic heart problems (i.e., myocardial infarction and/or angina) were based on self-report. Depression was measured using the Geriatric Mental State Examination, and its computerized algorithm AGECAT, which provided International Classification of Disease 10 (ICD10) depressive episode diagnoses (15). Hearing and eye problems were based on self-report and were considered present if these caused at least some difficulty in daily life. The presence of sleep complaints was based on the question “Have you had trouble sleeping recently?” Family history of dementia were based on self-report. Cognitive function was based on a sum score of the cognitive test battery.



Lifestyle Factors

Lifestyle factors were based on self-report or informant report if severely demented. Participants were asked to report the maximum usual consumptions by type of drink per week before and after the age of 65 years. Hazardous drinking was defined as 14 units/week for women and 21 units/week for men (with one unit being defined as a small glass of beer, a single measure of spirits [32 units per bottle], or one glass of wine or sherry). Smoking status was defined as never or ex-smoker vs. current smoker. Physical activity was assessed with the question: “Taking into account both work and leisure, would you say that you are: very, fairly, not very, or not at all physically active?” Participants were asked to report the frequency of fish and meat consumption (response options were: every day, some days, most days, or never) and the number of fruit and vegetable servings in the past 3 days (categorized as ≤3, 4–8, and ≥9).




Statistical Analysis

Descriptive statistics were used to describe and compare baseline characteristics of participants (i) with and without incident dementia, and (ii) whose data were included in the analyses with those who were lost to follow-up. While 40.8% of the sample had missing data on at least one risk factor, only two variables had more than 10% missing data. Multiple imputation by chained equations was used to impute missing values and 20 datasets were created (22). Pooled results are presented for the main analyses. Logistic regression was used to examine associations between potential risk factors and incident dementia. Univariable models were run for each potential risk factor separately, with adjustment for sex and education. The multivariable models included age, sex, education and all risk factors with odds ratios (OR) of ≤ 0.75 or ≥1.4 in the univariable models. These cut-points were based on effect size rather than p-values or confidence intervals (CI), as we wanted to prioritize clinical relevance over statistical significance. As previous studies have shown that the strength of associations between risk factors and dementia varies with age (23), the findings are presented for the total sample and separately for the age-groups 65–74 and ≥75 years.




RESULTS

Data from 1,846 participants without dementia at baseline were used for the current analyses (Figure 1). Participants whose data were included were younger, healthier and had better lifestyles than participants who were lost to follow-up (Figure 1, Appendix Table A). Of the included participants, 169 (9.2%) developed dementia between baseline and follow-up. Participants who developed dementia were older (p < 0.001), less likely to have completed tertiary education (p = 0.002), and more likely to be widowed, divorced, or separated (p < 0.001) at baseline than those who did not develop dementia. Moreover, they had poorer cognition, less healthy lifestyles and more health problems (Table 1). Among the 1,132 participants who were 65–74 years old at baseline, 61 (5.4%) had incident dementia. Among the 714 participants who were ≥75 years old at baseline, 108 (15.1%) had incident dementia.


Table 1. Baseline characteristics of participants with and without incident dementia in the Cuban cohort of the 10/66 study (n = 1,846).

[image: Table 1]

In the total sample, statistically significant univariable associations with incident dementia were found for the risk factors age, education, marital status, obesity, stroke, depression, physical activity, fish consumption, fruit and vegetable consumption and family history (Table 2). In the multivariable model, these associations remained statistically significant for the risk factors age (≥75 years vs. 65–74 years: OR = 2.70, 95% CI = 1.90–3.84), marital status (widowed/divorced/separated vs. married/cohabiting: OR = 1.63, 95% CI = 1.10–2.41), physical activity (somewhat active vs. highly active: OR = 1.81, 95% CI = 1.13–2.90; not (very) active vs. highly active: OR = 2.29, 95% CI = 1.49–4.16), fish consumption (regular vs. rarely: OR = 1.77, 95% CI = 1.06–2.95) and fruit and vegetable consumption (≤ 3 vs. ≥9 servings: OR = 1.96, 95%CI = 1.15–3.35) (Table 3).


Table 2. Univariable associations between potential risk factors and incident dementia in the total sample (n = 1,846), and stratified by age.
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Table 3. Multivariable models for the total sample (n = 1,846), and stratified by age.
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In the younger age-group (65–74 years), statistically significant univariable associations with incident dementia were found for the risk factors education, marital status, obesity, stroke, ischemic heart problems, depression, physical activity, and fruit and vegetable consumption (Table 2). In the multivariable model, these associations remained statistically significant for the risk factors stroke (yes vs. no: OR = 3.08, 95% CI = 1.25–7.58), ischemic heart problems (yes vs. no: OR = 0.23, 95% CI = 0.05–0.99), depression (yes vs. no: OR = 1.80, 95% CI = 1.02–3.19) and physical activity (somewhat active vs. highly active: OR = 2.74, 95% CI = 1.27–4.36; not (very) active vs. highly active: OR = 2.67, 95% CI = 1.08–6.59) (Table 3).

In the older age-group (≥75 years), statistically significant univariable associations with incident dementia were found for the risk factors eye problems, smoking status, physical activity and fish consumption (Table 2). In the multivariable model, these associations remained statistically significant for the risk factors smoking status (current vs. never/ex-smoker: OR = 2.21, 95% CI = 1.17–4.16), physical activity (not (very) active vs. highly active: OR = 2.05, 95% CI = 1.06–3.94) and fish consumption (regular vs. rarely: OR = 2.44, 95% CI = 1.28–4.66) (Table 3).



DISCUSSION

This study is the first to present a comprehensive identification of factors associated with incident dementia in Cuban older adults. The results show that the risk profiles are different for adults aged 65–74 years and those aged ≥75 years. The risk factors for which statistically significant associations were found with incident dementia, were predominantly health factors in the younger age group (i.e., stroke, ischemic heart problems, depression) and lifestyle factors in the older age group (i.e., smoking, physical activity, and fish consumption).


Changes in Risk Profiles With Age

The difference in risk profiles between the younger and the older age groups is in line with previous studies in which changes were found in associations between risk factors and dementia with age. For some risk factors, associations seem to become stronger with age (e.g., smoking) (24), whereas for other risk factors associations seem to weaken with age (e.g., APOεE4, blood pressure) (25–28). Several explanations may be possible. First, lifestyle has a delayed, long term effect on health in general and brain health in particular. Accumulation of lifestyle across the lifespan, particularly during midlife, may be more important than the lifestyle at a given point in time. Second, at older ages, the higher prevalence of other chronic conditions may weaken associations between risk factors and dementia (23), particularly for risk factors that are common across chronic conditions, such as lifestyle factors. Third, mixed patterns of dementia-pathology are more common at older ages (29). Different risk factors may be relevant for different dementia-pathologies and more difficult to identify in mixed pathologies. This may also explain why fewer risk factors were found in the older age group than in the younger age group.



Lifestyle Factors

In line with previous studies that attributed a large part of the dementia risk to lifestyle factors (9), lifestyle factors, particularly physical activity, dominate the risk profiles in this cohort of Cuban older adults. Previous studies using data from the wider Latin American 10/66 cohort including data from Dominican Republic, Mexico, Peru, Puerto Rico, Venezuela and Cuba (11), have demonstrated that better scores on a cardiovascular health index (based on physical activity, smoking, alcohol, hypertension, obesity, cholesterol, glucose, and intake of meat, fish, fruits and vegetables) was associated with lower risk of dementia (30). The current study adds that, when each factor is viewed independently, some but not all of these factors are associated with dementia and the associations differ for the younger and older age groups. These collective findings suggest that either the association of the cardiovascular health index with dementia risk is driven by individual factors rather than the overall cardiovascular burden, or that some individual factors are important only in combination with other factors.

The finding that never eating fish increases the risk of dementia in the older age group is consistent with findings from previous cross-sectional studies in Latin America (31) and other LMIC (32). The beneficial effects of fish consumption are attributed to the salutary effects of long-chain omega-3 polyunsaturated fatty acids on neurone membranes, vascular anti-inflammatory properties and neuroplasticity (33).



Health Factors

Stronger associations with dementia were found with stroke and depression in the younger age group, and with eye problems in the older age group. As explained above, the attenuation of the associations between chronic conditions and dementia with age may be explained by the higher prevalence of chronic conditions at older ages (23) and therefore reduced contrast between groups with and without dementia. Also, chronic conditions acquired at younger ages may reflect longer exposure to common underlying risk factors.

The association between depression and incident dementia has been previously demonstrated in the wider Latin American 10/66 cohort (34). That study identified substantial variation between the countries in strength of associations, with the strongest associations found in Cuba (Hazard Ratio [HR]: 2.48, CI: 1.52–4.06) and Venezuela (HR: 2.12, CI: 1.16–3.87) and no associations found in the Dominican Republic (HR: 1.01, CI: 0.62–1.62) and Puerto Rico (HR: 0.81, CI: 0.19–3.48). The researchers cited differences in prevalence of depression as the main explanation for these variations (34). It may be interesting to explore if these variations between countries remain after stratification by age group.

Consistent with other studies, both in LMIC (35) and HIC (36), stroke was a strong predictor of dementia, particularly in the younger age group. Similar to previous Latin American studies, diabetes was not associated with dementia (37). Contrary to our expectations, ischemic heart disease was associated with a reduced risk of dementia in the younger age group. This likely results from survival bias as participants with ischemic heart disease have higher mortality rates than participants without ischemic heart disease and the risk of dementia increases with age.

Hearing loss and vision loss have been associated with dementia in HIC (38–42), but evidence for these associations in Latin America or other LMIC is lacking. The current results suggest that eye problems, but not hearing problems, are associated with an increased risk of dementia in Cuban older adults, but only in the older age group. Two theories that may explain the associations between hearing and vision problems and dementia are the causal pathway and the shared etiological pathway (39). Panza et al. state there is currently no epidemiological evidence to support a causal pathway between hearing loss and dementia, but argue that more research is needed to test these theories (39). Some evidence for a shared etiological pathway between eye problems and dementia comes from a review in which the researchers described the common underlying cardiovascular risk factors for cataract and dementia (43).

In a recent systematic review, the researchers found that insomnia was associated with a higher risk of Alzheimer's disease (three studies, pooled OR = 1.51, CI = 1.06–2.41) (44), but not with all-cause dementia (12 studies, pooled OR = 1.17, CI = 0.95–1.43) or vascular dementia (four studies, pooled OR = 1.13, IC = 0.94–1.35). In contrast, we found that sleep complaints were associated with a lower risk of dementia in the total sample (OR = 0.63, CI = 0.43–0.92). It may be that the question we used was insufficiently sensitive to pick up sleep disturbances. Also, participants who were already experiencing some cognitive decline at baseline (but did not yet meet criteria for dementia) may have been less likely to report sleeping complaints than participants with good cognitive function, resulting in reporting bias. The findings may also partly be explained by residual confounding.



Comparison With Risk Profiles in Other Latin American Countries

Few researchers to date have examined risk factors for dementia or cognitive impairment in Latin American countries. In a prospective study among 3002 Mexican older adults (aged 60+), risk factors were identified for severe cognitive impairment (defined as low score on the Cross-Cultural Cognitive Examination and difficulties with daily activities) (12). A cross-sectional study among 1453 Argentinean older adults (aged 60+) examined correlations between risk factors and cognitive impairment (defined as MMSE ≤ 22) (13). Comparison of the risk profiles identified in these two studies and the current study reveals some overlap but also some differences. In all three cohorts, higher age and low education were associated with dementia or cognitive impairment. Inactivity was associated with dementia or cognitive impairment in the Argentinean and Cuban cohorts, but not in the Mexican cohort. Stroke was associated with dementia or cognitive impairment in the Mexican and Cuban cohorts, but not in the Argentinean cohort. Diabetes was associated with cognitive impairment in the Mexican cohort only. Head trauma was associated with cognitive impairment only in the Argentinean cohort. Depression was associated with dementia only in the Cuban cohort. In the current study, we additionally identified not eating fish, fruit and vegetables as a risk factor for dementia. Differences in study design, sample characteristics and definition of the outcome likely explain variations in the findings across the three cohorts. The differences in risk profiles also suggest that intervention strategies require tailoring to the characteristics of the country.



Implications for Health Promotion

The current findings confirm that lifestyle and health factors are important contributors to the risk of dementia in Cuban older adults. The finding that lifestyle factors are important at older ages highlight that lifestyle interventions should not only focus on midlife, but should be continued in older ages. In the younger age group, depression and stroke were important risk factors for dementia. Given the large overlap in risk factors for stroke and dementia, health promotion programs targeting stroke will also help delay the onset of dementia and vice versa. Whether depression causes dementia, is a consequence of dementia or the two conditions are simply coinciding, is still up for debate (45, 46). We recommend that future studies evaluating depression treatment should include cognitive outcomes to examine whether adequate treatment of depression can lower dementia risk.



Strengths and Limitations

While the 10/66 cohort offers the best available data on incident dementia and its risk factors in Cuba, the study was relatively underpowered. Interpretation of the findings should take into account the relatively small sample and number of participants with incident dementia during the 4.5 years follow-up, resulting in wide confidence intervals. To maintain the maximum amount of available information and representativeness of the sample, we imputed missing values. Most missing values were due to blood samples being taken only in a subsample. About a third of participants (n = 806) were lost to follow-up; the main reason being death (n = 608). Participants whose data were included in the analyses were younger, healthier, and had better lifestyles. Hence the current results are representative for a somewhat more vital community-dwelling older population. While this study benefited from the comprehensive assessment of potential risk factors in this cohort, we may have missed factors that were not measured, for example, cognitive stimulation, social activity, other dietary components, exposure to air pollution and traumatic life events (47–49).




CONCLUSION

In conclusion, risk profiles for incident dementia differ for 65–74 year old adults and ≥75 year old adults in Cuba. In the younger age group, education, depression, stroke, and physical activity were associated with a higher dementia risk. In the older age group, smoking, physical activity, and not eating fish were associated with a higher dementia risk. Thus, modifiable lifestyle factors play an important role in developing dementia in Cuban older adults, even at higher ages. This knowledge opens up opportunities for development and implementation of preventive strategies. Preventive strategies may require tailoring to age groups.
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Introduction: Variations in lifestyle, socioeconomic status and general health likely account for differences in dementia disparities across racial groups. Our aim was to evaluate the characteristics of Arab (AS) and Jewish (JS) subjects attending a tertiary dementia clinic in Israel.

Methods: Retrospective data regarding subjects attending the Cognitive Neurology Institute at Rambam Health Care Campus between April 1, 2010, and April 31, 2016, for complaints of cognitive decline were collected from the institutional registry. AS and consecutive JS, aged ≥50 years without a previous history of structural brain disease, were included.

Results: The records of 6,175 visits were found; 3,246 subjects were ≥50 years at the initial visit. One hundred and ninety-nine AS and consecutive JS cases were reviewed. Mean age at first visit was 68.4 ± 8.8 for AS and 74.3 for JS (p < 0.0001). Mean education was 7.7 ± 4.8 years for AS and 11.3 years for JS (p < 0.0001). Mean duration of cognitive complaints prior to first visit did not differ between the groups. Initial complaints of both ethnicities were failing memory (97%) and behavioral changes (59%). Functional impairment was reported by 59% of AS and 45% of JS (p = 0.005). MMSE on first evaluation was 19.2 ± 7 for AS and 23.1 ± 5.9 for JS; p = 0.001. Alzheimer's disease was diagnosed in 32% AS and 23% JS, mild cognitive impairment in 12% AS and 21% JS. Normal cognition was diagnosed in 2% AS and 9% JS; p = 0.0001.

Conclusions: Compared to JS, AS attend a tertiary clinic when their cognitive impairment already affects their functional abilities providing a comprehensive benchmark for social health care interventions to reduce disparities.
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INTRODUCTION

The estimated number of people living with dementia worldwide currently is approaching 50 million. This number is estimated to triple by 2050, as a result of anticipated increase in middle and lower income countries due to aging of their populations (1). Ethnicity is one of the factors influencing dementia prevalence as it impacts health seeking behavior, stigma and perceived futility of the diagnosis (2). Various countries have reported dementia incidence and prevalence to be higher in ethnic minorities (3); alas, they use fewer medical services (4).

Few studies have evaluated the prevalence of dementia in the different ethnic groups in Israel. The largest ethnic groups in Israel are Israeli Jews followed by Israeli Arabs, further divided into Muslims, Christians and Druze, with a smaller number of other ethnicities. The prevalence of Alzheimer's disease (AD) in the 60 years and older Arab population in Israel is estimated as 10–20.5% (5, 6); this is four times higher than the estimated prevalence in the Jewish population (7, 8). Factors, such as high consanguinity rates and genetic pre-disposition (9, 10), high illiteracy rates (5) and lower socioeconomic status (11), have been considered to contribute to this disparity.

The present study sought to determine the usage of tertiary dementia clinic services in Israel among Arab (AS) and Jewish (JS) subjects, explore their characteristics and investigate their diagnosis and compliance with treatment. Exploring the reasons for the differences between these ethnic groups may help to direct service planning, health education and development of interventions.



MATERIALS AND METHODS

This is a retrospective study regarding subjects attending the Cognitive Neurology Institute at Rambam Health Care Campus (CNIR). It was reviewed and approved by the Institutional Review Boards of Rambam Health Care Campus (# 0680-19-RMB). Written informed consent from the participants was not required to participate in this study in accordance with national legislation and institutional requirements because the study involved medical record review with no subject contact.

The CNIR is a tertiary referral center for diagnosis and treatment of cognitive impairment and dementia, located in Haifa, north Israel. We collected retrospective data on subjects attending the CNIR for complaints regarding acquired cognitive decline between April 2010 and April 2016 from the computerized institutional registry. Ethnicity was determined according to subject's name, records of the ministry of internal affairs, self-report. Inclusion criteria were first clinic visit of subjects 50 years and older with complaints regarding acquired cognitive decline.

Following screening of the CNIR registry, AS meeting inclusion and exclusion criteria were included in the study. First consecutive JS, attending the clinic at nearest date on the calendar, and meeting inclusion/exclusion criteria were added to the study.

Exclusion criteria included history of traumatic brain injury (TBI) or neurosurgery 1 year preceding the emergence of cognitive deterioration, evaluation for ADHD (attention deficit and hyperactivity disorder), evaluation for insurance purposes and cognitive screening prior to neurosurgical procedures. Patient characteristics, medical background, current diagnoses and follow-up visits were recorded.

Ethnicity was retrieved from the demographical data documentation. When unavailable, patient ethnicity was defined by name. Several studies across the world have examined the issue of ethnicity definition by subject's name. A meta-analysis performed by Pablo Mateos of several studies addressing the issue found a sensitivity of 0.67–0.95 and a specificity of 0.8–1 of such reports (12). As we defined only two broad ethnicities, Arab and Jew, and did not subdivide them according to religion or subethnicity, the specificity and sensitivity are probably much higher.

Ethnic demographic data involving northern Israel residents was extracted from the Central Bureau of Statistics registry.

Cognitive complaints were defined as complaints regarding memory, language, orientation, attention or cognitive slowing. Behavioral complaints were defined when significant changes in comportment and behavior, such as aggression, psychosis, disinhibition, apathy and mood disturbances, were reported. Functional impairment was defined as self-report of any difficulties performing ADL (activities of daily living) or IADL (instrumental ADL).

Dementia, AD and mild cognitive impairment (MCI) were diagnosed according to recommendations from the National Institute on Aging-Alzheimer's Association workgroup (NINCDS-ADRDA criteria) (13, 14). VD (vascular dementia) was diagnosed according to AHA/ASA recommendations (15). Subjects who met both criteria for primary degenerative dementia of the Alzheimer type and neuroimaging features of VD were diagnosed as mixed dementia (MD) (16).

A frontotemporal dementia (FTD) diagnosis was based on clinical presentation combined with ancillary tests (17, 18). Dementia associated with extrapyramidal disease (Lewy body dementia and dementia in Parkinson disease) was diagnosed in patients with prominent extrapyramidal manifestations and a corresponding cognitive profile (19, 20).

Pseudo-dementia was diagnosed in subjects who presented with complaints regarding cognitive deterioration that were clinically judged to be secondary to depression but not to a neurodegenerative condition (21).

Comparison of education, MMSE and duration of symptoms between the two ethnic groups was performed by Mann-Whitney non-parametric test. Patients' age, gender, marital status, medical background, diagnosis in the first and the last follow up, as well as number of follow-ups were compared by Chi square test.

Adjustment of MMSE for age and education years (adjusted MMSE: aMMSE) was based on the MMSE norms recommended by MMSE handbook published by Folstein (22).

P-value below 0.005 was considered as statistically significant. Data analysis was performed by SPSS Statistics 25 software.



RESULTS

A total of 6,175 visit records of 4,229 subjects attending the CNIR between April 1, 2010, and April 31, 2016, were reviewed; 3,246 subjects were ≥50 years at the initial visit. Two hundred and fifty-two (7.8%) AS ≥50 years were identified. Fifty-three AS were not included for further analysis due to meeting exclusion criteria or missing data. One hundred and ninety-nine AS were included; in 145 subjects, Arab ethnicity was documented in patients' files, ethnicity of the rest was defined by name. AS were coupled with consecutive JS who met inclusion and exclusion criteria (Figure 1).


[image: Figure 1]
FIGURE 1. Final enrolment in the study. Pt's, patients.


Mean age at first visit was 68.4 ± 8.8 for AS and 74.3 ± 9.3 years for JS (p < 0.0001). Mean education was 7.7 ± 4.8 years for AS and 11.3 ± 4.8 years for JS (p < 0.0001). Seventy-five percent AS and 58% JS were married; 1% AS and 1.5% JS were referred from nursing homes.

Mean duration of cognitive complaints prior to the first visit did not differ between the groups (AS 2.5 ± 3 years, JS 2.4 ± 2.7 years). Initial complaints of both ethnicities included failing memory (97%) and behavioral changes (59%). Functional impairment was reported by 59% of AS and 45% of JS (p = 0.005).

MMSE on first evaluation was 19.2 ± 6.9 for AS and 23.1 ± 5.9 for JS; p = 0.001 (Table 1). MMSE differences remained significant after correction for age and education years (25.4 ± 22.5 AS, 34.5 ± 22.7 JS, p < 0.0001) (22) (adjusted MMSE: aMMSE).


Table 1. Demographic data.
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A low aMMSE (<15) was more prevalent in AS (41.2% AS, 25.8% JS, p = 0.002), female gender (41.5% female, 25.8% male, p = 0.002) and patients with behavioral and functional complaints (43% behavioral, 46% functional complaints; 20% and 19% without behavioral and functional complaints, respectively; p < 0.0001). The presence of cognitive complaints was not associated with lower scores on the aMMSE (33% with cognitive complaints, 22% without this complaint had aMMSE below 15, p = 0.477).

Past medical diagnoses and prescribed medications as written in the referral are described in Table 2. Vascular risk factors, family history of dementia, history of previous head injury and a background extrapyramidal disease did not differ between the groups. Hypertension diagnosis was more prevalent in JS (58% AS, 69% JS; p = 0.017). Background depression (based on medical records) was more prevalent in JS, although not significantly (25% AS, 33% JS; p = 0.096). History of malignancy was more prevalent in the Jewish population (11% AS, 23% JS; p = 0.002). JS used more antidepressants (24% AS, 34% JS; p = 0.026) and thyroid (6% AS, 13% JS; p = 0.026) medications.


Table 2. Background diagnoses.
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Sixty-three AS (32%) and 46 JS (23%) were diagnosed with AD, 29 AS (15%) and 15 JS (8%) were diagnosed with VD. Twenty-three AS (12%) and 41 JS (21%) were diagnosed with MCI. Thirty-seven (19%) AS and 40 (20%) JS were diagnosed with MD. Normal cognition was diagnosed in three AS (2%) and 18 JS (9%). Frontotemporal dementia (FTD) was diagnosed in 0.5% AS and 3% JS. Pseudo-dementia was more prevalent in AS (6.5% AS; 0.5% JS). Dementia associated with extrapyramidal disease was diagnosed in 5 AS and 4 JS. The diagnosis could not be established at the initial visit in 11%. These subjects were referred for further evaluations.

Following initial recommendations, 90 (45%) AS and 96 (48%) JS returned to at least one follow-up visit; 25% AS and 25% JS returned to recurrent (≥2) follow-up visits; mean number of follow up visits was 1.15 ± 1.8 for AS and 1.2 ± 2 for JS, p = 0.9. Two months to 10 years elapsed between the first to last visit; mean follow up was 2.58 ± 1.7 years for AS and 2.88 ± 2.38 years for JS; p = 1. Ninety-five percent of subjects followed the prescribed treatment.

During the last follow-up visit, normal cognition was recorded in four (4%) JS and no AS. Fifty-three AS (59%) and 39 JS (41%) were diagnosed with AD, three AS (3%) and 15 (16%) JS were diagnosed with MCI, 3% AS and 3% JS were found to have VD. Similar rates of MD were found in both groups; 19% AS and 23% JS (Table 3). Diagnosis was still deferred in 3% of subjects. Compared to the first visit, patients had similar rates of MD and two times higher rates of AD in both ethnicities. Normal cognition, MCI and VD were less prevalent on the last visits.


Table 3. Diagnosis in the first/last visit.
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DISCUSSION

Despite the fact that the Arab population constitutes 37% of northern Israel residents 55 years and older and 17% of the Haifa district residents (23), AS constituted only 7.8% of the subjects that were evaluated in the CNIR.

In Israel, evaluations for cognitive deterioration within tertiary dementia clinics are only partially reimbursed by the national health care providers. According to the Israeli bureau of statistics, Arab salaried employees earn about 65% less than their Jewish counterparts (11). Accordingly, Arab households spend 42% less money on supplementary healthcare insurance than do Jewish ones (24). Indeed, prior studies support a correlation between lower income and self-reported health in the Israeli Arab population (25). Therefore, the poorer financial status of AS may partially account for their underrepresentation in the clinic.

An additional cause for the under-representation of AS may be ethnicity dependent beliefs regarding dementia. AD may be associated with futility and stigma regarding “mental diseases and dementia” which may impede help seeking (26). Previous research exploring stigma among caregivers of persons with AD in Israel report pronounced stigma in Arab compared to Jewish population and suggest that a lower level of education may account for this difference (27). Also, prior works suggest that ethnic minorities often perceive cognitive decline as part of normal aging, delaying seeking medical help (28).

A low referral rate of ethnic minorities to cognitive clinics was shown in previous works (29); this may be another reason for AS underrepresentation and stand as an important intervention point.

To adjust for the imbalance in the number of subjects attending our clinic, we evaluated AS and immediately consecutive JS dyads, as stated. AS differed significantly from JS with regard to demographic and clinical characteristics.

AS were younger at their first visit compared to JS (68.4 ± 8.8 vs. 74.3 ± 9.3; p < 0.0001), nevertheless, they were referred for evaluation when they already reported functionally impairment and had a lower MMSE (Table 1). Similar findings were reported in Asian and black minorities residing in London, UK (30) and in the Latino minority in Philadelphia (31).

AS had a higher rate of AD (32 vs. 23% in JS) and of VaD (15 vs. 8% in JS). JS were more frequently diagnosed with normal cognition (2% in AS; 9% in JS) and with MCI (12% in AS; 21% in JS). This data correlates with previous studies that show higher rates of AD and VaD in the Arab population aged ≥60 (5, 6, 32).

A systematic review and meta- analysis found that, worldwide, people from minority ethnic groups with dementia access healthcare services in later stages of their illness (33). Our study supports this finding. Although our study did not show any differences in the duration of the reported symptoms between the onset of cognitive complaints and the first CNIR visit (2.5 ± 3 in AS, 2.4 ± 2.7 in JS), this value may be under-reported. This is supported by low rates of MCI, lower MMSE and higher rates of functional impairment documented on the first visit in AS in our study.

Other reasons for similar duration of symptoms despite poorer cognitive performance may be lower basic MMSE and a higher pace of cognitive decline in AS populations.

Higher AD prevalence and younger age at presentation of AS may have several reasons.

Alzheimer's disease is frequently heritable (34) and high rates of consanguineous marriages are reported between Israel Arabs (9, 35).

Compared to JS, AS had fewer schooling years (Table 1). Lower formal education in the Arab population in Israel was reported previously and is thought to reflect socio-demographic and ethno-religious elements (11, 36). Lower mean years of formal education tend to characterize members of minority groups compared to the majority group and were associated with AD in previous studies (37) and may partially explain higher AD rates in Arab population (8).

Vascular risk factors, such as diabetes and hypertension, are commonly associated with an increased risk for AD and dementia (38, 39). In the present study, the prevalence of diabetes was similar between AS and JS (Table 2), but, according to previous work, diabetes prevalence is higher in the Arab population (40). Similarly, hypertension was less prevalent in AS (Table 2), although poor blood pressure control was previously reported in the Arab population in Israel (41).

Depression is also regarded as a risk factor for AD (42, 43). Kaplan et al. (44) found depression rates 2.5 times higher in the Arab population compared to the Jewish population in Israel. In the present study, clinical, co-morbid diagnosis of depression was similar in both populations, while antidepressant use was higher in JS. As we collected community diagnoses, a possible reason for the discrepancy between our data and previous data is under-diagnosis and/or under-treatment of depression in ethnic minorities (45–47).

Interestingly, pseudo-dementia was diagnosed far more commonly in AS (13 vs. 1). Eleven of those AS patients had a previous depression diagnosis and nine were treated medically for depression. Somatization disorders in general are more frequently found in the Arab society (48, 49) and due to cultural and religious elements depression particularly tends to present with somatic complaints in Arab society (50, 51).

The prevalence of dementia in our study was similar to prior works. First visit diagnosis was AD in 27% of subjects, VaD in 11% and MD in 19%. Previous pathological and clinical studies in elderly onset dementia report AD in 20–40% of patients (52–54), VaD in 7.5–24% (53, 54), and MD in 13–40% (16, 54). During follow-up visits AD diagnosis was more frequent than in the first visit (50%), probably as MCI patients converted to AD and patients with deferred diagnosis were diagnosed with AD.

Our study showed a higher rate of past malignancy diagnosis in JS (21 AS, 45 JS). A higher rate of malignancy in the Jewish compared to the Arab population is consistent with the Israel cancer register (55) and may be due to differences in diet, genetic factors, the lower mean age of the Arab population and the more prevalent urban way of life of the Jewish population (56).

A low aMMSE (<15) was more prevalent in patients with behavioral and functional complaints. The presence of cognitive complaints was not associated with lower scores on the aMMSE. Prior studies did not show any difference in the number of cognitive complaints between MCI and dementia patients (57). Memory complaints were more common in mild-moderate dementia than in severe dementia (58). The presence of cognitive complaints usually does not correlate with dementia severity as those complaints usually evolve in the early stages of MCI and dementia and are the basic criteria for MCI and dementia diagnosis. As dementia progresses it usually affects more behavioral aspects (59) and functional abilities, correlating in our study with low aMMSE.

Although Arab patients are underrepresented in our study and may arrive at the tertiary clinic with more advanced disease, they have the same rate of compliance with treatment and continue follow up as the Jewish population. This good compliance with treatment and follow-up may reinforce the importance of creating public policies to bring Arab patients to the clinics earlier.

To the best of our knowledge, our study is the first that directly compares prevalence and characteristics of dementia in the two main ethnic groups in Israel (8). Its limitation is that it is retrospective and descriptive in nature, raising the need for future prospective comparative research.

In summary, our study reveals that AS arrive for evaluation younger but already report functional impairment and have lower MMSE, suggesting that AS under-representation in the clinic most probably reflects lower usage of this medical service. Reasons can be poorer awareness of dementia and lower referral rate, lower socioeconomic status and educational level and poorer control of risk factors in this population.

The importance of this study is in planning preventive measures and future interventions in order to reduce the disparity between ethnicities. Proactive educational interventions in the Arab community along with raising awareness about the importance of memory clinics among family physicians, district neurologists and the population itself, should be considered.
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During the last decade, the Caribbean Hispanic islands experienced accelerated demographic aging, representing the fastest aging region within Latin America. Age-related non-communicable diseases, including dementia, are now reported at high prevalence. The Caribbean islands share similar genetic ancestry, culture, migration patterns, and risk profiles, providing a unique setting to understand dementia in the Caribbean-Hispanics. This perspective article aimed to describe the impact of dementia in the Caribbean, at a local and regional level and reflect on research strategies to address dementia. We report on 10/66 project findings, described research projects and regional plans for the region. According to our results, the prevalence of dementia in the Caribbean is the highest in Latin America, with 11.7% in Dominican Republic, 11.6% in Puerto Rico, and 10.8% in Cuba. Preliminary data from new waves of the 10/66 study shows increasing numbers of dementia cases. Furthermore, dementia is expected to be one of the most serious medical and social issues confronted by Caribbean health systems. However, there is a scarcity of knowledge, awareness, and health services to deal with this public health crisis. In light of the new evidence, local and regional strategies are underway to better understand dementia trends for the region and develop policies aimed to decrease the impact of dementia. Implementation of our national plans is critical to deal with an aging population with high dementia rates. Current recommendations include emphasizing public health prevention campaigns to address modifiable risk factors and expand support to caregiver and family interventions.
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INTRODUCTION

Epidemiological studies show a rapid increase in dementia in Hispanic populations (1, 2). Approximately twelve percent of older adults in the Latino population are diagnosed with Alzheimer's Dementia (AD), representing the highest growing proportion of AD cases in any ethnic group (3, 4). However, there is little to no understanding of disease onset, progression, and biomarker trajectories in Latino populations (5). Furthermore, most of the AD studies tend to include Latinos as a unique group, failing to sufficiently account for the real richness of linguistic, ethnic, ancestry, cultural, and socioeconomic diversity represented across Latino communities.

In relation to other Latino populations, Caribbean-Hispanics have several differences in customs, traditions, nutritional patterns, risk behaviors, and genetic admixtures, which may differentially impact the prevalence of dementia and expression of its symptoms. Furthermore, during the last decade, the Hispanic Caribbean islands (Cuba, Dominican Republic, and Puerto Rico) experienced accelerated demographic aging, representing the fastest aging region within Latin America, which posed a unique challenge for aging and dementia (6, 7). The Caribbean Hispanics represent 57.6% of the Caribbean population (Cuba = 11,326,616, Dominican Republic = 10,847,910, Puerto Rico = 3,193,694) region (6).

This perspective article aimed to examine the associations of genetics and socioeconomic determinants with dementia and describe the impact of dementia in the Hispanic Caribbean islands at a local and regional level. In addition, we present current research and describe future projects in the region. Finally, we share current dementia strategies aimed to address this epidemic within the Caribbean area.



AGING AND DEMENTIA IN THE CARIBBEAN HISPANIC

The Caribbean is undergoing increasingly rapid population aging with the proportion of older persons (60 and over) increasing from 10% in 2000 to 14% in 2015, and projected to reach 25% by 2050 (6). The rate of demographic aging is substantially faster than occurred in western industrialized societies in the past (8, 9). Consequently, compared to High-Income Countries, the Caribbean region must adapt more quickly to aging populations, posing a challenge to more fragile economies and less prepared health care systems. Low fertility rates, a decrease in birth rate, and increased life expectancy due to medical advancements are the main factors related to the Caribbean's aging phenomenon (7). In addition, migration has played a unique role in the aging process within the Caribbean Hispanic region; the three islands have experienced extensive diasporas in the last century, with these large migrations—primarily to the United States (US)—establishing such well-known communities as Little Havana in Miami, Hispanic Harlem, and Washington Heights, in New York (10, 11). Recently, migration from PR to US increased after Hurricanes Irma and Maria (Sept 2017). Migrants are often young, and their departure has re-shape the population structure, as a result the age structure of the population have change significantly in the Caribbean islands.

As number and proportion of older persons increase, a central question to the Caribbean region is whether the aging of this population will be accompanied by sustained or improved health, better quality of life, and sufficient social and economic resources. To date, the increase in life expectancy has not been coupled with improvements in lifestyle; risk behaviors such as consuming high fat and carbohydrate diets, smoking, and sedentarism are becoming more common. Likewise, population aging has been associated with a sustained increase in non-communicable diseases, including neurodegenerative disorders, like dementia (2, 12). Dementia has become one of the most serious medical and social issues confronted by Caribbean health systems, with a markedly elevated prevalence and incidence compared to other Latin American countries in general (2).

Since 2003, the three islands in a coordinated effort led a major epidemiological study (Figure 1) to determine dementia prevalence, incidence, and impact across Caribbean countries using a validated and standard methodology (13). The studies were done under the umbrella of the 10/66 protocols (13), a multinational research initiative aimed to provide a detailed evidence to inform the development and implementation of policies for improving the health and social welfare of older people in low and middle income countries (14). The 10/66 studies encompass new methods to dementia research in Low and Middle Income countries (LMIC) by developing a novel approach to diagnosing dementia (the 10/66 Dementia Diagnosis) and addressing difficulties in making diagnoses among older people with little or no education and the use of standardized protocols across all sites (13, 15). Although, the 10/66 study included several Latin America countries, India, and China, in this perspective article we focus on the Hispanic Caribbean studies. Further details of the 10/66 studies have been described elsewhere (4, 16).
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FIGURE 1. Dementia in the Caribbean Hispanic Islands: Research Agenda, Figures, and Fact.


In the Caribbean region, the 10/66 project surveyed 6833 residents, aged 65 and over, in Cuba (n = 2813) and the Dominican Republic (n = 2011) from 2003 to 2007, and in Puerto Rico (n = 2009) from 2006 to 2008. The interviews were done in a single phase, and the methodology allowed for the diagnosis of dementia and its subtypes, as well as other mental disorders. Data obtained included sociodemographic characteristics, physical health, anthropometric measures; information about risk factors, disability, frailty, utilization of health services, income, lifestyle (including nutrition and exercise), care characteristics, caregiver burden, and genetic risk markers (including ApoE-4); implemented together with a physical and neurological examination. An interview with a reliable informant was required. An incidence phase (second wave) was conducted 3 to 4 years after cohort enrollment, 2007 to 2011. A third wave of the 10/66 protocol is currently underway (details of this new wave are provided below).

The 10/66 studies in the Caribbean (Figure 1) have led to several publications on the prevalence and incidence of dementia and other chronic diseases (hypertension, stroke, anemia, diabetes), the impact of dementia in terms of disability, dependency, economic cost, care arrangements, and access to services (17–20). We have focused our attention on determinants of longitudinal outcomes, specifically incident dementia, mortality, dependence, risk factors, and course of dementia/ and Mild Cognitive Impairment. According to our epidemiological studies, using the same methodology in all three countries, the prevalence of dementia in individuals 65 years old and over is ~11.7% in DR, 11.6% in the PR, and 10.8% in Cuba (Table 1). Preliminary data from a third wave of the 10/66 study suggest and in dementia prevalence relative to previous waves, probably related to a higher frequency of vascular risk factors and poor control of non-communicable diseases, including hypertension, diabetes, etc. With this continuing trend, by 2050, dementia in our countries may have one of the world's highest prevalence (with an estimated increase of 215%) (21, 22).


Table 1. Caribbean Hispanics Islands population characteristics and 10/66 cohort profile.
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In the region, the main risk factors for dementia included: older age, family history of dementia, and lower levels of education. Poor cardiovascular health was associated with a higher incidence rate (23). Dementia is also among the top ten causes of death (4th-Puerto Rico, 6th-Cuba, 8th-Dominican Republic) (23, 24). However, due to the relative lack of early diagnosis and under registry on death certificates, current reports are likely to be under estimated.

Finally, the total direct and indirect costs of dementia was estimated to be 3.5 billion dollars, which is expected to double in 20 years (22).

As mentioned earlier, a third wave of assessments using an abbreviated form of the primary 10/66 survey is currently underway, ~10 years after the original baseline surveys (2016–2020). For the new survey (third wave, n = 6000), we are revisiting the original catchment areas to generate a revised representative estimate of the prevalence of dementia for the residents who are 65 years old or older; the updated sample includes those individuals who, since the first wave of the survey have been incorporated into the age group of interest, either from having aged into it or from having moved into the areas. The new, third-wave prevalence survey includes a comprehensive assessment of health status, which will consist of spirometry, body mass index, visual acuity, grip strength, and tests to determine the presence of hearing impairment (16). The new wave aim to determine the changes in prevalence and incidence of dementia in the region and its associated risk factors—emphasizing cardiovascular issues—and to evaluate probable associations with APOE gene, markers of inflamation and immunusenescence. Moreover, a nested cohort of 300 individuals was randomly selected (150 with a high risk of incident dependence and 150 without) aimed to explore markers of frailty, including extensive laboratory testing of frailty biomarkers. This sub-group will be followed 18 months later to re-assess vital status, needs for care, disability, cognitive function, and significant health-related life events in the intervening period.



POPULATION ADMIXTURE, GENETICS, AND CARIBBEAN HISPANICS

The Caribbean Hispanic population is highly multiethnic, reflecting its complex colonial origins. Intermarriage between diverse groups is widespread, and estimates of the percentage of African descent people vary enormously, ranging from 34 to 62% (population genetic admixture includes mainly European and African ancestry, with little contribution of Indigenous ancestry) (25, 26). This genetic ancestry pattern is different from the one described in South America, which includes predominantly European and Indigenous populations (27). The differences in genetics between the Caribbean-Hispanic and non-Caribbean Hispanics may yield relevant information regarding the influence of admixture background on dementia risk. For example, the risk of AD associated with the APOE-ε4 allele has been found to vary according with African ancestry proportions (28, 29).

According to our studies, the association between dementia and APOE-ϵ4 is weaker in Caribbean Hispanics compared to Caucasian populations. In the three Caribbean islands being an APOE-ϵ4 carrier increases the risk to develop dementia by two folds (SHR 2.03 [1.32-3.11]); in Caucasian populations the risk among APOE-ϵ4 carriers is 10 to 15 times higher than in non APOE-ϵ4 carriers (28, 30, 31). To date only 3% of genetics studies in AD have been done in Hispanics population; (32, 33) like APOE-ϵ4, other genetic variants previously described in Caucasians (e.g., TREM2, SORL1, ABCA7) may have a differential risk among the Hispanic population; therefore the influences of genetic risk factors in Caribbean Hispanics should be explored in future studies.

The frequency of Dominantly Inherited Alzheimer disease (DIAD) is relatively high in the Caribbean countries compare to Europe and US; (33, 34) which can be attributable to common ancestors causing a founder effect during early colonization periods (35, 36). It is very likely that the establishment of new colonies in the Caribbean islands combined with a high degree of inbreeding among Caribbean populations (37) created a reduced amount of genetic variation within the new population settlements, influencing the spread of these mutations across the islands. In Cuba, Bertoli et al. (38) described a novel Presenilin 1 (PSEN1) pathogenic variant (PSEN1_L174M) affecting several families (280 family members) in the Cuban western provinces. Furthermore, two decades ago, a family study was developed in New York that included multiplex relatives affected with AD in Dominican Republic and Puerto Rico, leading to the discovery of novel PSEN1 pathogenic variant (PSEN1_G206A) (36). Since 2008, a new Early Onset AD study has been conducted in Puerto Rico, leading to the discovery of 91 unrelated families featuring this pathogenic variant. A total of 682 family members have been evaluated and followed in one of the world's biggest cohorts of early-onset families (37, 39). Several studies, observational and clinical trials with novel medications are ongoing in Puerto Rico for family members of the PSEN1 families, as well as for sporadic AD cases.



REGIONAL AND LOCAL POLICIES IN THE CARIBBEAN


Education and Training in Dementia

As mentioned early, the prevalence of dementia is high among use Caribbean-Hispanics, yet knowledge, health services, and awareness of the disease are scarce (40). Awareness and early diagnosis are crucial elements to reduce dementia's impact, benefit patients and caregivers, and reduce treatment costs (41). Early detection can prompt evaluation for reversible causes, improve the care of comorbid illnesses, guide the selection of appropriate symptomatic therapies, and identify the needs for social support (41–43).

Unfortunately, cognitive impairment and dementia diagnosis depend mostly on clinical suspicion, and ~50% of dementia cases are missed in primary care, delaying detection until later in the disease course. Furthermore, awareness about dementia diagnosis and care is not only relevant for health care professionals, but also for the general population, especially among those caring for someone with dementia; and these are unmet needs in LMIC (44, 45). Consequently, there is a current need to increase healthcare providers and caregivers' training options.

Several local and regional strategies have been implemented to address these issues. The Alzheimer's Research Center in Cuba has developed a multidisciplinary Master's degree program to improve early diagnosis, treatment, and support of people living with dementia (46). Through this program, trainees will gain the necessary knowledge to advance research on the dementia field and provide better care to dementia patients and their families. Similar strategies are underway in the Dominican Republic and Puerto Rico. For example, the Department of mental health of the Ministry of health in the Dominican Republic for the last 4 years has been training the primary care workforce in the mhGAP intervention guide (47) with the aim that by 2025, at least 50% of the estimated number of people with dementia will receive an accurate diagnosis.

Another need is to expand the training of caregivers. The regional Alzheimer Associations have led a caregiver awareness program to improve caretaking abilities and expand caregivers' support. A full training video-series featuring relevant topics regarding caretaking in dementia and advice from health care professionals are available to view and share free of charge. “Conversando con Los Cuidadores”—new series in Spanish- includes eight videos focusing on critical issues related to the work and role of those who provide care for relatives with dementia. Training of caregivers will enhance their management ability and enables them to handle disruptive situations. The Dominican Alzheimer's Association has been developing online and on-site training sessions to support and decrease the burden associated with caretaking. The 10/66 “Helping Caregivers to Care, train-the-trainer” intervention was tested in a randomized control trial in the DR, providing evidence on the relevance of caregiver training to decrease the burden associated with care. This intervention continues to be widely used by the Dominican Alzheimer's Association to train caregivers (alz.co.uk/helping-carers-to-care). The University of Puerto Rico, Geriatric's Education Center, offers specialized courses to train caregivers in different sites, including a special arrangement with the Dominican Republic Embassy in PR, to train Dominican caregivers working in Puerto Rico. Likewise, there are multiple caregiver training programs in private universities on the island.




LOCAL AND REGIONAL PLANS TO ADDRESS DEMENTIA

In 2015, Cuba and the Alzheimer's Research Center announced the National plan for dementia, and it was adopted as a National dementia strategy by the Cuban Ministry of health in 2016 (23). The main goals of the Cuban national strategy included: 1—Increase awareness, information, education, and support for families; 2—Risk reduction (e.g., better control of cardiovascular risk factors, reduce physical inactivity, promote healthy diets among others); 3—Timely diagnosis and access to treatment; 4—Improve care for dementia patients and their families; 5—Reduce stigma around dementia; 6—Increase professional development and train families for patient care; 7—Promote basic, clinical and epidemiological research on dementia; 8—Familiarize health teams with laws protecting the rights of older adults and people with cognitive impairment; 9—Assess and improve the quality of health care, social care, and long-term care support and services. Furthermore, Cuba has taken the first steps in implementing the Global action plan on the public health response to dementia 2017–2025.

Similar to Cuba, in 2015, Puerto Rico launched the Alzheimer's disease Action Plan in response to the World Health Organization's (WHO) call to action, by rating AD and other dementias as a public health priority. The focal areas of the PLAN were divided into seven pillars: (1) Public Policy (2) Public Health Efforts and Epidemiologic Surveillance (3) Home and Community Caregiving Services (4) Education and Training (5) Diagnosis and Treatment, (6) Long Term Care Services, and (7) Long-Term Care Financing. Each area includes specifics goals to be accomplished by 2025.

Finally, in July 2020, the Dominican Republic's Ministry of Public Health, in close partnership with Asociación Dominicana de Alzheimer, announced a national strategy for dementia with similar action points as Cuba and Puerto Rico. Future efforts in the region are needed to achieve a coordinated response and plan to address the rising number of dementia cases.



UPCOMING RESEARCH EFFORTS

The Caribbean American Dementia and Aging Study (CADAS) is new research study funded through the National Institute of Health (R01AG064778) aimed to support regional research efforts to expand the previous waves of 10/66 studies to rural populations and facilitate a nationwide dementia estimate (Figure 1). Results from this project will be further compared with databases of Hispanic data collected in mainland USA, including the Health and Retirement Study (HRS) and Harmonized Cognitive Assessment Protocol (HCAP). In addition, in collaboration with the Alzheimer's Association, several countries in the region will launch the LatAm FINGERS, a multi-domain lifestyle intervention (diet and exercise), aimed to improve cognitive function (48). This study will be conducted from 2020 to 2022 and will recruit 1,300 participants from 13 countries in Latin America, including Argentina, Brazil, Bolivia, Chile, Colombia, Costa Rica, Cuba, Dominican Republic, Ecuador, Mexico, Paraguay, Peru, Puerto Rico, and Uruguay; details of LatAm FINGERS has been described elsewhere (48). Both CADAS and LatAm fingers projects show the relevance of international collaboration to push regional and locals research agendas.

To better understand disease pathology and AD progression in Caribbean-Hispanics, a new Brain Bank is already in place in DR, another one is being organized in PR. Our final goal is to develop a Hispanic Caribbean Coordinating Center for neuropathology sample collection and storage. To maintain a coordinated research program, Caribbean researchers are meeting several times per year, promoting the work's continuity and keeping the international collaborations. More recently, the Ministry of Higher Education Science and Technology of the Dominican Republic awarded the Brain Bank research funding to expand research on AD pathology, with a special focus in Tau patho-physiology. This project is a joint consortium with a local university, “Pontificia Universidad Catolica Madre y Maestra” and Universidad Autonoma de Mexico (UNAM).



CONCLUSION

Dementia represents a challenge for public health in developing countries with rapid demographic transitions, such as those occurring in the Caribbean. We propose expanding our research efforts to rural areas and explore gene by environment interactions on dementia risk. Emphasis on genetic family studies and admixture and new clinical trials with Hispanic representation, should continue. The development of brain banks and the implementation of biomarker studies are current research priorities. Implementation of our national plans is critical to deal with an aging population with high dementia rates, ideally a true public health-focused approach should aim at social change and emphasize on public-health prevention campaigns directed to addressing modifiable risk factors and developing caregiver and family interventions.
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Observational and interventional studies suggest that participation in leisure activities may help protect against cognitive decline in older people. This study aimed to examine the association between participation in leisure activities and cognitive impairment in older adults in Colombia. Data for this study were derived from the Colombian National Survey of Aging (SABE 2015), a cross-sectional survey with a sample size of 23,694 older adults representing the total population (mean age, 70.8 years; 57.3% females). Cognitive impairment was classified as cognitive impairment without dementia (CIWD) and dementia, according to the revised version of the Folstein Mini-Mental State Examination and the Lawton and Brody functional scale. Leisure activities were evaluated using six items of a questionnaire. Sex-stratified multinomial regression models were used to analyze the association of leisure activities with CIWD and dementia after adjusting for educational attainment, literacy, and other potential confounders. In adjusted models for men, leisure activities in later life were associated with a decreased risk of CIWD (odds ratio [OR], 0.73; 95% confidence interval [CI], 0.68–0.78) and dementia (OR, 0,52; 95% CI, 0.48–0.58). For women, leisure activities in later life were associated with a decreased risk of CIWD (OR, 0.72; 95% CI, 0.66–0.78) and dementia (OR, 0.48; 95% CI, 0.43–0.53). The findings suggest that greater participation in leisure activities in later life may act as a protective factor against CIWD and dementia among older adults in Colombia, independent of educational attainment and literacy.

Keywords: prevention, cognitive reserve, leisure activities, dementia, cognitive impairment


INTRODUCTION

With a rise in global life expectancy, the prevalence of dementia is rising. A new diagnosis of dementia is reported every 3 s. Currently, the disease affects more than 50 million people globally (1), 50% of those living in middle- and low-income countries. It is expected that this number will rise to 63% in 2030 and 68% in 2050 (2), with the Americas being one of the most affected regions with increasing prevalence and incidence rates of dementia (3).

Several protective factors for dementia have been described in the literature (4). Leisure activities, a term that refers to a range of tasks and activities outside work-related activities is a promising factor for dementia prevention (5). Leisure activities can have a multidimensional profile, manifesting mental, social, and physical involvement (6). These activities are attractive, pleasant, and motivating to the individual and are more likely to be sustained over time (7, 8). Leisure activities usually constitute a relatively large part of daily life post-retirement and may provide mental stimulation, social engagement, and physical activity (6). Systematic reviews have found evidence suggesting that participation in leisure activities might significantly contribute to the prevention of later-life cognitive decline as a risk-preventing factor (5, 9). The most common categories associated with the preventive effect of leisure activities are cognitive, physical, and social activities (5, 10–12). Despite these benefits, there is a lack of standard definitions, measures, and methods for studying the role of leisure activities and their protective effects.

The most common explanatory mechanism for the preventive effect of leisure activities is that of the cognitive reserve theory (5, 13). The cognitive reserve theory suggests that innate intelligence or life experiences such as educational or occupational attainments may supply a reserve in the form of skill sets or repertoires that empower the brain to tolerate atrophies and insults and, as a result, allow some people to cope with progressing dementia better than others and delay symptom onset (14, 15). The cognitive reserve cannot be observed or directly measured, and proxy measures such as education, premorbid intelligence (IQ), linguistic ability, and occupational complexity are often used (14). Several studies have proposed that engagement in leisure activities may result in more functionally efficient or resilient cognitive networks or in recruiting alternate networks, providing a cognitive reserve that prevents or delays the onset of dementia (16–18). In this regard, it is unclear whether a high cognitive reserve delays symptoms onset, but any noticeable delay, for example, 1 or 2 years, would translate into tremendous public health benefits by reducing the prevalence of dementia in the population (14). While characteristics such as education and intelligence are relatively stable from young adulthood, there is increasing interest in the role of leisure activities in building up a cognitive reserve (14).

Although maintaining or building a cognitive reserve is a possible mechanism for dementia prevention (5, 9, 14), culture, poverty, and inequality are key obstacles to, and drivers of, the need for changes concerning the cognitive reserve. Sections of the society that are most deprived of basic needs, like low and middle income countries (LMIC), require these changes and will greatly benefit from them (4). It has been suggested that a low socioeconomic status (SES) is associated with less access to physical (19) and cognitive stimulating activities (20). In Latin America, low levels of education, high rates of brain injury, poor diet, a sedentary lifestyle, and a high risk of cardiovascular diseases are among the main risk factors behind the rapid growth in the number of people with dementia (21); however, there is a high potential for dementia prevention in the region (4, 22). Thus, there is an urgent need for dementia prevention policies in Latin America to reduce the burden and economic costs of dementia in the region (23–25).

In this study, we detail the association between participation in leisure activities and the risk of developing cognitive impairment without dementia (CIWD), or dementia, using the data from the Colombian National Survey of Aging (SABE 2015) (26). There are few papers focusing on cognitive outcomes from Colombian SABE, the effect of education in early life and the probability of cognitive impairment in later life in Colombia has been recently published (27) as well as the role of gait speed in dementia (28) and the mediating effect of physical fitness on cognitive functioning (29). To the best of our knowledge, this is the first study to analyze this topic in Colombia using this dataset.



MATERIALS AND METHODS

We conducted a secondary data analysis of a cross-sectional study using data from SABE Colombia 2015. SABE Colombia 2015 is the first study in Colombia representative of the national population of those aged at least 60 years. Individuals for SABE Colombia were selected following a multistage area probability sample design with a total sample size of 23,694 participants from 244 municipalities (urban and rural). Data collection took place between April and September 2015 (26). This study was approved by the Institutional Review Board of Universidad de los Andes, code ID 1114/2019.

The dependent variable was cognitive impairment, as measured in SABE 2015. This survey used the revised version of the Folstein Mini-Mental State Examination (MMSE), a validated international scale translated to Spanish (30). A cut-off point of 12 or less indicated cognitive impairment, while a score of 13 or above was normal (26). For dementia, functional impairment was evaluated using four items of the Lawton and Brody functional scale (31): phone use, transport use, handling medicines, and management of money. The lack of functionality for doing at least two of the four activities was defined as dependence and indication of dementia (32). If functional impairment was not detected, participants were classified as CIWD.

Independent variables were educational attainment, literacy (reading and writing), and participation in leisure activities. Educational attainment was established based on the 11 categories reported by SABE 2015. We classified participants into three groups in accordance with their educational qualifications: those who had an educational qualification lower than completion of primary school, those who had completed primary school, and those who had sought further qualifications after completion of high school. Literacy was reported using a yes/no question. Using an 18-item questionnaire reported by SABE 2015, we constructed a 6-item continuous variable for participation in leisure activities, among which five items were considered cognitively challenging (reading, solving math problems, solving puzzles, tabletop games, attending classes or courses) and one item that included physical activity.

Confounding variables included were age in years, area of residence (urban, rural), marital status (married/with a partner, separated/widower, single), living alone (yes/no), health insurance (subsidized, contribute, no affiliation), antecedent of forced displacement during life (yes/no), country region (residence in one of the six geographic areas of Colombia: Atlantic, Oriental, Orinoquia and Amazonia, Bogotá, Central, Pacific), skin color (light, medium, dark), pension (yes/no), lifetime occupation (manual or dependent worker, boss or independent worker, none), salary (<1 minimum wage, between 1 and 2 minimum wages, more than 2 minimum wages), and physical capital tercile (1–3).


Inclusion and Exclusion Criteria

The present study included the total SABE survey sample: participants aged 60 years and above, non-institutionalized, capable of communicating with the research team and able to provide written informed consent. If the MMSE was below 13 a proxy interview was developed (26).

Participants with missing data for leisure activities participation were excluded from this study.



Statistical Analyses

Descriptive analyses of data were conducted using frequencies and percentages for qualitative variables and means and standard deviations for quantitative variables. Unadjusted odds ratio (OR) was calculated using multinomial regression logistic analyses for dependent and independent variables. Multicollinearity was test using variance inflation factor (VIF). Finally, sex-stratified multinomial regression models were used to examine the association of leisure activities with CI and dementia after adjusting for educational attainment, literacy, and other potential confounders. Results are presented as OR with 95% confidence intervals. All analyses were performed using STATA release 16® (StataCorp LP, College Station, USA).




RESULTS

The sample size of the survey was 23,694 participants, 31 participants with missing data for leisure activities were excluded from this study, the final sample size was 23.663 with a mean age of 70.82 years (standard deviation [SD] 8.20); 57.3% were women. Most participants had an educational qualification lower than completion of primary school (62.6%), followed by those who had completed primary school (26.8%) and sought further qualifications after completion of high school (10.5%). Literacy was reported as 78.2 and 77.1% for reading and writing, respectively. The prevalence of CIWD was 8.9 and 10.8% for dementia (Table 1). The mean number of leisure activities participated in was 2.02 (SD 1.59) by those with normal cognition, 0.93 (SD 1.17) by those with CIWD, and 0.51 (SD 0.86) by those with dementia (Figure 1).


Table 1. Descriptive analyses.
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FIGURE 1. Mean leisure activities participation. CIWD, Cognitive impairment without dementia.


Unadjusted OR estimation showed that people who had an educational qualification lower than the completion of primary school were more likely to develop CIWD (OR 10.18; CI 7.33–14.15) and dementia (OR 8.54; CI 6.52–11.17) than those who had sought further educational qualifications after high school. Reading and writing illiteracy were associated with a higher likelihood of having either CIWD (OR 4.70, CI 4.28–5.17; OR 4.57, CI 4.16–5.02, respectively), or dementia (OR 6.43, CI 5.90–7.02; OR 6.48, CI 5.95–7.07, respectively). Participation in leisure activities was a protective factor against CIWD and dementia (OR 0.56, CI 0.54–0.59; OR 0.36, CI 0.34–0.38, respectively) (Table 2).


Table 2. Non-adjusted odds ratio for independent variables.
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Analysis of multicollinearity showed high correlation between reading and writing literacy, the former was removed from the multinomial regression models. Table 3 shows the results for sex-stratified multinomial regression models adjusted for potential confounders. In model 1, those who had an educational qualification lower than the completion of primary school (OR 7.27, CI 4.19–12.61) as well as those who had completed primary school (OR 3.02, CI 1.73–5.30) were significantly more likely to have CIWD than their counterparts with higher educational qualifications. Similar results were found for the association between those who had an educational qualification lower than the completion of primary school (OR 3.30, CI 2.06–5.28) and dementia in comparison with those who had the highest level of education. Model 2 for CIWD persisted with the association for those who had an educational qualification lower than the completion of primary school (OR 3.70, CI 2.12–6.47) and those who had completed primary school (OR 2.65, CI 1.51–4.64). Leisure activities were associated with a decreased risk of CIWD (OR 0.73, CI 0.68–0.78). For dementia, in model 2, the effect of educational attainment disappeared, and inability to read was significantly associated with greater risk (OR 2.77, CI 2.29–3.34). Participation in leisure activities decreased the risk of dementia (OR 0.52, CI 0.48– 0.58).


Table 3. Multinomial sex-stratified regression models.
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In adjusted models for men, model 1 for CIWD showed significant results for those who had an educational qualification lower than the completion of primary school (OR 4.57, CI 2.71–7.70) and those who had completed primary school (OR 2.47, CI 1.45–4.21). For dementia, results were significant for those who had an educational qualification lower than the completion of primary school (OR 3.46, CI 1.97–6.07). Model 2 for CIWD persisted with the association for those who had an educational qualification lower than the completion of primary school (OR 2.42, CI 1.41–4.14) and those who had completed primary school (OR 2.20, CI 1.28–3.77) and was significant for the inability to read (OR 1.94, CI 1.57–2.41). Leisure activities were associated with a decreased risk of CIWD (OR 0.72, CI 0.66–0.78). For dementia, in model 2, the effect of educational attainment disappeared; results for reading literacy were significant (OR 1.68, CI 1.34–2.11). Leisure activities decreased the risk of dementia (OR 0.48, CI 0.43–0.53).



DISCUSSION

This study's main objective was to investigate the effect of participation in leisure activities on reducing the risk of developing CIWD or dementia in Colombian older adults. We found that for CIWD, participation in leisure activities is linked with educational attainment as well as the ability to read. For dementia, participation in leisure activities in later life might impart a protective effect independent of educational attainment for men and women.

In this sample, more than two-thirds of the participants had low educational attainment. Low educational attainment has been associated with a higher risk of dementia and CIWD (33, 34). Our results suggest that when adjusted for leisure activities, the effect of education is significant for CIWD but not for dementia. Education attainment is an essential factor for cognitive reserve building (35); nonetheless, cognitive reserve is not only determined by education but also by other lifestyle factors in which leisure activities are included (4, 36). In individuals with CIWD, educational attainment has been shown to affect intellectual development during the entire adult life span. However, it was not associated with the cognitive decline rate, in contrast with mid/late-life cognitive activities, which was beneficial and delayed the onset of dementia (37). Previous studies had shown the protective effect of cognitive reserve factors such as education and literacy in LMIC (38). Our study contributes with evidence from this region on the potential role of leisure activities on cognitive reserve building, but further research is needed to clarify this association.

Illiteracy was associated as an independent risk factor in non-adjusted analysis for both CIWD and dementia in previous findings (39). Our study included illiteracy while evaluating writing and reading abilities separately; even though the effect of this difference is not known, it is presumed that acquiring one aspect of literacy over the other could lead to differential dementia risks (39). The ability to read provides the means to acquire and structure new knowledge for language skills and reinforces working memory, visual memory, visuospatial processing, and visuomotor skills (40–42). Our results indicate that an inability to read was associated with a higher risk of dementia independent of educational attainment for women; contradictory results have been found in the literature (39, 43).

The study findings suggest that greater participation in leisure activities in later life may be a protective factor against CIWD and dementia among older adults in Colombia after adjusting for education attainment, illiteracy, and other socioeconomic factors covariates. Previous studies have shown the protective effect of participation in leisure activities with a reduced risk of CIWD and dementia (9) and that the relationship between leisure activities and cognition is not driven by educational attainment (44) or SES (45). In contrast to these findings, a recent study based on longitudinal follow-up failed to support that leisure activity participation can lower the risk of dementia but instead suggested that reduction in activity participation indicates possible prodromal dementia (46).

This study has several limitations. First, the study was based on a yes/no self-report questionnaire and frequency, intensity, or quality of the activities was measured. Thus, it is not possible to elucidate the underlying mechanisms for the protective effect described here (12). A study found that participation in several activities with varying cognitive complexity levels was a better predictor of cognitive impairment than increased activity frequency (47). We need to know the amount and frequency that generates a protective effect to be able to design a suitable intervention. Second, although gender, demographic, and SES covariates were adjusted, other known risk factors for dementia such as hypertension, diabetes, stroke, and depression were not included (48). In a cohort of Swedish older adults, moderate to high engagement levels in mental, social, and physical leisure activities were associated with a dramatically decreased risk of dementia in people with diabetes (49). Third, education was measured by years of school completed, and there was no measure of the quality of education. Higher literacy may be a more sensitive marker of cognitive reserve than higher education (50); thus we cannot rule out the possibility that leisure activities' protective effect is dependent on education. Further research is needed to clarify the association between education, leisure activities, and cognitive impairment. Furthermore, data from this study comes from a cross-sectional survey; long term, population-based or representative cohort studies are needed to estimate with more precision the role of lifestyle choices like leisure activities might play in reducing dementia risk (51).

Despite these limitations, this is the first study that demonstrates the protective effect of leisure activities using a survey representative of the Colombian population to the best of our knowledge. The public health implications from this finding are related to the importance of increasing late-life participation in leisure activities, their potential role in late-life cognition, and its benefits in people with and without cognitive impairment (52). Nevertheless, further research is needed to determine the amount of exposure, intervention period, and frequency for designing an effective intervention (53). The available research evidence suggests that it is not too late to increase physical and cognitive activity in old age (14) and policymaking for dementia primary prevention needs evidence for non-pharmacological interventions aiming to increase cognitive reserve (54). More research is required to stablish more reliable conclusions for dementia preventive factors and potential interventions.
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The last years have evinced a remarkable growth in neuroimaging studies around the world. All these studies have contributed to a better understanding of the cerebral outcomes of dementia, even in the earliest phases. In low- and middle-income countries, studies involving structural and functional neuroimaging are challenging due to low investments and heterogeneous populations. Outstanding the importance of diagnosing mild cognitive impairment and dementia, the purpose of this paper is to offer an overview of neuroimaging dementia research in Brazil. The review includes a brief scientometric analysis of quantitative information about the development of this field over the past 10 years. Besides, discusses some peculiarities and challenges that have limited neuroimaging dementia research in this big and heterogeneous country of Latin America. We systematically reviewed existing neuroimaging literature with Brazilian authors that presented outcomes related to a dementia syndrome, published from 2010 to 2020. Briefly, the main neuroimaging methods used were morphometrics, followed by fMRI, and DTI. The major diseases analyzed were Alzheimer's disease, mild cognitive impairment, and vascular dementia, respectively. Moreover, research activity in Brazil has been restricted almost entirely to a few centers in the Southeast region, and funding could be the main driver for publications. There was relative stability concerning the number of publications per year, the citation impact has historically been below the world average, and the author's gender inequalities are not relevant in this specific field. Neuroimaging research in Brazil is far from being developed and widespread across the country. Fortunately, increasingly collaborations with foreign partnerships contribute to the impact of Brazil's domestic research. Although the challenges, neuroimaging researches performed in the native population regarding regional peculiarities and adversities are of pivotal importance.
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INTRODUCTION

The majority of people with dementia live in low- and middle-income nations, as is the case of Brazil, the largest and the most populated country in Latin America (LA). LA is experiencing an unprecedented and fast demographic change in the last decades, with the increasing aging of the population (1). As well, Brazil has experienced significant changes in the population age pyramid. Nowadays, the country counts more than 30 million people over 60 years old (14% of the population), and by 2060 this number is projected to increase to 73 million (2). Such a consequence is the increase in the prevalence of dementia cases. In LA is expected a four-fold rise in subjects with dementia by 2050 (3). In Brazil, a recent meta-analysis, which included seven Brazilian studies, found a pooled dementia prevalence of 14.3% (6.8–23.9), but with substantial heterogeneity (4).

Neuroimaging research can provide useful diagnostic images and experimental outcomes that report and support evidence-based clinical practice (5). Moreover, is an essential part of dementia workup to exclude non-neurodegenerative causes of cognitive impairment, as well as to evaluate possible patterns of brain atrophy and cerebrovascular disease (6). Since the creation of the multicentric study Alzheimer's disease Neuroimaging Initiative (ADNI) in the United States in 2004, there was a significant increase both in the number of studies and Magnetic Resonance Imaging (MRI) techniques that have contributed to better understand the cerebral repercussions of the disease, even in the earliest phases (7). After then, different techniques have been improved, like brain volumetry (automated, manual, semi-automated), voxel-based morphometry (VBM), cortical thickness analyses, diffusion tensor imaging (DTI), and functional MRI (fMRI), especially functional connectivity, among others (8).

Outstanding the importance of neuroimaging examinations in dementia, especially in Alzheimer's disease (AD) and mild cognitive impairment (MCI), we aimed to evaluate the scientometric characteristics of Brazilian research in this field in the native population. We analyzed studies published on structural and functional neuroimaging in the last decade in a manner to assess the Brazilian scientific production in this relevant area, especially regarding original research papers. Questions addressed in this review included: journals nationalities and their impact factors, if international coauthorships, authors' gender, location of the neuroimaging research centers in Brazil, the main research funding agencies, number of publications per year, number of total citations for each paper, pathologies studied, and neuroimaging techniques utilized. Moreover, we discussed the peculiarities and challenges that this kind of research could found in a miscegenated population and a resource-limited country.



METHODS

PubMed (https://pubmed.ncbi.nlm.nih.gov/) was queried using the search strategy described in Supplementary Material 1. The results were inspected by IKA to select relevant matches. In brief, research papers were selected if they: (a) had a Brazilian author; (b) presented some kind of neuroimaging result, either quantitative or qualitative; (c) either concerned a primary or secondary neurological disease presenting with a dementia syndrome or represented cognitive aspects of the aging process; and (d) were published during or after the year of 2010 until to the date of access in the year of 2020.

Papers were classified according to their nature and design (e.g., review, longitudinal design, controlled trial), international participation in authorship, and journal nationality (Brazilian or international), first author gender, and the number of male and female authors. Web of Science (webofknowledge.com) was consulted for the number of citations received by each paper and the journal's impact factor (Journal Citation Reports™-JCR). Original research papers were further inspected and tabulated as to their MRI and other imaging methods (e.g.,18-FDG-PET), number of participants in each group (e.g., AD, MCI, controls), AD biomarker reporting, the Brazilian state where the study was performed, and funding agencies (the latter two were only accessed if the study concerned Brazilian participants).

Statistical analyses were performed using SciPy 1.5.3 (9), pandas 1.1.4 (10), and statsmodels 0.12.1 (11).



RESULTS


Article Selection

Figure 1 shows schematically the article selection process. The PubMed search resulted in 300 matches from which 135 met the aforementioned criteria. Thirty-two reviews or perspective articles were selected for a separate analysis. From the remaining 103 original research papers, 74 studied Brazilian subjects, among them: 9 case reports, 55 transversal studies, 8 longitudinal studies, and 2 controlled trials. Case reports were excluded from the main analyses. Selected articles are listed in Table 1 with the main findings, and in Supplementary Material 2 with all findings.


[image: Figure 1]
FIGURE 1. PubMed search results and article selection.



Table 1. Main findings of articles included in the present review.
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Reviews

Review papers found covered a wide range of topics. Nineteen out of 32 papers were published in non-Brazilian journals and 16/32 were coauthored by non-Brazilians. Concerning gender, males were the first authors in 20/32 papers, the median number of male and female authors were 5 and 2, respectively. Publication in international journals was correlated with international coauthorship (χ2 = 4.66, p = 0.031) and marginally correlated with a female first author (χ2 = 3.12, p = 0.077). The number of publications per year is presented in Figure 2. Time was not associated with an increasing number of publications during these years (Spearman ρ = 0.42, p = 0.19).


[image: Figure 2]
FIGURE 2. Reviews published by year.


The median number of citations per article was 7 (IQR 2.75–23.75). A multivariate linear model showed a negative correlation of citation number with the Publication Year (p = 0.045). International Coauthorship, Journal Nationality, and First Author Gender showed no correlation. Due to the latency expected for an article to be cited, we repeated this analysis with papers published up to 2015, resulting in a median of 7 (IQR 6–33) citations. Regression results were non-significant. The journal's impact factor (JIF) was available for 21/32 papers, with a median of 4.35 (IQR 3.093–8.329). The multivariate regression showed no correlation with other variables.



Original Research

Figure 3 shows the characteristics of the selected papers. Concerning the number of publications per year, there was no trend toward increasing or decreasing the number of publications (Spearman ρ = 0.13, p = 0.70) (Figure 3A). The most studied pathologies were AD (54%, n = 35) and MCI (48%, n = 31), followed by vascular dementia (4.6%, n = 3) (Figure 3B). Most studies used morphometric methods (58%, n = 38) followed by fMRI (23%, n = 15) and closely by DTI (18%, n = 12) (Figure 3C). Some methods addressed by only a single study nonetheless worth mentioning included spectroscopy (40), texture analysis (21), magnetization transfer ratio, and relaxometry (39).


[image: Figure 3]
FIGURE 3. Research articles in different categories. (A) Original research articles published by year and citations median. (B) Pathology addressed by the article. (C) Methodology used. (D) Location of main neuroimaging research centers in Brazil. AD, Alzheimer's Disease; D-EPS, Dementia with extrapyramidal symptoms; PPA, Primary Progressive Aphasia; Vasc, Vascular Dementia; FTD, Frontotemporal Dementia; MCI, Mild Cognitive Impairment; Morph, Morphometric; DTI, Diffusion Tensor Imaging; fMRI, functional MRI; MRI-q, MRI qualitative analysis; PET-FDG, 18-Fluorodeoxyglucose positron emission tomography; PET-Ami: amyloid marker positron emission tomography.


Regarding gender analyses of original research papers, we found that females are more frequently first-authors (60%). 26/65 of the first authors are male, with a significant time effect for female authorship (Wilcoxon rank-sum test, p = 0.022). However, when considering all co-authors, males are more frequent (5/4 ratio). The median number of male and female authors was 5 and 4, respectively, with significantly more male authors per paper (Wilcoxon sign-rank test, p = 0.001). These findings might indicate that gender inequalities are less relevant in this specific field. Nineteen-out-of-sixty-five articles were co-authored by non-Brazilians. The most common nationalities among those were North-Americans (n = 14), British (n = 3), German (n = 2), Chilean (n = 2) and Swiss (n = 2).

There is great heterogeneity in the distribution of the research centers in the country. Research activity in Brazil has been restricted almost entirely to a few centers in the Southeast of Brazil. The vast majority of studies were set in the state of São Paulo (65%, n = 43), with studies also from Rio de Janeiro (20%, n = 13), Minas Gerais (7.6%, n = 5), Rio Grande do Sul (4.5%, n = 3), Pernambuco and Goiás (each with 1.5%, n = 1) (Figure 3D). Funding could be the main driver for publications. The São Paulo Research Foundation (FAPESP) was the most common funding agency, supporting 33 studies, followed by the Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq), responsible for the funding of 28 studies, and Coordenação de Aperfeiçoamento de Pessoal do Ensino Superior (CAPES), with 14 studies being supported. Other agencies worth mentioning include Fundação de Apoio a Pesquisa do Estado do Rio de Janeiro (FAPERJ, 3 studies), Fundação de Apoio a Pesquisa do Estado de Minas Gerais (FAPEMIG, 4 studies), and the Welcome Thrust (3 studies). Seventeen studies did not report the source of resources.

The median number of citations received by original research papers was 5 (IQR 2–18). Considering only articles published up to 2015, the median was 17 (IQR 5–28). We produced three multivariate linear models to better understand what drives citation: (a) a regression for author and journal variables; (b) a regression for imaging technique; and (c) a model for the disease studied. All models were repeated restricting the sample to papers published up to 2015. The first model included Publication Year, International Coauthorship, First Author Gender, and Journal Nationality, showing a significant effect for publication in an international journal (p = 0.001) and the publication year (p < 0.001). Repeating the analysis with the papers up to 2015, only the effect of publication in an international journal remained significant (p = 0.037). None of the imaging techniques were associated with citation numbers either with the full or restricted sample (all ps non-significant). AD studies were associated with a higher number of citations (p = 0.003) and MCI studies showed a correlation with fewer citations (p = 0.04). In the restricted sample, only AD studies remained significant (p = 0.017).

JIF was available for 55/65 papers, with a median of 2.94 (IQR 1.90–4.35). The same models described for citations were used to predict JIF. In the first model, omitting Journal Nationality as a regressor, International Coauthorship was marginally associated with a higher JIF (p = 0.055). For imaging technique, Amyloid PET (p = 0.077) and fMRI (p = 0.061) showed a marginal positive correlation with JIF. None of the specific pathologies were associated with JIF.





PECULIARITIES AND CHALLENGES THAT HINDER NEUROIMAGING DEMENTIA RESEARCH IN BRAZIL

Dementia research in low- and middle-income regions is challenging. Like other countries in LA, due to different historical processes that have occurred since the end of the fifteenth century, Brazil has its own social, cultural, racial, and regional peculiarities (147). The heterogeneity makes the diagnosis of dementia and mild cognitive impairment particularly challenging in comparison with developed countries (148). Regarding specific biological characteristics, for example, we far from understand the particularities of Brazilians miscegenated population. The regional genomic distribution of Brazilians is linked with the different colonization history of each region. Genetic admixture has been influenced by the colonization process, resulting in Brazil becoming a genetically trihybrid population (genomic inheritance of European, African, and Amerindian groups have been traced) (147). Previous epidemiological studies have highlighted that overall dementia prevalence can vary substantially across different ethnic groups and geographical regions (149). These differences in dementia prevalence rates have been attributed to different susceptibility to pathological brain changes in each ethnicity (150). In this sense, neuroimaging research in Brazil should consider these aspects. Neuroimaging studies are required to better characterize how subclinical brain changes might differ among ethnicities, and whether such differences may help explain differences in cognitive performance.

Neuroimaging research has provided evidence that previous or current adversities, such as low socioeconomic status or low levels of educational attainment, may reflect on interindividual variations in brain imaging measurements. Analysis from elderly individuals, recruited in an economically underprivileged area of São Paulo, showed reductions in both regional brain volumes and glucose metabolism in subjects with disadvantageous socioeconomic backgrounds (151, 152). Furthermore, education has a great impact on cognitive performance in older adults (153). A population census found that in 2018 nearly 52.6% of Brazilians over 25 years old did not have finished elementary school, and around 7.2% were unable to read or write (2). Variations in regional brain volumes were verified depending on the level of previous educational attainment (154). In this sense, ecological cognitive tests adapted to Brazilian characteristics (ex: including a wide range of schooling levels, illiterates, and stratified into groups of age and education) are important to be applied to more sophisticated methods, like body fluid biomarkers and neuroimaging.

Among chronic non-communicable diseases, those of the circulatory system are also the main cause of mortality worldwide, including Brazil, which has one of the highest rates in LA (155). Cerebrovascular damage, produced by midlife hypertension, diabetes, dyslipidemia, among other factors, may contribute to the onset and progression of cognitive dysfunction and dementia (156). Besides, Brazilians may have more cerebrovascular damage than other populations, as shown by Grinberg et al. (157) in a clinicopathological study with 1,291 individuals. In Brazil, cerebrovascular damage is one of the most neglected diseases, due to poor control of cardiovascular factors, especially hypertension, the main risk factor (155). In this context, it is surprising that only 4.6% of Brazilian original neuroimaging research was focused on vascular cognitive impairment. Dementia neuroimaging research in Brazil is highly focused on AD. Although AD is the most prevalent form of dementia, our results showed a disproportionate predominance to dementia epidemiology (158). The widespread interest in new drugs for AD may partially explain this finding (159). However, our study also showed that research involving AD was more likely to be cited, potentially feeding a vicious cycle. The underrepresentation of vascular dementia is particularly worrisome, as vascular risk factors and vascular pathology–either exclusive or mixed–are highly prevalent in Brazil. Once improvements in neuroimaging techniques allow detailed and sophisticated evaluation of many manifestations of cerebrovascular diseases, this topic must be considered a priority among Brazilian researchers.

The need for studies with the Brazilian population in this research field is an urgent matter. Scientific research, in general, is far from being fully developed and widespread across the country. Nowadays, even though Brazil is the 13th largest producer of research publications globally, its citation impact has historically been below the world average (160). The present work highlights some of the virtues and faults of the dementia neuroimaging research scenario in Brazil. Most of our findings are consistent with the Brazilian general scientific research background: a significant growth during the first decade of the twenty first century followed by relative stability. Furthermore, the trend toward a highly concentrated scientific production in the Southeast region along with average-to-low research impact also reflects the national tendency (160). Finally, health research is particularly affected by spatial restriction in the national territory, as the cultural, ethnic, and socioeconomic diversity is not captured by the published depictions of our reality.

Brazil has limited wherewithals, sequential financial crises, bad investment of financial resources, and a lack of priority in investing in science in the different governments. All these factors limit the quality of scientific research performed in Brazil and delay the incorporation of novelties to generate original scientific data of global relevance. One of the consequences of these facts was the failure to implement Brazilian ADNI. Lack of fundings, heterogeneity of resources, and lack of specialized centers across the different regions of the country have hampered the implementation of a large national multicenter study. Besides, only recently Brazilian researchers have started studying molecular neuroimaging, with only five amyloid PET studies, and no Tau PET studies in the last decade. Despite these difficulties, Brazilians are studying and refining new neuroimaging methods, such as functional and structural connectivity, DTI, and surface-based morphometry. Two Brazilian centers in São Paulo and Rio Grande do Sul are studying amyloid PET, and collaborative studies are taking place. Comparisons of Brazilian neuroimaging studies with other countries of Latin America are difficult, due to the lack of relevant studies in this research area as they share the same problems found in Brazil. However, our neighbor Argentina is moving forward in the field, with the establishment of the first ADNI of Latin America (161). This program currently accounts for approximately sixty participants that are evaluated by structural MRI analysis, and metabolic and amyloid PET scan (FDG and PiB). This kind of multicentric program notably will assist the development of neuroimaging studies in low- and middle-income nations in the future.

Fortunately, increasingly Brazilian researchers are working across country borders, within foreign partnerships, and the resulting papers contribute to the impact of Brazil's domestic research. Although the majority of foreign partnerships analyzed in this review were derived from North America and Europe, there are efforts to develop collaborations with our neighbors of LA. One promising group is the Latin America and Caribbean Consortium on Dementia (LAC-CD), which is a regional organization that oversees and promotes clinical and research activities on dementia. Collaborations like this certainly can set new networks to support research and increase the supply of regional and international grant proposals (162). Taken together, suggests that knowledge and technological exchange can drive the Brazilian research scenario toward a richer production. All the above-mentioned challenges require efforts toward solutions involving clinicians, researchers, and policymakers, to better understand and investigate the dementia context in a continental country such as Brazil.



CONCLUDING REMARKS

As illustrated along with this manuscript, neuroimaging research carried out in low- and middle-income countries, such as Brazil, are challenging. Nonetheless, they are extremely important to increase the global knowledge about brain impacts derived from the inherent characteristics of the population, and their relationship with the development of dementia. Neuroimaging researches performed in the native population regarding regional peculiarities and adversities are of pivotal importance, especially in a resource-limited country facing economic and political adversities. In this sense, neuroimaging studies should address dementia not merely from a clinical perspective, but also in a societal context, considering individuals' environment and peculiarities. Despite the aforementioned limitations, Brazilian researchers in dementia should be encouraged to deepen neuroimaging studies in Alzheimer's spectrum and other prevalent conditions, such as vascular dementia.

Because our focus was neurodegenerative diseases that primarily affect cognition, we did not evaluate normal aging or other conditions that may secondarily lead to dementia, such as Parkinson's disease, Motor Neuron diseases, Epilepsy, or infectious/parasitic diseases common in Brazil. Further studies might consider the whole spectrum of dementias.
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Alzheimer's disease (AD) and all other dementia represent a global challenge, with an estimated 50 million individuals in the world living with dementia today. In low and middle income countries (LMICs), the burden of disease often is greater, and some of these countries are projected to have some of the largest increases in dementia prevalence during the next few decades. As the world's largest voluntary health organization dedicated to AD and all other dementia, the Alzheimer's Association is committed to its vision of a world without dementia and recognizes the needs, challenges, and opportunities for dementia research in all parts of the world, and especially in LMICs. Currently, the Association is devoting more than $215 million in funding to nearly 600 best-of-field projects in 31 countries, including a significant number of projects that advance and support LMIC-specific research. The innovative work in LMICs is focused on addressing unmet needs or challenges associated with the many unique cultural, demographic, and economic characteristics of these countries. The Association also is expanding leading global forums such as the Alzheimer's Association International Conference (AAIC). In an effort to create new learning and participation opportunities, the Association also has been partnering with other international organizations and collaborating with local leadership to provide AAIC Satellite Symposia (AAIC SS) in LMIC regions around the world. In 2021 and beyond, the Association is committed to continuing these LMIC-focused initiatives, identifying gaps in LMIC research and resources, and enhancing collaboration and communication among researchers in these regions.
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INTRODUCTION

The need for global coordinated research that will reach and benefit all communities around the world has perhaps never been greater. For several decades, in response to the global challenge of dementia, the Alzheimer's Association has recognized that all countries are critical and integral components of international research efforts in the global mission to eradicate dementia. Accordingly, the Association is dedicated to ensuring complete representation of those countries with a World Bank designation of middle or lower middle income (1), many of which have a projected prevalence of dementia that is much higher than the anticipated prevalence in higher income countries (2, 3).

Since its founding in 1980, the Alzheimer's Association has had an increasingly global focus. This focus has included a growing awareness of the needs of low-income and middle-income countries (LMICs), as well as the importance of their inclusion in the global research enterprise—an awareness initially informed in large part by the work of the 10/66 Dementia Research Group (DRG). This research group, established in 1998 as a part of Alzheimer's Disease International (ADI), brought together researchers with a special focus on LMICs and succeeded in challenging the belief, prevalent in the 1990s, that dementia was relatively rare in these countries (4, 5). The name of the research group reflected an imbalance at that time such that ~66% of all people with dementia lived in LMICs, yet only about 10% of population-based research was being conducted in these regions (4). Due largely to the efforts of the 10/66 DRG, ADI noted that within a decade this disparity had lessened, so that by 2009 ~39% of dementia prevalence studies were conducted in LMICs, including 18 studies in Latin America and the Caribbean (6).

In subsequent years, the Alzheimer's Association has supported and joined in efforts by other international organizations, including ADI and the World Health Organization, to significantly advance our understanding of and approach to LMICs and to help inform strategies for addressing dementia by countries around the world (7–9). By 2013, a steadily growing awareness of the need for full global cooperation in the effort to combat dementia led to a gathering of the G8 countries in London, where leaders developed a multinational response to the crisis (10). During the same period, the Alzheimer's Association and other leading global organizations began to strongly encourage the development of national or country-wide plans for addressing dementia (7, 8). By 2015, the WHO published an international “Call for Action” recommending that all countries develop national public health strategies aimed at reducing the impact of dementia (11), and in 2017 developed specific guidelines for approaching dementia intended for healthcare providers, governments, policy-makers, and other stakeholders, including those in LMICs (12).

In the absence of effective treatments for dementia, a guiding principle for all of these efforts has been to accelerate research with the aim of stopping or slowing symptomatic illness for as long as possible, while providing high-quality dementia care and supporting the well-being of individuals with symptoms and/or their carers. Efforts to prevent or post-pone dementia are likely to have the greatest benefit in low-income and middle-income countries, where most dementia occurs, and where individuals are most likely to encounter poverty, inequality, and limited access to health care (3). Yet the prevalence of AD and other dementia continues to increase at a rapid pace in many LMICs (2, 3). In response, the Alzheimer's Association, in collaboration with a wide range of international organizations, is redoubling its efforts to advance research around the globe. In a collaboration between the Alzheimer's Association and the National Institute on Aging (NIA), for example, the International Alzheimer's and Related Dementias Research Portfolio (IADRP) was established to both collate and categorize the dementia research portfolios of major funding organizations but also is focused on gaining a comprehensive assessment of the current landscape of AD research in all parts of the world (https://iadrp.nia.nih.gov/) (13). Through such partnerships, the Association aims to facilitate the global conversation about all aspects of dementia and ensure LMICs are well-represented in that conversation, with the goal of eventually reducing future prevalence of dementia, and in turn reducing its socioeconomic consequences.

This article contains a summary of existing Alzheimer's Association initiatives that support research in LMICs, spanning funding and partnering on research studies, as well as convening researchers both globally and regionally. While it is important to note that LMICs are not homogenous, and that funding and convening activities are unique in each country, we also provide examples in each section for illustrative purposes.



FUNDING CRITICAL RESEARCH/PILOT STUDIES

Since 1982, the Alzheimer's Association has supported a wide range of projects involving basic science, social and behavioral research and clinical research through numerous investigator-initiated peer-reviewed grant programs. These programs became international in 2000, at that time reaching researchers in more than 50 countries through their applications, awarded funding and review process (13). Today the Association has nearly 600 best-of-field projects, more than $215 M projects in 31 countries, including many dedicated to research in LMICs—with the examples that follow in this section all part of the Alzheimer's Association's portfolio of funded research studies.

A significant number of these projects, some of which are funded in partnership with the Global Brain Health Institute (GBHI) and Alzheimer's Society (UK), are conducted in LMICs by researchers who reside in these regions (14). Though these projects have a vast range in terms of scope and subject, they generally have the common goal of addressing challenges in these countries and regions of the world. Findings from these studies often are used to inform local and national health care policies. These projects—which have ranged from tailoring mental ability tests in the Democratic Republic of the Congo, to evaluating brain health among Syrian refugees after forced migration, to using digital media and film arts to augment dementia care and improve outcomes in India—emphasize the importance of re-evaluating assumptions derived from research conducted primarily in high-income countries (HICs), to develop diagnostic tests and other tools or resources that are free of cultural, socioeconomic, educational, and other biases (14).

Despite the current shift toward biological definitions of AD and other dementia (15), for example, instruments currently available in LMICs continue to rely heavily on psychometric evaluations and clinical interviews. Because many of the cognitive and functional assessment tools used in these regions were originally developed and validated in HICs (5), one goal is to adapt these tools so that they can be used more effectively in LMICs. In one current project, involving a collaboration between the University of Botswana and the University of California, San Francisco (UCSF), Dr. Lingani Mbakile-Mahlanza, D.Psyc, and her team are examining whether currently available computerized and paper-based tests used to diagnose dementia can be culturally adapted and validated to improve the diagnosis of individuals in Botswana. This study also is examining whether some risk factors for dementia, often identified in HICs, are relevant in sub-Saharan Africa (14). Another funded study, taking place in Egypt under the leadership of Dr. Rufus Akinyemi, PhD, MSc, MWACP, FMC, aims to determine whether universal social network platforms, such as Facebook, may be used to develop unbiased tools for identifying individuals at risk for developing dementia and developing pathways to early intervention (14). In Belo Horizonte, Brazil, Dr. Elisa de Paula França Resende, MD, of Universidade Federal de Minas Gerais—Faculdade de Medicina, and her team are exploring the effects of basic literacy acquired late in life on potential improvements in brain connectivity and memory, a subject that has been understudied among elderly populations with low educational attainment in low-income countries (14). And in Turkey, Dr. Derya Durusu Emek Savas and their team are exploring unique cognitive training strategies that may help to improve cognition in individuals with mild cognitive impairment (MCI), and potentially delay progression from MCI to AD (14).

In the absence of curative interventions for dementia, caregiving and the well-being of caregivers is another important focus of dementia-related care and research supported by these investigator-initiated grants. In Guadalajara, Mexico, for example, Dr. Brenda Perez Cerpa, MD, is funding the evaluation of a decision aid for families of individuals with advanced dementia (14). The aim of the project is to determine how this tool might improve the quality of connections between families and healthcare providers, and in turn improve end-of-life care.



LARGER COLLABORATIVE STUDIES

The Alzheimer's Association is devoted not only to developing but also to expanding multinational studies and projects—from international clinical trials to prevention, biomarker validation, and health care utilization studies—to ensure that they include genetically, ethnically, and culturally diverse populations. For some well-established studies already underway, the Association is committed to providing additional funding to ensure greater inclusion of LMICs. One such multinational study is the Dominantly Inherited Alzheimer Network Trials Unit (DIAN-TU), based at Washington University School of Medicine in St. Louis (16). The DIAN-TU is the world's first prevention trial platform for at-risk families with dominantly inherited Alzheimer's disease (DIAD). This series of interventional therapeutic trials is evaluating the safety, tolerability, and effectiveness of drugs that have the potential to prevent, delay, or possibly reverse changes in the brain associated with dementia. DIAN-TU is led by director and principal investigator Randall J. Bateman, MD, the recipient of an Alzheimer's Association research grant for this project. Recently the Alzheimer's Association contributed funding to permit the inclusion of new sites throughout Central and South America, including in Argentina, Brazil, Colombia and Mexico. This expansion will be used to establish a multicenter registry of pre-symptomatic and symptomatic individuals in Latin America (both gene carriers and non-carriers), and will enable comparison of clinical, psychometric, neuroimaging and biomarker data from Latin American DIAD families with corresponding data from non-Latin American DIAD families (16).

A similarly large collaboration aimed at preventing dementia is the World Wide FINGERS network (17, 18), which was launched in 2017 and has brought together more than 30 participating countries in a global network of multimodal lifestyle intervention trials aimed at dementia risk reduction and prevention. These trials are modeled after the Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability (FINGER) trial, the first randomized controlled trial (RCT) to show that it is possible to prevent cognitive decline among older at-risk individuals using a multidomain lifestyle intervention (19). With support from the Alzheimer's Association, a Latin American first-of-its-kind study, LatAm-FINGERS, is in the final planning stages and will involve 1,300 subjects from Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador, Mexico, Paraguay, Peru, Puerto Rico, and Uruguay (17, 18). The study participants, individuals who are thought to be at a higher risk of cognitive decline due to a range of factors such as sedentary lifestyle, poor diet, and/or a suboptimal metabolic-cardiovascular profile, will be randomly assigned to one of two interventions. The study, which begins recruiting subjects in second quarter of 2021, will aim to evaluate both the feasibility and efficacy of a FINGER multi-domain lifestyle intervention across Latin America.

In January 2020, the Alzheimer's Association also joined leaders in dementia research from Latin America, the GBHI, the Tau Consortium, and the National Institutes of Health (NIH) in forming a new multinational consortium that likewise aims to expand dementia research in Latin America. Research Dementia, Latin America, or ReDLat, is designed to identify unique genetic, social, and economic determinants of health that contribute to the development of AD and other dementia in Latin America. By collecting and analyzing neuroimaging, genetic, and behavioral data from more than 4,000 individuals in Argentina, Brazil, Chile, Colombia, Mexico, Peru, and the US, ReDLat investigators expect to broaden our understanding of the genetic and environmental determinants of dementia, particularly in diverse and underserved populations in Latin America. This large-scale 5-year project is bringing together experts in the fields of neurology, neuropsychology, geriatrics, psychiatry, neuroscience, and genetics from across Latin America.

In July 2020, the Alzheimer's Association highlighted its work with researchers from all around the world, and led by the team at University of Texas, San Antonio, to support and advance critical research in response to the current pandemic crisis, with a special focus on research examining the neurological sequelae of SARS-CoV-2 following acute infection. Although much remains to be known about the long-term consequences of SARS-CoV-2 infection, several research studies suggest that COVID-19 is associated with neurological complications (20). Thus, there is an urgent need to investigate the downstream impact of COVID-19 on the brain, and address unanswered questions regarding the effects of SARS-CoV-2 on the cerebrovascular system. In this network, the Alzheimer's Association joins representatives from more than 30 countries, with technical guidance from the WHO, as a member of an international, multidisciplinary consortium dedicated to collecting and evaluating data on the short- and long-term consequences of the viral infection on the central nervous system (CNS), as well as examining differences across countries (21).



INTERNATIONAL MEETING FORUMS AND ORGANIZATIONS

The Alzheimer's Association has long been dedicated to fostering international collaboration among dementia researchers in all countries, in part by providing a range of inspiring forums and professional opportunities. The Alzheimer's Association International Conference (AAIC) is the world's largest gathering of researchers from around the world whose work is focused on AD and other dementia (22). As a part of the Alzheimer's Association's research program, AAIC serves as a catalyst for generating new findings about dementia and nurturing a vital, collegial research community. In July 2019, AAIC drew ~6,000 leading experts from 56 countries, including over 400 attendees from 23 LMICs, to Los Angeles to share leading basic science and clinical research discoveries, including new directions for the diagnosis, prevention, and treatment of dementia. In order to defray costs associated with AAIC registration, housing and travel expenses, 119 travel fellowships were awarded to researchers based in LMICs. These awards are competitive and based on financial need, with priority given to applicants who are scientists, early career investigators, post-doctoral fellows, or students based in LMICs.

In July 2020, in response to the global pandemic, AAIC was held virtually for the first time. This free, on-line conference attracted the meeting's largest audience to date, with more than 33,000 registered attendees and featuring more than 3,000 scientific presentations. The online accessibility of the AAIC experience further enabled dementia scientists from every corner of the world to share and discuss the latest research findings, and network to build new international collaborations, with over 7,000 registered attendees from 93 LMICs. A growing focus on LMICs was also evident in the many presentations that examined or highlighted issues faced by regions comprising these countries, including a plenary session led by Dr. Vijayalakshmi Ravindranath, a scientific leader from the Indian Institute of Science in Bengaluru, India. Such presentations included a systematic review of culturally tailored dementia interventions for minority ethnic groups in low- and middle-income countries, a description of a cognitive assessment test adapted and validated for use by older adults in a Brazilian indigenous community, an examination of multi-morbidity as a correlate of dementia among older people in Central Africa, an overview of socioeconomic determinants of dementia among Caribbean Hispanics, and an examination of cognitive dysfunction among middle-aged adults with type 2 diabetes in South Africa.



SATELLITE SYMPOSIA

In December 2015, AAIC launched a series of satellite symposia to extend the reach of AAIC across the globe and provide more learning and participation opportunities to people from all countries, including LMICs. When the first satellite research symposium was held in Mexico City, the prevalence of dementia in Mexico, Brazil, the Andean Area, and Central America was expected to increase by more than 400% between 2010 and 2050 (6). Moreover, the Pan American Health Organization warned that problems associated with this increase would likely be compounded by a fragile health care infrastructure and lack of access to health services and sanitation in these regions. Yet the meeting convened at an auspicious time and on an optimistic note, as the first national dementia plan in a Spanish-speaking country had just been established in Mexico the previous year (6).

This first AAIC satellite symposium (AAIC SS) underscored the value of ensuring the incorporation of previously neglected LMIC cohorts in international studies, in part by highlighting unique characteristics of studies across Latin American populations, including those assessing prevalence and incidence of both risk factors and dementia (23). The results of epidemiologic studies and national surveys presented at the meeting (e.g., SABE) revealed unique challenges facing older Mexicans and other Latinos with dementia, such as low literacy and inadequate health care resources, and also pointed to potential solutions to these problems, such as the use of videos in public places to increase awareness of cognitive impairment among the elderly. Subsequent symposia in Brazil and Argentina provided forums for a deeper examination of these issues, as well the communication of new directions in public policy in these countries.

During the development of all AAIC SS, one aim has been to select locations that permit greater involvement of regions comprising LMICs. The second AAIC SS meeting, for example, which took place in Bulgaria, in collaboration with researchers at the University of Varna and the University of Pittsburgh, brought this conversation closer to Eastern Europe, provided a forum for showcasing dementia research in neighboring countries, and engaged the expertise of leading researchers in that region of the world. In 2018, an AAIC SS meeting held in Bengaluru, India provided a forum for exploring emerging dementia research in South Asia and similarly engaged leading dementia researchers throughout that region, including in LMICs.

All meetings sponsored by the Alzheimer's Association, including AAIC and all satellite symposia, aim to encourage collaboration among professionals from all countries, including LMICs. In 2008, the Alzheimer's Association established a new means to support the dementia research community by creating the International Society to Advance Alzheimer's Research and Treatment (ISTAART) (24). This esteemed professional society for scientists, physicians, and other professionals interested in dementia science is the first international collegial organization to support and encourage the interests of all areas of AD and dementia investigation. In April 2019, ISTAART launched a new tiered dues structure for individuals from low, lower-middle and upper-middle economies (based on the World Bank's annual classification system). Since April 2019, ISTAART membership from low to upper middle income countries has nearly doubled, expanding access to ISTAART benefits spanning the Alzheimer's and Dementia journal family, Alzheimer's Association meetings, and Professional Interest Areas (PIAs) (24).



FUTURE DIRECTIONS

In line with the UN's Sustainable Development Goal number three to ensure healthy lives and promote well-being for all at all ages, the global dementia research enterprise continues to strive for effective prevention and treatment throughout the world. A critical goal will be to sustain recent efforts to ensure inclusion of LMICs—where two-thirds of people with dementia reside—in large-scale, multinational research studies. Another important goal will be to identify modifiable risk factors in LMICs and determine practical, cost-effective ways of addressing them (3). Opportunities to seek funding and convene the dementia research community, with an emphasis on these areas, will continue to serve as a priority for the Association. Toward these ends, the Alzheimer's Association is committed to continuing its core mission of fostering and expanding partnerships, ensuring the continuation of LMIC-focused projects, identifying gaps in LMIC research and resources, and enhancing collaboration and communication among all researchers in LMIC regions. Such strategies are not independent, and it will be the sum of these approaches that will ultimately impact upon this goal.
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Background: Patient and public involvement (PPI) is an active partnership between the public and researchers in the research process. In dementia research, PPI ensures that the perspectives of the person with “lived experience” of dementia are considered. To date, in many lower- and middle-income countries (LMIC), where dementia research is still developing, PPI is not well-known nor regularly undertaken. Thus, here, we describe PPI activities undertaken in seven research sites across South Asia as exemplars of introducing PPI into dementia research for the first time.

Objective: Through a range of PPI exemplar activities, our objectives were to: (1) inform the feasibility of a dementia-related study; and (2) develop capacity and capability for PPI for dementia research in South Asia.

Methods: Our approach had two parts. Part 1 involved co-developing new PPI groups at seven clinical research sites in India, Pakistan and Bangladesh to undertake different PPI activities. Mapping onto different “rings” of the Wellcome Trust's “Public Engagement Onion” model. The PPI activities included planning for public engagement events, consultation on the study protocol and conduct, the adaptation of a study screening checklist, development and delivery of dementia training for professionals, and a dementia training programme for public contributors. Part 2 involved an online survey with local researchers to gain insight on their experience of applying PPI in dementia research.

Results: Overall, capacity and capability to include PPI in dementia research was significantly enhanced across the sites. Researchers reported that engaging in PPI activities had enhanced their understanding of dementia research and increased the meaningfulness of the work. Moreover, each site reported their own PPI activity-related outcomes, including: (1) changes in attitudes and behavior to dementia and research involvement; (2) best methods to inform participants about the dementia study; (3) increased opportunities to share knowledge and study outcomes; and (4) adaptations to the study protocol through co-production.

Conclusions: Introducing PPI for dementia research in LMIC settings, using a range of activity types is important for meaningful and impactful dementia research. To our knowledge, this is the first example of PPI for dementia research in South Asia.

Keywords: patient and public involvement, dementia research, co-production, co-creation, low- and middle-income countries, capacity and capability, public engagement onion model


INTRODUCTION

Associated with population aging, dementia is emerging as an increasingly prevalent condition, particularly in low- and middle-income countries (LMIC) where about two-thirds of the world's population with dementia reside (1). In South Asia alone, the proportion of people living with dementia is estimated as 5.1 million (2). Health and social care services for this population, or for older people in general, is limited (3) or, in many areas, non-existent. Thus, developing such services, guided by locally obtained evidence, is a priority; however, in many LMICs, research capability for non-communicable diseases (NCD) in general is still developing (4), and for dementia research, this situation is magnified. Thus, building capacity and capability to conduct dementia research is essential (5), and is aligned with the priorities outlined in the 2019 position statement, “Roadmap for Dementia Research in Pakistan” developed by an international group of expert stakeholders interested in dementia research in South Asia (6).

The involvement of people with the lived experience of a health condition, and their families, “Patient and Public Involvement” (PPI) is a cornerstone of any applied research, particularly involving international collaborations where cultural adaptation of interventions and methods to local contexts is required. PPI is well-established in several high-income countries, particularly the United Kingdom, Australia, and Canada (7–9) and is viewed as an active involvement characterized in the form of consultation, collaboration or user control (10, 11). However, in many LMICs, the concept and practice of PPI for both research and service development is not well-known (12, 13), and is potentially challenging due to the established patient-professional hierarchical structures prevalent in many LMIC health systems.

The common ethos of PPI is defined as “research being carried out ‘with' or ‘by' patients and public members rather than ‘to', ‘about' or ‘for' them” (10, 14). It recognizes the centrality of the patient and public's viewpoints and concerns, and the acknowledgment that their perspective may differ from those of researchers (15–17). In under-resourced LMIC settings, the theoretical underpinnings of PPI (18–21) take on greater significance including, the following, as conceptualized by Greenhalgh et al. (22): (1) the “emancipatory imperative”, which suggests that involving people in research addresses power imbalances between participants, who may be vulnerable populations, and researchers, and encompasses the social justice principle of “inclusion”; (2) the “efficiency imperative”, which addresses the need to reduce “research waste” (23, 24) by addressing critical research questions pertinent to the population in question, and the need to accelerate the research trajectory from “proof-of-principle” to implementation (16, 17, 21, 25); and (3) the “political imperative” which holds that knowledge should be co-created by researchers and lay stakeholders (26–29). In addition, if the research involves international partners, particularly those from HIC, all three imperatives are important, particularly to safeguard against the risk of “research imperialism” (30).

An additional and important driver to undertake PPI is the need to provide a platform for people with dementia (PwD) and their care partners to communicate their experiences and to have an influence on research (8, 11, 23, 26, 28, 31–37). Recently, increased accessibility through technology is providing greater opportunities for people with dementia to be empowered and to have their voices “heard”; however, in many LMIC settings access to such technology may still be limited, particularly for older people such as those living with dementia and their care partners.

There is, therefore, a need to strengthen the capacity of PPI in LMIC, particularly for newly emerging areas of research and practice, such as dementia care (6). Furthermore, PPI in LMIC settings plays a pivotal role in cultural adaptation of interventions where the language, cultural practices, context and health literacy may be limited (38). Here, we have synthesized our learning and reflection on PPI capacity building in LMIC (22), developed in the context of a dementia-related feasibility study in seven sites across three South Asian countries: Bangladesh, Pakistan, and India (representing the three most populous countries of the eight countries making up South Asia). The research was a pilot study to ascertain local feasibility and acceptability of a non-pharmacological intervention focussed on hearing rehabilitation in PwD [the SENSE-Cog intervention (39, 40)], adapted for the South Asian context. We report: (i) how the local research teams co-developed PPI activities with PPI stakeholders in each site; (ii) the nature of each site's PPI activities; and (iii) the impact of the work through the reported experiences of the researchers and the PPI stakeholders. The operational framework for our approach was based on the Wellcome Trust's “Public Engagement Onion” model (41) (Figure 1). We used GRIPP2 (42) (Guidance for Reporting Involvement of Patients and the Public) checklist to report our PPI activity (Supplementary File 1).
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FIGURE 1. The “Public Engagement Onion” model (41) (Image courtesy of the Wellcome Trust).




BACKGROUND TO THE FEASIBILITY STUDY SENSE-COG ASIA

SENSE-Cog Asia is an ongoing feasibility study of a psychosocial intervention to improve quality of life in PwD through enhancing hearing function, culturally adapted for South Asian settings. Based on the European SENSE-Cog trial (40, 43) (www.sense-cog.eu), this single arm, open-label, study has four phases: (1) cultural adaptation of intervention; (2) feasibility and acceptability evaluation; (3) capacity and capability building for dementia research; and (4) PPI. Participant dyads (PwD and their care partners) are being recruited across the study sites. Each dyad receives the adapted SENSE-Cog intervention, over an 8-week period, delivered by a trained “Hearing Support Practitioner”. The intervention comprises the following components: clinical assessment and provision of hearing devices by an audiologist for the PwD; adherence support with hearing aids (or other hearing devices) for the PwD and their care partner; and knowledge, awareness and communication skills' training on sensory-cognitive impairment (including dementia education) for care partners. The main outcomes are feasibility and acceptability of the intervention. Exploratory outcomes are quality of life and other dementia-related outcomes. Below, we elaborate on Phase 4 of the project, the PPI activity.



METHODS


Phase 4 Process: Patient and Public Involvement
 
Project Team

The PPI project team comprised two researchers (JM and SS) based in Manchester (UK) and seven researchers based in each of the South Asian settings with backgrounds in medicine, social work, occupational therapy, health sciences, speech therapy, audiology, psychology, physical therapy, and nursing. The seven researchers were identified from each clinical site and took on the role of local PPI coordinator. Site principal investigators were also involved, to oversee support for PPI coordinators in embedding PPI within the local research sites.



Setting

The research sites were in Pakistan (Lahore, Karachi and Rawalpindi); India (Mysuru, Chennai and Bengaluru); and Bangladesh (Dhaka). This work took place from March 2019 to March 2020.



Training and Support

PPI was a new concept for the designated researchers, thus, to equip them for their new role as local PPI coordinators, the UK-based researchers delivered two half-day PPI training sessions via video conference. We adapted the training from a previous PPI training we used in Europe (15). The training covered the principles of PPI, as well as operational aspects regarding how PPI coordinators could recruit and establish a PPI group and implement PPI activities. Site principal investigators also attended the training. The PPI training information was translated into local languages, case studies used for training were set in the local settings with South Asian names, and images used reflected the local diversity. Although we provided the basic training on the principles of PPI to raise awareness and embed the PPI concept in their work programmes, more importantly, we were guided by the local PPI coordinators who led the initiatives on addressing the cultural diversity represented within each study site.

After the PPI coordinator training, our initial plan was to have regular team meetings with the PPI coordinators via video conference to create a sense of doing the work together. However, local challenges due to technology provision in some sites precluded this. Instead, we conducted one-to-one meetings with PPI coordinators to support them in preparing and planning for their PPI groups and activities. One-to-one meetings included discussions about whom to involve as PPI contributors, what resources were needed to support the PPI contributors, and how the PPI coordinators role differed from that of their usual role as researchers. Local PPI coordinators were also supported in developing their knowledge, values, and attitude regarding PPI in research. Thus, the approach was to facilitate the local PPI coordinators to implement PPI practice as well as to learn simultaneously through its application in the research project.



Implementation Process of PPI

We use the term “public contributor” to refer to the patient and public members involved in the PPI activities in this project. Each local PPI coordinator recruited and set up their PPI group differently across sites, depending on the local context and in addressing local social and cultural issues. PPI groups were set up in each clinical site and consisted of between 2 and 4 public contributors. The numbers of PPI contributors recruited were kept to a minimum, to allow the PPI coordinators to effectively implement the learning from the training into practice and also manage and support a PPI group who were not familiar with the PPI concept. PPI contributors were recruited using flyers (Supplementary File 2) disseminated through local medical charities and patient representative organizations. In addition, PPI coordinators and representatives from local medical charities and patient representative organizations also communicated verbally about the PPI opportunities with existing patients and carer groups and other social networks to ensure the inclusion of people with illiteracy issues. Protocols to manage transport and reimbursement for PPI contributors were developed locally. Public contributors included people with dementia or memory problems, care partners, or community members with an interest in contributing to research. There were no set inclusion or exclusion criteria for recruiting PPI contributors, unlike a strict research study, the requirements were quite loose as PPI work attempts to get the widest, most inclusive and representative viewpoints and perspectives to inform the research work. Individuals required no specific skills to join the PPI groups, but needed to have lived or caring experience of dementia or a special interest in dementia.

The PPI coordinators worked with their PPI group to familiarize them to the dementia research project (5) and to acquaint group members of their role within the project. PPI contributors role was to provide advice on the running of the dementia research project (5) and/or work with the research teams to plan, make decisions and develop dissemination activities. PPI groups were provided with clear questions to aid the researchers to gain meaningful input. Meetings took place monthly or as required by each site. We used monitoring forms (Supplementary File 3) to capture the feedback from the PPI activities to demonstrate the impact of PPI (Table 1). On-going one-to-one support for PPI coordinators was provided by the UK-based PPI team (JM and SS), via telephone, emails, and skype meetings.


Table 1. Dementia-related PPI activities and impact across the seven sites based on the “Public Engagement Onion” model.

[image: Table 1]

We encouraged the PPI coordinators to adopt the “Public Engagement Onion” model (41) (Figure 1), to help them decide with their PPI groups on the PPI activity to be undertaken. Different sites chose different layers representing one or two of the “rings” in the “Public Engagement Onion” model (31). The “Public Engagement Onion” (41) offers a range of approaches in different forms, as there is no one optimal involvement approach (9, 15, 44, 45). The rings consist of basic engagement activities with larger audiences to more intense activities with small groups and having a greater impact.



Research Teams' Experiences of PPI

We conducted a short survey using self-completed questionnaires to understand the entire research teams' (n = 18, across all sites) experiences of applying PPI in dementia research and to add depth to the reported learning. We included researchers, research assistants, and principal investigators who were involved in supporting the PPI coordinators in implementing, supporting, and conducting PPI group meetings. The questionnaires included items relating to any previous PPI involvement experience, their view on the importance of PPI and how PPI influenced them or their work. Items included a free text box to allow the respondent to explain their answer or give further insights. The survey questionnaire is provided in Supplementary File 4. The surveys were completed anonymously. We analyzed the responses quantitatively supported by qualitative thematic analysis of open text responses.



Ethics Statement

We did not require ethical approval for the involvement of patients or public, as they are not acting in the same way as research participants (46) and no data were collected directly from PPI contributors. We included safeguarding aspects in the PPI coordinators training modules to ensure the protection of PPI contributors, including maintaining confidentiality, distress protocols, and correct training of coordinators. For the researcher survey, responses from the research team were collected anonymously with informed consent.





RESULTS


Implementation of PPI

A key challenge for PPI coordinators was explaining the concept of PPI, which was new to potential PPI contributors. Due to the lack of awareness of the PPI concept and doubts regarding the benefits of PPI in general, some individuals were reluctant to be involved and had to be encouraged. The main concern raised was that working on an equal footing with health professionals in an advisory capacity was new territory for them, and they were uncertain about what was expected of them. They expressed doubt about whether their involvement could be beneficial or valued.

PPI coordinators were concerned about finding “suitable people” and recognized the need to approach potential individuals directly to explain the role and the concept of PPI. They spent a substantial amount of time explaining about PPI at different community centers, with community groups and at public meetings, at care homes and outpatient clinics. Other challenges reported included low general and health literacy levels, travel time, and the financial cost to attend the meetings, particularly for those traveling from rural areas. These issues were addressed by assuring individuals with low literacy that PPI coordinators would verbalize all the information using local dialects and collate the feedback by taking notes. Inclusion of less educated participants, or those from rural areas, was considered important for inclusion. For those traveling from rural areas, the PPI meetings were arranged around hospital appointments to save travel time and avoid additional costs. In addition, reimbursement for the travel cost and time were provided, however some sites decided to only cover the travel expenses. PPI coordinators reported that it was unusual to pay public members expenses and reimbursements for meetings. This added another layer of complexity for most sites as there were some infrastructure challenges identified by PPI coordinators. There was an absence of a policy or guidance for remunerating public contributors in research projects and a lack of guidance on what was reasonable compensation. Therefore, the team developed expense sheets for the project and agreed on local rates for reimbursement that were realistic but still guided by Public Involvement Standards guidance (47), which were established in the UK for UK-based PPI. Researchers questioned whether this aspect of the guidance was contextually appropriate.

A total of 27 people were recruited for the PPI activities across the seven sites, consisting of 8 PwD, 14 carers and 5 members of the public. The PPI groups in each site decided on the preferred meeting times and settings. The first meetings with the PPI groups were mainly focussed on equipping them to acknowledge that their knowledge and expertise of the lived experiences were as important as clinicians and researchers, although it was different.



Impact of PPI on the Research Project

The impact of PPI on a given research project can be characterized by changes to the research, as well as researchers and PPI contributors and the wider community (48). Tables 1, 2 illustrates the demonstrable impact of the different PPI activities on different aspects of the research project.


Table 2. Case studies of two PPI groups and the impact of their PPI activities.

[image: Table 2]


Range of PPI Activities

As shown in Table 1, each site chose a different type of PPI activity within the “Public Engagement Onion” model, ranging in level and magnitude of involvement through to engagement. For example, the Bengaluru site undertook PPI-led modification of the study participant information documents, including patient information sheets, for use in all sites. Groups in Lahore, Karachi and Rawalpindi undertook various public engagement events, ranging from dementia awareness role-play in residential care homes, discussion groups, radio program and developed dementia awareness newsletter (Supplementary File 5). The group in Mysuru consulted on the study protocol and conduct, providing insight into local adaptation and co-developed dementia training for professionals and dementia awareness-raising training for public members. Chennai's group developed dementia information sheets for use in the intervention trial, after ethical approval. In Dhaka, the group supported audiologists in adapting a hearing screening checklist for older adults, which were needed for the study protocol. Finally, in Dhaka, the group chose to conduct a large-scale public engagement event to raise awareness of sensory-cognitive health, attended by 100 participants. The event provided a platform for key stakeholders (public, doctors, medical students, occupational therapists, social workers, and physiotherapists) to have a dialogue about dementia and hearing impairment that had not previously been discussed in such settings. Key discussions were focussed on strengthening the legal laws on the Mental Health Act in relation to people with dementia and lacking the capacity to consent and focus on strengthening a workforce to address dementia care through capacity building. During the event, 56 participants filled out a Knowledge, Attitude, Practice [KAP (49)] survey regarding sensory-cognitive health (the results of the Dhaka PPI engagement event survey are reported below). KAP is used to gather data on what is known, assumed and practiced in relation to a specific topic (49).

Each site in this study is a case study in their own right. However, we have chosen to use two case studies in this paper to reflect the most interesting in terms of the approach used and the PPI tasks undertaken by two PPI groups in India. We illustrate in Table 2 how PPI was implemented and the impact of their activities.



Research Teams' Awareness of PPI Survey Results

Ten researchers took part in the survey. Of these, five were PPI coordinators (researcher background), one researcher, two research assistants, and two principal investigators. Most researcher respondents (80%) reported that they had no previous experience of PPI work; 10% was unsure and 10% reported having some experience of PPI, mainly with professional stakeholders. All participants viewed PPI as an important factor in dementia research. Most of the participants said they are “very likely” (70%) or “likely” (20%) to apply PPI principles to other projects or as part of their work in their department, whereas, 10% were neutral on this subject. The positive responses in applying PPI in their work were supported by comments outlined in Table 3.


Table 3. Exemplar quotes illustrating the impact of the PPI activities on researchers.
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As shown in Figure 2, 90% of the researcher respondents reported that they had improved their understanding of PPI and that PPI had increased the meaningfulness and relevance of their work. Sixty percent said that PPI enabled knowledge sharing and 40% felt that PPI informed the study and led to joint working on the research project.


[image: Figure 2]
FIGURE 2. Survey results showing how PPI influenced the researchers and/or their work.


Finally, 90% of respondents reported that PPI changed their attitudes and behavior, including a broadening of their perspectives about the challenges faced by patient and care partners, and understanding the types of challenges that might be faced by PwD and care partners in taking part in the intervention. It also provided an opportunity for researchers to interact with PwD and their care partners outside of the research study. Some researchers reported how the PPI activities had helped them to understand what needs to be done from an organizations perspective in helping to raise awareness about dementia for the public. Exemplar quotes illustrating the impact of the PPI activities on researchers are shown in Table 3.

The disadvantages of PPI were also reported by respondents. These included the view that PPI was time-consuming and was an added burden to the already busy role of a researcher. They viewed PPI as a new way of working, which took time to fully understand and adapt to. A few respondents commented how PPI presented conflicts of interest from public contributors and made it difficult to achieve the outcome of the study, particularly as it challenged the authority of the researcher. For example, one participant commented “Patients getting more involved and trying to rule over the researcher” (ID3). Another researcher highlighted a cultural challenge for PPI contributors as family care partners, particularly for daughters-in-law. The researcher felt that in-group settings, particularly in settings where women are not often asked for their opinions, the adult children, or daughters-in-law were hindered from talking openly about issues relating to care partner burden, as it was viewed as “disrespecting” (ID8) the older adult they are caring for. Another point highlighted by a researcher was the difficulty of persuading those with “cognitive deficiency” (ID10) to attend the meetings and the challenges arising from involving them in the meetings.



Dhaka PPI Engagement Event Survey

Fifty-six participants completed the KAP surveys in Dhaka and were included in the analysis. Findings are outlined in Tables 4, 5.


Table 4. Dhaka KAP survey demographics.
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Table 5. Dhaka KAP survey responses.
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Demographics

Respondents were generally male (61.8%) and equally, a majority (61.8%) of respondents were allied health professional workers. Respondents were relatively experienced (32.7% of respondents having worked 5–10 years and 38.2% with over 10 years' experience) and moderately highly qualified. However, only 8.9% reported having received training in dementia awareness.

Knowledge: Over 50% of respondents reported being aware of brief hearing screening tests, but don't have the training and expertise to administer and interpret the results and 50% reported being aware of referral pathways. Although, 40% of respondents reported being confident in helping PwD with use of assistive hearing, other respondents reporting neutral and lower, cited the main reason given for not being confident was lack of training (Supplementary File 6).

Attitudes: Most respondents (69.1%) agreed that hearing screening would be acceptable to PwD and 72.7% agreed they would find clinical guidelines for assessment and management of hearing useful. Additionally, respondents (41%) reported that most residents who needed to use a hearing aid did not use them effectively. The most reported reasons for ineffective use were aids not effective, not being tolerated, aids hard to use or not fitting correctly.

Practice: Most respondents (65.5%) reported they did not carry our testing or checking of hearing aids. Only 17.0% of respondents reported that there were specially designated staff responsible for hearing care in their facility. Most respondents (92.6%) reported they did have any training and support to use sensory support equipment.






DISCUSSION

Through this project, we established a community of researchers and public contributors undertaking PPI practice by encouraging researchers to consider and explore PPI methods, develop a positive attitude toward PPI, and implement PPI. The purpose of capacity building was to facilitate a bottom-up approach, consistent with the ethos of PPI, of gaining self-confidence, and learning about PPI in research. To our knowledge, this is the first PPI for research involving PwD, persons with memory problems, care partners, and community members in LMICs.

We purposely used a multifaceted framework of implementation and evaluation, based on the “Public Engagement Onion” (41). A bespoke approach, involving different underlying theoretical approaches, is appropriate, considering the diverse nature of the different study sites, which differed by country, language, research experience and dementia awareness and expertise, and the novelty of the concept for both researchers and public contributors. Avoidance of “off-the-shelf” approaches has been supported by some PPI authors [i.e., Greenhalgh et al. (22)] and this ensured that the PPI stakeholders at each site could select the approach most suited to them, aligned with a plurality of theoretical frameworks, and recognizing the importance of context, making it relevant to the people “on the ground.” Introducing an innovation model such as PPI does not necessarily transform to uptake in all settings, as consideration needs to be given to the local socio-cultural and health system contexts when implementing PPI. It should involve working and engaging with local communities, stakeholders and community leadership networks, and viewed as a continuous learning process.

Our work included a focus on (1) study feasibility and preparation; (2) partnership building for dementia research capacity and capability building; (3) education and awareness-raising; and (4) ensuring power balance and equity in researcher-participant relationships. Regarding the latter, as dementia research develops in LMICs, particularly in collaboration with international partners, it is critical, at the outset, to address issues of equity and inclusion (50) and it is important to assume and be vigilant for the risk of research imperialism for any international collaboration, and PPI may have an important role in addressing this. PPI can support this by placing the voices of PwD, persons with memory problems, care partners, and community members (28, 51) at the center of the research, thus de-centralizing the researcher, who is often a medical professional representing a power imbalance (52) with PwD and their care partners (53–56). Illustrating this emancipatory aspect of PPI, our researcher survey highlighted the challenges of public contributors “taking control” or being treated as equals in the partnership. This represents “uncharted waters” for many medical professions in LMIC settings like South Asia (57, 58), where the relationship between medical professionals and patients is more vertical compared to many HICs (59), and communication is determined by accepted social differences (52, 60). However, it is worth noting that hierarchical dynamics are still common in some cultural contexts, holding an authoritative hierarchical position within their communities, and power imbalances naturally emerge between researchers and subjects, and not necessarily due to research imperialism and colonialism, but due to local sociocultural practices. In this context, PPI has the potential to foster equity by disrupting traditional boundaries of social structure, which is central to a partnership approach.

Many PwD in LMICs fall into the “triple jeopardy” of being older, female, and from the poorest communities. This can be conceptualized through the lens of intersectionality (50, 61), where several socially determined risk factors coalesce to predispose and precipitate the emergence of dementia and perpetuate poor outcomes (62). Thus, when embarking on research with this vulnerable population, the needs and perspectives of the PwD and their family must be prioritized. A robust PPI approach will support this and address the social justice principle of “inclusion.”

The political imperative, which holds that knowledge should be co-created by researchers and lay stakeholders, was demonstrated in several of our PPI activities, although it emerged as a challenge not endorsed as an outcome by some researchers in the survey. For the researchers who reported that the PPI work had helped them focus their research on the needs of the public contributors, this represented a significant paradigm shift away from paternalism toward partnership.

A significant practical barrier during PPI implementation work was the recognition of how payment to PPI contributors, an important element of INVOLVE guidance (63), might not be appropriate nor is practiced in most LMIC settings. This compounds issues of exclusion, in that those who get involved are those who can afford the time and money to do so. The Bengaluru case study illustrates how the use of virtual groups can enhance PPI access for a particular group; however, this approach also has its limitations by excluding those without access to technology. Therefore, during PPI implementation, researchers should consider how to reach beyond clinical and hospital settings and “go to the people.”

Since a focus in underserved areas is often on the most impactful research in the shortest timespan to address areas of greatest need, studies of interventions with an existing evidence-base are often undertaken. An example of this is the global adaptation and implementation trial of Cognitive Stimulation Therapy for dementia (38, 64). Adopting an intervention developed elsewhere into a context with a markedly different language, socioeconomic and cultural context requires adaptation prior to evaluation to enhance the appropriateness, uptake and chance for subsequent “scale-up” of the intervention (6, 46, 65–67).

Although PPI in dementia research has progressed substantially, evidence supporting the impact of PPI is still developing and descriptions of impact are sparse and frequently lack consistency due to inadequate conceptualization, and inconsistent reporting (16, 44, 68–72), thus rendering the evaluation of impact difficult. Nonetheless, it is critical to develop a strong evidence base for PPI by demonstrating impact (17, 73), as we have illustrated here (Tables 1, 2, researcher survey, monitoring forms), and thus moving the PPI agenda forward in a significant and applicable way (17, 22, 73, 74).


Limitations

We recognize that the PPI concept and the approach we introduced into SENSE-Cog Asia study could be viewed as Eurocentric and to a certain extent as a form of colonialism by some researchers in LMIC. However, the core of our work on PPI is about the democratization of health and health knowledge, which in many LMIC (and HIC, particularly non-English HIC) settings is challenging as structures remain moderately vertical and patriarchal. The model of “doctor knows best” is still very prevalent. Thus, PPI could have a “disruptive” role in breaking those traditional boundaries in LMIC settings, which may be positive.

Principles of PPI training and support include (17, 47, 73) training public contributors regarding the basics of research. Although we explained the PPI contributor's role in providing input to support research, we provided only basic research training to PPI contributors due to limited resources and time constraints. Much of our time was spent on introducing the concept of PPI. Moreover, PPI coordinators were identified locally within the research team, which may have contributed to power imbalance (75), whereas independent PPI coordinators may have been more appropriate.

In addition, due to limited resources, we did not include the perspectives of PPI contributors to capture their view on how they embraced the PPI concept, their experience and its impact, which is a vital perspective to capture when implementing new concepts. These data would have been valuable by enabling us to explore alignment between the perceived experiences of PPI coordinators and contributors. The absence of these data may make the “Implementation of PPI” section in the results section appear somewhat subjective. However, this subjective aspect is also important, as it represents as proof of concept to establish feasibility and acceptability of our approach, which was the main aim. Future work in this area can apply more rigor to the methodology and training and increase the rollout to support other studies and ensure the sustainability of the PPI groups.

Despite our efforts to be inclusive, PPI contributors recruited in this study were to a certain extent biased toward a particular demographic of educated, literature and largely middle-class people. For future research studies in newly developing research centers, such as those sites with whom we worked with need to be mindful in addressing the issues of inclusion in PPI recruitment, by increasing the reach to rural areas, poor and vulnerable, and digitally disadvantaged communities.




CONCLUSION

We have synthesized our learning and reflection on PPI capacity building in LMICs in some South Asian contexts and emphasized the need to strengthen PPI practice in LMICs, particularly for newly emerging areas of research and practice, such as dementia care. PPI must be recognized as an integral part of applied research in LMIC countries, but requires sufficient investment in time, resources, and commitment to ensure PPI is effectively led and research outcomes are relevant to the intended beneficiaries. “Learning by doing” (45, 74, 76) will be necessary to make more explicit the various factors that support and inhibit PPI processes and tailor different types of involvement practice (22) to change the research landscape globally.
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Background: Sub-Saharan Africa (SSA) is projected to have a rapid increase in the number of people living with dementia by 2050. Yet, there is currently no robust evidence on the risk factors for dementia in the sub-region that could inform context specific interventions.

Methods: We conducted a systematic review and meta-analysis of observational studies to determine the dominant and modifiable risk factors for dementia in SSA. We searched MEDLINE, EMBASE, PsychINFO, and African Journals Online using keywords for dementia and Alzheimer's disease as well as the.mp operator for all 47 SSA countries or regions. We included peer-reviewed original studies with epidemiological designs, conducted random effect meta-analysis and determined the dominant and modifiable risk factors for dementia using the inverse of variance method.

Results: A total of 44 studies out of 2,848 met criteria for syntheses. The pooled annual incidence of dementia from 5,200 cohort risk years was 2.0% [(95% Confidence Interval (CI) = 1.0–4.0%)]. The pooled prevalence was 5.0% (95% CI = 2.0–7.0%). Older age was the dominant risk factor for both prevalent [(Standard error (S.E = 0.3, weight = 25.2%)] and incident dementia (S.E = 0.02, weight = 95.8%), while low educational attainment (S.E = 0.19, weight = 32.6%) and poor predementia cognitive functioning at baseline (S.E = 0.2, weight = 20.5%) were the best ranked modifiable risk factor for incident dementia.

Conclusion: Low formal educational attainment which, in SSA, may represent a stable index of low socioeconomic position and health disadvantage over the life course, was the most prominent modifiable risk factor for incident dementia. Findings have implications for deliberate policies targeted at access to education across the life course as a primary prevention strategy against dementia in SSA.

Keywords: low-and middle-income countries, Sub-Saharan Africa, dementia prevalence, dementia incidence, risk factors


INTRODUCTION

Sub-Saharan Africa (SSA) is set to have one of the largest increases in the population of older people worldwide (1), and by 2050, approximately 161 million persons who are 60 years or older will be residents of the sub-region (2). The prevalence and incidence of dementia increases with age (2, 3). Yet, there is currently no robust evidence on the risk factors for dementia in SSA that could inform context specific interventions.

In our previous study (3), we found a 4% pooled prevalence of clinically diagnosed dementia from an overall sample 6964 community-dwellers who were 60 years or older. The previous review (3), and others conducted by Alzheimer's Disease International (2, 4), had searched databases until May 2016, and as there were few published information on incidence of dementia at the time, the evidence was limited to cross-sectional prevalence of dementia in SSA.

In the succeeding four and half years, the literature on the epidemiology of dementia in SSA has been boosted by the publication of new data which have provided valuable additional information. In particular, longitudinal follow-up data (5–9) may serve to build on evidence provided by cross-sectional surveys of dementia in SSA. Such data should allow for an investigation of the links between cross-sectionally identified risk predictors (3) and subsequent onset of dementia. Longitudinal studies may also provide evidence for the relative importance of each modifiable risk factor for incident dementia, information required for the prioritization of primary prevention targets within limited resource contexts of SSA.

The aim of the present study was to conduct a systematic review and meta-analyses of epidemiological studies on dementia in SSA. Specifically, in addition to new information on the annual incidence of dementia in SSA, we aimed to identify key modifiable risk factors for onset of dementia among elders in SSA communities. Estimates of general hospital frequency, community prevalence, as well as their correlates was also profiled.



METHODS

This review followed conventional recommendations for the methodology and reporting of systematic reviews as described in the guidelines of the National Institute of health and Care Excellence (NICE) and Preferred Reporting Items for Systematic reviews and Meta-analyses (PRISMA) (10, 11). We registered our study protocol in the International prospective register of systematic reviews (#CRD42021214843).


Search Strategy

An initial search of the African Journals Online (AJOL) database was conducted on 15th September 2020. This was followed by a search of the MEDLINE, PsychINFO, and Embase databases. For these searches, a facet analyses was constructed using appropriate modifications of the PICO framework (10). The following keywords identified according to facets in the modified PICO were searched with the “explode” operator to retrieve other similar terms: dementia or “Alzheimer's disease”, AND epidemiology OR frequency OR prevalence OR incidence OR factors OR “risk factors” OR “associated factors” (Box 1). We next combined a search of each of the 47 SSA countries or regions by name using the.mp. operator. A second stage consisting of hand searching of the reference list of relevant articles retrieved from the databases was also implemented. Limits on language and publication dates were not imposed in conducting the searches.


BOX 1. MEDLINE search terms using the Pubmed interphase.

[(dementia OR “Alzheimer's disease”) AND (epidemiology OR frequency OR prevalence OR incidence OR factors OR “risk factors” OR “associated factors' OR outcome OR mortality)] AND (Angola OR Benin OR Botswana OR “Burkina Faso” OR Burundi OR Cameroun OR “Central African Republic” OR Chad OR Congo OR “Cote d'Ivoire” OR Eritrea OR Ethiopia OR Gabon OR Gambia OR Ghana OR Guinea OR Guinea-Bissau OR Kenya OR Lesotho OR Liberia OR Madagascar OR Malawi OR Mali OR Mauritania OR Mauritius OR Mozambique OR Namibia OR Niger OR Nigeria OR Rwanda OR Senegal OR “Sierra Leone” OR Somalia OR “South Africa” OR “United Republic of Tanzania” OR Togo OR Uganda OR Zaire OR Zambia OR Zimbabwe OR “Sub Saharan Africa” OR sub-Saharan Africa) AND ((y_5[Filter]) AND (humans[Filter])).




Inclusion Criteria

Studies were included if; (1) they investigated epidemiological phenomena such as frequencies, prevalence, incidence, risk or associated factors, (2) they included participants with any type of dementia regardless of setting, method of ascertainment or diagnosis, (3) descriptive and analytical cross-sectional studies, prospective and retrospective cohort studies, case control studies, randomized controlled trials, non-randomized controlled trials, as well as quasi-experimental studies.



Exclusion Criteria

We excluded the following types of studies, (1) review papers, case series, individual case reports, expert opinions, discussion papers, and position papers; and (2) studies focusing solely on qualitative data.




Study Assessments and Data Extraction

Study assessment for inclusion and exclusion criteria as well as subsequent data extraction was conducted by two independent assessors (AO and APO) based on the descriptions in the original article. The following information were extracted from each included study: first author name, publication year, diagnostic criteria, sample size, average age at baseline, the proportion of females, hospital frequency, community prevalence, average follow-up time, cohort risk years, annual incidence, adjusted relative risks/hazard ratios/odds ratios (RRs/HRs/ORs) with their 95% confidence intervals (Cis), the number of participants and cases for each exposure level and the main covariates of Alzheimer's disease or dementia. Only studies with usable data and appropriate analytical techniques were combined in meta-analyses.



Statistical Methods

Meta-analysis was conducted using estimates reported in the original articles. The 95% C.I of each estimate was used to generate standard errors (S.E) using methodologies developed by the Cochrane collaboration (12). The summary estimates together with their S.E are presented.

As heterogeneity was expected due to differences in the type of dementia assessments (clinical diagnostic criteria or rating scales) as well as setting of studies, a random effect meta-analysis model was chosen. To reduce the extent of methodological heterogeneity, we combined studies with similar diagnostic procedures in the same subgroup meta-analysis. To determine the extent of statistical heterogeneity, we estimated the percentage of total variation in estimates reported across studies that is due to heterogeneity, rather than chance. This was computed using the I2 test. In the present study, values of I2 > 50% were chosen as evidence of statistical heterogeneity (13). Publication bias was assessed with the aid of a funnel plot.

For the objective of investigating the most important factors associated with dementia by rank, we used the log of effect ratios and the corresponding S.E of the associations. The inverse of variance method was used for weighting. All analyses were conducted using the Cochrane review manager (Revman) version 5.3 software (14).




RESULTS

The combined database and hand searches identified a total of 3127 records. After removing duplicates in the databases (N = 1,648 articles), 1,479 titles and abstracts were screened. From these, 51 articles with information relevant to the review were retrieved and their full text evaluated. After reading through the texts, 7 articles were further excluded because they examined broadly defined cognitive impairment and did not provide information about participants with dementia (Figure 1). Of the Seven excluded articles, one each was from Senegal (15), Cameroun (16), South Africa (17), Tanzania (18), and Rwanda (19), while the remaining two were from Nigeria (20, 21).


[image: Figure 1]
FIGURE 1. Flow chart showing details of included and excluded studies.


Studies included were published between February 1992 and December 2019. Over 60% of identified studies were publications of data from 6 major research programs (Indianapolis Ibadan Dementia Project, Epidemiology of Dementia in Central Africa-EDAC-, Epidemiology of Dementia in Central Africa-EPIDEMCA-, EPIDEMCA Follow-up, Ibadan Study of Aging, Kilinmajaro cohort from the Hai District of rural Tanzania). Studies represented all regions in SSA: West, East, Central, and Southern Africa. However, about 45.2% of identified studies were from one country, Nigeria.


Types of Study Settings and Designs

Eight studies (22–29) relied on hospital records (Table 1). Also included in Table 1 are two report of cognitive examination conducted on older people living in residential or nursing homes in Nigeria (30) and South Africa (32), respectively. One study was conducted in a Senegalese primary health center (PHC) (31) (Table 1). The majority (64.5%) of identified studies were community based, including reports of eight prospective longitudinal observations of between 2- and 10-years duration (5–9, 44–46).


Table 1. Characteristics of studies of prevalence and incidence of dementia in sub-Saharan Africa.
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Ascertainment of Dementia

The majority of included studies used a two staged procedure and made formal clinical diagnoses of dementia according to codified criteria (47, 48). However, two hospital based (24, 25) and one PHC study (31) relied on clinicians' best judgement of dementia. Also, seven community based cross-sectional surveys (5, 7, 39–41, 43, 49) used rating scales, including the community screening instrument for dementia, ten words list and delayed recall test, five words test and geriatric mental state examination.



Meta-Analysis

A total of 36 studies provided usable data for quantitative syntheses (Figure 1).


Prevalence and Incidence of Dementia

Figure 2 presents a forest plot showing the prevalence and incidence of dementia in SSA. Pooled data from seven studies including 266, 352 patients generated a frequency of 3.0% (95% C.I = 1.0–5.0%) for dementia in hospital settings. There was an indication of statistical heterogeneity in this estimate (I2 = 85%, p < 0.001). Heterogeneity was investigated and found to be due to rate outliers of 12.4% (26) and 18.7% (28) reported in two studies. A community prevalence of 9.0% (95% C.I = 6.0–11.0%) was estimated from five studies including 5,153 persons who underwent rating scales assessments for dementia. The pooled community prevalence of clinically diagnosed dementia from ten studies including 8,069 participants was 5.0% (95% C.I = 2.0–7.0%). The pooled annual incidence of dementia from five studies with a total of 5,200 cohort risk years was 2.0% (1.0–4.0%).


[image: Figure 2]
FIGURE 2. Forest plot showing hospital frequency, community prevalence and incidence of dementia in sub-Saharan Africa. We centered the display of the estimates on the point of zero for better illustration.




Risk Factors for Dementia

Older age was the most cited and independent factor associated with prevalent dementia (31, 34, 35, 39–41, 50–53) in SSA (Figure 3). Older age was also the dominant risk factor for incident dementia in the sub-region (Table 2). Figure 4 contains the pooled modifiable risk factors for incident dementia in SSA ranked according to estimates of S.Es of their independent association with incident dementia. The strongest evidence on modifiable risk factors is the association of low educational attainment and poor pre-dementia cognitive functioning (cognitive reserve) with incident dementia. The association of vascular and other social risk factors was less precise by demonstrating large S.Es (Figure 4).


[image: Figure 3]
FIGURE 3. Factors associated with prevalent dementia in Sub-Saharan Africa (ranked by the inverse of variance method).



Table 2. Independent risk factors for incident dementia in Sub-Saharan Africa (ranked by the inverse of variance method).
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FIGURE 4. Modifiable risk factors for Incident dementia in Sub-Saharan Africa (ranked by the inverse of variance method).




Publication Bias and Sensitivity Analysis

The funnel plot in Supplementary Figure 1 showed no clear evidence of publication bias. Sensitivity analyses conducted according to geographical location of studies suggest that studies from Nigeria reported distinctly low rates of dementia compared with studies conducted in other parts of SSA (Supplementary Figure 2).





DISCUSSION

The pooled annual incidence of dementia in SSA is ≈2%, while the pooled prevalence is ≈5 and 9%, respectively, when diagnosed using clinical assessment criteria and rating scales. Age was the dominant risk factor for both prevalent and incident dementia, while low educational attainment and poor pre-dementia cognitive functioning were the prominent modifiable risk factors for incident dementia in SSA.

Our findings overlap with pooled global estimates (54) of dementia prevalence, incidence and dominant risk factors as well as estimates derived from other low- or middle-income countries (LMICs) (54, 55). Notably, there is still a significant gap in the literature on the pooled incidence of dementia from across LMICs to which our findings could be compared (54). Our current estimate of 5% prevalence of dementia is higher than our previous rate of 4% (3) because of the inclusion of data from six additional studies: two from South Africa and one each from Congo, Central African Republic, Tanzania, and Nigeria. The estimated 2% annual incidence of dementia in the present study is also higher than the 1.3% estimated previously (2, 4). These increases in rates may suggest greater awareness of dementia in the sub-region since 2016 or, otherwise, more people may now be living with dementia in SSA compared to when pooled estimates of dementia incidence and prevalence were last conducted. An increase in rates of dementia over time could be expected as it is in keeping with the phenomenon of global population aging and the projected increase in the number of older people living with dementia in SSA and other LMIC contexts (1).

The inclusion of six additional studies estimating prevalence of dementia in five SSA countries thus meant that our pooled estimate of prevalence is likely more reflective of the occurrence of dementia in the sub-region. However, some of the risk factors identified from cross-sectional studies may be prone to the effect of reverse causality. This effect may have resulted in larger sizes of association between dementia and, for example, poor social engagement or recent change in residence (as would be expected for placement in long term institutional care). Conversely, the impact of factors such as depression, undernutrition and changes in finances, which may be increasingly associated with dementia overtime may be under-estimated in cross-sectional investigations. This is because cross-sectional analyses are inadequate in providing robust evidence for the direction of association between relevant health conditions overtime.

Our meta-analysis of modifiable risk factors for incident dementia included five studies. Previous systematic reviews of incidence of dementia in SSA have relied on two (2) or four studies (4). We were able to identify one additional study estimating the incidence of dementia in rural and urban Congo after a follow-up period of 2 years. Unlike our estimate of prevalence, the annual incidence of dementia reported in the present study is unlikely to be generalizable to all SSA regions. This is partly because 45.2% of the evidence is from one country, Nigeria. A sensitivity analyses conducted by geographical location of identified studies showed that studies from Nigeria reported distinctly low rates of dementia relative to studies conducted in other parts of SSA. This would suggest that the relatively large numbers of studies from Nigeria could have led to an underestimation, rather than overestimation, of the true rates of dementia in SSA. Even though our funnel plot showed no clear evidence of publication bias, the observation that many African studies are published in less visible or less accessible media could also have affected our pooled estimates. We note that our search strategy included the African journals online database. However, our failure to incorporate gray literature in our searches would mean that a few studies may have been missed, and their results not included in our meta-analyses.

Most of the primary citations identified for the present systematic review did not report rates of dementia according to relevant age groups and sex. As such, our reported estimates are not age or gender standardized. This methodological limitation could, in part, have accounted for the differences in rates reported in the present study and those reporting age and gender standardized rates (2). Variations in pooled rates of dementia have also been previously reported to reflect the use of different dementia-ascertainment procedures (56). In the present systematic review, we have combined data comprising similar diagnostic procedures in the same meta-analysis model. Whereas, previous estimates had been based on data pooled from studies regardless of dementia ascertainment procedures.

Our findings in relations to risk factors for dementia in the present study were not surprising. Life course higher educational attainment and pre-dementia cognitive functioning have been demonstrated as indices of biological (57) and socio-economic (58) protection against the neuro-degenerative changes that may result in dementia in older people. This phenomenon is often viewed as being indicative of cognitive reserve (59). Similar to reports from higher income countries (56–58), these proxy indicators of cognitive reserve also appear to have important association with incident dementia in SSA.

In SSA, low formal educational attainment in particular may be considered as a stable index of low economic status over the life course (60). In most of SSA were there is a steady socio-economic differential in health across the lifespan (60), the disadvantage of belonging in a low economic status may accumulate over the life-course (61). This accumulation may, in turn, translate to significant risks to health, including the possibility of dementia by the age of 65 years (62). We note that educational attainment was assessed in the reviewed studies as either the number of years of formal education completed or whether participants attended primary, secondary or higher education. On the other hand, pre-dementia cognitive functioning was defined by the performance of participants on the learning phase of the 10-word listing test (10-WDRT). Scores on this test were dichotomised as “poor,” for dementia free participants who scored <1 standard deviation (SD) below the mean score for 3 administrations of the 10-WDRT, and good for the other dementia free respondents (63).


Research and Clinical Implications

In line with the phenomenon of socio-economic differential in health, individuals surviving to old age in most of SSA, where life expectancy at birth is relatively low (64), may include a comparatively healthier section of the population. This group may also have a lower latent risk of dementia while those with higher cumulative morbidity may be more likely to die at a younger ages (60). In a country like Nigeria, as an example, it is projected that despite an average life expectancy at birth of about 52 years (65), the population surviving to the age of 65 years may have the prospect of an additional 15 years of life (66, 67). It is important to note that Nigeria also provided about 50% of the studies included in the present review.

Despite biases related sample size which was partly due to several studies reporting from the same cohort, our meta-analysis makes several additions to the literature on the epidemiology of dementia in SSA. First, the addition of six new studies published in the last 4 years and a half resulted in some increase in sample size, as well as the possibility of greater precision and generalization of our findings to most of SSA. Second, we were able to conduct sub-group analyses demonstrating that pooled rates of dementia are higher when combining studies using rating scales ascertainment. Whereas, hospital-based studies as well as those using clinical diagnostic criteria report lower rates. The low frequency of dementia found in hospital-based studies included in the present systematic review may reflect a possible low healthcare utilization which may also result from prevailing sociocultural practices and pathways to care (68).



Conclusion

The estimated pooled annual incidence of clinically diagnosed dementia in SSA is ≈2%, and the prevalence is ≈5%. Estimated rates vary according to dementia assessment procedures and types of study populations. As reported globally, older age was the dominant risk factor for dementia in the present study, while low educational attainment was the most prominent modifiable factor. The present study adds to the literature on the epidemiology of dementia in SSA by generating potentially more precise and generalizable estimates due to larger sample size. The findings have implications for deliberate policies targeted at access to education across the life course as a primary prevention strategy against dementia in SSA.
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Dementia is a global public health priority which cost global societies $818 billion in 2015 and is disproportionately impacting low and middle-income countries (LMICs). With limited availability of disease modifying drugs to treat Alzheimer's disease (AD), researchers have increasingly focused on preventative strategies which may promote healthy cognitive aging and mitigate the risk of cognitive impairment in aging. Lifelong bilingualism has been presented as both a highly debated and promising cognitive reserve factor which has been associated with better cognitive outcomes in aging. A recent metanalysis has suggested that bilingual individuals present on average 4.05 years later with the clinical features of AD than monolinguals. Bilinguals are also diagnosed with AD ~2.0 years later than monolingual counterparts. In this perspective piece we critically evaluate the findings of this metanalysis and consider the specific implications of these findings to LMICs. Furthermore, we appraise the major epidemiological studies conducted globally on bilingualism and the onset of dementia. We consider how both impactful and robust studies of bilingualism and cognition in older age may be conducted in LMICs. Given the limited expenditure and resources available in LMICs and minimal successes of clinical trials of disease modifying drugs we propose that bilingualism should be positioned as an important and specific public health strategy for maintaining healthy cognitive aging in LMICs. Finally, we reflect upon the scope of implementing bilingualism within the education systems of LMICs and the promotion of bilingualism as a healthy cognitive aging initiative within government policy.
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INTRODUCTION

Twenty first century societies are rapidly transitioning to aging populations which are often characterized by a burden of age related conditions such as dementia (1). There are about 50 million individuals living with dementia (2); a figure that is forecasted to increase to 115 million by the year 2050 (3). The global economic cost of dementia was measured at US $818 billion in 2015 (4). The burden of dementia significantly impacts low and middle countries (LMICs)1 and by 2050 we anticipate that 71% of all people living with dementia will reside in LMICs (1).

Whilst there have been limited successes of clinical trials and disease modifying drugs (6), researchers have focused on developing public health strategies that may promote healthy aging and support the delay of onset of dementia (7). This approach may be germane to LMICs where minimal resources and unstable health systems may make running of clinical trials more challenging and logistically difficult. In these settings, dementia may be viewed as part of a normal aging process and a highly stigmatized condition and associated with limited provision of care for individuals with dementia. These additional factors may complicate how dementia prevention is addressed in non-communicable disease (NCD) policies in LMIC settings (8). There are potential promising economic benefits of delaying the onset of dementia. A recent study has demonstrated that a 1 year delay of onset of dementia reduces formal costs in 2030 by $70 billion and informal costs by $43 billion compared to no delay on dementia onset (9).

Cognitive reserve is a hypothetical construct which posits that enriching lifetime experiences and activities support the brain in mitigating the impact of pathological damage over time (10–15). This may enable individuals to cope better with brain damage and sustain greater degrees of brain damage before demonstrating functional deficits (10). Cognitive reserve factors have been associated with the delay of onset of dementia and better cognitive outcomes in aging (16). These factors include educational attainment (17), the cohesion of social networks (18), occupational complexity (19), enhanced physical activity, and cognitively stimulating activities (20). Bilingualism has been positioned as a powerful cognitive reserve factor (21) which may be associated with the delay in onset of dementia. Encouragingly cognitive reserve may be malleable even in older age which may provide significant opportunities for interventional studies of cognition in later life (22).

A recent metanalysis by Paulavicius et al. (23) revealed that studies that explored the relationship between bilingualism and age of onset of dementia revealed an average of 4.5 years in the delay of presentation of dementia amongst bilinguals. In this perspective piece, we critically review bilingualism as a cognitive reserve factor and examine the key studies of bilingualism explored in both high income countries (HICs) and LMICs. We discuss the implications of these findings to a global health context. We commentate on the key study findings of the above metanalysis. We address some of methodological limitations of the current evidence and suggest ways in which these can be overcome.

We propose that incorporating bilingualism into dementia public health policy to delay the onset of dementia is an important and specific strategy in maintaining healthy cognitive aging in LMICs. We reflect how bilingualism can be incorporated into governmental and educational policy and overall health strategy in LMICs settings and the challenges associated with this.



WHAT IS BILINGUALISM?

Bilingualism can be classified as individuals' ability to communicate using two languages either actively using speech or listening, or passively using writing, reading, or listening. The bilingual experience is a dynamic process and proficiency may differ according to the level of exposure to other users of each language and level of opportunity to use each language (24). Bilinguals can be described as either simultaneous; where an individual is exposed to both languages to a significant degree from birth, or alternatively sequential, where meaningful exposure to the second language is developed after the age of three (24). Bilingualism does not require any special education or intellectual ability. It is a common phenomenon, and ~50 % of the global population are proposed to have some bilingual or plurilingualism proficiency (25). Bilingual children and adults may experience difficulties with “lexical access” and reduced verbal fluency and this may lead to “tip of the tongue” experiences (26). Bilingual proficiency can be observed in different social and cultural contexts. Daily contact with two languages is observed globally in diverse settings, such as Europe (Switzerland, Belgium, and Luxemburg), Asia (India, Philippines), Africa (Senegal, South Africa), and North America (Canada).



THE CASE FOR BILINGUALISM AS A COGNITIVE RESERVE FACTOR

Lifelong bilingualism has been positioned as a cognitive reserve factor (21) and promoting buffering against age related cognitive decline. There are two distinct models of cognitive reserve; brain reserve and neuronal compensation (10, 27). The brain reserve model asserts that existing brain networks are more resilient toward deregulation because of heightened efficiency. This may be mediated through enhanced “brain hardware” (10), which may be practically achieved through increased dendritic volume, brain synapses or overall brain volume (10). These networks may facilitate brain activity when performing more complex tasks and may enable the brain to cope more effectively with degeneration. In neuronal compensation, the brain recruits additional areas that are not normally used to perform the skills that have been lost in the degenerated brain (10). Other models of cognitive reserve include a life course perspective (14), scaffolding theory (28), or the concept of brain maintenance (15).



NEUROIMAGING

Bilinguals simultaneously attend to two competing languages for selection which may induce neuroplasticity (29) and lead to remodeling of brain architecture and function (30). Schweizer and colleagues (21) who analyzed linear CT brain looking at brain atrophy, discerned that greater amounts of neuropathology are needed before the clinical symptoms of AD become apparent in bilinguals. Similarly, another study using PET demonstrated that bilinguals had greater regional glucose uptake than monolinguals (31). Bilingual brains have been shown to have specific activity in the frontotemporal and subcortical networks which are involved in interference inhibition, and may facilitate language switching (32). This was not demonstrated in monolinguals. Bilinguals may have increased capacity for conflict resolution through augmentation of anterior cingulate cortex activity (33).

The bilingual experience may promote more widely distributed neural activity (30), recruitment of overlapping neural regions which are not usually found in monolinguals (34) or enhancing neural activity in regions involved in executive function (30). Bilingual adults may display greater gray matter volume particular in the anterior cingulate cortex (35) parietal lobes (36), corpus callosum (37) the basal ganglia (30, 38) and the frontoparietal network (FPN) (30). Bilinguals show greater white matter integrity and gray matter functional connectivity compared to monolinguals (30). Functional MRI studies reveal that although bilinguals have equal performance in non-verbal executive tasks there is less frontal activation than monolinguals (30). This suggests that bilinguals do not rely on “top down” mechanisms in cognitive functions (30). Overall, researchers suggest that the shift from anterior to posterior brain activation amongst bilinguals “anterior-to-posterior and subcortical shift” /BAPSS (30) may provide some evidence why bilingualism is associated with improved cognitive performance in older age and delayed onset of dementia.



NEUROPSYCHOLOGY, EPIDEMIOLOGY, AND LAB STUDIES

The positive findings which are reflected in the neuroimaging studies of bilinguals are also depicted in multiple neuropsychological and epidemiological studies of bilingual adults. Bilinguals have been shown to outperform monolinguals in tests of executive function, such as cognitive control (39), working memory (40), inhibition (41), and attention (42). However, other researchers may refute findings linking bilingualism and improved executive function because many studies may be limited by small sample sizes (43), socioeconomic factors (44), education, and geographical location (45). These factors are known to have significant impact on performance of executive function (46). By contrast, Nichols et al. (47) compared the performance 11,041 (5,994 monolinguals and 5,047 bilinguals) participants on a battery of 12 executive tasks and found there was no significant difference between the two groups on executive function. These findings were independent of case mix factors (47). However, it is important to note that this study only included 744 people in the matched bilingual and monolingual sample and defined bilingualism based on a single question “How many languages do you speak (47)?” This simplistic and imprecise approach to measuring bilingual proficiency may misrepresent the nuanced complexities of bilingual proficiency and we suggest the findings of this study should be interpreted with some caution. The overall findings suggest that bilingualism and executive function research should be conducted in diverse sociocultural milieus to ascertain whether the bilingual advantage applies in different contexts.

A 12 year longitudinal Israel based study of 814 elderly Jewish people revealed trilinguals performed better on cognitive tasks than monolinguals and bilinguals (48). These findings were independent of educational achievement, occupation, age, place of birth, and immigration (48). A study explored 853 participants who were recruited into the Lothian cohort 1936 study (49). This followed adults whose age 11 IQ was measured as part of the Scottish Mental Survey 1947 (49). Repeated cognitive testing between 2008 and 2010 revealed that bilingual participants performed better than monolinguals in both reading and executive function tests, as well as in tests of intelligence (49). Another study observed that bilinguals with amnesic-type mild cognitive impairment had a reduced rate of conversion to AD compared to monolingual counterparts (50). This delay was not demonstrated in mild cognitive impairment participants with multiple domain deficits (50). Bilinguals are twice more likely to recover cognitively from stroke than monolinguals (51). Bilingualism has been associated with better ratio of CSF AD biomarkers (52).



DOES BILINGUALISM DELAY THE ONSET OF DEMENTIA? KEY FINDINGS FROM A SYSTEMATIC REVIEW

Having explored the contextual evidence supporting bilingualism as a cognitive reserve factor, we now evaluate the systematic review from Paulavicius et al. (23) exploring bilingualism and age of onset of dementia and the specific epidemiological studies exploring this relationship.

This systematic review reported findings from eight studies which examined the relationship between bilingualism and the age of onset of dementia. Metanalysis from these studies determined that bilinguals (53) with AD presented with delayed clinical features (694 individuals; mean difference MD 4.05 years; 95% CI:1.87–6.22) and are diagnosed (1,012 participants: MD 2.0 years; 95% CI 0.08–3.92) (23). This study incorporated studies which were cross sectional, cohort, case control or retrospective in design. Six of the selected studies consisted of only AD patients and four of the studies had a mixture of immigrant and non-immigrant populations. The study pooled data from four studies that had investigated the age of onset of AD symptoms (23). Secondly, five studies which determined the age of AD diagnosis were pooled. All the selected studies were retrospective in design (23). Another systematic review which examined the impact of bilingualism on the risk of cognitive decline found that bilingualism was not associated with a reduced incidence of dementia (54). This study only included prospective studies and studies of different types of dementia (54). Overall, studies suggest that bilingualism is associated with a delayed onset of clinical presentation of dementia but not reduced risk of developing dementia or reduced incidence of dementia (54–56).



STUDIES OF BILINGUALISM IN HICs

Tables 1, 2, respectively outlines the key studies of bilingualism conducted in HICs and LMICs. Twelve key studies of bilingualism were conducted in HICs (53, 57–59, 61, 63–66, 72, 73) and all investigated spoken bilingualism. Of the 12 studies, six studies were conducted in USA (58, 61–64, 67), four studies in Canada (53, 57, 59, 65), one study in Belgium (60) and one study in Wales (66). Nine studies involved a retrospective analysis of bilinguals vs. monolinguals. Eight studies revealed a delay of onset of dementia in bilinguals whilst four studies did not find a difference between monolinguals and bilinguals (63–66). Three studies were prospective and had a cohort or cross-sectional design (63–65) and did not find a delay of onset of dementia associated with bilingualism. All but one Canadian study revealed a positive relationship between bilingualism and delayed onset of dementia (53, 57, 59). Similar findings were found in the Belgium study (60). The sample size for these studies ranged from 86 to 1,616 subjects. Gollan et al. (58) explored bilingual objectively measures of linguistic proficiency using the Boston Naming Task. Zahodne et al. (63) also used an objective measure of English reading level. All studies used different operational definitions of bilingualism and different linguistic profiles and varying pairs of languages.


Table 1. Studies of bilingualism and age of onset of dementia in HICS.
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Table 2. Studies of Bilingualism and age of onset of dementia in LMICs.
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STUDIES OF BILINGUALISM AND AGE OF ONSET OF DEMENTIA IN LMICs

Alladi and colleagues (68) evaluated hospital records of 648 patients of which 391 were bilinguals diagnosed with dementia in specialist clinics in Hyderabad, India and retrospectively evaluated age of diagnosis. This study examined patients with a variety of dementia diagnosis' including vascular dementia, Alzheimer's Disease (AD) and frontotemporal dementia (FTD) (68). This study identified that the bilinguals' mean age of dementia onset was 4.5 years later than monolinguals (68). Bilingualism was significantly associated with the delay of age of onset of dementia, with generalized linear modeling analysis revealing a significant level [F(1, 458) = 4.89, p = 0.027] after adjustment for immigration, socioeconomic status, illiteracy, education, and residence in rural and urban areas, number of languages spoken and occupational status (68). The study participants were from an autochthonous population where both the monolingual and bilingual participants were born and raised in India (68). This study evaluated important covariates as described above and determined that the findings were independent of these factors (68). In illiterate bilinguals the delay of onset of dementia was 6 years compared to monolingual counterparts (68).

A further Hyderabad based study explored the case records of 193 patients diagnosed with FTD of which 121 were bilingual (69). In this study the age of diagnosis was measured between bilinguals and monolinguals and determined that amongst bilinguals with behavioral variant FTD the age of onset of dementia was 5.7 years later in bilinguals 62.6 vs. 56.5 p = 0.006 in monolinguals (69). This finding was independent of the similar case mix factors as observed in the 2007 Hyderabad study (69). Ellajosyula et al. (70) investigated a retrospective South Indian sample of individuals diagnosed with either AD or FTD in a memory clinic. There were 183 patients with dementia where 55 were monolinguals and 129 were bilinguals or multilinguals (70). The study did not find a significant difference in the age of onset of dementia between the two groups (70).

A study explored the relationship between Mandarin and Cantonese bilingualism and age of onset of dementia in 129 patients diagnosed with probable AD, including 48 Cantonese monolinguals, 20 Mandarin monolinguals, and 61 Cantonese/Mandarin bilinguals (71). The study determined that bilingualism was independently associated with delay of onset of dementia [P = 5.497, p = 0.017 (71)].This study utilized the Bilingual Aphasia Test (BAT) (74) to obtain a detailed language history. All the key studies examined spoken bilingualism only.



BILINGUALISM AND COGNITIVE RESERVE RESEARCH: THE GLOBAL CONTEXT

Our review of key studies investigating bilingualism and the age of the onset of dementia reveal a dearth of studies conducted in LMICs. It may be particularly challenging to directly extrapolate the findings from studies conducted in HICs to LMIC settings (75). Immigration and the potential healthy migrant effect may confound the findings of some studies conducted in HICs. In studies conducted in LMICs bilinguals observed may be from autochthonous populations and in populations where there is a lot of language switching (68). Many contextual challenges including the high prevalence of illiteracy and HIV, unemployment and key differences in employment in both rural and urban settings exist (75). Examples include the unskilled, illiterate craft maker, or illiterate factory worker. The differing ethnic and genetic profiles, such as ApoE may interact or modify the benefits of bilingualism on individuals (75). Other important issues include the high prevalence of head injuries and vascular risk factors and poorly resourced health systems may further complicate assessment and interpretation of research findings (75).

We determine that interactive factors, such as ethnicity, poverty, epigenetics, polluted environments, social deprivation, differing cultures, economics, and politics may have a significant impact in how bilingualism and cognitive reserve research is conducted and interpreted (75). A detailed list of potential interactive factors is outlined in Figure 1. We suggest that tools which formally assess bilingual fluency, such as a culturally amended Boston naming task or BAT, should accompany self-reported fluency of language use. We recommend strict and standardized study definitions of bilingualism should be employed in studies.


[image: Figure 1]
FIGURE 1. The key contextual challenges of bilingualism and cognitive reserve research in LMICs.


Specific challenges may arise when utilizing neuropsychological tests in many LMIC settings for bilingualism and dementia research. Traditionally these tests have been derived for educated and English-speaking western populations and may have limited applicability to other cultures (76, 77). Although, Alladi and colleagues (68) successfully used culturally and linguistically amended versions of the Addenbrookes Cognitive Examination and Dementia Rating Scale there are other specific challenges to consider. High rates of illiteracy in LMIC settings may further complicate the adaptation of these tests (77). There have been attempts to derive culturally unbiased and educationally fair testing (77). Researchers assert that focusing on cognitive tools that emphasizes visual skills, such as the Oxford Cognitive Screen (OCS-Plus) (78) may help to overcome this difficulty. The OCS-Plus is a visual orientated cognitive tool which assesses nine domains of cognition (78). A validation study of the OCS-Plus in a South African study sample in which 45% of the sample did not have any formal education revealed that the OCS-Plus had excellent construct and external validity in detecting cognitive impairment (79). Perhaps we should employ tools, such as OCS Plus in measuring cognition in certain LMICs where low education or literacy levels prevail.

Although the limited neuroimaging resources particularly in rural areas make it challenging to research bilingualism and cognitive reserve, there are examples of big, funded neuroimaging studies conducted in LMICs such as the Health and Aging in Africa: A Longitudinal Study of an INDEPTH Community in South Africa(HAALSI) (79) and the Bangladesh Early Adversity Neuroimaging study (BEAN) (80).We advocate that major global stakeholding funders encourage applicants to present novel approaches, such as researching cognitive reserve in the bilingual brain within LMIC settings. We recommend that both prospective and retrospective studies to be conducted in diverse linguistic and cultural milieu such as South Africa, parts of Latin America and central Asia. Reproducibility of findings in different settings are imperative to understanding how bilingualism and cognitive reserve research is operationalized in a variety of environs.



FUTURE RESEARCH DIRECTIONS

Finally, we address how future studies of bilingualism and cognitive reserve could be conducted to help us understand the potential benefits of bilingualism in a globalized context. We propose that studies of bilingualism could be performed in high risk and vulnerable populations, such as individuals with mild cognitive impairment (MCI), those with a strong family history of cognitive impairment or genetically susceptible populations. Furthermore, we suggest that prospective studies could be explored in bilingual and monolingual cohorts with a strong vascular history (75), culturally diverse illiterate populations (75), those with limited educational attainment (75), and in specific cultural groups (81). This may help to determine if and how bilingualism may moderate or delay the clinical presentation of cognitive impairment in those with pre-existing risk factors. There may be scope to conduct large longitudinal studies of bilingualism and cognitive aging in densely populated communities in Latin America (82) and mainland China (83) where a range of diverse risk factors are frequently present. Novel and region specific strategies which include the Latin American and Caribbean Consortium on Dementia (LAC-CD1) (84), an approach funded by the Alzheimer's Association and the Global Brain Health Institute may promote the practical implementation of these approaches.

With the advent of neuroimaging modalities and possible increased availability of investigations in LMICs it may be possible to examine how bilingualism may be linked with specific structural neuroimaging findings such as volumetric temporal lobe changes. More relevant information may also be gained from functional magnetic resonance imaging and diffusion tensor imaging. The use of specific neuroimaging techniques, such as fluorodeoxyglucose positron emission tomography (FDG-PET) may be helpful (85), as is the visualization of early amyloid and tau aggregates also assessed through PET. We suggest that studies can also explore the relationship between bilingual proficiency in older adults with the presence of CSF or plasma biomarkers for AD in addition to APOE status.

We emphasize that taking a detailed linguistic history is particularly salient in establishing bilingual proficiency in studies of bilingualism and cognitive reserve. Practical considerations include structured documentation of the level of frequency of language use, subjective linguistic competency, age of acquisition of languages, context of use, formal competency assessment of verbal fluency of languages, formal qualifications in each language and degree of language switching. These factors could be compiled in a structured linguistic competency questionnaire. We assert that by employing a more global and structured approach to linguistic competency we may be able to devise a rating scale which may provide an objective measure of linguistic proficiency.



DISCUSSION


Bilingualism: A Global Public Health Strategy for Healthy Cognitive Aging

We now propose bilingualism as a significant public health initiative for healthy cognitive aging in LMICs and consider how this could be incorporated into policy. The G8 and WHO have highlighted that upscaling public health indicatives should be a focus on dementia management in LMICs (86). We encourage that adopting bilingualism into dementia policy in LMICs could be formalized through organizations such the Alzheimer's Disease International (87) and STRiDE: Strengthening responses to dementia in developing countries which advocate the public health approach (88).

There is an intrinsic value of delaying the onset of dementia (9). A delay of AD onset of 5 years may represent a 41% lower prevalence of lower cost of AD in 2050 (9). In HICs this delay may also equate to 2.7 additional life years and lower informal costs (9). We highlight that delaying the onset of dementia may be even more significant in LMICs where treatments are not freely available, and nursing and care needs are frequently placed on the children of those diagnosed with dementia. This may lead to significant losses of occupational and economic productivity amongst individuals of working age.

We discuss how bilingualism-based measures could be practically adopted within public health strategies in LMICs. One approach would be to promote bilingualism from childhood. Benson explored how bilingual language programs can be incorporated into school curriculum in LMICs using examples from Guinea-Bissau, Niger, Mozambique, and Bolivia (89). Benson suggests that bilingual teaching programs which are decentralized, linked to local culture and proficiency in mother tongue and include specialist language teachers may be more likely to be successful and welcomed by parents (89). Successful programs include the Nigerian six-year Yoruba medium project (90) and Guinea-Bissau bilingual project which integrated subject matter into themes, such as preventive health and improved gardening methods (91).

Whilst we have demonstrated the contribution of bilingualism toward cognitive reserve, we consider whether language learning in older age could be a feasible public health strategy to delay the onset of dementia in LMICs. Prior research has suggested that brain training may foster positive brain changes in healthy adults (92) and older people (93). This may indicate that mental stimulation may promote neuroplasticity even in the older adult. Learning a second language may cultivate healthy brain aging through engagement of additional brain networks (94).

A study which examined the benefits of one week of intensive Scottish Gaelic language training in older monolinguals revealed that these participants had improved in task switching cognitive tests (95). Improved cognitive performance was maintained at 9 months follow up in individuals who practiced Gaelic for at least 5 hours a week following the end of training (95). However, these findings were not replicated in a study of Spanish monolinguals who learnt Basque (96). Differences in the study design may have impacted the overall study findings. We suggest that future studies employ wide ranging and different bilingual linguistic profiles and are conducted in varied cultural and economic settings may help to discern more robust evidence in favor of bilingualism. Computer based approaches in language lessons has been explored (97), but we suggest less resource intense methods might be appropriate in LMICs.

Bak and colleagues (95) suggest that weekly 5 hours of minimum language training may be required to produce the cognitive benefits of bilingualism (95). In many LMICs where multiple languages are spoken, the principle language taught in schools may not necessarily be the mother tongue (89). Given this, we suggest that a personalized teaching program which incorporates local cultural practices and proficiency of inborne languages might be more beneficial in these settings. Conversely, in older populations where the proficiency may lie in the mother tongue, formal learning of a secondary language may be more advantageous in promoting healthy cognitive aging.




CONCLUSION

This perspective has examined the role of bilingualism as a cognitive reserve factor from a wide range of evidential sources. We have explored studies of bilingualism conducted in both HICs and LMICs and reflected upon an important metanalysis that demonstrated that bilingualism is associated with a significant delay of onset of dementia. We determine that many key studies of bilingualism are limited by inconsistent working definitions of bilingualism and few have utilized objective measures of bilingual fluency. Furthermore, while several retrospective bilingualism studies have identified a significant delay in dementia onset this finding has not been replicated in prospective studies. We suggest that future research should explore the reasoning behind this discrepancy. Contextual challenges in LMICs including the high prevalence of illiteracy, HIV, socio-cultural and environmental disparities, and differing risk factors may complicate the overall picture.

Whilst finding a definitive treatment is the gold standard in dementia research, we suggest that public health measures that may promote the delay of clinical features of dementia, such as language lessons for the elderly or augmenting pre-existing bilingual proficiency in older age is important. This may be particularly salient in LMICs where cheap, pragmatic, and easily accessible approaches are warranted. If we are to harness the key benefits that bilingualism may provide, we encourage major stakeholders including governmental and health system providers to develop social programs and interventions to support the preservation of a second language.
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Background: Growing evidence has suggested a link between poor sleep quality and increased risk of dementia. However, little is known about the association between sleep timing, an important behavior marker of circadian rhythms, and dementia risk in older adults, and whether this is independent of sleep duration or quality.

Methods: We included data from 1,051 community-dwelling older men and women (aged≥ 60y) without dementia from the Shanghai Aging Study. At baseline, participants reported sleep timing, duration, and quality using the Chinese version of the Pittsburgh Sleep Quality Index (CPSQI). Dementia diagnosis over the following 7.3 years was determined by neurologists using DSM-IV criteria. We used Cox proportional hazards models to examine the association between bedtime (before 9 p.m., after 11 p.m. vs. 9–11 p.m.), rise time (before 6 a.m., after 8 a.m. vs. 6–8 a.m.), and risk of dementia.

Results: A total of 238 (22.8%), 675 (64.5%), and 133 (12.7%) participants reported going to bed before 9 p.m., between 9 and 11 p.m., and after 11 p.m., respectively, while 272 (26%), 626 (59.9%), and 148 (14.2%) reported getting up before 6 a.m., between 6 and 8 a.m., and after 8 a.m., respectively. Participants who reported going to bed earlier had a lower education level, were less likely to be smokers, more likely to have hypertension or diabetes, and had longer sleep duration but poorer sleep quality compared to those who reported a later bedtime. We found 47 incidents of dementia among 584 participants followed up over an average of 7.3 years. After adjustment for demographics, education, income, body mass index, depressive symptoms, smoking, alcohol use, physical activity, comorbidities, APOE4 genotype, and baseline MMSE, those with a bedtime of before 9 p.m. were two times more likely to develop dementia [hazard ratio (HR)=2.16 (95%CI: 1.06–4.40)], compared to those going to bed between 9 and 11 p.m. Later bedtime (i.e., after 11 p.m.) showed the opposite but had a non-significant association with dementia risk (HR=0.15, 95%CI: 0.02–1.29). We did not find an association for rise time and risk of dementia.

Conclusion: Earlier sleep timing in older adults without dementia was associated with an increased risk of dementia. Future studies should examine the underlying mechanisms of this association and explore the usefulness of sleep timing as a preclinical marker for dementia.

Keywords: sleep, dementia, epidemiological analysis, longitudinal, low- and lower-middle-income countries


INTRODUCTION

Sleep patterns change markedly with age, including altered sleep timing and duration, poor sleep quality, and increased sleep disturbances (1). These sleep changes are often more severe among those with neurodegenerative diseases including severe cognitive impairment, and have also been associated with increased risk of developing dementia. Growing evidence suggests a relationship between circadian rhythm disruption and risk of neurodegenerative diseases (2). Prospective studies reported a 1.5-2 fold increase in dementia risk associated with lower sleep efficiency, longer sleep latency, sleep-disordered breathing, or long daytime napping (3–5). However, the association between sleep timing, an important behavior marker of circadian rhythms, and risk of dementia is poorly understood. On the other hand, the impact of sleep duration or quality on such an association also needs careful consideration.

Compared to western populations, the Chinese elderly are much more likely to sleep and rise earlier, and take a nap in the afternoon. Factors owing to the genetics, culture, environment, or lifestyle of the Chinese population are also different from the western population. Through the prospective phase of the Shanghai Aging Study, the current study aimed to determine the longitudinal association between reported sleep timing and risk of dementia among older Chinese adults, and to study whether this association is independent of sleep duration or quality.



METHODS


Study Design and Participants

During 2010–2011, community residents aged 60 years or older were consecutively enrolled based on a government-maintained residents list of the Jingansi community in central Shanghai. Participants were excluded if they: (1) had severe mental delay or schizophrenia; (2) had difficulties of vision, hearing, or speaking, and (3) were not capable of accomplishing a neuropsychological evaluation. A detailed description of the design and procedure of the Shanghai Aging Study has been published elsewhere (6).

This study was approved by the Medical Ethics Committee of Huashan Hospital, Fudan University, Shanghai, China. A written informed consent was obtained from all of the participants and/or their legal guardian.



Participant Characteristics

Study participants underwent a clinical interview either at Huashan Hospital or at their homes. At baseline, demographic characteristics were collected via an interviewer-administered questionnaire including age, sex, education, income, cigarette smoking, alcohol consumption, and physical activity. Cigarette smoking was defined as a person who had smoked daily within the past month. Alcohol consumption was defined as a person who had had at least one episode of alcohol drinking weekly during the past year. Medical histories such as hypertension, diabetes, and heart diseases were self-reported and further confirmed from medical records. Body mass index (BMI) was calculated as weight in kilograms (kg) divided by height in meters (m) squared. High depressive symptoms were determined to be present if the Center for Epidemiologic Studies Depression Scale (CESD) score was ≥16 (7).

DNA was extracted from blood or saliva samples from each participant to conduct Apolipoprotein E (APOE) genotyping by the Taqman SNP method (8). Presence of at least one ε4 allele was classified as APOE ε4 positive.



Measurement of Sleep Quality

At baseline, participants reported sleep quality over a one-month time interval through the Chinese version of the Pittsburgh Sleep Quality Index (CPSQI), which contains seven “component” scores: sleep quality, latency, duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction (9, 10). A global score of subjective sleep quality (range 0–21) was then determined by the sum of the seven component scores with the higher scores representing poorer subjective sleep quality (10). Participants were asked their bedtime, time of falling asleep, rise time, and sleep duration. Bedtime was categorized to “before 9 p.m., after 11 p.m., and 9–11 p.m.”; and rise time was categorized to “before 6 a.m., after 8 a.m., and 6–8 a.m.”



Neurological, Neuropsychological Assessments, and Diagnosis

At baseline, neurologists examined each participant for their motor responses and reflexes. Each participant was administered a battery of neuropsychological tests for global cognition, executive function, spatial construction function, memory, language, and attention. The battery contained (1) the Mini-Mental State Examination; (2) Conflicting Instructions Task (Go/No Go Task); (3) Stick Test; (4) Modified Common Objects Sorting Test; (5) Auditory Verbal Learning Test; (6) Modified Fuld Object Memory Evaluation; (7) Trail-making tests A and B; and (8) RMB (Chinese currency) test. Participants with ≥6 years of education were given tests 1 to 5, and 7; and all others were given tests 1 to 4, 6, and 8. Normative data and more details of these tests were reported elsewhere (11). All tests were conducted in Chinese by study psychometrists. Neurologists also administered the Clinical Dementia Rating (CDR) (12) and the Lawton and Brody scale of Activity of Daily Living (ADL) (13) to elicit memory complaints and functional abilities.

A panel of neurologists, neuropsychologists, and research coordinators reviewed all the examinations for each participant at baseline and reached a consensus diagnosis for dementia using DSM-IV criteria (14). Detailed diagnostic procedures have been reported elsewhere (6).



Follow-Up Procedure

From April 1, 2014 to December 31, 2016, dementia-free participants with complete sleep quality data at baseline were evaluated at follow-up. Cognitive function was evaluated using the same neuropsychological battery at baseline. Consensus diagnosis of incident dementia was conducted by the same panel of experts using the same diagnostic criteria as at baseline.



Statistical Analysis

Mean with standard deviation (SD), or median (Q1, Q3), and number with frequency (%) were used to describe continuous and categorical variables, respectively. Student's t-test was used to analyze the differences for continuous variables, while Pearson's chi-squared test was used to analyze the differences for categorical variables. The incidence of dementia was calculated as the number of new-onset dementia cases divided by the cumulative person-years of follow-up period. Cumulative incidence of dementia were estimated with the Kaplan-Meier product-limit method and compared by the log-rank test. Cox proportional hazards models were used to estimate adjusted hazard ratios (HRs) with 95% confidence intervals (CIs) for the association between bedtime (before 9 p.m., after 11 p.m. vs. 9–11 p.m.), rise time (before 6 a.m., after 8 a.m. vs. 6–8 a.m.), and risk of dementia. Model 1 adjusted for age, sex, education. Model 2 further adjusted for cigarette smoking, alcohol consumption, hypertension, diabetes, heart disease, stroke, APOE ε4, BMI, and MMSE. In further sensitivity analysis, we additionally adjusted sleep duration and quality as covariables. Model 3 additionally adjusted for covariables including sleep duration and efficiency.

All the p-values and 95% CIs were estimated in a two-tailed manner. Differences were statistically significant at p < 0.05. Data were analyzed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).




RESULTS

We evaluated 1,051 community-dwelling older men and women without dementia. As shown in Table 1, 238 (22.8%), 675 (64.5%), and 133 (12.7%) participants reported going to bed before 9 p.m., between 9 and 11 p.m., and after 11 p.m., respectively. A total of 272 (26%), 626 (59.9%), and 148 (14.2%) participants reported getting up before 6 a.m., between 6 and 8 a.m., and after 8 a.m., respectively. The “early birds” (who reported going to bed earlier) had a lower education level, were less likely to be smokers and drinkers, less likely to do physical activity, more likely to have hypertension or diabetes, more likely to be an APOE e4 carrier, and had lower MMSE scores at baseline and follow-up compared to the “night owls” (who reported going to bed later). Over an average of 7.3 years of follow-up, we found 47 (8.0%) incident dementia cases among 584 study participants who completed the follow-up interview. The highest dementia incidence was found in participants who reported going to bed before 9 p.m., and the lowest dementia incidence was found in those who reported going to bed after 11 p.m. (p < 0.001). Significant difference of the cumulative incidence of dementia was found among three groups when reporting bedtime (Figure 1A), but not among those three groups when reporting rise time (Figure 1B).


Table 1. Baseline characteristics of the 584 participants by bedtime.
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FIGURE 1. Cumulative incident plots of dementia in participants with different bedtime (A) and rise time (B) during the follow-up.


Table 2 indicates the HR of incident dementia by bedtime and rise time reporting from the participants. Unadjusted HRs and those from model 1 were 5.31 (95%CI 2.96–9.51) and 2.72 (95% CI 1.50–4.96). After adjustment for demographics, education, income, BMI, depressive symptoms, smoking, alcohol use, physical activity, comorbidities, APOE4 genotype, and baseline MMSE, those with a bedtime of before 9 p.m. were almost three times more likely to develop dementia [HR=2.16 (95%CI: 1.06–4.40)], compared to those going to bed between 9 and 11 p.m. Later bedtime (i.e., after 11 p.m.) showed the opposite but had a non-significant association with dementia risk (unadjusted HR = 0.24, 95%CI 0.03–1.80; adjusted HR in model 1=0.24, 95% CI 0.03–1.81; adjusted HR in model 2 = 0.15, 95%CI: 0.02–1.29). The association slightly attenuated (adjusted HRs in model 3 were 2.00 (95%CI: 0.94–4.29) for earlier bedtime and 0.12 (95%CI: 0.01–1.05) for later bedtime) after further adjustment for sleep duration and efficiency. We did not find an association for rise time and risk of dementia.


Table 2. Hazard ratio (95%CI) of dementia by bedtime and rise time.
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DISCUSSION

We found that earlier bedtime, not rise time, was associated with an increased risk of dementia in older Chinese adults without dementia and this was independent of demographics, life style, comorbidities, and APOE genotype.

Our results suggest that earlier bedtime may be an early marker of AD through the prospective study design. This speculation is supported by a recent Mendelian randomization (MR) analysis from the largest genome-wide association studies of the UK Biobank (N = 446,118), the Psychiatric Genomics Consortium (N = 18,759), and the International Genomics of Alzheimer's Project (N = 63,926). This MR analysis found that higher risk of AD, based on genetic risk score, was significantly associated with being a “morning person,” who prefers going to bed and waking earlier and is less active in the first half of the night (15). Other studies have reported the association between sleep timing and risk of cognitive impairment. An Italian study of 48 patients with AD and age-matched non-dementia controls showed an advanced bedtime in AD patients, especially for moderate to severe cases (16). Another study compared melatonin levels and sleep onset in 30 older patients with mild cognitive impairment (MCI) with 28 healthy controls, and found that MCI patients had early melatonin secretion onset, but the melatonin levels did not differ between groups. Additionally, patients with MCI had greater wake after sleep onset and increased rapid eye movement sleep latency (17). An analysis with 11,247 older individuals from the Swedish Twin Registry raised evidence that delayed rising time predicted dementia incidence after the 17-year-follow up (18). Different with this study, we did not find an association of rising time with dementia onset risk. It might be induced by the limited sample size with the relatively shorter follow-up time.

The exact mechanism which can explain the association of sleep timing with dementia risk is still under investigation. The circadian clock regulates the timing of sleep. Circadian rhythms are generated in specific brain structures to control a complex network of coupled self-sustained clocks in the brain and in the peripheral organs (2). Mutations in the core circadian clock genes in mice and humans manifest as abnormal sleep patterns, including short sleep time, early or late sleep phase, or unstable and fragmented sleep-wake rhythms (19, 20). Age-related changes in sleep-wake cycles may cause circadian dysfunction and result in earlier bedtimes and waking times, increased sleep fragmentation, and increased daytime sleepiness, which might be early indicators of declining health in late life (21, 22). Notably, the association between sleep timing and risk of dementia was slightly attenuated after adjustment for sleep duration and efficiency. The association between circadian rhythms and dementia could be explained by other potential mechanisms, such as protein aggregation from the brain, inflammation, synaptic homoeostasis, and oxidative stress, which are key pathogenic processes in the development of neurodegenerative diseases (2).

Strengths of the current study include a well-representative community-dwelling sample of the Chinese elderly, prospective follow-up for a relatively long period of time, detailed examination of cognitive function, and adjudicated diagnosis of dementia by experts. Our study cannot avoid the following limitations. First, sleep timing and quality were collected by the self-reported PSQI questionnaire, which could include recall bias. Second, even though we followed the participants for an of average 5 years, it may not be long enough to distinguish risk of dementia vs. an early marker of dementia. A longer follow-up can provide a solution for such reverse causality. Third, the relatively high lost-to-follow up rate with fewer incident dementia cases does not allow us to analyze the association with dementia subtypes. Fourth, there are still some potential confounding factors which could not be collected, but may impact the sleep-dementia association, although we tried to adjust covariables as much as possible in our multivariable statistical models.



CONCLUSION

Our findings demonstrate that earlier sleep timing in older adults without dementia was associated with an increased risk of dementia. Future studies should examine the underlying mechanisms of this association and explore the usefulness of sleep timing as a preclinical marker for dementia.
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Introduction: The objective of this study was to evaluate the clinical impact PET with 18F-FDG and 11C-PIB in patients with dementia in a developing country.

Methodology: Retrospective study of the patients referred for the evaluation of dementia to the only PET center in Uruguay. A total of 248 patients were identified, from which 70 patients were included based on the availability of medical history and clinical follow-up. Main outcomes included change in diagnosis, diagnostic dilemma and AD treatment. We evaluated the association of clinical outcomes with PET concordance with baseline diagnosis, diagnostic dilemma, level of education, AD pathology/Non-AD pathology (AD/Non-AD), baseline diagnosis and 11C-PIB PET result.

Results: Baseline clinical diagnosis was concordant with 18F-FDG and 11C-PIB PET results in 64.7 and 77.1% of the patients, respectively. Change in diagnosis after PET was identified in 30.0% of the patients and was associated with discordant 18F-FDG (p = 0.002) and 11C-PIB (p < 0.001) PET results, previous diagnostic dilemma (p = 0.005), low education (p = 0.027), Non-AD baseline diagnosis (p = 0.027), and negative 11C-PIB PET result (p < 0.001). Only the last variable remained significant in the multivariate analysis (adjusted p = 0.038). Diagnostic dilemma decreased after PET from 15.7 to 7.1% (p = 0.11) and was associated with Non-AD diagnosis (p = 0.002) and negative 11C-PIB PET result (p = 0.003). Change in AD treatment after PET occurred in 45.7% of the patients.

Conclusion: 18F-FDG and 11C-PIB PET had a significant clinical impact in terms of change in diagnosis and treatment in patients with dementia in a developing country, similar to that reported in high-income countries.

Keywords: PET, Alzheimer's, amyloid, dementia, neuroimaging, biomarkers, clinical diagnosis, impact


INTRODUCTION

The expected increase in the prevalence of neurodegenerative diseases in the coming years will particularly affect low- and middle-income countries (1). In this context, it is imperative to evaluate the clinical impact of dementia biomarkers to gather relevant information for the construction of rational diagnostic algorithms.

There is a considerable amount of evidence supporting the clinical use of 18F-FDG PET in the evaluation of patients with cognitive impairment (2, 3). This information has led to the incorporation of 18F-FDG into clinical and research guidelines in dementia (4, 5). In the last 15 years, PET with amyloid tracers has also gained ground in the field, becoming one of the leading amyloid biomarkers (5, 6).

Access to high-cost diagnostic biomarkers, such as PET studies, shows significant global heterogeneity, with clear inequities between high- and low- and middle-income countries. PET cameras per million inhabitants can vary from 0.007 to 3.2 between low- and middle- and high-income countries, respectively (7). In this context, the Latin America and Caribbean region (LAC) averages 0.47 PET cameras/million inhabitants, a number clearly below the recommended 2–2.5 (7, 8). The low accessibility to high-cost biomarkers is generally accentuated in populations of public health systems and outside of large cities, which has determined their low representation in the scientific literature (9, 10).

Recently, important clinical studies are been carried out to stablish the clinical impact of amyloid and 18F-FDG PET in the clinical practice (11–15). Although there is now significant evidence about the clinical impact of incorporating these tools in the assessment of patients with cognitive impairment, most of the literature comes from high-income countries. There is little evidence on the clinical impact of these tools in less developed health systems and populations that are usually underrepresented in the clinical literature in the field of dementia.

The objective of the present work is to study the clinical impact of PET with 18F-FDG and 11C-PIB in patients with cognitive impairment referred for clinical evaluation in a developing country.



METHODOLOGY


Study Population

We retrospectively reviewed the Uruguayan Center of Molecular Imaging (CUDIM) database, identifying patients who had undergone both 18F-FDG and 11C-PIB PET/CT between April 2011 and May 2020. All patients had been referred for evaluation of cognitive impairment from different public and private specialized medical centers because of an uncertain diagnosis despite a complete clinical evaluation by a neurologist, neuropsychological assessment and structural imaging. Of the 248 available patients, we had access to the medical history and clinical follow-up (mean follow-up 4.5 years, range 0.5–8 years) in 70 cases, which were finally included in the analysis. All 70 patients were evaluated with 11C-PIB PET/CT and 51 of them also underwent 18F-FDG PET/CT. A summary of patient characteristics is presented in Table 1.


Table 1. Population characteristics.
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Clinical Evaluation

A complete medical history from the patient and a close informant as well as a detailed general and neurological physical examination was performed by a dementia specialist in all patients. Laboratory tests included complete blood cell count, calcium, glucose, renal and liver function, vitamin B12, folate, thyroid stimulating hormone and serological tests for syphilis and HIV. The global cognitive function was assessed with the Mini-Mental State Examination (MMSE) and the Addenbrooke's Cognitive Examination (ACE). The neuropsychological evaluation consisted of tests evaluating memory, language, praxis, visual-spatial abilities, attention and executive function. Test performed in all centers included the Rey Auditory Verbal Learning test, category fluency test, Boston Naming test, Rey-Osterrieth Complex Figure test, clock drawing test, forward and backward digit span tests, Trail Making tests A and B, Stroop Color Test, Symbol Digit Modalities test and the Neuropsychiatric Inventory scale. Dementia severity was assessed with the Clinical Dementia Rating scale (CDR). All patients underwent structural magnetic resonance imaging (MRI) of the brain.



Image Acquisition and Interpretation

PET/CT imaging was performed within 1 month from referral. Both 18F-FDG and 11C-PIB images were obtained on a GE Discovery 690 or a GE Discovery STE PET/CT scanner on separate days within a 2-month period. For 18F-FDG PET, patients fasted for 6 h and abstained from tea, coffee, alcohol and nicotine. Images were performed if blood glucose levels were below 150 mg/dl. Patients received an intravenous injection of 3.0 MBq/kg of 18F-FDG in a dimmed quiet room with no external stimuli. Forty minutes later, 3D PET/CT images were acquired. For 11C-PIB PET/CT, the patient was positioned in the scanner, a low dose CT was acquired for attenuation correction and anatomical correlation, and a full dynamic 3D PET/CT acquisition was performed after the intravenous administration of 4.0 MBq/kg of the radiotracer.

Images were analyzed and interpreted by at least two experienced nuclear medicine physicians independently and the discrepancies were solved by consensus. 18F-FDG PET results were reported following previously described criteria (2). Briefly, an Alzheimer's disease (AD) pattern was reported when hypometabolism in parietotemporal cortex and posterior cingulate gyrus was detected and metabolism was preserved in occipital and sensory-motor cortex, basal ganglia and cerebellum. Other characteristic patterns of neurodegenerative dementia were also considered, including frontal and temporal hypometabolism in frontotemporal dementia (FTD) and posterior parietal and occipital hypometabolism in Lewy body dementia (LBD) (2). If no such pattern was present on 18F-FDG PET images, the study was reported as a non-degenerative disease. Quantification through Z-score maps was available for interpretation of all 18F-FDG PET images (CortexID, GE Heathcare, UK). 11C-PIB PET was reported as positive or negative considering the presence or absence of significant cortical uptake, as described elsewhere (6, 16).



Study Approval and Patient Consent

Written informed consent was obtained from all patients or caregivers. The study was approved by the ethics committee of the Uruguayan Center of Molecular Imaging.



Data Analysis

Based on the methodology of previous reports with similar approaches (17, 18), baseline clinical diagnosis before PET was classified as associated with Alzheimer's disease pathology (AD) when the patient had a diagnosis of possible or probable AD based on the NIA-AA criteria (n = 38), amnestic mild cognitive impairment (MCI, n = 22) or LBD (n = 1). Non-AD baseline diagnosis was considered when the patient had a previous diagnosis of FTD (n = 5), semantic dementia (n = 1) or non-fluent primary progressive aphasia (n = 3). Baseline diagnosis on referral was based on previous clinical, neuropsychological and structural imaging information. The patients that have been referred with more than one clinical diagnosis were classified as diagnostic dilemmas and the first diagnosis listed was considered for AD/Non-AD classification. Concordance between PET and baseline diagnosis was established considering 18F-FDG and 11C-PIB patterns described above. LBD was considered within the AD category because of the high prevalence of amyloid deposits in the disease. After PET/CT imaging, the reports were disclosed to the referring physician and incorporated in the regular diagnostic work-up of the patients. Changes in diagnosis (whether or not the diagnosis change after disclosure of PET result), pharmacological AD treatment (addition or suspension of AD related treatment including donepezil, memantine, galantamine, or rivastigmine) and diagnostic dilemma (whether or not the patient had more than one clinical diagnosis) were evaluated by three experienced physicians and considered as the outcomes for the study. The definite diagnosis was the main diagnosis defined by the neurologist after the disclosure of PET results, considering clinical follow-up and all neuropsychological, laboratory and imaging information. For the statistical analysis, the association of the outcomes with the following variables was assessed individually using Fisher's exact test: PET concordance with baseline diagnosis, formal education (≤ 9 years or > 9 years), AD/Non-AD baseline diagnosis, baseline diagnostic dilemma and 11C-PIB PET result. Additionally, logistic regression analysis was performed exploring the following predictors of the outcomes: baseline AD/Non-AD diagnosis, baseline diagnostic dilemma, discordance of 11C-PIB PET with baseline diagnosis, discordance of 18F-FDG PET with baseline diagnosis and 11C-PIB PET result. A p value lower than 0.05 was considered significant.




RESULTS


Concordance Between PET Studies and Baseline Diagnosis

The concordance between PET results and previous clinical diagnosis was 77.1% for 11C-PIB PET and 64.7% for 18F-FDG PET. No significant differences were found between 18F-FDG and 11C-PIB PET (p = 0.23). Considering only the MCI subgroup, we found a 77.3 and 70.5% concordance with previous diagnosis for 11C-PIB and 18F-FDG, respectively, with no significant differences in comparison with the rest of the patients (p = 0.98 for 11C-PIB and p = 0.77 for 18F-FDG). 11C-PIB and 18F-FDG PET agreed in the classification of 90.2% of the patients.



Change in Diagnosis After PET

Overall change in diagnosis after PET was observed in 30.0% of the patients. When compared separately, a significant association was found between the discordance of PET with baseline diagnosis and the change in diagnosis after PET (p < 0.001 for 11C-PIB and p = 0.002 for 18F-FDG PET). In addition, the change in diagnosis after PET was associated with lower educational level (p = 0.027), Non-AD baseline classification (p = 0.027), the presence of a diagnostic dilemma prior to PET (p 0.005) and a negative 11C-PIB PET result (p < 0.001). The MCI subgroup showed a 18.2% in change in diagnosis, with no significant differences in comparison with the rest of the patients (p = 0.17). In the multiple logistic regression model, only the negative result of the 11C-PIB PET study remained statistically significant (β-coefficient = −2.43, Standard Error = 1.09, p = 0.038) Figure 1. Change in diagnosis was observed in overall in 21 patients, 14 with baseline AD classification (9 with AD, 4 with amnestic MCI and 1 with LBD) and 7 with baseline non-AD classification (5 with FTD, 1 with SD and 1 with non-fluent APP). The patients in which a change in diagnosis after PET was observed had a disease duration of 3.5 ± 2.6 years. No diagnostic changes were found in patients with both 18F-FDG and 11C-PIB PET results concordant with baseline diagnosis. Figure 2 shows two examples of patients in which PET results determined a change in diagnosis.


[image: Figure 1]
FIGURE 1. Association between diagnostic change and baseline Non-AD diagnosis, previous diagnostic dilemma, 18F-FDG PET discordance with baseline diagnosis, 11C-PIB PET discordance with baseline diagnosis and negative 11C-PIB PET result. *Individual comparison significance. **Mutivariate logistic regression significance.
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FIGURE 2. The upper row shows a 56-year-old woman with memory complaints and change in behavior, referred with overlapping symptoms of AD, FTD and a baseline diagnosis of AD. Axial and sagittal slices of 18F-FDG PET (A) show frontal hypometabolism suggestive of FTD. Axial and coronal 11C-PIB PET slices (B) are negative for amyloid deposition, confirming FTD. The lower row shows a 68-year-old male with symptoms of a non-fluent progressive aphasia. 18F-FDG PET (C) shows posterior parietal and precuneus hypometabolism suggestive of AD. 11C-PIB PET (D) confirms AD pathology.




Diagnostic Dilemma

The diagnostic dilemma decreased from 15.7 to 7.1% after PET, even though the decrease was not statistically significant (p = 0.11). Nevertheless, the change in dilemma was associated with baseline Non-AD classification (p = 0.002), and negative 11C-PIB PET result (p = 0.03). In the logistic regression analysis, no significant results were obtained for this outcome.



Change in Treatment

A change in pharmacological treatment related to AD after PET was observed in 45.7% of the patients, either including or retiring AD related pharmaceuticals. There was no significant association between treatment change and 18F-FDG or 11C-PIB PET discordance, baseline AD/Non-AD-diagnosis, baseline diagnostic dilemma or 11C-PIB PET result.




DISCUSSION

In the present study, the clinical impact of 18F-FDG and 11C-PIB PET/CT was assessed in patients with cognitive impairment, exploring the change in diagnosis, specific AD treatment and diagnostic dilemma after PET. The study aimed to provide evidence about the usefulness of these techniques focusing on a particular cohort of patients referred from public and private institutions in a developing country like Uruguay. This constitutes the main strength of the study, given that populations from less developed health systems tend to be underrepresented in clinical studies with high-cost techniques. It is worth to notice that the study involved patients from both the public and private systems and represents the nationwide experience, since the institution where the study was carried out is the only PET center in Uruguay, providing assistance to the whole population.

Firstly, we observed a high overall agreement between PET results and baseline clinical diagnosis (70% of the patients). Although this phenomenon may vary depending on the characteristics of the population studied and the previous clinical and neuropsychological characterization, a high concordance has been reported, associated with a confirmatory role of PET studies in a significant proportion of the patients (17, 18).

The agreement was higher in the MCI subgroup, with 77.3 and 70.7% concordance for 11C-PIB and 18F-FDG, respectively. The percentage of concordance previously reported for MCI patients has been variable. Lage et al. showed a concordance of 57 and 20% for 11C-PIB and 18F-FDG (17), while Sánchez-Juan et al. described a concordance of 80% for both radiotracers (18). In our region, Chrem Mendez et al. described a concordance of 68.8% for 11C-PIB (19) and Coutinho et al. showed 37% positive 11C-PIB results in amnestic MCI patients (20).

Regarding the clinical contribution of PET studies, we observed a change in diagnosis in 30% of the patients. Previous studies have shown variable results. In a recent systematic review by Fantoni et al. (13) amyloid PET resulted in a revised diagnosis in 31% of the cases. Other studies that incorporate both 18F-FDG and 11C-PIB PET reported changes of 9% (18) and 17% (17). These differences may vary depending on the methodological design and the clinical setting in which the study is performed, with reported values that can reach up to 79% (21–31). In the MCI subgroup we found a change in diagnosis in 18.2% of the patients, less than in the complete group but not statistically different. Nevertheless, it should be considered that all these patients had amnestic MCI and the impact of PET in terms of change in diagnosis may be higher in non-amnestic MCI patients. In concordance with previous results from other groups, the change in diagnosis after PET in our series was associated with the presence of a previous diagnostic dilemma, which highlights the importance of PET imaging in patients with a challenging diagnosis.

Both 11C-PIB and 18F-FDG PET discordance with baseline diagnosis were associated with a diagnostic change, with 11C-PIB PET discrepancy as the most significant variable of the two. Similar results have been reported by Sánchez-Juan et al. (18) and Lage et al. (17) showing that amyloid PET discordance was the factor that most influenced the change in diagnosis. Moreover, 11C-PIB PET result was the only variable that remained significant in the multivariate analysis. These results remark the importance of the evaluation of amyloid deposits in the brain for the referring physician. Several studies have demonstrated the high negative predictive value of amyloid PET, with reported values of up to 100% (32, 33). Thus, a negative result practically rules out AD, providing critical information for the physician to change the diagnosis.

It should be noted that although our study was carried out in a different population than most of the previous reports, the results were similar anyway, highlighting the importance of amyloid imaging as a determining factor for clinical decisions. A particularly interesting finding was the association between a low level of formal education and the change in diagnosis after PET imaging. Previous studies have described that dementia diagnosis may be challenging in individuals with low literacy. Low education can affect the formal testing of cognitive performance and motor skills (34–36). It is therefore likely that these patients might benefit more from the inclusion of biomarkers in their diagnostic workup, because of difficulties that may arise in clinical and neuropsychological assessment due to the low education level (37, 38). Change in diagnosis was also associated with baseline non-AD classification, but this result should be taken carefully since the vast majority of our patients had a previous AD diagnosis. When evaluating the change in diagnostic dilemma after PET, an association with Non-AD diagnosis was also found.

We observed a 45.7% change in AD treatment after PET. Other authors have reported similar values, with associations with PIB discordance that were not significant in our analysis (17, 18). Recently, Rabinovici et al. reported results of the multicenter IDEAS study that included 13.444 patients evaluated with amyloid PET in the USA. They described a change in patient management in 60.2% of the patients with MCI and 63.5% of the patients with AD, mostly related with specific drug treatment, which changed in 43.6% of patients with MCI and 44.9% of patients with dementia (11).

Even though only nine countries in the LAC region have cyclotrons for the production of radiotracers, the access to PET in the region has improved in the last few years, with an annual growth of ~21% (7, 8). Access to amyloid tracers has also improved and the proposed A-T-N criteria are increasingly being applied to classify the patients in research studies (19, 20, 39–44). Regarding the clinical utility of amyloid PET, Chrem Mendez et al. described 76.2% concordance of 11C-PIB PET with baseline diagnosis in patients with AD, and a range of concordance of 54.5–100% in other forms of cognitive impairment (19). It is important to emphasize on the complementary role of 18F-FDG and 11C-PIB in the diagnosis of patients with dementia, since the patterns of hypometabolism on the 18F-FDG scan can help to distinguish between different clinical entities in amyloid negative patients. This issue has been recently addressed in our region by Coutinho et al. (20) and Parmera et al. (44). A single 18F-FDG PET scan can be enough to provide an accurate diagnosis when a disease-specific hypometabolic pattern is identified, avoiding the need for more expensive techniques like amyloid PET.

The main limitation of our study is the sample size, mostly affecting the subgroup of Non-AD patients. Also, our sample did not include patients with other forms of cognitive impairment at baseline diagnosis, like non-amnestic MCI, vascular dementia, atypical parkinsonism or Parkinson's dementia, in which 18F-FDG or amyloid PET have proved useful for clinical characterization (45, 46). Another limitation is the lack of availability of tau biomarkers that are currently under development in our center. Nevertheless, several publications from other authors included similar sample sizes and the literature from developing countries is still very limited. Racial/ethnic disparities can influence dementia risk and care. The inclusion of underrepresented populations in dementia science represents an urgent need for diverse perspectives to protect public health (47). This constitutes the main strength of our work.

The results presented provide important information about the clinical impact of PET studies in developing countries. New prospective studies including larger populations are needed to evaluate the efficacy of these techniques in this setting. Comparison with other biomarkers and cost-effectiveness analysis will be needed for the inclusion of these tools in the diagnostic algorithms of patients with dementia taking into account the optimization of available resources.
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Biomarkers are playing a progressively leading role in both clinical practice and scientific research in dementia. Although amyloid and tau biomarkers have gained ground in the clinical community in recent years, neurodegeneration biomarkers continue to play a key role due to their ability to identify different patterns of brain involvement that sign the transition between asymptomatic and symptomatic stages of the disease with high sensitivity and specificity. Both 18F-FDG positron emission tomography (PET) and perfusion single photon emission computed tomography (SPECT) have proved useful to reveal the functional alterations underlying various neurodegenerative diseases. Although the focus of nuclear neuroimaging has shifted to PET, the lower cost and wider availability of SPECT make it a still valid alternative for the study of patients with dementia. This review discusses the principles of both techniques, compares their diagnostic performance for the diagnosis of neurodegenerative diseases and highlights the role of SPECT to characterize patients from low- and middle-income countries, where special care of additional costs is particularly needed to meet the new recommendations for the diagnosis and characterization of patients with dementia.
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INTRODUCTION

Functional brain imaging includes a set of techniques that reveal biochemical, physiological, or electrical properties of the central nervous system. The most developed of these techniques are single photon emission tomography (SPECT), positron emission tomography (PET) and functional magnetic resonance imaging (fMRI). Of them, the first two are the most widely used and validated techniques in clinical practice, while the third is still limited to scientific research in dementia, and is the most appropriate modality for brain activation or connectivity studies. Magnetic resonance spectroscopy (MRS) is another functional technique that has clinical utility mostly in the evaluation of brain tumors, although it does not have yet defined clinical applications in dementia. SPECT and PET are nuclear medicine techniques that use radiopharmaceuticals for the evaluation of different functional phenomena (classically brain perfusion for SPECT or metabolism for PET), although today there is a plethora of tracers that allow the study of many molecular events in the brain.

SPECT is currently one of the most widely available imaging techniques for the study of brain function. It has been used successfully for the diagnosis of dementias since the 1980's, while PET made its way to the clinic in the following decade. Most recently, the evolution of nuclear techniques toward molecular imaging has allowed the in vivo detection of characteristic phenomena of neurodegenerative diseases such as disorders of dopaminergic function, beta-amyloid deposits or tau protein aggregates using specific tracers. Imaging of dopamine receptors, particularly dopamine transporter SPECT, already has consensual clinical applications in the study of encephalopathies associated with parkinsonism.



TECHNICAL CONSIDERATIONS


Brain SPECT

SPECT is a nuclear medicine imaging modality in which a gamma-emitter radiotracer is injected into the patient and tomographic images of its distribution are then obtained. The uptake of the radiotracer depends on the biochemical behavior of the tracer in the body (1).

The development of brain perfusion radiotracers consolidated the use of brain SPECT in the 1990's. The first radiotracers used were diffusible molecules (e.g., 133Xe), whose uptake depend on the arrival to the brain through the arterial system (cerebral perfusion) and on the concentration gradient between arterial blood and brain tissue. Through the application of kinetic analysis models, it was possible to obtain an absolut measure of the regional cerebral blood flow (rCBF) with 133Xe. Nevertheless, the low energy gamma rays emitted by 133Xe and its fast clearance from the brain determined a low spatial resolution. Few years later static tracers were developed (IMP, HIPDM, HMPAO, and ECD). These radiotracers are extracted by the brain on the initial arterial pass after peripheral i.v. administration and retained in proportion to the rCBF distribution. They are rather stable in vivo for at least 1 h, allowing images to be obtained for several minutes after injection. The most extensively used static radiotracers are 99mTc-ECD (ethylcysteinate-dimer) and 99mTc-HMPAO (hexamethyl propylene amine oxime) (2), with considerable technical, economic and logistical advantages (3). Their main characteristic is lipophilicity, which allows free diffusion through the blood-brain barrier with high extraction in the first pass through the cerebral circulation after the intravenous injection. This property determines an uptake that is proportional to the cerebral blood flow, maintaining a strong linear relationship at least up to 80 ml/min/100 g. After cellular uptake, these compounds are retained at the intracellular level for a long time (6 h for ECD and 4 h for the stabilized HMPAO kit) due to their transformation into hydrophilic compounds, with a fixed regional distribution that represents the functional state of the brain at the time of injection (2).

The close relationship between perfusion and neuronal metabolism is well-documented both in physiological conditions and in the vast majority of pathological processes, allowing the identification of hypometabolic regions through the corresponding decrease in perfusion using blood flow tracers (the same concept applies to fMRI). Tomographic images are acquired 45–60 min after injection for ECD and 60–90 min for HMPAO. Usually with a two-detector gamma camera a total acquisition time of 30 min is sufficient to achieve optimal image quality with a radiopharmaceutical dose of 925 MBq (25 mCi). The contrast of the images is usually higher with ECD than with HMPAO, and the dosimetry is slightly more favorable for ECD. The small differences in the normal brain distribution of both tracers are not considered relevant when interpreting clinical studies (2).

In addition to brain perfusion tracers, significant advances have been observed in recent years in the use of dopamine transporter (DAT) radiotracers. One of the most widely used DAT SPECT radiotracers is the tropane analog 123I-FP-CIT, which is used to demonstrate the presynaptic dopaminergic depletion in degenerative parkinsonisms. It has shown a good correlation with the severity and duration of Parkinson's disease, as well as clinical utility in the differential diagnosis between different forms of dementia. Given the low availability and high cost of 123I in low- and middle-income countries, many centers have opted for 99mTc-labeled DAT radiotracers such as 99mTc-TRODAT, which has proven to perform well for the characterization of degenerative parkinsonisms (4–6). Typically, studies with 99mTc-TRODAT require the administration of a dose of 925 MBq (25 mCi) and a delayed acquisition of 30 min at 3–4 h after injection to obtain images of adequate quality.



Brain PET

PET is a nuclear imaging modality that allows obtaining tomographic images of the regional distribution in the brain of radiopharmaceuticals labeled with positron-emitting isotopes. The emitted positrons have a small trajectory in the body (usually a few millimeters) before each positron reacts with an electron of the subject in a process called annihilation, that results in the emission of two photons in opposite directions. PET scanners have rings of multiple detectors located around the patient that detect the coincidence of this pair of photons. By this process it is possible to infer the place where the positron was emitted and reconstruct tomographic images (7–9).

Positron-emitting radionuclides are produced in particle accelerators called cyclotrons and their half-life ranges from <2 to 110 min, which is acceptable for emission imaging. In the case of radiotracers labeled with 18F, which has a half-life of 110 min, the tracer can be produced and transported for injection and acquisition to distant centers. With 11C or 15O labeled radiotracers (20 min and 2 min half-life, respectively) the production and the study should be performed in the same center. The physical characteristics of this radioactive emission and its detection process provide PET with greater sensitivity and spatial resolution compared to SPECT. Nevertheless, it is worth to notice that this complex process and sophisticated equipment made the cost of PET several times higher than SPECT (1).

The most widely used radiopharmaceutical in clinical practice is the glucose analog 18F-fluorodeoxyglucose (18F-FDG). Brain metabolism depends particularly on glucose as the main energy substrate (10). This determines a high normal FDG uptake in the brain with high quality images, allowing a direct measurement of regional brain glucose metabolism. If dynamic image acquisition is performed, it is possible to quantify glucose consumption in absolute values using kinetic models. This technique is not used in clinical practice due to its complexity and the need for simultaneous arterial blood sampling. The typical acquisition starts 30–60 min after the injection of the tracer. The patient must remain in psychophysical rest for at least 30 min after the injection of the radiopharmaceutical due to the prolonged period of cerebral glucose uptake. The usual dose is 370 MBq (10 mCi) of 18F-FDG and image acquisition takes about 20 min (7).

It is also possible to measure absolute rCBF with different PET radiotracers, among which 15O-H2O stands out as the gold standard for non-invasive absolute quantification (11). The minimum requirement for this procedure is the acquisition of dynamic studies for their analysis using kinetic models. Since 15O has a 2-min half-life, it is possible to make several acquisitions on the same day. Typically, the dose to be administered is 300–500 MBq and the acquisition of each study does not take more than 10 min.

Since the early 2000's, amyloid imaging with PET started to gain ground as a new biomarker in patients with AD. The first radiotracer developed was the thioflavin T analog 11C-PIB (12) and later fluorinated analogs were incorporated (18F-florbetaben, 18F-florbetapir, and 18F-flutemetamol) extending the use of this modality in many countries. The imaging protocol and the quantification of the amyloid burden in the brain may vary depending on the radiotracer, but there are usually well-stablished criteria to determine if a patient has significative amyloid depositions. More recently, Tau tracers have been developed and included in the framework for research in AD (13).




CLINICAL UTILITY OF SPECT AND PET IN ALZHEIMER'S DISEASE


Diagnosis of Alzheimer's Dementia

Although many patients with Alzheimer's disease (AD) have a characteristic clinical presentation, some forms of the disease may present with atypical symptoms. Diagnostic difficulties may rise in early disease stages, in atypical presentations or in clinical scenarios in which the differential diagnosis with other forms of dementia is challenging (14, 15). Murray et al. published a series of 889 cases of AD with histopathological confirmation, describing three well-defined subtypes with different clinical characteristics, of which the hippocampal-sparing subtype (11% of cases) was associated with atypical clinical presentation and previous diagnostic errors with higher frequency in comparison with the typical and predominantly limbic subtypes (16). Up to 25% of AD cases may show an atypical clinical presentation, supporting the use of functional neuroimaging biomarkers in diagnosis. Moreover, the hippocampal-sparing subtype represents a challenge for structural MRI, which usually relies on the identification of hippocampal atrophy as a hallmark for the diagnosis of AD (16).

SPECT and PET are the functional imaging modalities that have the most robust scientific support for their clinical application in dementias, and have been used successfully for several decades. The typical pattern of AD on SPECT or PET images is characterized by the presence of bilateral hypoperfusion or hypometabolism in the posterior parietal, temporal, and posterior cingulate cortex with preservation of the primary visual and sensorimotor cortex, basal ganglia, thalamus, brainstem and cerebellum. Generally, there is a lower degree of frontal involvement, which increases with the progression of the disease, usually sparing the motor cortex. The presence of this pattern has a high diagnostic accuracy, although other patterns with marked asymmetry, even unilateral, or with marked frontal involvement can be seen (2, 8, 17).

Usually there is a good correlation between SPECT/PET findings and symptom severity, although on certain clinical situations (including early-onset AD or in subjects with high intellectual level) this relationship may be more limited, with alterations that tend to be more severe in earlier clinical stages of the disease. This phenomenon is probably related to the concept of cognitive reserve. Those individuals with higher reserve are able to develop alternative strategies to compensate for the loss of functions related to the progress of the pathological process, thus delaying the onset of symptoms (18).

Studies on the diagnostic performance of SPECT in dementias showed variable results. The use of different radiopharmaceuticals, equipment, inclusion criteria and confirmation methods largely explain the variability of the findings. A systematic review by Dougall et al. evaluated the diagnostic accuracy of 45 studies performed with HMPAO in comparison with clinical diagnosis (DSM-III-R and NINCDS-ARDRA criteria) between the years 1988 and 2002 (19). The authors described a sensitivity of 77% and specificity of 89% for the diagnosis of AD compared to normal controls, 71 and 76% compared to vascular dementia, and 72 and 78% compared to frontotemporal dementia, using cross-sectional clinical diagnosis as the gold standard.

Regarding 18F-FDG PET, the meta-analysis of Patwardhan et al. included 15 articles published between 1989 and 2003, 10 of which included comparison with normal controls, showing sensitivity and specificity of 86% for the latter case (20). The final reference was clinical diagnosis in nine of the studies and histopathological confirmation in one. Five studies compared AD with other forms of dementia, showing similar sensitivity and significantly lower specificity (18–86%). Recently, Nestor et al. reviewed the evidence on the clinical use of 18F-FDG PET in diverse clinical scenarios, recommending the use of 18F-FDG for the differential diagnosis of other forms of dementia (21).

Of particular interest are the studies that evaluated the diagnostic accuracy of SPECT or PET using histopathological confirmation as a reference, since the assessment of the pathological hallmarks of AD is considered the most appropriate gold standard for research. Read et al. reported a sensitivity of 93% for SPECT compared with 73% for clinical diagnosis in a series of 27 patients that underwent autopsy (22). Bonte et al. published a series of articles using SPECT, in which the population studied progressively increased from 1993 and onwards. The final report of this series in 2011 included 73 patients and showed a sensitivity of 94%, specificity of 85%, positive predictive value of 92%, negative predictive value of 88%, and accuracy of 90% (23). Jobst et al. included 104 patients with dementia (80 of them with AD) and reported a sensitivity, specificity, and accuracy of 89, 80, and 83%, respectively (24).

It is important to notice that some of these studies were published more than 20 years ago and used the equipment available at that time, with a performance likely below the current standards in the field. Since then, many technical advances have been incorporated into clinical routine, including iterative reconstruction methods (OSEM), scatter correction, attenuation correction using CT maps in hybrid equipment and resolution recovery. All of them have contributed to improving the quality of the images with a probable positive impact on the diagnostic performance of SPECT. El Fakhri et al. demonstrated the advantages of several of these improvements in patients with mild cognitive impairment (MCI) (25).

Regarding PET, Silverman et al. published results of a multicenter study that included 138 patients (97 patients with AD, 23 with non-AD neurodegeneration and 18 with no neurodegenerative dementia), one of the largest series existing to date, and reported values of 94% sensitivity, 73% specificity, and 88% accuracy (26). Previously, Hoffman et al. published an institutional series of 22 patients with AD and other dementias in which they described a sensitivity of 88% and a specificity of 67% (27). Jagust et al. in a series of 44 patients (including 20 patients with AD, 9 normal controls, and patients with mixed dementia and LBD among others) reported values of 84 and 74%, respectively (28).



Additional Value of SPECT and PET in the Clinical Context

Most of the studies previously mentioned included SPECT or PET interpretation blinded to clinical information, which does not represent the usual situation in practice, in which clinical information is used to support image interpretation, improving the diagnostic performance. The data might therefore be interpreted as a conservative estimate of the usefulness of these modalities as an isolated diagnostic tool, and probably do not reflect their true impact as complementary tools to clinical evaluation. The importance of a diagnostic test often lies in the additional information that provides over the already available clinical data. Thus, even assuming that the diagnostic performance of SPECT/PET in AD could be similar to neuropsychological tests, the combination of both can increase the diagnostic accuracy. In this regard, Jagust et al. (29) analyzed data from the aforementioned work by Jobst et al. (24) evaluating the additional impact of SPECT on clinical diagnosis and reported that a positive SPECT increased the probability of AD in histopathology from 84 to 92% for the diagnosis of probable AD and from 67 to 84% for the diagnosis of possible AD. A clinical diagnosis of possible AD with a positive SPECT was associated with the same probability of AD as the clinical diagnosis of probable AD, whereas a diagnosis of probable AD with positive SPECT implies a very high probability of AD on neuropathology. Claus et al. in a study carried out in a community population found that when the previous probability of AD was 50%, the additional information provided by SPECT increased the diagnostic certainty by 34% (30). Silverman et al. in a retrospective analysis of 167 patients studied with FDG PET with an average clinical follow-up of 3 years reported that when the initial clinical evaluation predicted progressive deterioration (based on suspected neurodegenerative disease), 94% of the patients with a positive PET finally deteriorated while the percentage dropped to 25% when PET was negative (31). According to Jagust et al., the clinical diagnosis was associated with a 70% probability of AD in histopathology, while this value increased to 84% with a positive PET and decreased to 31% with a negative PET. A clinical diagnosis not compatible with AD was associated with pathology of AD in 35% of the patients, which increased to 70% with a positive PET (28).



The Value of Quantification

Many studies have evaluated the impact of semi-quantitative methods on the diagnostic performance of SPECT in dementia, demonstrating an increase in accuracy with respect to visual interpretation and a decrease in interobserver variability. Voxel-based analysis transforms the images of each subject to a common stereotaxic space and then applies statistical tests to identify groups of voxels that differ between groups of patients or between patients and normal controls. This analysis can be applied similarly to SPECT and PET images. Originally developed for the use in research studies, it has gained acceptance in clinical practice to determine the statistical deviation of images of an individual subject from a database of normal controls. The two most widely used tools are Statistical Parametric Mapping (SPM) and Tridimensional Stereotactic Surface Projections (3D-SSP), both of which are freely accessible. It has been shown that with the use of these tools the sensitivity and specificity of SPECT can be increased to above 90 and 85%, respectively for the diagnosis of AD, even in early stages (32, 33). Alternatively, a region of interest (ROI) approach can be used to compare the uptake in predefined regions of the brain with normal controls. The defined ROIs should include the brain areas most frequently involved in the different types of dementia (such as posterior parietal cortex, precuneus and posterior cingulate in AD, the dorsolateral, medial and ventral frontal cortex and anterior cingulate in frontotemporal dementia, or the posterior parietal and occipital cortex in Lewy body disease) Different reference regions can be used for intensity normalization when applying a semi-quantitative approach. Usually, a region not affected in the disease and with low variability between patients and controls is chosen (for instance the pons, cerebellum or the whole brain for AD).

The semi-quantitative approach is widely available and usually easy to implement, even in centers from low- and middle-income countries. In contrast, the full quantitative approach requires the acquisition of dynamic studies, the implementation of kinetic analysis, a specific training of the staff and, in some cases, arterial blood sampling. All these issues have led to a more widespread use of the semi-quantitative approach in clinical practice, while full quantification is usually reserved for research purposes.



Prognostic Value for Conversion From Mild Cognitive Impairment to Alzheimer's Dementia

Of particular importance is the potential of functional imaging techniques for the diagnosis of AD in the early disease stages, such as MCI. The identification of subjects at high risk of evolution to AD at the MCI stage can allow the intervention in the initial clinical phase of the disease with the aim of delaying the evolution of symptoms and the appearance of dementia. The presence of hypoperfusion in SPECT or hypometabolism in PET in the posterior parietal cortex, precuneus, and posterior cingulate in patients with MCI has been consistently associated with an increased risk of progression to AD (34–36). In particular, posterior cingulate has been identified as a region that provides high discriminative power. SPECT reports showed an accuracy of ~75–80% when using image quantification techniques (37–39). Nobili et al. described a sensitivity of 81% and specificity of 86% for hippocampal hypoperfusion as a predictive marker of conversion to AD. Silverman et al. reported maintained sensitivity and specificity (95 and 71%, respectively) for PET in the subgroup of patients with mild AD in their retrospective multicenter study of patients evaluated for dementia with histopathological confirmation (26). A meta-analysis by Yuan et al., which included 24 studies with a total of 1,112 patients, found sensitivity and specificity values of 89 and 85%, respectively for PET, 84 and 70% for SPECT, and 73 and 81% for MRI, for prediction of conversion from MCI to AD (40). A review by Frisoni et al. reported pooled sensitivity and specificity for conversion of MCI to AD of 76 and 74%, respectively for PET and 78 and 64%, respectively for SPECT (41).




CLINICAL USE OF SPECT AND PET IN THE DIFFERENTIAL DIAGNOSIS OF DEMENTIA


Frontotemporal Dementia

The presence of anterior temporal and frontal hypoperfusion or hypometabolism typically identifies patients with frontotemporal dementia (FTD), as opposed to the posterior temporoparietal pattern characteristic of AD. Using this criterion, a systematic review by Yeo et al., which included 10 studies that used SPECT, reported sensitivity and specificity of 80% using clinical follow-up as a reference (42). Even though there may be varying degrees of posterior cortical involvement in FTD, as well as atypical AD presentations with marked frontal involvement, in general, the balance between the severity of the anterior and posterior cortical involvement provides good results to discriminate both clinical entities. Sjögren et al. reported a sensitivity of 88% and a specificity of 79% for HMPAO SPECT using an anterior-to-posterior ratio quantification strategy to differentiate FTD from other forms of dementia. Specificity increased to 96% compared to early-onset AD (43). The relative preservation of the posterior cingulate cortex in FTD and the indemnity of the primary sensorimotor cortex and subcortical gray structures in AD, have been described as other useful findings. Méndez et al. retrospectively evaluated 134 patients referred for clinical suspicion of FTD and reported sensitivity and specificity of 37 and 100% for clinical follow-up at 2 years, 64 and 70% for MRI and 91 and 75% for SPECT/PET (44). Read et al. studied 27 patients with dementia (including eight patients with FTD and 11 with possible or probable AD) and neuropathological confirmation and found that SPECT was able to correctly classify 93% of the cases, while clinical evaluation was successful in classifying the patients in 74% of the cases (22).

SPECT and PET can identify dysfunctional patterns that contribute not only to the differential diagnosis between AD and FTD, but also to the diagnosis of the different FTD variants. The behavioral variant of FTD presents with a predominant medial prefrontal, anterior cingulate, middle and inferior frontal gyri and superior temporal hypometabolism (45). The semantic variant of primary progressive aphasia presents with anterior temporal hypoperfusion or hypometabolism with a clear left predominance, while the non-fluent variant shows involvement of the left frontal operculum. The logopenic variant is characterized by defects of the left posterior temporoparietal cortex and the underlying pathology is more likely AD.



Lewy Body Dementia

Lewy body dementia (LBD) shows a pattern of hypoperfusion or hypometabolism that usually involves the posterior parietotemporal cortex (similar to AD) but sparing the posterior cingulate and usually with extension to the occipital cortex. Occipital involvement, particularly of the primary visual cortex, has been identified as the most valuable sign for differentiating LBD from AD. Lobotesis et al. reported sensitivity of 65% and specificity of 87% for the differential diagnosis between LBD and AD by SPECT using this criterion (46). Shimizu et al. reported a sensitivity and specificity of 85% using voxel-based analysis (47). PET studies showed similar, and in some cases superior, diagnostic performance. Minoshima et al. reported a sensitivity of 90% and specificity of 80% for hypometabolism of the occipital cortex in the differential diagnosis with AD (48). Based on the involvement of the occipital cortex and the relative preservation of the posterior cingulate (posterior cingulate island sign), the diagnostic criteria of McKieth et al. (49, 50) recognize the role of SPECT/PET as a supportive marker for the diagnosis of LBD. It has to be considered that occipital involvement may be present in other pathologies such as Parkinson's dementia and may be absent in a non-negligible percentage of patients with LBD who show a perfusion or metabolic pattern very similar to AD. LBD is characterized by striatal dopaminergic deficiency that is related to parkinsonism, one of the core symptoms of the disease. The decrease in DAT density at the presynaptic dopaminergic terminal is a consequence of the degeneration of nigrostriatal neurons, a phenomenon that can be measured through specific SPECT tracers. The most widely used of them is 123I-FP-CIT (ioflupane). This image modality allows the differential diagnosis with AD with high performance. The reduction in striatal uptake of 123I-FP-CIT was able to distinguish LBD and AD with a sensitivity of 88% and specificity of 100% in a series of 20 patients with histopathological confirmation, while the initial clinical diagnosis showed a sensitivity of 77% and specificity of 42% (51). In a multicenter study that included 326 patients using clinical diagnosis as a reference, McKieth et al. reported sensitivity of 78% and specificity of 90% (52). The 2017 consensus criteria for LBD consider reduced striatal uptake in DAT SPECT/PET as an indicative biomarker of the disease (50). DAT SPECT has not shown the same utility for the differential diagnosis between LBD and FTD, since in the latter the presence of extrapyramidal signs is not uncommon. In this regard, perfusion SPECT has much greater utility. Although 123I-FP-CIT may not be available in many low- and middle-income countries due to its high cost and the low availability of 123I, other alternatives like 99mTc-TRODAT-1 have shown excellent correlation with 123I-FP-CIT in various diseases associated with parkinsonism. Although DAT imaging has demonstrated greater accuracy than perfusion/metabolic imaging in the differential diagnosis between LBD and AD, this particular scenario is not always present in clinical practice. The differential diagnosis may often present with different types of dementia like FTD, parkinsonism-related dementias, vascular dementia, and others, and DAT imaging is less likely to solve the problem than perfusion/metabolic imaging in these cases. Moreover, it is not clear if the impact of DAT imaging in LBD is the same when clear features of parkinsonism are present or not. It seems reasonable to hypothesize that reduced uptake of a DAT tracer in the context of parkinsonian signs is less likely to provide relevant additional information, and perfusion/metabolic imaging can make a more considerable difference. Taking these considerations into account, it may be reasonable to start with perfusion/metabolic imaging in many cases, and reserve DAT imaging for a second stage when necessary, enabling significant savings due to the higher cost of the latter. This is exemplified in Figures 1A,B.
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FIGURE 1. Three selected transaxial slices of the perfusion SPECT (A,C) and a sum of three consecutive axial slices at the level of basal ganglia of DAT SPECT (C,D) of two patients referred for clinical evaluation of cognitive impairment. Superior row corresponds to a 59-year-old man with fluctuating cognitive impairment with frontal-subcortical profile in the neuropsychological examination. A typical pattern of LBD is depicted, with severe bilateral posterior parietotemporal and occipital hypoperfusion (A). DAT imaging shows mildly reduced presynaptic dopamine transmission in right putamen and left caudate nucleus (B). Inferior row shows a 63 year-old man with amnestic cognitive impairment and right extra-pyramidal signs. Diffuse hypoperfusion involving left parietal, frontal and temporal cortex, ipsilateral basal ganglia and thalamus (C) is associated with reduced left striatal dopamine transmission with posterior putamen predominance (D). Findings are consistent with CBD. Clinical diagnosis was made based on perfusion SPECT in both patients. DAT SPECT images were performed later for academic purposes.




Parkinsonism-Related Dementias

At a certain point of the disease, up to 30–40% of patients with Parkinson's disease (PD) may have dementia symptoms and up to 75–80% of patients with PD may develop dementia during a 10 year period (15, 53, 54). The cognitive impairment that usually presents in PD is typically of the frontal-subcortical type and do not reach the MCI stage, while those cases that progress to dementia are characterized by predominant posterior cortical symptoms (15). This phenomenon can be identified by SPECT or PET by the presence of a dysfunctional pattern similar to that of AD. Although more frequent extension to the occipital cortex and greater preservation of the medial temporal structures have been described in PD dementia in comparison with AD, the findings in both diseases may be indistinguishable (55). The pattern of PD dementia can be even more difficult to distinguish from AD than the one of LBD. However, these diseases are usually differentiated by the temporal course of the appearance of dementia symptoms and extrapyramidal signs (50). Although the vast majority of parkinsonisms are PD, the so-called atypical parkinsonisms can represent up to 15% of the cases and their clinical diagnosis can be particularly complex. Among them are multisystemic atrophy (MSA), progressive supranuclear palsy (PSP) and corticobasal degeneration (CBD) (55, 56). These diseases are associated with a higher prevalence of dementia and are characterized by a frequent compromise of the post-synaptic dopaminergic system, unlike PD. Post-synaptic D2 receptor SPECT may be useful for the differential diagnosis between PD and atypical parkinsonism, although some reports indicate that its diagnostic accuracy would be suboptimal (57, 58). Furthermore, its high cost, low availability and its inability to differentiate between different forms of atypical parkinsonism considerably limit its use in clinical practice. Various publications have shown that perfusion SPECT or FDG PET (associated with DAT imaging) have a higher performance for the differential diagnosis between these diseases (57, 59). Atypical parkinsonisms are characterized by the presence of striatal hypoperfusion or hypometabolism, unlike PD. On the other hand, cerebellar involvement orients to MSA, while a frankly asymmetric cortical-subcortical pattern is characteristic of CBD (Figures 1C,D), and PSP shows alterations in the superior and medial frontal cortex, thalamus and pons (55, 60). Thus, perfusion/metabolic imaging can not only confirm the diagnosis of atypical parkinsonism revealing striatal involvement but also contribute to the differential diagnosis of the specific disease.



Vascular Dementia

In the diagnosis of vascular dementia (VD), structural images (especially MRI) play a leading role (15, 61). SPECT and PET have traditionally been reserved for equivocal cases. However, 15–20% of patients with VD have mixed dementia, more frequently VD and AD. In these cases, functional images are useful to confirm or rule out the presence of associated AD. Multi-infarct dementia is characterized by multiple asymmetric focal defects with well-defined borders scattered in the cerebral cortex, frequently in borderline territories of the cerebral arteries, which can be associated with subcortical and cerebellar defects. Dementia due to strategic infarct shows a well-defined extensive defect in a specific vascular territory. The presence of crossed cerebellar diaschisis is frequent in both cases and is considered an element of diagnostic value. When the strategic infarct is located in subcortical structures such as the internal capsule or the thalamus, cortical hypoperfusion is usually associated due to disruption of the thalamocortical projections (diaschisis). Subcortical vascular dementia is characterized by hypoperfusion of subcortical gray structures associated with diffuse moderate cortical involvement that mostly affect the frontal cortex, as a result of diaschisis phenomena associated with white matter abnormalities. The presence of bilateral posterior temporoparietal perfusion defects, characteristic of AD, differs from the typical patterns of VD, allowing the differential diagnosis between both diseases as well as the diagnosis of association between both. Some authors like Nagata et al. state that the information provided by SPECT/PET is useful in the differential diagnosis between VD, AD and mixed dementia and should be taken into account in the diagnostic guidelines (61). SPECT with vasodilator stimulation with acetazolamide has shown to be capable of providing additional information in the differential diagnosis of VD with AD, increasing the performance of images at rest (62).

Finally, SPECT and PET also have diagnostic utility in other less frequent dementias, including traumatic brain injury, AIDS dementia, autoimmune or paraneoplastic encephalitis, neurolupus, Behcet's disease, exposure to neurotoxins, psychiatric diseases, Creutzfeld-Jacob disease, Huntington's disease and other low incidence degenerative encephalopathies (2, 8, 11, 63).

A separate chapter deserves late-life depression (which occurs frequently with a predominance of cognitive symptoms), in which the identification of involvement of the posterior temporoparietal cortex indicates a high probability of underlying AD.




COMPARISON OF SPECT AND PET WITH OTHER BIOMARKERS OF NEURODEGENERATION

Structural imaging is routinely used in the evaluation of patients with dementia. CT or MRI have been proven to change clinical diagnosis in 19% of patients and clinical management in 15% of them, even with conservative use, usually by detecting stroke, tumors or other diseases not suspected as the cause of symptoms (64). However, visual interpretation of structural imaging does not reliably detect neurodegenerative processes in early stages (65). Hippocampal volume measure is one of the best-established markers for AD. Pucci et al. reported 79% sensitivity and 69% specificity in distinguishing AD patients from normal controls, although the mean MMSE score was 15 in this population (66). Jack et al. found sensitivity of 82% and specificity of 80%, with similar values in a subset of milder patients (67).

The studies comparing the performance of different biomarkers are more limited. In a meta-analysis by Yuan et al., FDG PET performed slightly better than SPECT and MRI in the prediction of conversion from MCI to AD, with similar results for SPECT and MRI (40). Frisoni et al. found lower sensitivity and specificity for MRI compared to PET and SPECT (41). These results are probably related to the low specificity of medial temporal atrophy, which occurs in a proportion of cognitively healthy older people, as well as other pathological conditions (68). The authors also found that diagnostic accuracy of imaging biomarkers is highly dependent on how the biomarker is measured, and they identified four different metrics for medial temporal lobe atrophy on MRI. Standard operating procedures are needed to obtain reliable results in clinical practice and are not always available, particularly in developing countries (69). It should be noted that the accuracy of hippocampal measure is dependent upon, and influenced by, the dementia state and disease severity of patients studied. A mildly affected brain would be much more difficult to diagnose than a severely demented one. Moreover, quantification of hippocampal volumes is time-consuming and requires considerable neuroanatomic expertise or specific software. Only a few MRI centers in our country perform this procedure.

The analysis of CSF for increased concentrations of tau proteins is another recognized biomarker for AD. Markers of tau accumulation include increased total tau or phosphorylated-tau (p-tau) and are clearly associated with AD pathology. While changes in tau can also reflect general damage to neurons and synapses, p-tau occurs solely in AD and is therefore a more specific biomarker. Together with low CSF Ab42, elevated CSF tau provides a high likelihood of progression to AD in patients with MCI. A large meta-analysis by Mitchell that included 19 studies with a total of 2.300 AD patients and normal controls reported sensitivity of 78%, specificity of 88%, positive predictive value of 93% and negative predictive value of 73% (70). The same meta-analysis also included 18 studies with AD and non-AD dementia patients and found values of 72, 78, 86, and 58%, respectively for distinguishing both groups.

It is important to emphasize that standardization of CSF biomarkers is still limited and results often vary between different laboratories (71). Each laboratory must define its own normal limits and, ultimately, it will be necessary to define well-established normative values, which is still in process (72). The need to perform a lumbar puncture, a procedure that is regarded as complicated, time-consuming and invasive for many clinicians, is another well-recognized limitation of these biomarkers. Recent developments enabled the measurement of AD biomarkers in blood samples. Plasma p-tau has shown analytical validity and first evidence of clinical validity. While the results are very promising, sufficient data about the effect of covariates on the biomarker measurement, assay comparison and cut-off criteria are still lacking (73).

Regarding comparison with other biomarkers, a review and meta-analysis by Bloudek et al., finally including 119 studies, found that FDG PET was most accurate than SPECT and p-tau in discriminating AD from normal controls with sensitivity of 90% and specificity of 89%. Compared to demented controls (including MCI), PET sensitivity was maintained at 92% and specificity decreased to 78%. For discrimination of AD from non-AD dementias (excluding MCI), p-tau and SPECT had nearly identical performance with sensitivity of 79% and specificities of 80 and 81%, respectively (74).

A recent systematic review by Fink et al. found that individual CSF biomarkers and biomarker ratios had moderate sensitivity (62–83%) and specificity (53–69%) for distinguishing neuropathologically defined AD from non-AD pathology, while β-amyloid 42 (Aβ42)/p-tau ratio, total tau (t-tau)/Aβ42 ratio, and p-tau appeared more accurate than Ab42 and t-tau alone. Median sensitivity and specificity for amyloid PET were 91 and 92%, respectively, 89 and 74% for FDG PET, 64 and 83% for SPECT, and 91 and 89% for medial temporal lobe atrophy on MRI. Sensitivity and specificity of MRI was considerably lower for distinguishing AD from other specific types of dementia like LBD or FTD (75).

In one of the few studies that compared multiple biomarkers in the same group of patients, Morinaga et al. included 207 patients with probable AD from a single memory clinic. AD findings were observed in 77.4% of all AD patients with MRI, 81.6% with SPECT, 93.1% with FDG PET and 94.0% with CSF biomarkers. At the stage of Clinical Dementia Rating (CDR) 0.5, sensitivity was 90.0% for CSF, 80.8% for SPECT, 71.4 for FDG PET and 65.5% for MRI. At the stage of CDR 1, FDG PET (96.7%) and CSF biomarkers (95.5%) were the most sensitive. At CDR 2, all biomarkers showed high sensitivity (76).

Although MRI and CSF biomarkers have shown similar performance to SPECT and FDG-PET in distinguishing AD from non-AD patients, they cannnot reliably differentiate between different types of non-AD dementia, reducing their applicability in clinical practice with respect to functional imaging techniques. The availability of these biomarkers in developing countries is limited for several reasons already mentioned. While PET suffers from similar limitations because of its high cost, brain SPECT is available in all nuclear medicine facilities at a much lower cost.



DIRECT COMPARISON BETWEEN SPECT AND PET IN ALZHEIMER'S DISEASE

The technical characteristics of PET determines an overall higher performance over SPECT, in particular its greater sensitivity (referred to the detection efficiency of the radioactive emission) and spatial resolution. Even though significant, the differences in spatial resolution between both modalities are not of great magnitude, with values of 3–4 mm for PET and 5–8 mm for SPECT. The spatial resolution of PET is limited to 1–2 mm due to the positron emission range, while SPECT has no theoretical limitations in this regard, which has led to sub-millimeter resolutions in small animal equipment, exceeding the spatial resolution of their PET analogs. Dedicated brain SPECT cameras have the same spatial resolution as PET, although their availability is very limited and there has been no significant expansion of its use in clinical practice.

A critical question is to what extent the technical differences between both modalities influence the clinical diagnosis of neurodegenerative diseases, that is, whether or not they translate into considerable differences in diagnostic performance. The answer requires a critical review of the available literature. Considering systematic reviews or meta-analyses of the diagnostic value of both techniques in AD, Dougall et al. reported a sensitivity of 77% and specificity of 89% for SPECT (19) while Patwardhan et al. including studies from the same time period reported a 86% sensitivity and specificity for PET (20). These results indicate a higher sensitivity and slightly lower specificity for PET.

Frisoni et al. reviewed the diagnostic and prognostic accuracy of different AD imaging biomarkers (amyloid PET, FDG PET, perfusion SPECT and MRI) and their operating procedures or metrics (visual analysis and different quantitative and semiquantitive approaches) (41). Interestingly, they found that different metrics can account for equal or more variation in the accuracy than the types of markers used. Pooled sensitivity and specificity for AD diagnosis for all metrics were 86 and 84%, respectively for PET and 76 and 84%, respectively for SPECT. Quantification increased SPECT sensitivity more than 10% to the same range as PET while it had very little effect on PET sensitivity (41).

Clinical diagnosis was used as a reference in most of the publications included in review studies. Very few studies included neuropathological confirmation as a reference, considered the most appropriate gold standard. The studies by Jobst et al. (24) and Bonte et al. (23) show pooled sensitivity, specificity, and accuracy of 91, 81, and 85% for SPECT. According to the studies of Silverman et al. (26, 77) and Hoffman et al. (27), pooled values of 92, 70, and 85% (sensitivity, specificity, and accuracy, respectively) are obtained for PET (the study by Jagust et al. which reported lower values for PET in 2007 is not included). According to these data, compared to neuropathological confirmation, the accuracy is similar for both techniques.

There are also few studies that have directly compared SPECT and PET in the same sample of patients. Kuwabara et al. studied nine patients with AD with different nuclear imaging modalities including 123I-IMP and HMPAO SPECT, and 15O-H2O and 18F-FDG PET. They described that even though there was a slightly lower performance of SPECT for the detection of areas with mild hypoperfusion, both SPECT and PET were able to detect parietal abnormalities in all AD patients (78). Messa et al. studied 21 patients with probable AD by both techniques and found bilateral posterior temporoparietal involvement in 90% of cases with SPECT and 100% with PET (79). Mielke et al. in the same year, on a similar sample of patients, reported that PET discriminated AD patients from normal controls only marginally better than SPECT (80). Herholz et al. studied 26 patients with mild to moderate AD and six normal controls with SPECT and PET and analyzed the results using voxel-based analysis (SPM), demonstrating a correlation coefficient of 0.90 for posterior temporoparietal cortex and posterior cingulate defects in both studies (81). The defects were more pronounced on PET images, but both techniques were able to adequately separate all patients from normal controls. Scatter correction was not used for SPECT studies at that time, and it is known that this procedure, widely available today, allows to considerably increase the contrast of the images. Döbert et al. studied 24 patients with clinical suspicion of dementia onset (12 of them with MCI) using clinical follow-up as a reference and found greater sensitivity for PET without differences in specificity, although the sensitivity values were low for both techniques (82). Nihashi et al. found no significant differences between FDG PET and IMP SPECT in 14 patients with moderate probable AD relative to normal controls using statistical analysis with 3D-SSP (83). More recently, Ito et al. published a comparative series using FDG PET and 99mTc-ECD SPECT in 55 patients with cognitive impairment classified as probable AD (n = 28), MCI due to AD (n = 12) or no AD (n = 15) according to the NIA-AA criteria recommended for research studies, including MRI and 11C-PIB amyloid imaging (84). The results were interpreted by three independent observers with variable experience. The image acquisition and processing techniques used reflect the state of the art of SPECT and PET today. The diagnostic accuracy was in the range of 60–70% for both techniques and was practically identical, with no significant differences between them. The low performance demonstrated by both techniques in this study with respect to previous reports may be related to the fact that all the patients had cognitive impairment, and normal controls were not included in the analysis. In the same year, O'Brien et al. compared 38 patients with AD, 30 with LBD and 30 normal controls (85). Specificity for dementia/no-dementia was 85 and 90%, respectively for PET and 71 and 70%, respectively for SPECT. The patients in this study were not clinically referred, limiting the applicability of the results, and the authors relied on clinical diagnosis of probable AD or LBD without follow-up. Moreover, the inclusion of patients with LBD, that can be difficult to distinguish from AD (particularly on SPECT images because of the high normal uptake of the occipital cortex), may have influenced the results. Ferreira et al. studied 20 patients with mild AD and 18 normal controls, showing a similar accuracy for SPECT and PET (68–74 and 68–71%, respectively), highlighting the key role of SPECT in the study of patients with AD (86). In a larger study recently published, Nadebaum et al. evaluated the diagnostic performance of SPECT and PET in 126 patients with MCI and dementia, including amyloid PET information as a reference for the final diagnosis (87). They showed higher sensitivity for PET (75.8 vs. 42.9 for SPECT) but lower specificity (74.3 vs. 82.9% for SPECT). It is important to notice the very low sensitivity reported for SPECT in this study, much lower than expected based on the previous literature. Part of the explanation could be due to the presence of MCI in more than half of the patients included, that usually have more subtle functional alterations more easily recognizable in PET images.

All this data collectively demonstrates that even though there can be a slight advantage in favor of PET in terms of sensitivity, the diagnostic performance of SPECT and PET in AD is fairly similar. Figure 2 shows the example of two patients clinically referred in which both SPECT and PET allow reaching the diagnosis. It is possible that the differences are more evident in patients with MCI, which can show less perfusion/metabolic abnormalities in comparison with patients with dementia. In patients with MCI a difference in accuracy of about 10% in favor of PET in comparison with SPECT has been described, although more information is needed to finally conclude about the difference in diagnostic performance of both modalities in this clinical scenario. Table 1 shows a summary of the previously mentioned articles directly comparing SPECT and PET in the same group of patients.
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FIGURE 2. Three selected transaxial slices of the perfusion SPECT, 18F-FDG PET, and 11C-PIB PET of two patients referred for clinical evaluation of cognitive impairment. Superior row corresponds to a 63-year-old female with a mild cognitive impairment. MMSE was 27. Both perfusion SPECT (A) and 18F-FDG PET (B) showed hypoperfusion/hypometabolism in the bilateral parietal cortex with a typical pattern of AD. Amyloid PET in this patient (C) showed significant cortical amyloid deposits. Inferior row shows a 55-year-old female referred for evaluation of probable AD. Both perfusion SPECT (D) and 18F-FDG PET (E) showed a left posterior parietal hypoperfusion/hypometabolism suggestive of AD. 11C-PIB PET in this patient (F) confirmed cortical amyloid deposits.



Table 1. Summary of studies directly comparing SPECT and PET performance in the same group of patients.
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COST-EFFECTIVENESS CONSIDERATIONS FOR SPECT AND PET IN DEMENTIA

The study of cost-effectiveness for the introduction of functional imaging to dementia diagnostic algorithms have showed contradictory results, mainly due to the scarcity of effective treatments to date. McMahon et al. (88, 89) argue against the inclusion of functional imaging, based on the estimation of quality-adjusted life years and the limited efficacy of cholinesterase inhibitors. According to the authors, any diagnostic test, no matter how perfect, would be incapable of reaching adequate cost-effectiveness thresholds using this methodology unless it has a very low cost. Other authors such as Silverman et al. argue in favor of including functional imaging considering that PET can introduce an increase in diagnostic accuracy of 15% with respect to clinical evaluation, resulting in savings per patient that exceed the cost of a PET study in the United States (90). In their study, the authors consider other costs caused by the disease, such as care expenses, which far exceed those of drug therapy. However, it is important to notice that the exclusion of AD in a patient with dementia does not necessarily imply a reduction in the costs of hospitalization and nursing care, which is fundamentally determined by the functional situation of the patient beyond the etiological diagnosis, since the vast majority of causes of dementia are irreversible. Moulin-Romsee et al. endorsed Silverman's results for the European population. Using the same arguments, they postulate that the diagnostic performance of SPECT in comparison with neuropathological confirmation results in a possible reduction in false diagnoses with respect to conventional algorithms, which is also estimated at 15%, with eventual savings for the health system far superior to the use of PET due to its significantly lower cost (91).

Beyond the discussion of the cost-effectiveness of including functional imaging modalities in the dementia diagnostic algorithm, it seems evident that an earlier or more precise diagnosis will positively affect an already complex situation for the families and the patients suffering from dementia. A more accurate diagnosis will also have important implications for the dementia programs and care systems.

In this context and considering the aforementioned cost-effectiveness dilemmas, the significantly lower cost of SPECT compared to PET (about five times lower in our region) represents a very relevant advantage in favor of the former, particularly in low- and middle-income countries.



AMYLOID IMAGING

Research carried out in the last two decades has made possible to detect beta-amyloid deposits in vivo by PET. The first radiopharmaceutical used in patients to reveal amyloid, 11C-PIB, give the way to several 18F-labeled analogs such as florbetapir, florbetaben, and flutemetamol, with considerable advantages in terms of cost and availability due to the longer half-life of 18F (12, 92). These 18F-labeled radiopharmaceuticals have shown a very good correlation with 11C-PIB with high correspondence in visual interpretation (93). High correspondence between 11C-PIB uptake and beta-amyloid deposits in neuropathology has been demonstrated in various studies, and there are also similar reports for 18F radiopharmaceuticals (93, 94).

However, the investigation on the clinical impact of PET with amyloid tracers is still ongoing. A systematic review by Fantoni et al. found that amyloid PET contributed to diagnostic revision in almost a third of cases and demonstrated value in increasing diagnostic confidence and refining management plans (95). Although it is clear that the technique has an important potential impact in clinical management, it is also recognized that a positive amyloid PET alone is not equivalent to a clinical diagnosis of AD. The presence of amyloid pathology in the brain is insufficient by itself to define the cause of cognitive impairment and must be considered in conjunction with other clinical, laboratory, and imaging elements. The existence of comorbidities such as vascular pathology or depression can still have an important influence on the cognitive deterioration observed in an amyloid PET positive patient. Although current evidence suggests that the majority of individuals with MCI who are amyloid PET positive will progress to AD, the proportion is still not defined, and it is not possible to define when this will happen. However, a negative amyloid PET represents a low risk of progression to AD and may provide a more useful clinical information in patients with MCI, particularly in cases where other potential causes of MCI are present. A similar scenario to that of MCI can be presented in the case of patients who meet diagnostic criteria for possible AD, in whom there is an atypical course of deterioration or comorbid conditions capable of confusing the clinical interpretation.

An important limitation of PET with amyloid tracers is the high prevalence of positive studies in asymptomatic older adults, ranging from 10% at 60 to 70 years to 50% between 80 and 90 years (96). This substantially complicates the establishment of a relationship of causality between amyloid deposits and the presence of deterioration in elderly patients. On the other hand, other pathologies such as amyloid angiopathy and LBD can also present positive studies and cannot be differentiated from AD by amyloid imaging alone. Additionally, around 15% of cases of mild to moderate dementia with a phenotype compatible with AD have no or sparse amyloid deposits (97). Likewise, the technique is not useful in the differential diagnosis of numerous causes of dementia that do not have amyloid deposits, such as the different variants of FTD or LBD, in which approximately one third of cases do not present deposits.

Finally, the performance of amyloid PET in comparison with other lower-cost biomarkers has not been explored enough yet, so it is still difficult to define the most appropriate and cost-effective use strategy within the framework of consensus diagnostic algorithms. The association of amyloid PET with tau and neurodegeneration biomarkers is proposed as the most accurate diagnostic alternative, but the high cost of this approach still limits its applicability in clinical practice.



SPECT AND PET IN CLINICAL AND RESEARCH GUIDELINES FOR THE DIAGNOSIS OF DEMENTIA

Since the publication of their first guidelines on brain SPECT in the 1990's, the Society of Nuclear Medicine and Molecular Imaging (SNMMI), the American College of Radiologists (ACR) and the European Association of Nuclear Medicine (EANM) recommended the clinical use of the technique in the diagnosis of dementia (98–100). The recommendations of the neurological societies of the United States and Europe at the beginning of the 2000's also considered SPECT, although not in the routine clinical evaluation, but in specific clinical situations in which there were diagnostic doubts and the technique was expected to provide significant additional information. The American Academy of Neurology in 1996 considered SPECT as a useful imaging modality to support the clinical diagnosis of AD based on level IIB evidence (101). As a general concept, the use of perfusion SPECT is recommended in patients with dementia or cognitive impairment of at least 6 months of evolution in which the etiology remains uncertain after a complete clinical evaluation by an experienced physician (including neurological examination, laboratory studies, CT or MRI, and neuropsychological evaluation), when symptoms do not improve within a reasonably short follow-up period after the initial evaluation, and it is reasonable to expect that the information provided by the technique will help clarify the diagnosis or guide future treatment. Patients with advanced stage dementia are excluded. These circumstances can occur in the clinical situations listed in Table 2. FDG PET can be useful in the same situations as perfusion SPECT.


Table 2. Clinical situations in which perfusion SPECT or FDG PET can be useful.

[image: Table 2]

The approval of the use of FDG PET in dementia by Medicare in 2004 (https://www.cms.gov/medicare-coverage-database), after several negative resolutions, for the differential diagnosis between AD and FTD, has led to the expansion of the use of PET in comparison with SPECT in the United States. This trend is also widespread in high-income countries in Europe. Nowadays, PET is predominantly mentioned in the guidelines, leaving aside SPECT in spite of the important technological advances introduced in the last two decades. The criteria for the diagnosis of AD from NIA-AA consider PET imaging while SPECT is scarcely mentioned (102). The more recent NIA-AA Research Framework for AD emphasizes the importance of biomarkers for the characterization of patients using the A-T-(N) criteria (13), considering PET, MRI, and CSF biomarkers as key players for the study of patients with dementia. Nevertheless, brain SPECT is not mentioned as one of the biomarkers for neurodegeneration, not even as an alternative to PET when it is not available. On the other hand, the recommendations of the NIA-AA for the diagnosis of MCI due to AD recognize the role of SPECT as a biomarker of neurodegeneration (103).

It could be argued that SPECT is not part of the current state of the art in the diagnosis of patients with dementia, given the superior quality of PET images. However, the technique has undergone important technical advances since most of the publications that evaluated its usefulness more than 20 years ago. This is exemplified in Figure 3, were typical SPECT images currently available are closer to PET images than old SPECT images obtained in single-head gamma cameras. The review of the diagnostic value of both techniques presented here suggests a much smaller difference in diagnostic performance than that commonly mentioned in the literature, that should be explored in new prospective studies including intra-subject comparison of SPECT and PET using the framework for research in AD as well as clinical follow-up confirmation.


[image: Figure 3]
FIGURE 3. Transaxial slices of perfusion SPECT and 18F-FDG PET of different patients. The first image (A) corresponds to a perfusion SPECT acquired in a single head gamma camera in 1998 (Sopha DSX rectangular). The second image (B) corresponds to a perfusion SPECT with the same radiotracer (99mTc-ECD) acquired in 2009 in a two headed gamma camera, without scatter correction (Mediso Nucline SPIRIT DH-V). The third image (C) corresponds to a 18F-FDG PET acquired in 2015 (GE Discovery STE). This figure illustrates the significant advances of SPECT image quality in recent years and the comparison with typical 18F-FDG images.


The strategy of performing perfusion/metabolic imaging before amyloid or tau PET can save costs providing a wider spectrum of differential diagnosis of dementia based on the recognition of specific disease patterns and reserving the more complex molecular imaging tools for undetermined cases (Figures 1, 2 show examples of this approach). Even with the advent of the new molecular imaging probes, the role of the biomarkers of neurodegeneration is more valid than ever, since abnormal deposits of proteins like amyloid and tau in the brain can be asymptomatic for many years and do not represent per se the presence of dementia. Neurodegeneration represents the necessary condition that signs the beginning of the clinical disease.

In low- and middle-income countries, brain perfusion SPECT is a valid alternative capable to further reduce the costs of the new diagnostic algorithms. High-cost nuclear biomarkers are more difficult to access in these countries, particularly outside the large cities and in users of public health systems (104, 105). This represents not only a limitation for the correct clinical diagnosis but also for the study of populations that are usually underrepresented in scientific research in the field of dementia. SPECT has much higher availability compared to PET (105) and technetium generators needed for the production of SPECT radiotracers are easily transportable to centers in several countries at much lower cost compared to cyclotron-dependent radiotracers. The search for lower-cost biomarkers has also been one of the priorities highlighted by the Latin American and Caribbean Consortium on Dementia (LAC-CD) in a recent publication (106).



CONCLUSIONS

Although amyloid and tau biomarkers have gained ground in recent years and are the current focus of research, neurodegeneration biomarkers continue to play a key role in the diagnosis of dementia. Despite the trend to use PET instead of SPECT in high-income countries, the differences in diagnostic performance between both techniques are subtle, particularly in patients in the clinical stage of dementia, and SPECT has the advantage of wider availability and significantly lower cost. We conclude that SPECT should still be considered an important tool in clinical practice and research in dementia in low- and middle-income countries.
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Background: The determination of brain volumes using visual ratings is associated with an inherently low accuracy for the diagnosis of Alzheimer's disease (AD). A support-vector machine (SVM) is one of the machine learning techniques, which may be utilized as a classifier for various classification problems. This study exploratorily investigated the accuracy of SVM classification models for AD subjects using brain volume and various clinical data as features.

Methods: The study was designed as a retrospective chart review. A total of 201 eligible subjects were recruited from the Memory Clinic at Siriraj Hospital, Thailand. Eighteen cases were excluded due to incomplete MRI data. Subjects were randomly assigned to a training group (AD = 46, normal = 46) and testing group (AD = 45, normal = 46) for SVM modeling and validation, respectively. The results in terms of accuracy and a receiver operating characteristic curve analysis are reported.

Results: The highest accuracy for brain volumetry (62.64%) was found using the hippocampus as a single feature. A combination of clinical parameters as features provided accuracy ranging between 83 and 90%. However, a combination of brain volumetry and clinical parameters as features to the SVM models did not improve the accuracy of the result.

Conclusions: In our study, the use of brain volumetry as SVM features provided low classification accuracy with the highest accuracy of 62.64% using the hippocampus volume alone. In contrast, the use of clinical parameters [Thai mental state examination score, controlled oral word association tests (animals; and letters K, S, and P), learning memory, clock-drawing test, and construction-praxis] as features for SVM models provided good accuracy between 83 and 90%.

Keywords: Alzheimer disease, support vector machine, machine learning, volumetric MRI, Thailand


INTRODUCTION

Alzheimer's disease (AD) is a common condition that is diagnosed in ~5–7% of the general population (1). Current treatment can improve the quality of life of both Alzheimer's patients and their relatives and caregivers (2). Consequently, a tool that provides high sensitivity and specificity is needed for the accurate diagnosis of this disease.

The current diagnostic tool for AD is the use of clinical criteria, such as DSM-V (3). Despite imaging studies not being included in such criteria, many clinicians have noticed that the size of the brain volume obtained from structural imaging appears to be associated with AD to some extent. Although visual rating of the brain volume is generally used to guide a diagnosis of AD, its interpretation differs vastly among clinicians, and the method lacks specificity and sensitivity (4). It would be beneficial if there was a reliable tool that could interpret imaging results accurately and consistently.

A support-vector machine (SVM), a mathematical function, is designed to classify complex data. This function has the ability to learn the distribution of data and provide a proper classification line (or optimal hyperplane) that is not restricted to a linear fashion (Figures 1, 2).


[image: Figure 1]
FIGURE 1. The concept of optimal hyperplane to properly classify the data into two groups.



[image: Figure 2]
FIGURE 2. The non-linear optimal hyperplane, which support-vector machine (SVM) can provide as a classification tool.


Several studies have investigated SVM as a diagnostic tool for AD, and a number have shown good levels of accuracy (5–8). However, those results were based on international imaging data obtained from the Alzheimer's Disease Neuroimaging Initiative, which included a different population from the Thai cohort used in the current study. Hence, this study focused on the accuracy of SVM as a diagnostic tool for the Thai population. Moreover, we investigated clinical data in order to determine if it is possible to further increase the accuracy of SVM.



MATERIALS AND METHODS


Study Design

This study was a retrospective, chart review and was approved by the Siriraj Institutional Review Board. Everybody had signed informed consent as part of data registration at the Memory Clinic at Siriraj Hospital. The subjects were recruited by clinical coordinators from the Memory Clinic at Siriraj Hospital. Some normal subjects had brain magnetic resonance imaging scan, which was supported by the Thailand Research Fund. All were living in the community. Their identities (name and identification number) were hidden from the staff.

For the present study, the inclusion criteria consisted of the following: aged 60 years or older, a diagnosis of AD, in accordance with the (9) criteria, and the performance of an MRI brain scan within 1 year of the AD diagnosis. The exclusion criteria were having an untreated psychiatric condition; having a history of stroke (either ischemic or hemorrhagic), CNS infection, drug abuse, epilepsy, severe head trauma, and/or repetitive head trauma; and having been diagnosed with another type of dementia (such as frontotemporal dementia, Parkinson's disease with dementia, Lewy body dementia, vascular dementia, and other secondary dementia).



Subjects

A total number of 201 subjects in this study consists of 101 AD subjects recruited from the memory clinic at Siriraj Hospital, and 100 normal subjects were enlisted from volunteers from the dementia and disability project (10) and caregivers from the memory clinic. These normal controls did not meet the criteria of dementia or mild cognitive impairment. Eighteen subjects were removed due to incomplete MRI data necessary for further analysis.

Eligible 183 subjects then were randomly divided into the training group (N = 92 with AD = 46, normal = 46) and testing group (N = 91 with AD = 45, normal = 46) for the SVM study using brain volumetry alone. However, due to the subjects' incomplete clinical data, 73 subjects were removed resulting to 55 subjects for the training group (AD = 28, normal = 27) and 55 subjects for the testing group (AD = 27, normal = 28) of the SVM study using a combination of clinical data and brain volumetry. The randomization technique was used for assigning subjects into groups in order to minimize selection bias and ensures against the accidental uncontrolled bias (11) (Figure 3).


[image: Figure 3]
FIGURE 3. Actual study process after the exclusion of subjects.




Clinical Data

The Thai mental state examination (TMSE) (12) is a cognitive assessment modified from the Mini mental status examination. Thai mental state examination consists of seven subdomains: orientation, immediate memory (registration), calculation, attention, language, picture copy, and recalled memory. The total score is 30. The score of <24 is suggestive of having dementia. The higher the TMSE score, the better the cognitive function.

The Neuropsychiatric Inventory (NPI-Q) (13) is used to evaluate neuropsychiatric symptoms of all subjects. The NPI-Q is an informant-based instrument that measures the presence and severity of 12 neuropsychiatric symptoms in patients with dementia and normal controls, and to measure informant distress according to individual neuropsychiatric symptom of patients with dementia.

The cognitive data: the examination scores of TMSE and other neuropsychological assessments, namely, Logical Memory (LM), Controlled Oral Word Association Test—animals (COWA-animals), Controlled Oral Word Association Test—letters K, S, P (COWA-KSP), Clock drawing, and Construction—praxis were used as clinical parameters for further SVM model developments. Neuropsychological evaluation is part of clinical criteria to determine if subjects have dementia.



MRI Data

Whole brain MR (3-Tesla) T1-weighted axial 3D Turbo fast field echo (3D TFE) MR structural images were retrieved from the hospital database [voxel size = 1 × 1 × 1 mm, repetition time (TR) = 7.7 ms, echo time (TE) = 3.6 ms, flip angles = 80, TFE factor = 144, FOV = 230 × 290 mm, matrix = 232 × 288, slice thickness = 1 mm, NSA = 1]. The identities of the patients were subsequently anonymized by the researchers.



Analysis

The MR images were processed using FreeSurfer to seek for brain volumes (14). Brain MR image analysis was performed using the Freesurfer software suite to extract the brain cortical and subcortical brain volume (15).

Because the individuals had different cranial volumes, all specific regions of the brain volume were calculated relative to the whole brain volume, using the following normalization formula:

Specific volume of the brain × 100/intracranial volume

The specific volumes used to develop SVM models comprised of both sides of the hippocampus, nucleus accumbens, amygdala, caudate, thalamus, total white matter volume, total gray matter volume, ventricle volume, and a combination of those values.

The clinical data parameters used for SVM models in this study were the score from various tests including the TMSE, LM, COWA—animals, COWA-KSP, Clock, Construction—praxis, NPI 4, NPI 5, NPI 7, NPI 9, and NPI 12.

The WEKA software suite (available at https://www.cs.waikato.ac.nz/ml/weka/) was utilized in this study for SVM classification. Radial basis function was used to seek for the highest accuracy as suggested in a prior study (15). The SVM models then were trained and tested using the data from the training and testing groups (11). The leave-one-out validation technique was applied due to the small data set. The C and gamma values were adjusted to maximize the accuracy and area under the curve of the ROC for all SVM models as shown in Table 3.

The demographic data were analyzed and compared by descriptive statistics, using the unpaired t-test or Chi-square-test, according to each variable's type. We considered any p-value < 0.05 as statistically significant. The results were reported as true positive rate (TP rate), false positive rate (FP rate), accuracy, and the area under the curve (AUC) in a receiver operating characteristic curve (ROC) analysis.




RESULTS

An analysis of the demographic data (Table 1) revealed an average age of 73.09 years (SD = 7.28) for the AD group, and a lower average of 69.72 years for the normal controlled group, with a significant difference between those averages. Education levels and baseline TMSE scores also differed between the two groups. Even if there are some baseline differences, the randomization method we used with SVM and the leave one out method have something to help to compromise these baseline differences.


Table 1. Descriptive statistic of demographic data [mean (SD)].

[image: Table 1]

As to the descriptive statistical analysis of the brain volumetry of the two groups, only the ventricle volume demonstrated a significant difference, being higher for the AD group (Table 2). Other parameters showed no significant differences.


Table 2. Descriptive statistics of brain volumetry.

[image: Table 2]

From the SVM modeling performance analysis results in Table 3, two models with equally highest accuracy (90.74%) were the model of clinical parameters (TMSE, LM, COWA—animals, COWA-KSP, Clock drawing, and Construction—praxis scores) (item 16 in Table 3) and the model of all brain volumetry combined with the scores of TMSE, LM, COWA—animals, COWA-KSP, Clock drawing, and Construction—praxis scores (Table 3, item 18).


Table 3. Results of support vector machine (SVM).

[image: Table 3]

However, from the results of the ROC analysis, the model consisted of TMSE, LM, COWA—animals, COWA-KSP, Clock drawing, and Construction—praxis scores provided the best performance in the diagnosis of AD with the AUC = 0.96 (Table 3, item 18). Other notable high performance models were found with these parameters: hippocampus with TMSE, LM, COWA—animals, COWA-KSP, clock drawing, and Construction—praxis (AUC = 0.927, Table 3, item 17). We also performed analyses on various combinations of features, but those revealed lower accuracies and lower AUC values as shown in Table 3.



DISCUSSION

Our study with SVM classification revealed that utilizing the scores of TMSE, LM, COWA—animals, COWA-KSP, Clock drawing, and Construction—praxis can best differentiate AD from normal controlled subjects. Neuropsychiatric symptoms alone could not provide accurate results. The demographic data in this study showed that the individuals in the AD group had a slightly older mean age (73.09 years) than those in the normal control group (69.72 years). Those with AD also had a lower formal educational level, as indicated by their comparatively smaller number of years of schooling. Previous research revealed that individuals with a lower number of years of formal education might have a smaller cognitive reserve. As a consequence, the incidence of AD has been reported to be higher in those individuals with lower education (16).

Previous studies showed that digital health data, cognitive performance such as memory, and neuropsychiatric symptoms can help identify those with dementia from normal subjects (17–21). Some research groups (19) have suggested that a diagnosis of dementia can be made from health recording data.

Despite using the highest accuracy that the SVM could provide, brain volumetry alone provided suboptimal accuracy for the diagnosis of AD. The highest accuracy for brain volumetry was found with the hippocampus region, which reached an accuracy of 62.64%. The inclusion of other regions of the brain did not seem to increase the accuracy level any further. This also reflects previous research findings that the hippocampus volume is associated with AD (22). Given that the mean baseline TMSE score of the AD group was not low, one possibility is that the SVM failed to classify AD accurately using hippocampal volume alone in our study because our AD subjects tended to have a mild-to-moderate degree of severity of the disease. Consequently, the difference in the hippocampal volumes of each group was not pronounced. Individuals in Asian counties are known to have a high prevalence of cerebral small vessel disease, which increases with age (23). This cerebral small vessel disease can cause smaller hippocampal volume in subjects with normal cognition. However, in a recent review of 111 studies, the majority of the studies assessed Alzheimer's disease compared with healthy controls, using AD Neuroimaging Initiative data, support vector machines, and only T1-weighted sequences (24). Accuracy was highest for differentiating Alzheimer's disease from healthy controls and poor for differentiating healthy controls vs. mild cognitive impairment vs. Alzheimer's disease.

Our study with SVM classification suggested that brain volumetry alone seems to be a suboptimal parameter for AD diagnosis; a different situation is found with the clinical parameters. COWA had a high degree of accuracy, especially COWA-KSP (note that KSP come from the letters “[image: yes]” in the Thai language; in English-speaking countries, the letters “F, A, and S” or “C, F, and L” are normally used). These results are consistent with the knowledge that individuals with AD also have executive function impairment of varying severities (25). Word fluency relies on the executive functions that will enable an individual to produce a number of words quickly in a limited time. It follows that COWA might be adapted as a good screening tool for the diagnosis of AD. A combination of other neuropsychiatric tests also afforded a very high degree of accuracy. However, utilizing neuropsychiatric symptoms to aid the diagnosis of AD resulted in poor ROC value in the tested data. This indicated that neuropsychiatric symptoms alone could not differentiate AD from norms or other dementia.

In the previous study, both structural T1-weighted MRI brain studies and neuropsychological measures of individuals were used to train and optimize an artificial intelligence classifier to diagnose mild-AD patients (26). Similar to our study, the classifier was able to distinguish between the two groups before AD definite diagnosis using a combination of MRI brain studies and specific neuropsychological measures, with 85% accuracy, 83% sensitivity, and 87% specificity.



LIMITATIONS AND FUTURE STUDY

An important limitation was that the severity of the AD of our subjects seemed to be low to moderate. Although, the hippocampus alone was rather a good choice for use as a classification parameter, our study failed to demonstrate that it was. The low education of individuals in our study may play some role on brain volume. The second limitation was that this study did not utilize age-matched group due to the limited number of subject recruitments and the small number of subjects for the SVM training and testing groups. Generalization of the results to clinical use should be done with caution. The third limitation was that, we used dementia subjects from the memory clinic together with normal subjects from the community survey or community study, which could lead to selection bias. When applied to the broader general population, our method of using the SVM might not produce the same degree of accuracy.

Future studies should include a larger sample size in both the training and testing groups. It is known that the Asian population has a prevalence of small vessel disease in the brain. The burden of cerebral small vessel disease can be included to predict the diagnosis of dementia in the future. Exploration with other biomarkers to predict the diagnosis of Alzheimer's disease or prodromal Alzheimer's disease in a Thai cohort could also be done.



CONCLUSIONS

Based on data drawn from the Memory Clinic at Siriraj Hospital, clinical parameters (including TMSE, COWA—animals, COWA-KSP, LM, clock drawing, and Construction—praxis) provided good accuracy (83–90%) using SVM as a classifier. COWA-KSP alone might be the easiest tool to utilize in clinical situations, and it had an accuracy of 83.33% when using the SVM. Our study failed to demonstrate a good degree of accuracy when using brain volumetry alone. The most accurate results were found using the hippocampus alone as a classifier that revealed an accuracy of 62.64%.
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Background: In the midst of competing priorities and limited resources in low-middle-income countries (LMIC), convincing epidemiological evidence is critical for urging governments to develop national dementia plans. The majority of primary epidemiological studies on dementia are from high income countries (HIC). Implications for developing countries are typically extrapolated from these outcomes through modeling, meta-analyses, and systematic reviews. In this study, we directly assessed the incidence of dementia, disability adjusted life years (DALYs), and cost of care among community-dwelling Filipino elderly.

Methods: This was a follow-up study of the prospective cohort Marikina Memory Ageing Project (MMAP). Baseline assessment was performed in 2011–2012, and follow-up was done in 2015–2016 (N = 748 at follow-up). Incident dementia was determined. Disease burden was computed using the incidence rates and DALYs. Both indirect and direct (medical and non-medical) costs of dementia care were computed.

Results: The crude incidence rate was 16 (CI: 13–20) cases per 1,000 person-years (pyr) with 17 (CI: 12–21) per 1,000 pyr for females and 14 (CI: 9–21) per 1,000 pyr for males. Based on this incidence, we project an estimation of 220,632 new cases in 2030, 295,066 in 2040, and 378,461 in 2050. Disease burden was at 2,876 DALYsper 100,000 persons. The economic burden per patient was around Php 196,000 annually (i.e., ~4,070 USD, or 36.7% of average family annual income in the Philippines). The majority (86.29%) of this care expense was indirect cost attributed to estimated lost potential earning of unpaid family caregivers whereas direct medical cost accounted for only 13.48%.

Conclusions: We provide the first Filipino community-based data on the incidence of dementia, DALYs, and cost of care to reflect the epidemiologic and economic impact of disease. The findings of this study serve to guide the development of a national dementia plan.

Keywords: dementia incidence, cost of care, DALY, LMIC, Filipino


INTRODUCTION

In the midst of competing priorities and limited resources, low-middle-income countries (LMIC) are projected to have the largest rise in dementia prevalence by 2050 (1, 2). Convincing epidemiological evidence is critical for urging governments to develop national plans to address the dementia epidemic. Large datasets like the 10/66 Dementia Research Group surveys have provided robust data on dementia occurrence in developing countries (3). The estimated prevalence of dementia in Southeast Asia is expected to increase to 12.09 million (236%) by 2050 (1). However, epidemiological studies are lacking in Southeast Asian LMIC countries. The Filipino aging population comprises ~7% of the country's total population in 2015 and is projected to increase by 11% in 2025 and 16% in 2045 (4). In the Philippines, the estimated number of elderly (60 years and older) will more than double from 9.5 million in 2020 to 19.7 million in 2040 (5). The extent of dementia in the Philippines however has not yet been estimated, and data are lacking. In 2011, we conducted the Marikina Memory and Aging Project (MMAP), a population-based study among Filipino older adults aged 60 years and over which yielded a dementia prevalence of 10.6%. In the study, approximately a quarter (23.2%) were identified to have mild cognitive impairment (MCI) along with an alarmingly high prevalence of cardiovascular risk factors among Filipino older adult men and women, further increasing the risk for developing dementia (6). However, this is not adequately addressed, and dementia is currently not recognized as a major public health issue in the Philippines. This makes the case for establishing epidemiological studies that can increase awareness of the magnitude of the problem and guide government policy in allocating resources to dementia care and prevention, which is especially critical in low-resource health care settings. More specifically, it is essential to have data on burden and cost of care to inform the government of the economic impact of the disease on extended families, who in the Philippines remain the cornerstone of dementia care and of the society. In the current study, we determined the incidence of dementia, disability adjusted life years, and cost of care of dementia among community-dwelling Filipino elderly.



METHODS


Study Design and Setting

This study is a follow-up study of the Marikina Memory and Aging Project (MMAP), which is a population-based cohort study to determine the prevalence of dementia and its associated risk among elderly in Marikina City, Philippines (6). Baseline assessment was done from March 2011 to February 2012 and follow-up assessment from July 2015 to December 2016. All follow-up assessments were conducted door-to-door. All participants provided written informed consent before any assessment was done.



Participants

The MMAP baseline cohort consists of participants randomly selected from the Senior Citizen Registry and is representative of percentages of senior citizens across villages (barangays) in the city of Marikina. The sampling method has been described previously (4). Recruitment was carried out door-to-door, and there were 1,367 participants who completed baseline assessment. For this incidence study, patients with dementia at baseline (N = 145) were excluded, leaving an eligible sample of 1,222. Of these, 794 participants (65.0%) were followed-up, among them 46 participants did not complete the evaluation and were excluded from subsequent analysis (Figure 1). All participants who were lost to follow-up were traced down to extract reasons for exclusion (as reported by neighbors and family members). The sample size for the current analysis was thus 748, with an average follow-up time of 3.9 years.


[image: Figure 1]
FIGURE 1. Flow chart of study participants.




Follow-Up Assessment and Case Ascertainment

Data collection, both at baseline and follow-up, used the same methodology of at-home visits, which included informant and patient interviews. Trained nurses gathered socio-demographic and health history information, and a trained psychologist administered the Montreal Cognitive Assessment-Philippines (MoCA-P) (7), Geriatric Depression Scale (GDS) (8), Neuropsychiatric Inventory-Questionnaire (NPIQ) (9), Disability Assessment for Dementia (DAD) (10), and Ascertaining Dementia 8 (AD-8) (11). A neurologist or geriatrician conducted medical history and physical examinations, Clinical Dementia Rating (CDR) (12), and Hachinski Ischemic Scale (HIS) (13). All assessment data were reviewed by the physician and they consulted with each other as necessary to reach a consensus on dementia diagnosis. Dementia diagnosis was based on the DSM-IV-TR criteria; (14) Alzheimer's Disease (AD) on the NINCDS-ADRDA criteria; (15) vascular dementia (VaD) based on the HIS. Other dementia subtypes such as Parkinson's disease dementia (16), Dementia with Lewy Bodies (17), and dementia syndrome of depression (14) were diagnosed based on clinical criteria. Cognitive Impairment No Dementia (CIND) was diagnosed based on a CDR score of 0.5 and not fulfilling DSM-IV criteria for dementia (18). These were the same criteria used during the baseline study. All baseline data for risk factors (i.e., vascular risks like hypertension, diabetes, dyslipidemia and smoking, alcohol consumption, traumatic brain injury, depression, and living arrangement) were collected from the participant or family informant.



Disability-Adjusted Life Years Computation

Data from the study and relevant global literature were used to compute the DALYs using the DALY formula from the WHO. Number of deaths and mean duration of the disease were derived from dementia cases from the prevalence study. The disability weight used was 0.67 according to the WHO Global Burden of Disease in 2004 (19). Based on the Institute of Health Metrics and Evaluation Global Burden of Disease (20), average life expectancy at age 60 was 17 years irrespective of gender, 16 years for males, and 18 years for females. Since this is a global estimate, the researchers assumed that it applies to the Philippine context and also comparability to other similar studies. Note that the standard life expectancy at birth was not used since the population only included ≥60 years old. Life expectancy at age 60 years was the average number of years that a person at that age is expected to live if age-specific mortality levels remained constant.



Cost of Care

Data was gathered from three groups of informants: (a) patients, relatives, and caregivers; (b) physicians including specialists (i.e., neurologist, geriatrician, and psychiatrist), non-specialists (i.e., family physician and internist), and allied health professionals (physical therapist, occupational therapist, psychologist), and (c) laboratories and drug stores. These groups were all interviewed in order to obtain information about fees and rates of the dementia patients' special needs.



Data Analysis

Analysis was done using SPSS Statistical Program (IBM, ver. 27). Incidence rates per 1,000 person-years (pyr) were computed for each 10-year age interval and by sex. The corresponding 95% confidence intervals were computed based on the Exact Poisson distribution, as is standard practice in reporting incidence rates (21). Univariate statistics (accounts, means, SDs, ranges) and bivariate statistics (correlations) were produced. We assessed differences in socio-demographic variables and medical history related to dementia at follow-up status based on results from Chi-square tests and t-tests. Crude odds ratio was also presented to show the association of risk factors and incident dementia. All analyses were evaluated based on a statistical cutoff criterion for significance of 0.05. To compare incidence rates based on sex, rate ratios and their corresponding confidence intervals were calculated.

In terms of the Burden of Disease, the WHO DALY formula [DALY = Years of Life Lost (YLL) + Years Lost due to Disability (YLD)] was used. YLL is the number of deaths multiplied by the standard life expectancy. YLD is the number of incident cases multiplied by mean duration of disease multiplied by disability weight of AD and other dementias.

Cost of care was calculated by adding the direct and indirect costs. Direct medical cost was calculated as the sum of the costs, which included fees for consultations, laboratory assessments, hospital admissions or emergency visits due to problems related to dementia, dementia medications, and aids for mobility and rehabilitation. Direct non-medical costs refer to expense like transportation to and from the hospital for both the caretaker and the patient. Indirect cost used in this study refers to the opportunity cost calculated by the number of days the unpaid caregivers spent taking care of the dementia patient for one entire year multiplied by the daily minimum wage in Marikina City (Php 491.00) (USD 10.91) and then multiplied by the number of unpaid caregivers the patient had. Individual costs were computed per component and aggregated for the two major cost themes (direct vs. indirect). All samples were summarized using the median value.



Ethics

The study was approved by the St. Luke's Institutional Ethics Review Committee (CT-14064).




RESULTS


Dementia Incidence

The incidence rate was 16 (CI: 13–20) cases per 1,000 person-years (pyr). Participants with incident dementia were significantly older at baseline and had lower number of years of education. There was a higher proportion of baseline cognitive impairment (CIND) among those who developed dementia (Table 1). This sample mostly comprised females (73.3%). Among subtypes, the majority of cases were Alzheimer's disease (79%) followed by vascular dementia (18.5%) (Table 2). Dementia incidence was higher in females, with 17 (CI: 13–21) per 1,000 pyr compared to 14 (CI: 9–21) per 1,000 pyr for males (Table 3). Incidence rates increased with age, except for in males age 80 years and above.


Table 1. Baseline profile of participants with and without incident dementia.
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Table 2. Diagnosis of dementia subtypes in the incident cases.
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Table 3. Age and gender-specific incidence rate for dementia (per 1,000 person-years).
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Disability Adjusted Life Years

Mean total disease duration was 3.84 years (3.85 years for males and 3.83 for females). There were 24 recorded deaths, with 14 male and 10 female decedents. Using this number of deaths and the standard life expectancy for Filipinos, years of life lost (YLL) was calculated as 404 years (224 years for males and 180 years for females). Using the incident cases, duration of disease, and disability weights, the years lost due to disability (YLD) was 208 (54 for males and 154 for females). From this information, crude DALYs was estimated as 2,876 years per 100,000 persons, 4,891 per 100,000 persons for males and 2,142 per 100,000 persons for females (Table 4).


Table 4. Data for the computation of disability-adjusted life years.
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Cost of Care

The median direct medical cost for dementia care was Php 11,419.03 (USD 237.40) while direct non-medical cost was Php 316.00 (USD 6.57). Total median direct cost was therefore Php 11,016.50 (USD 229.03). Calculating for annual indirect costs accumulated through unpaid caregiving, the median indirect cost was Php 175,565.00 (USD 3,650). The sum of direct and indirect costs (total costs) was Php 188,381.98 (USD 3,916.47) per capita annually (Table 5). The majority (93.2%) of this care expense was indirect cost attributed to estimated lost potential earning of unpaid family caregivers whereas direct medical cost accounted for only 6.8%.


Table 5. Cost of care of community-based patients with dementia.
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Representativeness and Projection

The cohort is demographically representative of senior citizens in the Philippines with respect to age (mean age of 70 years) and years of education (mean of 8.5 years) at study inception in 2015 (14). Geographically, it is representative of Filipino older persons residing in urban and semi-rural areas. The division of urban and rural dwelling in the Philippines was ~50–50 in 2019 (22).

Dementia incidence was 16 cases per 1,000 pyr (95% CI: 12.7–19.6). Using the calculated incidence rate and projected senior citizens population, the Philippines has 149,606 new dementia cases in 2020 and will have 220,632 in 2030, 295,066 in 2040, and 378,461 in 2050 (23) (see Supplementary Table 1a).




DISCUSSION

This is the first large longitudinal community-based cohort study in the Philippines, first to establish prevalence and subsequently incidence of dementia, providing the first evidence-based data on disease-occurrence and burden. It is a wake- up call for policy makers, as dementia prevalence in the Philippines was shown to be the double of the estimate for South East Asia by World Alzheimer Report 2015. Furthermore, the current study showed that dementia incidence in the Philippines, at 16 per 1,000 pyr, is as high as in East Asia, where studies have shown an incidence rate of 13.50/1,000 pyr (1). This is close to the reported 14.06 per 1,000 pyr of the World Alzheimer Report (1) for LMIC. The projected number of new cases for 2020 in the Philippines makes up one quarter of the annual estimate for the whole South East Asia (1), and that number will increase by 50% in 2030 and 100% in 2040 (see Supplementary Table 1a). Using the prevalence rate derived from this cohort in 2011, the Philippines is projected to have total of 1,474,588 dementia cases in 2030, 1,972,067 in 2040 and 2,529,436 in 2050 (see Supplementary Table 1b). Clearly, this rapid and marked increase in dementia occurrence will pose a formidable burden on the healthcare system and the financial capacities of affected households. Currently, the Philippines has no social and health policies to address the dementia epidemic. In order to avoid an impending public health crisis, social and health care policy reform is urgently needed.

Consistent with the global trend, dementia incidence in this cohort increased with age, doubling at every 10-year age group. There was no gender-based difference in dementia incidence among younger participants (60–79 years old), but there was a gender difference in dementia incidence among older participants (80 and above). This is consistent with results from a large population cohort from the Netherlands where a striking decrease in incidence was also seen in males aged above 89 and females were more at-risk to develop dementia by 2.61 times (24). Such trends in women across the age groups (i.e., increasing over the years) and the shifting of males (i.e., more cases in the younger age groups then declining) were also present in a community-dwelling Brazilian cohort (25). In a systematic review for dementia studies across the globe on individuals 60 and over residing in the community, the pooled incidence rate (same age and setting) was 17.18 (95%: 13.90–21.23) per 1,000 person-years with estimates for females consistently higher than males (26).

Aside from age, we found lower years of education, presence of cognitive impairment, and reported difficulty with physical function at baseline to be associated with higher incident dementia. Low education is a risk factor with high weighted population attributable fraction (PAF) of dementia and an important target for dementia prevention intervention (27). In this cohort, disparity in education disproportionately affected females (see Supplementary Table 2). These latter results indicate that efforts to make early life education equally accessible to all citizens (up to at least a high school diploma, which was recently increased from 10 to 12 years of formal education in the Philippines) may be especially important for dementia prevention (28). Mean follow-up time of 3.9 years is similar to follow-up times from prior cohort studies from high-income countries (29).

Two thirds of the cohort had at least one vascular risk, with males having significantly more, e.g., higher number of strokes, smoking, and alcohol abuse (see Supplementary Table 2), consistent with the country's profile. These modifiable lifestyle-related factors such as smoking and alcohol drinking were seen to have gender-based differences since males were more likely to have such behaviors (30, 31). However, we did not find baseline vascular risks, stroke, or heart disease to be associated with incident dementia. In this cohort, incident vascular dementia—for which vascular risks, stroke and heart disease are relevant in terms of dementia pathology—was only 18%. This is likely due to the high mortality rate associated with stroke in the Philippines (32). On the other hand, it may also be hypothesized that vascular risks are managed well as Marikina is one of the cities that has a strong health program for its senior citizens. This can be verified in a future follow-up of the cohort.

With improving care for acute stroke, we expect to see more survivors and likely vascular dementia in younger and working populations <60 years old in the future. The resulting disability will further contribute to increased dementia burden in the population. When incident cases, duration of disease, and disability weights were taken into account in our cohort, the years lost due to disability was 208 and the crude DALY rate was computed to be 2,876 per 100,000 persons (Table 3). Using this rate, our calculated DALY was 219,706. This is close to the estimated Philippine DALY value of 230,296 by the Global Burden of Disease (GBD) study 2016 (33). This is double of the estimated DALY for European countries (18). Dementias rank second in the global burden of disease among neurological disorders (34). Traditionally, health statistics and epidemiology place emphasis on mortality rather than disability of a disease entity, resulting in an underestimation of the burden of disabling neurological conditions such as dementia (35). The long-term and progressive disability from dementia is further complicated by a high economic burden in both formal and informal care, largely attributed to unpaid family caregivers in LMIC and to lost opportunity for participation in the labor force. Ironically, there is limited data on the economic costs of dementia in LMIC. This may be due to low priority given to mental health, an absence of trained health economists, and/or inadequate development of mental health services (36). This study revealed that the cost of informal care in the Philippines is exceptionally high, making up 86% of total cost, reflecting the enormous economic strain on the Filipino families. In comparison, the average estimated informal care cost for LMIC is ~60% (1).

The current healthcare provision system in the Philippines is decentralized, with the Department of Health (DOH) serving as the governing agency and private sectors and local government units providing services to communities (37). The country's national health insurance program, Philippine Health Insurance Corporation (PhilHealth), and other health provision systems such as the Social Security System (SSS) cover for direct medical costs only during hospital admissions (38, 39). Even with government social welfare programs and compensations for medical costs, the affordability of Alzheimer's disease medications remains a challenge in the LMICs. With an affordability index (total number of units purchasable by one's daily income) of 0.8 tablet in the Philippines (40), national health insurance makes little difference in overall economic burden for affected individuals and families. The burden goes beyond direct medical costs because a large proportion of dementia care involves long-term residential care which results in informal costs exceeding formal costs. In our data, the average direct medical cost accounted for only 13.48% while indirect costs of care accounted for 86.29% (Supplementary Table 3). The median, minimum and maximum costs are presented in Table 5.

Moreover, direct medical cost was undoubtedly underestimated given that the majority of dementia cases in the cohort were diagnosed during the study and were not treated with anti-dementia drugs. There were no dementia-specific support services in place in the community for patients to access. Direct cost was related mainly to emergency hospitalization due to dementia-associated events such as falls, infections, and behavioral disturbances. As noted, overall cost of care was mainly attributed to indirect expenses. A major reason for this is that in the Philippines (and in many other LMIC), informal healthcare cost is driven by cultural factors, such as filial piety and obligatory care (41, 42) which removes family caretakers from the workforce. This is consistent with findings in other neighboring Asian countries where a family member cares for the patient with dementia (92.4% in the Philippines) (43). Indirect cost is further underestimated for caretakers who are skilled workers and earning higher than minimum wage (i.e., >USD 10.9/day) and who are unable to work while providing care. Thus, the burden appears to be less on the formal healthcare system per se and more on the financial capacities of households. The data presented in our study therefore calls for an urgent need for government efforts to develop a national dementia care plan in line with recommendations of the World Health Organization to increase subsidy for direct costs and include social benefits and formal training for family caregivers.

Although some dementia prediction models developed in high-income countries may be extrapolated to developing countries, country-specific primary data is still very much needed in LMIC (44). This is a key contribution of our study which provides direct, instead of extrapolated, dementia incidence data. This is further strengthened by its use of repeated, longitudinal, and multi-modal assessments (participants were evaluated by a neurologist or geriatrician, and family informants were also interviewed).



LIMITATIONS

One limitation in this study is that about 35% (N = 475) of the eligible sample were lost to follow-up or were not included in the analysis due to incomplete data, similar to other LMIC cohorts (45). The main reason was mass migration from the city due to consecutive years of frequent flooding between 2012 and 2014. Nevertheless, analysis for selection bias showed insignificant differences between participants with and without follow-up in terms of age, education and cognitive impairment. Possible bias was only seen in terms of sex as the cohort in the baseline study was proportionally allocated based on residence. Since the subject population in this study is a follow-up of the baseline cohort, it should be noted that mostly males were lost to follow-up (Supplementary Tables 4a,b), resulting in the disparate sex distribution reported. Another limitation in this study is the lack of neuroimaging mainly due to high costs in a community-setting of such a sample size. In terms of DALY computation, there are no local data in the Philippines. The estimated life expectancy was therefore derived from the Institute of Health Metrics. Furthermore, there were also no DALY estimates for individual patients, hence we were unable to estimate the 95% confidence interval. For this study, we assumed that the global estimate is applicable to our setting. Lastly, since this is the first community-based cohort study of older adults in the Philippines, the population included was comparatively smaller with fewer risk factors examined than in other 10/66 Dementia Research Group LMIC cohorts. For future follow-up of the cohort, more recently identified risk factors targeted for dementia prevention, such as air pollution (27), a serious problem in LIMCs, will be taken into consideration.



CONCLUSION

We provide the first local community-based data on the incidence of dementia and dementia-related disability adjusted life years and cost of care in the Philippines. Dementia incidence and cost of care was close to estimates in other LMIC. Since informal (family) care is the cornerstone of dementia care in the Philippines, and since educational disparities appeared as a key risk factor for dementia, effective government initiatives for dementia prevention and care should target childhood education for all and assistance for family caregivers. Given the constraints of resource allocation in the LMIC as well as lack of programs geared toward cognitive decline and management of modifiable risk factors for the population of older adults, this study provides data for evidence-based healthcare planning in line with WHO recommendations.
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Background: Body mass index (BMI) in midlife is associated with dementia. However, the association between BMI and late-life obesity is controversial. Few studies have investigated the association between BMI and cognitive performance near the time of death using data from autopsy examination. We aimed to investigate the association between BMI and dementia in deceased individuals who underwent a full-body autopsy examination.

Methods: Weight and height were measured before the autopsy exam. Cognitive function before death was investigated using the Clinical Dementia Rating (CDR) scale. The cross-sectional association between BMI and dementia was investigated using linear regression models adjusted for sociodemographic and clinical variables.

Results: We included 1,090 individuals (mean age 69.5 ± 13.5 years old, 46% women). Most participants (56%) had a normal BMI (18.5–24.9 kg/m2), and the prevalence of dementia was 16%. Twenty-four percent of the sample had cancer, including 76 cases diagnosed only by the autopsy examination. Moderate and severe dementia were associated with lower BMI compared with participants with normal cognition in fully adjusted models (moderate: β = −1.92, 95% CI = −3.77 to −0.06, p = 0.042; severe: β = −2.91, 95% CI = −3.97 to −1.86, p < 0.001).

Conclusion: BMI was associated with moderate and severe dementia in late life, but we did not find associations of BMI with less advanced dementia stages.

Keywords: dementia, cognitive decline, body mass index, weight loss, epidemiology, aging


INTRODUCTION

Dementia affects 46 million people worldwide, and 58% of these people live in low-/middle-income countries (1). Obesity is a known risk factor for dementia, but dementia itself can also affect body weight through changes in appetite and other behavioral problems (2). Body mass index (BMI) is an easy measure to assess nutritional status. Besides, BMI has a strong correlation with total-body and visceral adiposity (3).

In several studies, overweight and obesity evaluated with BMI in midlife (between the fifth and the sixth decades of life) were linked to worse cognitive performance (4–16). However, in older individuals, BMI was not associated with higher dementia risk in some studies, and even higher BMI values were related to lower dementia risk (9, 11, 15, 17). These unexpected findings could be due to reverse causation, as dementia has an insidious onset and a long and asymptomatic preclinical phase, and the weight loss may be secondary to the cognitive and neuropsychiatric changes that occur early during the disease course (11, 12, 18). Survival bias could be another possible explanation since individuals with higher BMI may not survive until old age to develop dementia symptoms, as they suffer a higher burden of cardiovascular disease (8). Another reason for BMI to be found to be protective against dementia could be the presence of consumptive conditions (e.g., cancer), which lead to weight loss, but were not fully adjusted in previous studies (6, 7, 17, 19). Indeed, the presence of undiagnosed cancer could bias the association between BMI and adverse health outcomes (20). Therefore, we investigated the relationship between BMI near the time of death and cognitive performance in 1,090 deceased individuals submitted to a full-body autopsy, which allowed the detection of undiagnosed cancer.



METHODS


Participants

This study used the Biobank for Aging Studies (BAS) collection from the University of São Paulo Medical School (Brazil). Data were collected at the São Paulo Autopsy Service that receives individuals who died from non-traumatic deaths and required a full-body autopsy to determine the cause of death (21). Trained nurses/gerontologists interviewed family members using a semistructured questionnaire that included sociodemographic variables, clinical history, and functional and cognitive assessments. To ensure data reliability, informants had to have at least weekly contact with the deceased (22). Exclusion criteria for the BAS are individuals with macroscopic cerebral lesions that required brain examination by the pathologist to determine the cause of death or the presence of severe acidosis (pH < 6.5) (21).

For this study, we also excluded individuals under 50 years old, those with incomplete data on weight, height, the Clinical Dementia Rating (CDR) scale, or covariates. Body weight was obtained using an electronic scale, and height was measured with a stadiometer with the deceased individuals in the supine position without clothes and shoes (23). All participants underwent a full-autopsy exam. Assessment of the death certificates was carried out to include possible cases of undiagnosed cancer during life. The local ethical committee approved the research (protocol number 04655612.9.0000.0065), and family members of the deceased signed an informed consent document.



Cognitive Evaluation

The CDR is an extensively validated instrument, translated into several languages (24). It is based on clinical symptoms of dementia, not depending on any other psychometric test for its application. It can be applied by non-medical professionals and offers different modes of interpretation, including the possibility of comparative use of a patient's total score over the years (25). It classifies cognitive performance into six categories (memory, orientation, judgment and problem solving, community affairs, home and hobbies, and personal care) through a semistructured interview applied to the individual and an informant. By design, we only used the informant part of the CDR in this study. CDR scores range from 0 (no dementia) to 0.5 (questionable dementia), 1 (mild dementia), 2 (moderate dementia), and 3 (severe dementia) (24). The scoring system is based on individual scores of all categories. Memory was considered the primary category, and others are secondary. It is also possible to compute the total CDR sum of the boxes (CDR-SOB) score by summing the points in each of the six cognitive ability categories (26, 27). The CDR-SOB scores range from 0 to 18.



Covariates

Possible confounders for the association of BMI and CDR were age, sex (male or female), race (White, Black, or Asian), years of education, physical inactivity (defined by <three times of physical activity per week), alcohol use (never consumed any alcohol, current or previous history of alcohol use), current smoking (never smoked, current smoker, or previous use of tobacco), and history of previous medical diagnosis of hypertension, diabetes, coronary heart disease, heart failure, and cancer, which was later compared to death certificates to identify possible non-diagnosed cases during the lifetime.



Statistical Analysis

We compared BMI categories with categorical variables using the chi-square test and continuous variables using one-way ANOVA or the Kruskal–Wallis tests. We hypothesized that dementia presence and severity would determine weight at the time of death. Therefore, we used a linear regression in which the predictor variable was the CDR categories, and the outcome was the measured BMI (Table 1). Age, sex, race, education, hypertension, diabetes mellitus, heart failure, dyslipidemia, cancer, sedentary lifestyle, smoking, and alcohol use were considered confounding factors in the association between BMI and CDR. Besides, we performed a sensitivity analysis for this association using the CDR sum of boxes as the outcome. Moreover, since cancer and current smoking could be a strong predictor of BMI (28), we conducted an additional sensitivity analysis excluding participants with these conditions and using adjusted linear models for the same set of covariates.


Table 1. Sociodemographic and clinical characteristics by body mass index (BMI) categories (n = 1,090).
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To explore the diversity of race/ethnicity in our sample, we investigated whether the association between BMI and cognition was different between Black and White participants. For this analysis, we excluded Asians (n = 35) and created an interaction term between race and CDR. In addition, we conducted stratified analyses by race for the association between BMI and CDR. Statistical analysis was performed with STATA 15 (StataCorp. 2017, College Station, TX). The level of significance was set at 0.05 in two-tailed tests.




RESULTS

A total of 1,090 participants were included in this study. The final sample consisted mostly of men (55%), with a mean age of 69.5 ± 13.5 years old and median educational attainment of 4 years (range: 0–22 years). The most frequent clinical conditions were hypertension (62%), diabetes (31%), and physical inactivity (60%) (Table 1). The majority of the sample had a normal BMI (52%) with a mean BMI of 23.5 ± 5.5 kg/m2 (Figure 1). The prevalence of cognitive impairment (CDR ≥ 1) was 16%. Approximately 24% of individuals were diagnosed with cancer, and 76 (7%) of the cancers were detected during the autopsy exam only.


[image: Figure 1]
FIGURE 1. Absolute frequency of participants regarding the Clinical Dementia Rating (CDR) scores and body mass index (BMI) categories.


We observed that underweight was associated with older age, while obesity (BMI > 30 kg/m2) was more prevalent in younger individuals. Men had a lower BMI, accounting for almost 60% of malnourished individuals. Higher education level was associated with higher BMI, and Black individuals had, on average, lower BMI than White individuals (Table 1). Regarding clinical characteristics, hypertension, diabetes, coronary artery disease, heart failure, and dyslipidemia were associated with overweight and obesity (Table 1). Alcohol use was associated with lower BMI levels (Table 1).

In the unadjusted model, we did not observe BMI differences among participants with normal cognition, questionable dementia, and mild dementia, while moderate and severe dementia were associated with lower BMI (moderate dementia: β = −2.77, 95% CI = −4.73 to −0.81, p = 0.005; severe dementia: β = −4.47, 95% CI = −5.49 to −3.45, p < 0.001) (Table 2). Even after adjusting the analysis for all confounding variables, these associations remained significant. Compared with participants with normal cognition, participants with moderate dementia had on average 1.92 kg/m2 of BMI less than participants without dementia (β = −1.92, 95% CI = −3.77 to −0.06, p = 0.042). Participants with severe dementia had on average 2.91 kg/m2 less than those with normal cognition (β = −2.91, 95% CI = −3.97 to −1.86, p < 0.001) (Table 2). Association between BMI and all covariates is presented in Supplementary Table 1. Age, education, heart failure, cancer, and current alcohol use were related to BMI.


Table 2. Association between body mass index (BMI) and clinical dementia rating (CDR) categories (n = 1,090).
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We performed two different sensitivity analyses that confirm our finding. We first excluded participants with a cancer diagnosis or current smoking. The exclusion of these participants did not change our results (moderate dementia: β = −2.24, 95% CI = −4.48 to 0.06, p = 0.044; severe dementia: β = −3.16, 95% CI = −4.52 to −1.85, p < 0.001) (Table 3). In another approach, we used the CDR sum of boxes as the exposure variable, and we found on average a 0.178-kg/m2 decrease in BMI for each 1-unit increase in the CDR sum of boxes in the fully adjusted model (β = −0.178, 95% CI = −0.238 to −0.119, p < 0.001) (Figure 2).


Table 3. Association between body mass index (BMI) and clinical dementia rating (CDR) categories, excluding participants with cancer and current smokers (n = 575).
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FIGURE 2. Predicted body mass index (BMI) according to Clinical Dementia Rating sum of boxes (CDR-SOB). Predicted BMI was calculated using a linear regression model adjusted for age, sex, race, education, hypertension, diabetes mellitus, heart failure, dyslipidemia, cancer, sedentary lifestyle, smoking, and alcohol use.


We also investigated the interaction between race and CDR on BMI values. We did not find a significant interaction between race and CDR (p = 0.328). Moreover, we found similar associations between CDR and BMI in White and Black participants in stratified analyses by race, with lower BMI values among participants with severe dementia compared with participants with normal cognition (Supplementary Table 2).



DISCUSSION

We found an association of BMI with moderate and severe dementia, suggesting that individuals with more advanced dementia are more likely to have lower body weight by the time of death. We did not find associations between BMI and early dementia stages. When we excluded individuals with cancer and current smokers, moderate and severe dementia were still associated with lower BMI. Moreover, we did not find evidence of interaction between race and cognitive status on BMI.

The relationship between BMI and dementia varies along the life course. In middle-aged adults, obesity was linked to brain atrophy (29), worse cognitive performance, and higher mortality (30, 31). This association may be explained by diverse pathophysiological pathways, including systemic and central nervous system inflammation (32), triggered by the production of hormones like leptin and other inflammatory cytokines (e.g., tumor necrosis factor-α and interleukins) by the adipose tissue. After long-term exposure, inflammation is believed to damage cerebral arteries, raising the risk for vascular dementia and Alzheimer's disease (30, 33–39). In animal models, intestinal microbiota dysbiosis linked to obesity also stimulates the neuroinflammatory response, but human data regarding this hypothesis are still lacking (35).

On the other hand, obesity was not associated with higher dementia risk in late life, while lower BMI was related to higher dementia risk (8, 9, 11, 15). Along with these findings, we found that moderate and severe dementia were related to lower BMI. One possible explanation for the lower BMI to be related to dementia could be reverse causation. Even decades before the dementia diagnosis, deposition of beta-amyloid and tau proteins in the olfactory bulb leads to impaired smelling capacity. In addition, the deposition of beta-amyloid protein on the hypothalamic nuclei is among the earliest neuropathological changes in Alzheimer's disease (36). The impaired smell sensibility can impact food tasting, decreased calorie intake, and lead to weight loss (37, 38). Deposition of beta-amyloid proteins in areas of the brain responsible for energy and hunger regulation can also decrease hormones, like leptin, cholecystokinin, and serotonin. Phosphorylated tau proteins are also linked to the avoidance of high-fat diets, related to higher BMI (39). However, we did not find that early dementia stages were related to lower BMI, only moderate and advanced dementia were associated with lower BMI values. These findings could be caused by neuropsychiatric symptoms that are common among individuals with more advanced dementia stages. Depressive symptoms often include appetite loss and apathy and the absence of motivation or initiative to obtain food and eat (18). Besides, the disturbance of neurons that produce neurotransmitters (e.g., norepinephrine) may result in anxiety and appetite dysfunction (38). Besides, patients with moderate and advanced dementia are at least partially dependent on basic activities of daily life, such as obtaining and cooking food (19). Another crucial factor to consider is dysphagia. A systematic review showed that 57% of patients with advanced dementia had dysphagia, which is an important cause of weight loss, malnutrition, dehydration, and additional functional loss (40).

A fundamental aspect of our study is that we could include data from the autopsy examination, while most studies on the association between BMI and dementia used clinical data (8, 9, 12). We were able to detect 76 additional cancer cases, which increased the frequency of neoplasms from 20 to 24% in our sample. The investigation of consumptive diseases like cancer is of paramount importance when studying the effect of BMI on health outcomes. Cancer is associated with severe inflammation and cachexia syndrome that lead to weight loss (41–44). Another strength of our study is that the data were collected at the São Paulo Autopsy Service, a general autopsy service. Therefore, most participants do not have cognitive impairment or have mild symptoms of dementia, which more accurately represent community-dwelling adults regarding dementia prevalence and severity. Another advantage is that this study was conducted in a sample with diverse races compared with other studies based on North American, European, and Asian populations (8, 9, 11, 14). Dementia risk seems to be higher in African Americans compared with non-Hispanic Whites (45). Since Brazil is a multiracial country (46), we were able to explore whether the association between BMI and cognition differed by race. Severe dementia was related to lower BMI in both White and Black participants, but we did not find an effect modification by race in this association.

Nonetheless, our study needs to be considered in light of its limitations. The cross-sectional design does not allow establishing cause–effect relationships. Moreover, despite extensive literature showing a high correlation between BMI and body adiposity (41), we did not directly measure body adipose composition. Instead, we used BMI, which is easy to perform in clinical settings and is correlated with body adiposity (3). Finally, we do not have available information on the neuropathological examination of these cases at this moment.

Our main finding was that individuals with moderate and severe stages of dementia had lower BMI, in agreement with previous studies (4–12, 16). However, no significant association was found with earlier dementia stages. Our study contributes to understanding the association between BMI and dementia at the end of life, including the information of undiagnosed cancer during life that could have contributed to weight loss unrelated to dementia. Further studies are needed to establish the pathophysiology and mechanisms directly leading to weight loss from preclinical to advanced dementia.
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Following stroke, individuals require ongoing screening, diagnosis and monitoring for cognitive impairment. Services and policies around these vary widely between settings, and reports from many countries highlight persistent under-diagnosis of cognitive impairment in the months and years after stroke. Missed and delayed diagnosis of post-stroke cognitive impairment, including dementia, are important factors in shaping the experiences of people so affected and their family members, especially in low- and middle-income countries. Drawing upon ethnographic research conducted in Malaysia, this article draws upon three case studies to examine the continued health-seeking behaviour after the appearance of salient cognitive and behavioural symptoms that occurred after stroke. Findings highlight the challenges in getting formal diagnostic clarity for cognitive and behavioural symptoms in a rural setting within a middle-income country. No study participants sought help for memory or cognitive problems, partly due to limited lay awareness of cognitive impairment but more significantly due to health service factors. Despite their elevated risk for dementia, participants were not monitored for cognitive impairment during any follow-up care in various health facilities. Furthermore, caregivers' attempts to seek help when behavioural issues became untenable were met with multiple health system barriers. The journey was complicated by the meanings attached to the reactions towards cognitive symptoms at the community level. We suggest that strategies seek to increase the awareness of post-stroke cognitive and behavioural symptoms, and incorporate clear treatment pathways into the long-term care plans of community-dwelling stroke survivors.
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INTRODUCTION

Cognitive impairment (CI) is a frequent complication in stroke survivors (1) and predicts post-stroke death, dependency, and institutionalisation (2–4). Cognitive status offers a way to understand the extent of cognitive impairment and is assessed across a continuous spectrum ranging from no cognitive impairment (NCI) to dementia. While cognitive decline may continue post-stroke, up to 20% of patients with cognitive impairment show improvement (5). While most improvements occur in the first 3 months, recovery may continue for at least the first-year post-stroke. However, stroke survivors can develop delayed dementia beyond the initial 3 months. A registry-based study with mean follow up time of 3.79 years found that, in elderly stroke patients aged above 75 years old, 23.7% developed delayed dementia post-stroke (6). Previous research estimated that 10% of patients had dementia prior to their first stroke, 10% developed dementia after first-ever stroke (7), and approximately one-third experienced dementia following recurrent stroke (8). A 10 -year longitudinal study of people with no stroke at baseline showed that individuals who experienced a stroke during the observation period had faster memory decline than those who remained stroke-free throughout (9). Further, the presence of both post-stroke CI (10) and accelerated post-stroke cognitive decline (11) were independently associated with recurrent stroke. Hence, the recognition of CI in this high-risk group is vital for early intervention and improved management.

The importance of diagnosing and monitoring cognitive impairment after stroke has been repeatedly stressed (12–14). However, reports of under-diagnosis of cognitive impairment remain a common theme in stroke. The onus of the detection of cognitive impairment is often placed in the hands of the healthcare practitioner, and recommendations for post-stroke monitoring emphasises cognitive screening during presentations in hospitals or healthcare facilities. But in reality, health practitioners often miss out on cognitive impairment due to the inherent bias towards physical recovery (in the case of stroke) (15). Delays in the presentation of a person suspected to have cognitive impairment or dementia to health facilities may also play a role, and is commonly attributed to various reasons shaped by the cultural and social environment. This includes: a consideration of memory problems as part of normal ageing (16–18), stigma (17), failure of family members or primary caregivers to recognise symptoms (19–21), and familial disagreements on the symptoms and course of action (17, 20, 22). A timely diagnosis of dementia is beneficial in many ways. Affected individuals and their caregivers or family members can be referred to treatment and support services to enable future planning and better management of disease-related symptoms (23, 24).

Dementia in itself is under-recognised and under-diagnosed in low-and-middle-income countries (LMIC) (25). Contextual factors such as stigma (25), different understandings of disease (26–29), and generally low expectations of abilities in older people (30) contribute to lower awareness and recognition of dementia. LMICs also struggle with limited resources within a health system where acute and other chronic conditions create competing priorities. However, as LMICs are projected to be home for the majority of people living with dementia by 2030 (22), there is a need to better understand how contextual factors interact with health system factors in order to plan for programmes and strategies that will address the underlying issues related to disease recognition and diagnosis.

Malaysia is a middle-income country that is experiencing a demographic transition, edging towards population ageing and increasing prevalence of non-communicable diseases among older adults (31). The Malaysian health system is comprised of both public and private sectors. The majority of the healthcare system is supported by the public sector, with a higher concentration of the private sector in urban areas. In urban areas, where most health facilities (in both private and public sectors) are centred (32), shortages are evident due to the private sector focused on curative services as opposed to long-term chronic care (33). In rural areas, the majority of patients with chronic medical conditions receive their care from the public sector but with less than optimal disease control (34–38). Stroke rehabilitation remains a challenge in Malaysia, where there are there is a shortage in rehabilitation specialists and units (39), and poorly coordinated and fragmented post-stroke care and rehabilitation (40). There is also no information on the experiences of stroke survivors with CI in the community. In this article, we report the continued health-seeking behaviour of three elderly stroke survivors living in the rural community with salient cognitive and behavioural symptoms that occurred after stroke.



MATERIALS AND METHODS


Participants

Participants were recruited as part of a larger ethnographic study on stroke recovery using the South East Asia Community Observatory (SEACO) research platform. SEACO is a demographic and health surveillance system (DHSS) located in the district of Segamat in Johor, the southernmost state of peninsular Malaysia (41). This article focuses on three case studies, drawn from a sub-study of 18 people with stroke and their caregivers. The three participants (two women and one man) sampled for this analysis were aged between 72 and 80 years old. They were all of Malaysian-Chinese descent, and lived in the same village. All three participants lived with their caregivers.

Participation in the study was voluntary and the study was approved by Monash University Human Research Ethics Committee (CF14/315 – 2014000105). A detailed description of the consent process has been previously described (42).



Methodology

The detailed methodology for the ethnographic study has been described elsewhere (42, 43).

Stroke survivors were identified during two annual health data collection rounds conducted by SEACO. Those who reported stroke were then visited, in order to assess their suitability and willingness to be enrolled in the study. A community key informant referred other stroke survivors who were not captured in the annual round to the study team.

Ethnography was chosen as a research approach in order to gain an in-depth insider understanding of people's behaviours and practises, and what they meant to the participants. Ethnographic research draws upon fieldnotes, observations, interviews and even objects, which are triangulated to produce comprehensive and in-depth understandings of the social environment. Through participant observation, researchers can obtain insights into social practises and behaviour that are not readily apparent to the public eye. Compared with some other forms of qualitative research, ethnographic research can be more difficult to undertake due to this complexity. The need to spend relatively long periods of time gathering data from different sources, with the goal of producing a detailed account of a particular setting, means it is resource- and time-intensive. Because of this intensive approach, sample sizes are typically smaller. This is reflected in the current study, where the first author (KHY) worked with a small number of individuals in a defined geographic area.

The study was located within a single village, and sought to examine the experiences of Malaysian-Chinese stroke survivors and their health seeking pathways, with a special focus on cognitive decline after stroke. The main study on stroke and CI had 18 participants (42, 43). Three community-dwelling participants with salient cognitive and behavioural symptoms after stroke were sampled from this larger ethnographic study. These participants were selected because a) they had a continuous regular engagement with healthcare facilities and were considered compliant to follow-ups, b) they had responsive caregivers who were willing to participate in the study as informants, and c) they all had salient cognitive and behavioural symptoms observed and reported in detail by their caregivers. Within these cases, we examined the missed opportunities for CI diagnosis.

The case narratives of participants were constructed from in-depth interviews, observations and extensive fieldnotes collected over the span of 1 year (July 2015 to June 2016). Several scales were also administered and rated at the beginning of the study in order to capture the current functional state of participants: Modified Rankin Scale (mRS) (44), Patient Health Questionnaire, 9 items(PHQ-9) (45), Montreal Cognitive Assessment (MoCa) basic (46) and the EuroQol-5D (EQ5D) (47) Visual Analogue Scale (VAS).

As this study was part of a larger study on stroke, the initial interview typically started with questions on stroke experience, for example, Why did you think stroke happened? How do you think this should be treated? Who did you call to ask for help? What did you think happened? Questions exploring memory concerns were asked subsequently, including How is your memory? Depending on participants' responses, these questions were then followed up with probing questions. These included questions such as: Do you think you have memory problems (or concerns)? Why did you think your memory worsened? Findings on understandings of stroke and CI were reported elsewhere (42, 43).

Subsequently, the researcher explored the choices made by participants and discussed perceptions of stroke, memory (or aspects of cognition) and health. Contextual issues that may have shaped participants' interaction with health services, including uptake, and impact of their actions in health-seeking were also explored.The first author [KHY] lived in the participants' village during the data collection phase, observing how participants lived and how they carried out daily routines. KHY also accompanied participants and their family members during some of their visits to health facilities, and documented her observations though fieldnotes. All participant names in this article are pseudonyms.




FINDINGS


Case 1—Mr Pi

At the time of the study, Mr Pi (72 years old) was 4 years post-stroke and living with his adult daughter (Meijie) and wife (see Table 1). He was usually in his wheelchair and could stand but was not able to walk. He was dependent on his family for all aspects of his life, from toileting and transfers to meal preparation, although he could eat on his own. His diabetic medication was also managed by his caregivers. His scope of activities was therefore limited and not high in complexity. He also did not like to talk much after his stroke. At first glance, it would seem that he was a silently compliant person, living peacefully at home, taken care of by his family. However, it was clear that he had cognitive deficits. This was reflected in his cognitive screening, where he only managed 10 out of the maximum 30 points [via the Montreal Cognitive Assessment (48) was administered to him as part of the larger study]. He demonstrated challenging behavioural issues, such as fluctuating moods (resulting in temper tantrums), and occasionally intentionally urinated on the walls of his bedroom, which stressed his family. His behaviour was construed as “naughty” but harmless. Meijie felt that, compared to his previous state where he was completely bedbound and on a feeding tube (for the first month post-stroke), his current condition was a lot better and that he had “stabilised” because he could sit up and could eat well.


Table 1. Characteristics of participants in case studies.

[image: Table 1]

Meijie and Mrs Pi monitored Mr Pi's health in the local government health clinic within the village. Still, they had never discussed any of his behavioural issues with the healthcare provider as they did not think that the issues were related to the stroke. Mr Pi's consultations with his healthcare providers were generally short (regular checking of vital signs, blood pressure and blood tests reviews), and not conducive for in-depth discussions regarding Mr Pi's management at home. Especially for chronic stroke survivors like Mr Pi, it was assumed that the carer could manage and that, if they had any issues, caregivers themselves would bring them up with the doctor. On the other hand, Meijie had no expectations that anyone in the health clinic would be able to help her, nor was she able to explicitly verbalise what aspect she wanted help with. Even when explicitly asked if there she desired any help in the care of her father, Meijie responded, “Can't think of anything. [I] just take care of him like this.”


Analysis

Meijie's perception of Mr Pi's health was influenced by his previous (poor health) state, and her expectation of a “healthier” body was based on this lower baseline. Because he had put on weight, could sit up on his own, and communicate his likes and dislikes to a certain degree, he was considered “okay.” His current state of abilities and behavioural issues were normalised as part of who he was. His family had adjusted to his current state without any expectation of further improvements. This normalisation is similar to findings from India, where the high tolerance of impairments and low expectations for older people was borne out in the low reporting rates or health-seeking for memory issues by their family members (30). Despite regular follow-ups as part of his health management plan, Mr Pi's behavioural and cognitive issues were not detected by his health providers, because his caregivers did not feel that these issues were significant. There was also a lack of monitoring of his cognitive status. Mr Pi was never administered any formal assessments for his cognitive status throughout his care.




Case 2—Madam Lu

At the time of the study, Madam Lu (80 years old) was 1 year post-stroke, and living with her husband, Mr Xing (79 years old) (see Table 1). She still had remaining leg weakness and needed to use the walking frame for stability. She had high blood pressure and high cholesterol and was put on medications. Explicit cognitive symptoms were observed in Madam Lu. Her husband managed her medications for her, serving the appropriate doses to her as she would otherwise forget to take them or muddle up the dosage. Both she and her husband were aware of her memory decline, but this was normalised even though she depended on Mr Xing for some, but not all, of her activities of daily living. He did the majority of the household chores. While she used to handle all household chores on her own, by the time of the study, Madam Lu was only able to manage simple tasks in food preparation (plucking vegetables) or folding small items of clothing. Her cognitive issues became more apparent when they shifted into a newly renovated home a few streets away; Madam Lu sometimes became disoriented and asked to be brought to back to her “real home” because she forgot that she had moved. Mr Xing became increasingly puzzled with her behaviour, which included moments when she would ask to die, which he interpreted as evidence that she might be having some mental health issues.

Throughout this time, Madam Lu regularly attended the government health clinic for blood pressure and cholesterol medications but, like Meijie (the caregiver from Case 1), Mr Xing did not bring up these issues to the healthcare provider. Instead, he asked his son to take Madam Lu to the private hospital to consult a psychiatric specialist. Madam Lu, on the other hand, was still preoccupied with her leg weakness. She complained about her leg when her son came to take her to the private hospital; she was brought to the orthopaedic specialist to consult on her leg instead of the psychiatrist. Mr Xing did not want to make a fuss because he felt that the decision-making regarding the choice of health provider lay with his son, who paid for Madam Lu's medical expenses at the private hospital.

This decision to remain silent was borne out negatively over time. One and a half years after her stroke, Madam Lu lost her balance at home and experienced a bad fall, after which she became bedbound. Mr Xing felt that it was because she had forgotten to hold on to her walking frame when making her way to the bathroom, and had therefore lost her balance and fallen. After the incident, Mr Xing simply could not cope alone at home with her, so she was shifted to her son's home to be cared for by him and his family. At that point, her medical care was transferred to the nearest public hospital located in the same town and, from then on, her mental state worsened:

She just sits there and lies down there you know. She is not very spirited you know. she does not really want to talk. The first time when I went to see her, she was sitting there and her eyes were wide open. When people asked her who came to see her, she could still tell [who visited]… The second time when I went to see her. she lay there with her eyes closed. (Mr Xing)

Before she was confined to bed, she was socially active and generally chatty. After her fall, she became very depressed and quickly deteriorated physically and mentally. Mr Xing felt helpless as he watched the deterioration of her mental state, but it was not something that he thought needed management at that time. Madam Lu passed away in her sleep 2 months after she moved to her son's home.


Analysis

Different levels of recognition of the impact of CI meant that participants received varying levels of support to manage their well-being. Earlier recognition and diagnosis of CI and dementia in clinical settings has been advocated because it provided patients and caregivers with earlier support and training to cope at home (38, 39). Mr Xing perceived that there was a need to address her issues and had sought out resources from their son, an external resident. However, due to his lack of understanding of Madam Lu's condition, their son took her to an orthopaedic specialist instead of a professional who could address her psychological and behavioural issues. In the end, because her son provided the resources for her specialist care, Madam Lu was not able to access services relevant to the needs perceived by Mr Xing. Even though she had been in contact with various healthcare providers, her cognitive issues were not detected in any of the health facilities in either public or private sectors. Again, this points to the lack of monitoring of patients at-risk for dementia by health service providers. Arguably, Mr Xing and Madam Lu's confusion, distress, and helplessness may have been alleviated to a certain degree if the impact of CI was recognised and supported by healthcare providers.




Case 3—Madam Nu

At the time of the study Madam Nu (78 years old) was 1 year post-stroke and lived with her husband, children and grandchildren (see Table 1). She had recovered well after stroke and was only left with facial numbness. Her daughter, Huajie, was in charge of the arrangements and transport for Madam Nu's health visits, including regular follow-up visits to the hospital in another town for a heart-related condition. Huajie had noticed that Madam Nu tended to dwell on past memories, and did not always remember what happened more recently. While Madam Nu was aware that her memory had declined, she was unperturbed as the deficits did not interfere with her daily activities. Household chores were done by the younger generation and she usually spent her time watching television.

Huajie became very concerned when Madam Nu's behaviour started to disrupt home life. Madam Nu experienced increasingly frequent periods of poor temper, which created uncomfortable situations for her family members. She would often jump to misconstrued conclusions based on incomplete information, as she had forgotten some of the events that happened in between. Madam Nu's behaviour also caused embarrassment for her family, as some of the storeys she told to her neighbours reflected badly on her family members. Her memory decline not only meant she forgot the small everyday acts of care performed by her family, but also amplified her resistance towards their help or suggestions for activities. Incidents that happened at home were told to other people from a negative angle, with omissions or exaggerations of some details contrary to what really happened. This then strained Madam Nu's relationships with her family members as she created conflicts out of normal everyday interactions.

As the problems with Madam Nu escalated, Huajie tried to suggest a visit to see the psychiatrist, but this was met with intense objection from Madam Nu as she not feel that there was anything wrong with her. She also did not realise that her memory deficits caused some of the misunderstandings that resulted in her suspicion and anger. Huajie then attempted to bring up her mother's behavioural issues with their regular health practitioner at during a follow-up consultation:

I told [the doctor] that my mother's temper is getting worse. [She] keeps scolding people, [so could they recommend] any method or any medication to control her [behaviour]? The doctor just smiled at me. I am not sure if he thought that we were unable to communicate with my mother or that we complain that our mother is not good or because of our socioeconomic status. He did not further ask properly.

Huajie had hoped to get a referral or some suggestions from the doctor to help manage Madam Nu's mood and occasionally erratic behaviour. Her concerns were brushed aside by the attending doctor. Huajie was frustrated with the doctor's reaction, which.she felt reflected an incorrect comprehension of the extent to which she and her family had gone to try and understand Madam Nu.


Analysis

Family members were not always guaranteed any response or helpful advice even when they did report behavioural issues to health providers. Huajie, who finally decided to bring up the matter with Madam Nu's regular healthcare provider after her behavioural symptoms escalated, was dismissed by the doctor. This left Huajie at a loss—she had perceived a need to address such issues, but received no support to do so. In this case, the healthcare provider did not think that the patient needed to be assessed for further management, which resulted in Huajie not having access to appropriate care which was crucial for addressing the Madam Nu's behavioural issues in the home setting.





DISCUSSION

Individuals in this article did not seek help for memory or cognitive problems. Instead, behavioural issues prompted caregivers to seek help. This phenomenon is not surprising and reflected in the same trends found in more well-resourced settings (49). In the current context, health service factors contributed significantly to this phenomenon.

Even though stroke survivors are known to have elevated risk of progressing to dementia, the three study participants were not monitored for cognitive impairment during any follow-up care in various health facilities. According to the participants and their caregivers, none had undergone any form of formal assessment of their cognitive abilities in any of the health facilities they attended, not even during the acute stage of stroke. This was also the case for all participants in the broader study. Contextual issues shaped how they viewed CI, and the obvious emphasis on physical abilities were barriers to the diagnosis of CI or behavioural issues (42). The lack of pathways for stroke after hospitalisation extended to other symptoms, including CI and other psychosocial issues, which increased the difficulties in getting a proper diagnosis. Study participants and their families simply had no clear idea of what to do when faced with these issues, resulting in delays to seeking help from health service providers or not seeking help at all. Families experienced some degree of distress when dealing with the changed behaviour of their loved ones and were stuck in uncertainty. They knew that something was wrong, but could not quite place what this was, and so were not sure of how to go about getting help. This points to the need to implement a care plan or pathway for stroke survivors in which cognitive assessments are routinely undertaken, as per recommendations in international guidelines (50, 51).

The health providers consulted in these three cases did not seem to be picking up distress signals from the family caregiver when they reported mood and behavioural changes, regardless of the time since stroke, the severity of the CI symptoms, or even reports of mood and behavioural issues. None of these were considered by healthcare providers who were in contact with stroke survivors in the community. In Malaysian settings, behavioural and psychological symptoms significantly contribute to caregiver burden more than the actual cognitive impairment in patients with dementia (52). Therefore, there is a need to strengthen the awareness, knowledge and attitudes of stroke survivors and their caregivers regarding cognitive and behavioural signs, symptoms and changes after stroke—all factors that need attention and reporting. Caregivers should also be educated on the resources and facilities that they can contact when they have doubts about the symptoms or progression of their loved ones. In doing so, caregivers will be able to actively recognise symptoms and make the first step for discussion with healthcare providers, which can lead to suitable treatment or further referrals. The strategies to strengthen awareness need to consider family members' and patients' lay understandings of their condition and the interactions within the households' family structure.

In this paper, we have highlighted the challenges in getting formal diagnostic clarity for cognitive and behavioural symptoms in a rural setting within a middle-income country. We suggest that strategies seek to increase the awareness of post-stroke cognitive and behavioural symptoms, and incorporate clear treatment pathways into the long-term care plans of community-dwelling stroke survivors.

The emphasis of the original study from which the case narratives were extracted from is from the perspective of the stroke survivors and their family units, and focuses less on the perspective of healthcare services providers. One of the reasons for the lack of inclusion of the perspective from healthcare providers is the need for additional layers of ethical and institutional approvals in obtaining formal interviews (especially concerning Ministry of Health employees and facilities). Future studies should include healthcare providers' perspectives in terms of long-term follow up and actual management in the community.
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Background: Primary Progressive Aphasia (PPA) is characterized by progressive language impairment due to focal degeneration of brain areas related to linguistic processing. The detection and differential diagnosis of PPA can be difficult with clinical features that may overlap with features of other neurological conditions, such as Alzheimer's disease (AD). The scientific production on PPA in Latin American patients is still scarce. This study investigated the first symptoms in a Brazilian sample of patients with PPA in comparison with AD patients.

Method: We compared the first symptoms reported by caregivers of people with PPA (n = 20; semantic variant n = 8, non-fluent variant n = 7, logopenic variant n = 3, and unclassified cases n = 2) and AD (n = 16). Data were collected through the application of a structured questionnaire that was presented in an interview format to the caregiver who knew the patient best.

Results: Anomia, paraphasias and motor speech difficulties were the first symptoms capable of differentiating patients with PPA from those with AD, while memory was exclusive of AD. Among the PPA variants, anomia was the initial symptom associated with the semantic variant, while motor speech difficulties were associated with the non-fluent variant. The results are discussed considering the unique cultural and sociodemographic characteristics of this studied population.

Conclusion: This study demonstrated that some of the initial symptoms of PPA patients may be unique to clinical variants of PPA and of AD, and their investigation may be useful for the early and differential diagnosis of this population.

Keywords: aphasia, primary progressive aphasia, Alzheimer's disease, differential diagnosis, signs and symptoms, language


INTRODUCTION

Primary progressive aphasia (PPA) is a neurological syndrome characterized by a progressive and prominent language impairment. It occurs due to neurodegenerative processes in the frontotemporal regions, predominantly in the left hemisphere (1–3). Language impairment should appear relatively isolated, without equivalent changes in other cognitive domains, in addition to the indication of a neurodegenerative condition, in order to confirm a diagnosis of PPA (1, 4, 5). Aphasia should be the most prominent deficit during the early stages of the disease (1). For this reason, the first symptoms must be investigated and described in order to differentiate PPA from other neurological disorders that have a different symptomatic picture in the early stages of the disease, and to perform the differential diagnosis of PPA variants.

There are three variants of PPA, which have specific characterization and diagnostic criteria (1, 3, 6, 7). Semantic variant (svPPA): characterized by fluent spontaneous speech, but with recurrent episodes of anomia and difficulty in understanding isolated words. Subjects may have verbal and semantic paraphasias, generalizations, omissions, in addition to reading and writing difficulties. The clinical condition is due to the involvement of the anterior temporal areas, which may occur in both cerebral hemispheres. Non-fluent/agrammatic variant (nfvPPA): mainly characterized by non-fluent oral expression, and may include apraxia of speech and/or agramatism, with the production of simple and short sentences, slowed speech, errors in articulatory movements, changes in prosody and substitutions of speech sounds. These symptoms result from the involvement of fronto-insular areas of the left hemisphere. Logopenic variant (lvPPA): characterized by difficulty in repeating sentences and finding words at the time of oral communication, including phonological errors in speech. The symptoms in this variant are due to a neurodegeneration at the left temporoparietal junction.

In turn, Alzheimer's disease (AD) is a neurodegenerative disease often diagnosed based on clinical symptoms, which gradually worsens cognitive and behavioral domains, such as learning and memory (8). The main clinical criteria for the diagnosis of dementia due to AD include cognitive and/or behavioral changes that impact the functioning of daily activities and represent a decline from previous levels of functioning (9). The deficits should occur at least in two domains, such as impaired ability to remember new information, impaired reasoning or changes in personality and behavior (9). Common symptoms of AD include impaired ability to acquire or recall new information; impaired judgment and handling of complex activities; involvement of visuospatial skills; involvement of language domains; behavioral changes, such as apathy, hyperactivity (agitation and irritability), psychosis (delusions and hallucinations), and affective symptoms (depression and anxiety) (8, 9).

The characterization of PPA variants can easily be confused with the findings of other neurological disorders, especially with AD. Many cases of PPA are believed to be underdiagnosed, while others still remain without a closed diagnosis or with a long delay to completion (10). Studies have reported that the lvPPA may appear as an initial symptom of AD in atypical cases, being recognized as one of the non-amnestic variants of AD (6). The same occurs with semantic and non-fluent variants, that are mistakenly diagnosed as the behavioral variant of frontotemporal dementia (FTD) (11) without an adequate and accurate characterization. These diagnostic mistakes can be explained both by the common symptomatic characteristics, but also by the similar neuropathological findings of both syndromes.

Studies report that FTD in general (including PPA) in low- and middle-income countries, such as Brazil, have a late diagnosis when compared to AD (12). The delay in receiving the correct diagnosis may be related to the patients' delay in seeking medical care, the delay in the Brazilian public health system in offering care, or even to the difficulties in reaching the correct diagnosis. There is evidence that these patients suffer from diagnostic errors due to the clinicians' difficulty in differentiating the types of dementia during initial manifestations (12). One previous study conducted in Brazil already reported the need for a careful investigation of the first symptoms (12). An in-depth investigation of the initial symptoms is believed to be even more important when patients come to the referral centers at later stages of the disease.

Given these diagnostic difficulties, studies that seek differential diagnoses and characterizations of PPA compared to other disorders, such as AD, are helpful for the accuracy of diagnosis and the best clinical management of these individuals. An important alternative would be the neuropsychological and the speech/language assessments to define the appropriate classification of PPA subtypes, in order to differentiate it from other neurological disorders (11, 13, 14).

However, it is also essential to perform a clinical examination and a comprehensive anamnesis in order to investigate the occurrence of the first symptoms presented by the patient. In addition, language plays a central role in the management of PPA and, therefore, studies that investigate how the syndrome manifests itself in speakers of different languages are of great relevance. Given this context, this study aims to describe the early symptoms of patients with the three variants of PPA, compared with patients with AD, in a sample of Brazilian Portuguese speakers.



MATERIALS AND METHODS


Participants

This is a quantitative, descriptive and cross-sectional study.

The study included a convenience sample of patients with an established diagnosis of PPA (1) or AD (15), according to current diagnostic criteria, who consented to participate in the study by signing the Informed Consent Form (ICF) by the guardian, and who had a family member or caregiver who was familiarized enough with the patient to answer the study questionnaire. The study excluded subjects who did not agree to participate and those who did not have a family member or close caregiver to answer the questionnaire.

All participants were diagnosed by a neurologist who considered information from an interview with patient and caregiver; physical examination; neuropsychological and speech and language assessment (this only for patients in suspicion of PPA); blood tests; and neuroimaging tests (magnetic resonance imaging—MRI). For some patients, cerebrospinal fluid examination with dosage of biomarkers of AD and functional neuroimaging tests (FDG-PET or SPECT) were also performed. Our sample consisted of patients from both the public and private health systems. The Brazilian public health system does not cover the costs of the cerebrospinal fluid examination AD biomarkers or functional neuroimaging, so such tests were only performed by patients who could afford to pay for these tests privately or had health insurance to cover their costs. A few patients from the public universities had results of AD biomarkers in the cerebrospinal fluid as part of other research protocols.

The study included patients from the Neurology Outpatient Clinic of the Irmandade Santa Casa de Misericórdia de Porto Alegre (ISCMPA), and from the Behavioral and Cognitive Neurology Outpatient Clinic of the Hospital das Clínicas of the Universidade Federal de Minas Gerais (HC-UFMG), in Belo Horizonte.

This study was conducted in line with local ethical standards and was approved by the Research Ethics Committee of the ISCMPA (under no. 3,117,790), and also by the Research Ethics Committee of the HC-UFMG ethics committee (under no. 2,018,855).



Procedures

Data were collected through a structured questionnaire (Appendix 1) prepared by the researchers, which was conducted as an interview with the caregiver who had the best knowledge about the patient. The questionnaire was applied in person, or by a previously scheduled telephone call. Participants were informed about the study procedures, then read and signed the informed consent form, and finally answered the interview. When made by telephone call, the ICF was read and agreed to via an online document.

The questionnaire consisted of closed and open questions about personal and sociodemographic information (of patient and caregiver), clinical data, and the description of the first symptoms of the disease presented by the patient. The first symptoms were collected first through an open question, where the respondent had to explain with his/her words how the disease started. The next question was a closed question with a list of symptoms that was read to the respondent and he/she had to confirm if those symptoms occurred at the very beginning of the disease or not. We decided to present this list of symptoms to complement the description made by the respondent in the open question, in case he/she has forgotten any important symptom. This list of symptoms was created by the researchers in order to present the most important symptoms for the detection of PPAs and AD, in a brief way and using a plane language for the participants. The answers in the open question were transcribed and grouped into categories decided upon by consensus by the researchers together with the answers in the closed question.

The questionnaire was administered by one of the researchers who is a speech and language pathologist with expertise in dementia and a Brazilian-Portuguese native speaker. This examiner was not involved in any part of the diagnostic process of our participants, since them were already diagnosed when they were selected to participate of this study. The administration time needed for the questionnaire was about 20 min.



Data Analysis

Pearson's Chi-Squared Test and Fisher's exact test were used to investigate an association between the first symptoms and the participants' diagnosis. Sociodemographic features of the respondents (caregivers of individuals with PPA and AD) were compared using Pearson's Chi-Squared Test and t-student test. A significance level of 5% was adopted.




RESULTS

Overall, 20 individuals with PPA and 16 with AD were included in the study. In relation to sex distribution, 50% of the patients who had PPA and 62.5% of the patients who had AD were female. In turn, the mean age of the groups was 68.1 (±7.7) years for patients with PPA and 79.9 (±9.0) for patients with AD. As for the educational level, subjects in the PPA group had an average of 13.5 (±4.3) years of study, while subjects in the group with AD had an average of 5.2 (±4.0) years of study. All participants with PPA and AD were right-handed. Descriptive data for all participants are shown in Table 1.


Table 1. Sociodemographic characteristics of the participants.
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The respondents of our questionnaire were the caregivers of participants with PPA and AD. Among the caregivers with PPA, 70% were female and had an average age of 52.4 (± 15) and an average education of 15.6 (± 1.5). 40% of the caregivers of patients with PPA was composed by spouses, 30% children, 5% brothers and 5% nephews. The caregivers of subjects with AD were mostly women (81.3%), with an average age of 54.1 (± 9.8) and average education of 13.4 (± 2.5). The relationship type of caregivers of people with AD were 75% children, 6.3% spouses and 12.5% son-in-law or daughter-in-law. The characteristics of these respondents were compared and there was no statistically significant difference between age (p = 0.70) and sex (p = 0.94). Education was significantly higher among caregivers of people with PPA (p = 0.007). The type of relationship between the caregiver and the patient were significantly different between the groups (p = 0.02), indicating that caregivers of people with PPA were mostly spouses and caregivers of people with AD were children.

At first, the early symptoms reported by the family members/caregivers of the patients were compared between the PPA and AD groups. A statistically significant difference was found for the symptoms of anomia (p = 0.00), memory difficulty (p = 0.00), speech motor difficulty (p = 0.00), and paraphasias (p = 0.01). Anomia, speech motor difficulty and paraphasias were predominant in the group with PPA. On the other hand, memory difficulties have been reported only in people with AD. There was no significant difference for behavioral symptoms (p = 0.08), agrammatism (p = 0.69), temporal/spatial disorientation (p = 0.19), executive functioning difficulties (p = 0.10), difficulty reading and writing (p = 0.69), difficulty repeating (p = 0.11), comprehension difficulties (p = 0.36), and echolalia (p = 0.36).

When the early symptoms of the PPA variants were compared, a statistically significant difference was found for anomia (p = 0.04) and speech motor difficulty (p = 0.03), which were the most frequent in the svPPA and nfvPPA variants, respectively. There was no significant difference for behavioral symptoms (p = 0.66), agrammatism (p = 0.38), temporal/spatial disorientation (p = 0.58), difficulty reading and writing (p = 0.19), difficulty repeating (p = 0.31), comprehension difficulties (p = 0.66), and echolalia (p = 0.58). Symptoms related to deficits in memory and executive function were not compared, as they were reported only in the AD group. Figure 1 shows the percentage of occurrence of each symptom in each group.
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FIGURE 1. Percentages of occurrence of the first symptoms in each group of participants. AD, Alzheimer's disease; PPA, primary progressive aphasia; lvPPA, logopenic variant primary progressive aphasia; svPPA, semantic variant primary progressive aphasia; nfvPPA, non-fluent/agrammatic variant primary progressive aphasia; ncPPA, non-classifiable primary progressive aphasia. *Statistically significant difference for the symptom of “anomia” (p = 0.00), when comparing PPA and AD groups. **Statistically significant difference for the symptom of “speech motor difficulty” (p = 0.00), when comparing PPA and AD groups. ***Statistically significant difference for the symptom of “paraphasias” (p = 0.01), when comparing PPA and AD groups. ****Statistically significant difference for the symptom of “memory difficulty” (p = 0.00) reported only in the AD group, when comparing PPA and AD groups. #Statistically significant difference for the symptom of “anomia” (p = 0.04) associated with a higher frequency in svPPA, when comparing PPA groups. ##Statistically significant difference for the symptom of “speech motor difficulty” (p = 0.03) associated with a higher frequency in nfvPPA, when comparing PPA groups.




DISCUSSION

This study suggests a potential relationship between the early symptoms reported by family members and caregivers close to individuals with PPA and AD, and the diagnosis of these diseases. The results of this study showed that the initial language symptoms, such as anomia and speech difficulties, were significantly associated with the svPPA and nfvPPA variants, respectively; while memory-related symptoms were associated with AD.

The study investigated the early symptoms through a clinical interview with the caregivers of the participants, with no neuropsychological assessment. Nevertheless, the early symptoms that were significantly associated with the svPPA, nfvPPA and AD groups were in line with the neuropsychological descriptions found in the literature (6, 7, 11, 16, 17). A broad review (6) that described the linguistic aspects and anatomical characteristics of the three PPA variants, in addition to the behavioral variant FTD, describes in detail the clinical findings in the variants, confirming that the identification by confrontation is impaired in the svPPA, as well as the articulation and speed of speech have changes in nfvPPA.

The results of this study are in line with the findings of another study (18) that investigated the symptoms of the initial stages and also the pathological analyzes of individuals with FTD, which reported that most of the patients with svPPA reported anomia as one of the first symptoms, and that memory symptoms were rarely reported in patients with frontotemporal changes, such as PPA and behavioral variant FTD. That study (18) also reported that, even in the early stages and with few manifestations, patients with FTD already had changes in the pathological analyzes, and also already reported typical symptoms of the diagnostic criteria of their variants. The authors stressed the importance of evaluating the first clinical symptoms in order to contribute to early diagnosis and favor the prognosis of these individuals.

The results of the present study also indicate that the early symptoms related to memory were significantly associated with patients with AD, while they were not reported in patients with PPA. This finding is in line with the literature, which reports that, initially, the diagnosis of AD requires that at least two cognitive domains—such as memory, learning, reasoning, behavior—must be impaired and must cause significant impairment to the individual's functionality (8, 9).

In this study, the lvPPA was not found to be associated with any initial symptoms described by the sample of participants. This may be explained by three possible reasons. First, it would be due to the fact that the difficulty repeating (1), which is one of the main characteristics of lvPPA, is difficult to perceive and observe by patients and their caregivers, since repetition is not used in common way, and is usually more detectable at a neuropsychological or speech/language examination. Second, the lvPPA is the most recently described variant and there are reports in the literature of the poor reliability of identifying its clinical characteristics (19, 20). The core clinical characteristics of the diagnostic criteria for this variant include symptoms that are not unique to it, such as anomia (which is an important symptom of svPPA) and the difficulty in repeating sentences, which is a symptom that can occur in this variant as well, despite not being one of the diagnostic criteria of nfvPPA (2). In this sense, it was possible to notice that the percentage of occurrence of repetition difficulties in our sample was similar between the lvPPA and nfvPPA groups. Thus, and as already discussed before (11), there may be questions about the diagnostic criteria used in PPAs, and reviewing these criteria may be important for more accurate diagnoses. Butts et al. (11) reported that 31% of a sample of subjects with PPA was not classifiable by the quantitative application of the current diagnostic consensus criteria (2011) (1), which is in line with Senaha and colleagues (2013) (2), who also reported such difficulties. A recent study (18) also raised the question that, although there are initial symptoms that are referred by several patients, they are not considered diagnostic criteria by the current consensus. This discussion supports the importance of studies in speakers of other languages, in order to investigate the profile and the occurrence of linguistic manifestations specific to the pattern of each language. Furthermore, the limited sample size of the present study would be the third reason to explain why an association of early symptoms with lvPPA may not have been found.

The first symptoms that were unique in certain groups of this study can be seen as red flags specifically for directing the clinical interview with the patient and caregiver, allowing for a better direction of the investigation. On the other hand, our study did not show a significantly higher occurrence of several other symptoms in any of the groups analyzed. Although the literature indicates the occurrence of these symptoms in the studied disorders, such as the occurrence of behavioral symptoms as inaugural symptoms in PPA (21), this characteristic might not be a red flag of the interview with the patient and the caregiver, despite being extremely relevant for the clinical management.

The analysis and investigation of the first symptoms presented by individuals with PPA is essential for the differential diagnosis of the disorder and for the classification of its variants. Studies that described the concept and diagnostic criteria of PPA (1, 5) emphasize that language deficits must be the main aspects with changes in order to define it as a case of progressive aphasia, while other cognitive domains, such as memory, visuospatial skills, and behavior should remain without significant changes, at least in the first two years of the disease (5). Thus, the identification of the early symptoms that are prevalent in the language domain is essential for a more accurate diagnosis of PPA.

When analyzing the Brazilian context in which this study was carried out, it is known that the diagnosis of patients with PPA is not always carried out accurately, and mistakes and diagnostic errors may occur due to the delay for the patient to reach the reference services (10, 12). Therefore, it is clear that a retrospective investigation of the early symptoms has a more relevant role in this scenario, stressing that a thorough clinical interview should be a priority in monitoring the suspected PPA in this population, contributing to the accuracy of the diagnosis.

All participants in this study were Brazilian Portuguese speakers. However, most scientific knowledge related to PPA is obtained from studies with English speakers. As the PPA is a syndrome centered on language impairment, it is important to emphasize studies that aim to characterize the profile and linguistic manifestations of speakers of other languages, especially in Latin languages, such as Portuguese (10). The unique characteristics of different languages have different perspectives on the development, plasticity and cognitive reserve of specific linguistic networks and, thus, could have different diagnostic criteria, which would apply for each language specifically (16).

It is important to note that the interpretation of our results have to be made considering three important limitations: (I) The sample size of our study, especially the small number of participants with lvPPA. We believe that the results of the lvPPA group are not conclusive due to the sample size. However, we believe it was important not to exclude them from the study in order to call attention to one of the great difficulties to conduct research with this profile of participants in Brazil, which is collecting significant samples from patients with PPA due to the inaccurate and late detection and diagnosis (12). (II) The heterogeneity of sociodemographic characteristics between groups. Participants with PPA and also their caregivers had higher educational level than their peers of the group with AD. Individuals with higher education and better socioeconomic status may tend to seek medical attention sooner in the face of milder and lesser known symptoms, such as the language symptoms of PPA. The caregivers may also notice and report symptoms more accurately. For reasons of study feasibility, most patients with PPA included in this study were from private health services, while those with AD were from public health institutions. As the diagnosis of AD is better known and more easily performed, this type of dementia has a higher frequency of detection in the Brazilian public health system to the detriment of cases of PPA. In turn, although the sample of this study cannot be considered large or expressive, given the reality of Brazilian scientific production on this topic, which is scarce and basically reduced to case studies (10), it can be considered a reasonable sample. (III) Not all participants could perform functional neuroimaging or cerebrospinal fluid examination with dosage of AD biomarkers, due to constraints and because such tests are not covered by the Brazilian public health system.

Finally, the investigation and knowledge of the first symptoms presented by patients with PPA has great potential to assist in the differential diagnosis of the disease variants. This study showed that the symptoms of “anomia” and “speech motor difficulties” are the most frequently reported in svPPA and nfvPPA, respectively; while the symptoms associated with memory are more often related to AD. Further research with larger and even more representative samples may contribute to the description of the profile and clinical symptoms presented by Brazilian Portuguese-speaking patients with PPA.
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Background: There are few evidence-based non-pharmacological interventions adapted for people with dementia (PwD) in lower- and middle-income countries (LMIC). Thus, there is value in culturally adapting existing interventions from other settings. One such intervention for PwD involves hearing rehabilitation, which may improve dementia-related outcomes.

Objective: To culturally adapt and evaluate the feasibility and acceptability of a multi-faceted hearing support intervention to enhance quality of life in PwD for a LMIC setting, Pakistan.

Design: This was a study in three phases: (1) training and capacity building to deliver the study, including Patient and Public Involvement (PPI); (2) cultural adaptation of the intervention; and (3) delivery of a single-group feasibility study with a pre-test post-test design.

Setting: Home-based intervention, in two cities of Pakistan.

Participants: Adults aged ≥ 60 with mild-moderate dementia and uncorrected or partially corrected hearing impairment, and their study partners (n = 14).

Intervention: An adapted hearing support intervention (HSI) comprising a full assessment of hearing function, fitting of hearing aids, and home-based support from a “hearing support practitioner.”

Outcomes: Ratings of the feasibility of the study procedures, and acceptability/tolerability of the adapted intervention were ascertained through questionnaires, participant diaries, therapist logbooks and semi-structured interviews. A signal of effectiveness of the intervention was also explored using a battery of dementia-related outcome measures.

Results: Following cultural adaptation and capacity building for study conduct and delivery, we successfully implemented all intervention components in most participants, which were well-received and enacted by participant dyads. Acceptability (i.e., understanding, motivation, sense of achievement) and tolerability (i.e., effort, fatigue) ratings and safety of the intervention were within a priori target ranges. Recruitment and retention targets required improvement, due to the COVID-19 pandemic outbreak, as well as the lack of a clear clinical diagnostic pathway for dementia in both sites. Areas for future modification were clearly identified, including: the assessment/delivery logistics circuit; procedures for arranging visits; communication among referring clinicians and the study team.

Conclusion: This is the first study in a LMIC of sensory enhancement to improve dementia outcomes. Positive feasibility, acceptability and tolerability findings suggest that a full-scale effectiveness trial, with certain modifications is warranted.

Keywords: dementia, LMICs, hearing impairment, feasibility, acceptability, tolerability


INTRODUCTION

Cognitive decline and dementia are newly emerging as public health priorities in low- and middle-income countries (LMICs) due to aging of the population. In South Asia alone, it is estimated that the number of people who will be living with dementia (PwD) by 2030 will exceed 9 million (1). Approximately one-third of adults over the age of 65 years experiences a disabling hearing loss (2), and in PwD, over 85% are affected (3). Together, cognitive and sensory deterioration can result in a “crucible of co-morbidity” for older people, compounding negative outcomes such as poor quality of life and high caregiver burden (4, 5).

To date, the infrastructure of health and social care services for older people in South Asia is still quite limited (6, 7). However, in contrast to dementia services, hearing services are more developed and there is evidence that improving hearing function in older people represents a potentially reversible cause of cognitive impairment, or, may optimize remaining cognitive and functional ability in people already with dementia (8, 9). Hearing interventions may promote better outcomes for people with cognitive impairment, but consistent evidence for the positive impact is still lacking, highlighting the need for sufficiently powered randomized controlled trials of such interventions on outcomes relevant to people living with dementia (8). As highlighted by recent guidance for up scaling dementia research in Pakistan (10), developing and evaluating low cost, easily accessible interventions for PwD and their families in such low- and middle-income health economies such as South Asia, is essential to support the development of services. Thus, addressing outcomes in dementia by improving hearing is an approach with high potential.

Currently, a large-scale randomized controlled trial (RCT) of a sensory support intervention for PwD is being conducted across clinical sites in five European countries (11, 12), as part of the SENSE-Cog research program (13). The multi-component intervention involves the assessment, management of, and adherence support for hearing and vision deficits in PwD. Early outcomes have indicated that the sensory intervention is pragmatic and feasible (14) and may be effective in improving dementia-related outcomes (15). Thus, SENSE-Cog was deemed a suitable intervention to be evaluated in a South Asian context. However, since the health and care ecosystem in South Asia differs from Europe, and public understanding of dementia and its impact are still developing, it was necessary to undertake an adaptation and feasibility testing program, SENSE-Cog Asia, as a first step, prior to a definitive RCT of effectiveness and implementation.

SENSE-Cog Asia was carried out in three phases, as outlined in Figure 1. Phase 1 was conducted to build capacity and capability for applied dementia research in seven sites across Pakistan (Karachi, Rawalpindi, Lahore), India (Mysuru, Bangalore, Chennai), and Bangladesh (Dhaka). We have reported on this work elsewhere (12). Briefly, to develop an integrated capacity and capability building strategy, we established goals embedded within a Theory of Change framework (16), across six domains: people, research integrity and governance, study delivery skills, international collaborative working, patient and public involvement (including awareness raising, addressing social stigma and health literacy), and development of “pathways” (logistics, referrals, links to existing, or developing services).


[image: Figure 1]
FIGURE 1. Flowchart of steps in the SENSE-Cog Asia feasibility study.


Additionally, in Phase 1, we developed a network of patient and public involvement (PPI) groups to inform the work and support adaptation of the intervention. The PPI work, which resulted in a network of people with dementia and their families (SENSE-Cog Asia Research Advisory Team), involved a variety of public engagement activities reflecting different parts of the Wellcome Trust's “Public Engagement Onion” (17). Each site reported PPI outcomes, including changing attitudes and behavior to dementia and research involvement, best methods to inform participants about the dementia study, sharing knowledge and outcomes, and co-adapting the dementia study protocol to the local context. We also reported on the challenges inherent in introducing a PPI model into LMIC settings where hierarchical social structures predominate, particularly in the context of medical professional-patient relationships.

Phase 2 of SENSE-Cog Asia involved cultural adaptation of the SENSE-Cog hearing and vision intervention, which was originally developed (4) and field tested (11) in Europe over 18-months. Adapting an intervention developed elsewhere into a context with a markedly different language, socioeconomic and cultural context requires modification before it can be systematically evaluated (18). This enhances the relevance of the intervention to the local population and increases the likelihood of implementation and “scale-up” following the evaluation stage.

Finally, Phase 3 of SENSE-Cog Asia was initially designed as a feasibility study of the adapted intervention in all seven sites across South Asia. The original sample size was chosen as 70 dyads (PwD and their care partners) (n = 7 dyads from each site). The focus of the study was to develop and test the logistics' circuits of the intervention delivery, other feasibility parameters, and tolerability of the intervention by participants. However, following phase 1 and 2, the COVID-19 pandemic broke out and all research activity stopped. The key challenge in recruitment was due to the local lockdown in participating hospital centers in India and Bangladesh due to the pandemic. However, these sites were also slow to open in the first instance due to delays in obtaining approvals from local sponsors and the bureaucracy around transfer of study funds. Only the sites in Pakistan (Karachi and Lahore), were initiated for the feasibility study. Thus, we chose to follow current guidance regarding contingency planning for dementia research in the COVID-19 pandemic (19) and amended our study protocol accordingly to ensure the safety of our research team and participants. This involved halting further start-up activity in the remaining sites, halting recruitment in the Pakistan sites, and completing as many assessments as possible using remote means. We report the outcomes of our amended study, SENSE-Cog Pakistan, here. Ethical approval for the amended protocol was obtained from the University of Manchester's Research Ethics Committee 5 [2019-6061- 9196].



OBJECTIVES

The primary objectives of our amended feasibility study, were: (1) to describe the baseline characteristics of PwD with concurrent hearing impairment, and their caregivers in the Pakistan study sites; (2) to evaluate the feasibility of the operational elements; (3) to evaluate the acceptability and tolerability of the adapted intervention for a definitive trial; and (4) to explore the impact of the intervention on PwD and caregiver outcomes.


Ethical Approval

Since the study was conducted in collaboration with UK-based investigators, ethical approval was initially obtained from the University of Manchester's Research Ethics Committee (REC) 5 [2019-6061-9707]. Local approvals were also obtained at each site prior to the study commencing. The investigators at each site ensured that the study protocol and all study-related documentation was approved by the appropriate REC, prior to any participant recruitment. All researchers received training in line with the UK's Good Clinical Practice (GCP) guidelines (20).

Following the COVID-19 restrictions, ethical approval for the amended protocol was obtained from the University of Manchester's Research Ethics Committee 5 [2019-6061- 9196]. The outbreak of pandemic resulted not only in halting further start-up activity in the remaining sites, it also halted recruitment in the two active sites, and the remaining assessments were completed remotely as much as possible using remote means and the amended low risk, non-contact intervention was delivered to the participants who had already consented before the outbreak of the pandemic.

The biggest ethical challenge for the study related to inclusion of PwD in a research protocol when they might not have capacity to consent. Unlike in the UK, where the Mental Capacity Act (2005, amended 2018) has specific legislation to safeguard research participants lacking capacity, none of the three countries involved in the original SENSE-Cog Asia protocol has such legislation. Thus, only participants with capacity were included in the study.



Equitable Partnerships

Since our work involved close collaboration among investigators from multiple regions, ranging from high to very low-income countries, we followed the principles of a “balanced partnership” to ensure equity in our working relationship (10, 21). Power imbalances in international research partnerships can occur, with one partner, usually the partner from the high-income country (HIC), dictating the terms of the collaboration, and the other partner being expected to comply (22–24). This risks the possibility of exploitation and scientific colonialism. In our case, the intervention originated in Europe and was being adapted to South Asian settings, adding to the risk of imbalance. Thus, we strove to ensure equity by: (1) co-developing the study protocol over 6 months via monthly conferences involving all team members; (2) incorporating local solutions for intervention adaptation; (3) ensuring each site's perspectives were included through monthly team meetings; (4) incorporating the feedback from local PPI groups; and (5) sharing of outputs across sites through co-authorship. This approach fostered mutual respect and cooperation amongst team members.




METHODS


Phase 1: Capacity and Capability Building

The methods for Phase 1 are described elsewhere (12, 17).



Phase 2: Cultural Adaptation of the Intervention

Our starting point was the parent form of the intervention, the SENSE-Cog Sensory Support Intervention (SSI), which as was developed and field trialed over an 18-month period (4, 8, 11) and is currently being evaluated in a five-nation definitive RCT in Europe (4). For the South Asian context, it was important to consider local factors such as: (1) language and cultural aspects of participants; (2) availability of resources and services; (3) understanding and awareness of dementia amongst individuals and their caregivers; (4) limited recruitment pathways for clinical dementia research; and (5) limited engagement with dementia clinical research amongst local clinicians and PwD and their families. Thus, we modified the intervention for the South Asian context using a stepwise framework for cultural adaptation including information gathering, preliminary adaptation of the study design, and preliminary testing of the modified intervention (25). The final step, “adaptation refinement” will be guided by the findings of the feasibility study we describe here.

The first step of information gathering involved a rapid literature review of existing psychosocial interventions for dementia in LMICs, followed by PPI consultations with PwD and caregivers in local contexts, individual consultations with local dementia and hearing care professionals, and a joint workshop with core team members of the EU SENSE-Cog RCT team and the local research teams. Findings from this work informed initial modifications of each component of the intervention, as well as aspects of the intervention. In contrast to the European intervention, the culturally adapted intervention, or Hearing Support Intervention (HIS) for South Asia included only hearing support, rather than both hearing and vision support. Additionally, all assessment and outcome rating tools were translated into local languages, and the content of the intervention material was modified to include culturally relevant pictures and activities and take account of literary levels of older participants.

Although the Hearing Support Intervention (HSI) that we developed for the SENSE-Cog Asia trial has core resonances with the European SENSE-Cog SSI, outlined by Regan et al. (11), it differed from the European version in several ways including that we did not specify the make and model of hearing aid that participants would receive and we included dementia awareness education for caregivers (Table 1). Moreover, in contrast to the European version of the study, this was as trial targeting a single sensory modality, hearing, only, rather than both hearing and vision. Additionally, the intervention also included dementia education and support for the care partner. This was considered necessary due to the low level of dementia awareness and cognitive health literary of care partners in Pakistan. A complex intervention with multiple parts tailored to the needs of each individual in this context would thus have to include more than just support for hearing impairment. The approach involved these elements being closely aligned and inter-dependent. Finally, our adapted intervention did not include the intervention components relating to social inclusion, referral to support services, as these were limited in the regions in which we worked. We named the intervention provider as a “Hearing Support Practitioner” rather than a “Sensory Support Therapist” to reflect the focus on hearing alone and to ensure that cultural concerns regarding the term “therapist” were avoided.


Table 1. Similarities and differences between the SENSE-Cog Europe and Asia interventions.
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Phase 3: Feasibility Trial


Study Design and Participants

This was a single arm open-label feasibility and acceptability study including participant dyads (PwD and their caregiver) across two sites in Pakistan. Each dyad received the culturally adapted version of the HSI over an 8-week period, in their own homes. All participants were assessed for capacity to provide informed consent to participate in the study, and if deemed to have capacity, provided written informed consent prior to their inclusion. Researchers were carefully trained to undertake capacity assessments in older and potentially vulnerable people. Additionally, all researchers used a checklist to ensure that the key elements of capacity to consent were present and recorded.


Inclusion/Exclusion Criteria

As outlined in Table 2, we included people over the age of 60, with capacity to consent, as per the UK's Mental Capacity Act, 2005 (amended 2018). All participants had to be living at home with symptoms meeting criteria for mild-moderate stage dementia due to Alzheimer disease, vascular dementia or “mixed” Alzheimer and vascular dementia. Where a formal diagnosis of dementia was lacking, we included people with evidence of significant cognitive difficulties (using the informant version of the GP-Cog) and meeting diagnostic criteria based on researcher assessment in consultation with clinical expertise from the PI. All had to have a clinically significant uncorrected or partially corrected (e.g., outdated prescription for hearing aids) mild to moderate hearing loss (worse than 35dBHL at 1,000 Hz and above in the better ear). We did not include people with congenital hearing loss. Study partners were informal caregivers in regular contact with the PwD (at least three times per week).


Table 2. Summary of participant inclusion and exclusion criteria and characteristics.

[image: Table 2]



Recruitment, Screening, and Sample Size

We recruited and screened potential participants from local hospitals (medical and psychiatry outpatient departments) and the community (Alzheimer Pakistan). The agreed sample size in our amended protocol was 21 dyads (PwD and study partner), with seven dyads per site to be recruited over 3 months. This was considered sufficient to evaluate feasibility and tolerability of the intervention and trial protocol. However, due to the outbreak of COVID pandemic, the recruitment was halted at two sites (Karachi and Lahore), and did not begin at one site (Rawalpindi). At the point of study pause, 23 dyads had been screened (n = 17 from Karachi, Site A) and (n = 6 from Lahore, Site B). Fifteen dyads (65%) met study eligibility criteria and completed baseline assessments (9 dyads from Karachi and six from Lahore). Participant characteristics are outlined in Table 3. Of all PwD participants, the mean age of included participants with dementia was of 66.8 ± 5.7 years and 9 (39.1%) were male.


Table 3. Participant demographic and clinical characteristics at baseline (n = 15 Dyads).
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Feasibility Study Procedures

Procedures are shown in Figure 1. Following informed consent, we screened potential participants for hearing and cognitive impairment using the Sivantos Siemens Hear Check screener (42) and Urdu-version of the Montreal—Cognitive Assessment MoCA (26), followed by caregiver screening. For those who passed screening, a baseline assessment was undertaken, followed by initiation of the HSI, which was then delivered over eight visits by the HSP in participants' own homes. Dyads kept diaries of each visit, and the HSP kept a logbook detailing visits and dyad responses.


Evaluation Framework

A priori, we established three possible global outcomes for the study, based on a “traffic light” system: (1) proceed to a definitive study; (2) undertake further adaptations and feasibility work; or (3) do not proceed to a definitive study due to lack of feasibility. To ascertain this outcome, we designed an evaluation framework based on a modified version of the ACCEPT framework (43) for feasibility studies, which we have previously used in other studies (44).

Using quantitative measures (Table 4) and qualitative interviews with participant dyads, outcomes were captured at baseline, within 1 week of the last intervention visit, and 4–6 weeks after the last intervention visit (for selected measures only). At each HIS visit, the PwD and their study partner completed diaries with in-house Likert-type scales (e.g., rating each aspect of acceptability and tolerability on a scale of 1 = strongly disagree to 5 = strongly agree) with space for free text. Additionally, the HSP completed a logbook and field notes. We also conducted semi-structured interviews, following a topic guide, with dyads who completed the intervention (n = 11 dyads), within 1 week of the final intervention visit. The focus of the interviews was on participants' perception, experiences, and acceptance of the HSI. Eight interviews were conducted in Urdu (national language), and two in Punjabi (local language). All the interviews were transcribed into Urdu and analyzed to retain the essence of the themes. Themes were translated into English for reporting and back translated into Urdu to ensure accuracy.


Table 4. Outcome assessment measures.
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Feasibility of Trial Procedures

These included recruitment rate, suitability of eligibility criteria, execution of the “logistics circuit” for assessment and supply of hearing aids, feasibility of the participant diaries, data collection methods, suitability of the battery of effectiveness measures, and retention. Effectiveness measures for the PwD included ratings of quality of life, mental well-being, neuropsychiatric symptoms, functional ability (dementia and hearing-related), and relationship satisfaction. Effectiveness measures for the study partner included ratings of well-being, mental health, caregiving-related burden and stress, and relationship satisfaction. Since this was an open-label study, we did not evaluate randomization and blinding procedures.



Feasibility of the Intervention Components and Implementation

This was assessed by HSP visit completion rates, visit duration and HSP logbook feedback.



Acceptability of the Intervention

The appropriateness of the delivery and receipt of the intervention was determined by percentage dropouts due to non-acceptability and rate of serious adverse events.



Tolerability of the Intervention

This was operationalized by percentage dropouts due to intolerance of the intervention and diary ratings of “effort” and “fatigue.” The criterion for “tolerability” was 75% of participants scoring the intervention with the a priori target ranges: ≥ 3/5 for “effort” and “fatigue.”

Semi structured interviews were also conducted with 10 care-partners who attended the hearing intervention sessions with PwD. Interviews were conducted to evaluate and gather evidence for feasibility of the study.



Data Analysis


Quantitative Analysis

As an initial exploration of a novel intervention, our goal was to observe any signal of change across various outcome measures in the dyad. We examined the change between baseline (pre-intervention) and follow-up (post-intervention) by summarizing the distributions of the outcome measures with measures of central tendency (mean or median) and variability (SD or IQR). The small sample size precluded investigation of associations among outcomes. On initial analysis, the covariates of interest were not heavily skewed and mean and medians were similar, thus, we report mean values here.




Qualitative Analysis

The free text feedback of the participant diaries and SST logbooks, using content analysis (45, 46). The post-intervention semi-structured interviews with the participant dyads, were evaluated using thematic analysis (47) which included familiarization, coding, generating themes, reviewing themes, defining and naming themes. During the familiarization stage, transcripts were read by (ST, AQ), and coding was done to describe the content. Themes were generated by merging codes into a single theme and reviewed among the researchers (ST, MR) to ensure there was accurate representation of the data. Lastly, all themes were defined in order to explain the data. The whole process was supervised by a senior researcher to minimize the bias (NC).




RESULTS

Details of the feasibility of trial procedures and acceptability and tolerability of the intervention are outlined in Table 5.


Table 5. Feasibility of trial procedures.
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Feasibility of the Trial Procedures


Recruitment and Retention

Over a 6-month period, we enrolled 15 participant dyads across two study sites, giving a rate of 2.8 dyads per month, which was slower than our expected rate of 3.5 dyads per month. Recruitment was slower than expected in Sites A and B, mostly due to the Covid-19 pandemic outbreak, which also prevented Site C from opening. We screened 23 participants dyads across both sites, 15 participant dyads were eligible to be enrolled in the study. Of whom two were excluded following a normal hearing assessment by the audiologist. One participant dyad withdrew consent following the baseline assessments and one participant had an adverse event before the follow-up. At Site A, the reasons for the slow recruitment rate included the retirement of the referring consultant neurologist and a low number of older people with memory complaints attending the local psychiatry outpatient department, which was our main source of recruitment. Additional recruitment was undertaken from community health settings, supported by community workers. At Site B, of the six participant dyads who passed the screening stage, one withdrew due to an unrelated serious adverse event in the PwD after completing the baseline assessment. Reasons for a slower than expected recruitment rate at Site B included: strikes in hospitals, slow approval process for the study from local hospitals, lack of memory clinics and specific services for people with dementia. These factors limited the necessary referral sources. The overall successful screening rate was 65.2%. The retention rate at Site A was 83.3% (one PwD died before second follow-up at site A) and at Site B this was 100%. Screening, baseline and follow up visits were conducted according to the protocol across all sites.




Suitability of Eligibility Criteria

The audiologist did not prescribe hearing aids to two participants who were enrolled in the study. These two participants screened positive on hearing impairment due to conductive hearing loss and the need for surgery. This suggested that refinements to the simple Hear Check hearing screen were needed. All other inclusion/exclusion criteria were considered as appropriate by investigators.



Execution of the Service and Device Logistics' Circuit

Audiologist visits after baseline assessment were mostly carried out according to the timeline mentioned in the protocol (i.e., 71% of participants received their hearing assessment within 2 weeks of the assessment). Nine of the participants received their hearing devices within 2–3 weeks soon after audiologist visit. Two participants received their hearing aid within 5 weeks of the audiology visit because of the adjustments which were recommended due to severe hearing loss.



Usability of Study Materials and Suitability of Effectiveness Battery

All study measures and materials were feasible and acceptable to dyads. A total of 11 dyads completed their screening in one visit and four dyads completed the screening over two visits. Moreover, six dyads completed baseline assessment in one visit and 9 dyads completed this over two visits. There was an impact of COVID- 19 on diary use. Out of the six participants from site A, five completed their participant diary for all sessions while one participant completed the diary for only two session, as sessions were delivered over phone due to COVID-19, and participant refused to fill the diary. Whereas, at Site B, four participants completed their diaries for all the sessions while for one participant, dairy was completed by the researcher as sessions were delivered over phone due to COVID-19 and participant was unable to complete the diary on his own. There were no missing data on the effectiveness outcome measures.



Feasibility of the Intervention Components and Implementation

We achieved 100% adherence to the study protocol and procedure for HSI at both sites. However, there was an increase in the total number of visits to deliver the intervention mainly due to the outbreak of COVID-19. All dyads completed their intervention over a maximum of 12–13 visits. This included a change from face-to-face to remote delivery of some aspects of the intervention for one dyad at each site due to the pandemic and lock down situation.



Acceptability and Tolerability of the Intervention

At both sites, there were no dropouts or adverse events due to lack of acceptability of the intervention. Adverse events, which were all unrelated to the intervention, included: death due to heart failure (n = 1), fall out of bed (n = 1), and hospital admission due to fever (n = 1).



Exploratory Effectiveness Outcomes

Measuring cognition, the most common primary outcome for dementia trials, was deemed not feasible as our study population had varying levels of literacy. Instead, we based our outcomes on a large-scale consultation exercise of meaningfulness of outcomes of non-pharmacological interventions for people living with dementia. This consultation, which involved multiple lay and professional stakeholders, de-prioritized cognitive outcomes and focused more on quality of life and engagement as important outcomes. Furthermore, according to our hypotheses and previous evidence syntheses (8), we did not anticipate that our intervention would significantly impact on cognitive outcomes but would instead have impact non-cognitive outcomes.



Participants With Dementia

Scores on effectiveness measures at baseline and post-intervention are outlined in Table 6. Overall, improvements were seen in several dementia-related outcomes following the intervention, compared to baseline.


Table 6. Baseline and post-intervention outcome measurements for the Participants with Dementia (PwD).
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Quality of life as assessed by the DEMQOL [health-related quality of life of people with dementia; (27)], showed improvement of mean score from baseline (49.9 ± 4.9) to first follow-up (65.0 ± 10.0), which was maintained at second follow-up (65.3 ±15.9) 4 weeks later. The DEMQOL-proxy, which assessed quality of life of the PwD as perceived by the caregivers, also showed a 15.2 point improvement in score from baseline (61.7 ± 11.7) to post intervention follow up (78.1 ± 7.9) that was also maintained at second follow up point (81.0 ± 11.09) (see Table 6). Mean health status, as measured by EQ-5D-5L (28), showed improved quality of life at post intervention with 1.7 point reduction in mean score from baseline to post intervention (i.e. from 14.4 ± 3.7 to 13.5 ± 4.9), while the Visual Analog Scale (VAS) score increased from 42.7 ± 17.2 at baseline to 47.7 ± 18.5 at follow up, suggesting improvement in health status. The EQ-5D-5L Caregiver proxy mean scores (28) at the time of baseline indicated average quality of life. Both summary scores from the Short-Form-12 [SF-12, (29)], the physical component score (PCS-12) and the mental component score (MCS-12), showed improvement PCS and MCS mean scores increased from baseline (26.7 ± 4.9 and 34.0 ± 6.8) to post intervention follow up (29.5 ± 5.2 and 40.0 ± 10.2), respectively.



Functional Measures

Of the 15 participants who completed the baseline measures, 14 (93.3%) had significant impairment and one had mild to moderate impairment on the Hearing Handicap Inventory for the Elderly Screening tool [HHIE; (30, 31)] at baseline, whereas following the intervention, none reported significant impairments on this scale, and two reported moderate impairment, reflecting an overall improvement in hearing-related functional impairment. As shown in Table 6, no changes in instrumental activities of daily living [IADL-EDR scale; (32)] were noted including in the sub-components of the scale. Neuropsychiatric symptom load diminished significantly from pre- to post-intervention (29.3 ± 20.1 to 9.8 ± 8.8) on the Neuropsychiatric Inventory [NPI, (33)]. Additionally, the proportion of behavioral domains which were scored in the “clinically significant” range (≥4 on frequency x severity) following the intervention at follow-up one was significantly lower compared to the proportion at baseline. There was a reduction in mean depression scores on the Patient Health Questionnaire−9 (PHQ-9, 44) from baseline (17.6 ± 3.8) to the first post intervention follow up (11.5 ± 3.7) of more than 6 points on the scale, which is greater than the minimally important clinical difference and was maintained at second follow-up (12.3 ± 4.7). On this same measure, severe depression was found among five (33.3%) participants at baseline that was not present in any of the participant post intervention (Table 6). Generalized Anxiety Scale-7 [GAD-7, (38)] showed a seven-point reduction in anxiety from baseline (14.2 ± 4.4) to post intervention (6.9 ± 2.9); this improvement was also sustained at second follow up (8.4 ± 4.0). Severity of anxiety also reduced from 10 (66.7%) at baseline to minimal anxiety at post intervention follow up (Table 6), as did loneliness scores, as assessed by De Jong Gierveld Loneliness Scale (39).



Caregiver Outcomes

Caregiver measures at baseline and post-intervention are outlined in Table 7. Overall, as with the participants with dementia, improvements were seen in a number of outcomes following the intervention, compared to baseline. Caregiver burden and stress reduced from baseline to second follow-up, as by an absolute 5.1-point increase in the satisfaction mean score on the Family Caregiving Role scale [FCR; (34)]. Depression and anxiety improved following the intervention, as shown mean score reduced from baseline (9.4 ± 5.9 and 7.2 ± 5.7) to post intervention (7.7 ± 7.0 and 4.5 ± 3.5) and second time follow ups (5.0 ± 2.2 and 3.5 ± 1.9) on the PHQ-9 and the GAD-7, respectively. Severe anxiety was found among two (18.2%) caregivers that reduced significantly at both follow ups. In contrast to loneliness scores among participants in dementia, mean loneliness scores increased among caregivers from baseline to follow up (Table 7).


Table 7. Baseline and post-intervention outcome measurements for the caregivers.
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Knowledge and awareness of dementia, as reflected by the Family Attitude Scale [FAS; (35)] score among caregivers increased from baseline (37.1 ± 1.9) to post intervention follow up (44.0 ± 16.4), reflecting a possible improvement in attitudes. On the Survey of Attitudes to and Knowledge of Dementia (48) caregivers showed an increase in score from baseline (22.0 ± 3.2) to post intervention follow up (34.5 ± 4.6). Finally, on the Affiliate Stigma Scale (36), initially developed to assess the self-stigma of a caregiver providing care to a family member with a mental illness or intellectual disability and now adapted for dementia, the mean score on all three elements (cognitive, affective and behavior), increased from baseline to post intervention follow up, indicating an increase in caregivers' perceived stigma related to dementia in the person they cared for.



Process Measures

As shown in Tables 6, 7, high levels of satisfaction with both the intervention and the therapist [Satisfaction with Therapy and Therapist Scale-Revised; (40)] were reported by the participant and caregivers, respectively.



Qualitative Findings

As shown in Table 8, seven main themes emerged from the thematic analysis of the semi-structured interviews. These were: motivation for participation in the study, views regarding the intervention, impact of the intervention on the participant with dementia and their caregiver, challenges faced due to hearing impairment, understanding of dementia, pathways to care in Pakistan and views regarding the therapist. Table 8 includes exemplar quotes from participants supporting each theme.


Table 8. Qualitative findings.
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Regarding participants' understanding of dementia, analysis of the interviews suggested that “brain weakness,” in terms of memory, and emotional distress were considered part of a dementia syndrome. Participants reported that dementia involved memory impairment and impacted on the ability to undertake basic daily tasks. They recognized that help could be sought from “brain doctors,” including psychiatrists; however, participants mentioned barriers in help seeking included the need to undertake household chores, lack of time and encouragement from other family members to take the affected person for appointments, and forgetting to attend appointments.

Caregivers also reported that they gained much knowledge and awareness about dementia and the impact of sensory impairments on the person with dementia's ability to function well. They improved their understanding of hearing aids and felt confident to provide explanations or help others facing same issues. Caregivers also discussed the impact of hearing and memory problem on the mood of the person with dementia and how this fostered family disputes; using hearing aids resulted in improvements in mood and emotional interactions among family members. This echoed the quantitative findings of improved mood, anxiety level and behavioral disturbance seen in the effectiveness outcomes post-intervention.

Participants reported that overall, the intervention was feasible and effective in improving quality of life of the participant dyads. The hearing aids came as a solution to their hearing problem and improved communication, increasing the ability of those with dementia to participate more in daily activities and family interactions. This was reflected in the reduction in loneliness scores in the participants with dementia, as rated on the loneliness scale. Finally, caregivers reported that they appreciated the way the HSP delivered the intervention and felt that the mode of delivery was clear and acceptable.




DISCUSSION

This is the first reported study of a sensory support intervention for people living with dementia and their caregivers in a LMIC. Non-pharmacological interventions that are accessible, acceptable and affordable, such as the intervention trialed here, have the potential to positively impact the lives of people with dementia and their families, particularly in settings where resources and health literacy for dementia are low. Here, we demonstrated that a home-based hearing and dementia support intervention is feasible, well-tolerated, and acceptable. We also showed that the study procedures were generally feasible, with some modifications, and that the battery of effectiveness measures, were acceptable to participants, had minimal missing data and showed a signal of change pre- and post-intervention. The carefully adapted intervention activities and material were culturally appropriate and received well by the participants. Thus, our findings suggest that a full-scale effectiveness trial, with certain modifications, is achievable, according to our a priori “traffic light” criteria. Additionally, this type of study fits well with the applied dementia research agenda in Pakistan (10).

Key areas requiring modification included the need to improve recruitment rates and referral pathways into the study. Finding appropriate services supporting people with dementia proved challenging since the health and care ecosystem for older people's health, particularly for dementia is still developing. Indeed, it was only in 2019 that the country's first official Memory Clinic was opened in the Punjab, in Lahore (verbal communication). As outlined in the “Roadmap for developing dementia research in Pakistan” (10), undertaking applied dementia research alongside service development is essential to ensure the most appropriate, effective and contextually relevant services are put in place. Thus, for dementia research to develop and provide the necessary evidence-base to improve the lives of people with dementia in Pakistan, services and care pathways for dementia need to develop in parallel.

Interestingly, findings from the qualitative interviews revealed that while aspects of participants' understanding of dementia were present, seeking help and support was not prioritized, and barriers such as household chores and “forgetting the appointment” were cited as reasons for not attending clinics. Advances such as the development of a National Dementia Plan in Pakistan (verbal communication, H. Jafri) may help to raise the profile of dementia and support public understanding of the need to seek help and support for a condition that is outside of the normal aging process.

The first phase of the study involved developing the capacity and capability at an individual and team level. This resulted in upskilling new researchers and fostering a research culture in a LMIC-setting with hither to limited experience in older adult clinical research (49). This stage of the work was crucial to prepare the way for a subsequent definitive intervention. Additionally, part of phase one involved recruiting a PPI group in several study sites. This work reported elsewhere (17), was a key element in supporting the cultural and contextual adaptation of the intervention, which was initially developed in Europe for EU settings, which are markedly different to Pakistan and other South Asian settings. The experience of PPI was also unique, since PPI is not well-known nor practiced beyond certain HIC (mostly English-speaking) countries and, moreover, we involved people with dementia and their caregivers. PPI involving in this population is still in its nascent phases, even outside LMIC settings (50).

Another key challenge we faced in our study was the Covid-19 pandemic which arrested clinical research in all settings. We had initially planned to conduct our feasibility study in seven sites in three South Asian countries. However, due to the pandemic, we were only able to conduct the study in two sites in Pakistan, resulting in low numbers of participants and findings from only one South Asian country. We were also required to adapt our protocol to minimize face-to-face assessments. Since few of our older participants had access to online or other remote means of communication, we had to undertake telephone assessments. Despite the challenges, we were able to complete the study according to the amended study protocol, achieve an acceptable retention rate of the participants, and glean meaningful results to inform the next stage of our work.

Aside from our main finding that the study procedures and intervention were feasible and acceptable by people with dementia and their caregivers in Pakistan, we also found that the intervention appears to improve quality of life in people with dementia, and may have a role in improving functional ability and reducing behavioral and psychological symptoms associated with dementia. These findings are in line with Dawes et al. (8) and suggest the need of properly powered control trial of similar hearing intervention. A fully powered sample will also help us further understand the mechanisms of the hearing-cognition relationship (51). Moreover, in caregivers, care burden, distress and depression appeared to improve following the intervention. Results from this feasibility study apply to participants with dementia who have cognitive capacity to provide consent. Feasibility and results for participants with more severe dementia is unknown, particularly as the intervention involves hearing aids (not simpler amplification devices).The outcomes were supported by the qualitative findings from our participant dyads. However, contrary to expectation, affiliate stigma appeared to increase following the intervention, likely due to a greater understanding of the condition of the person being cared for. This suggests that care is needed when increasing awareness and educating family members about dementia as being outside the sphere of normal aging. It is important to mention that while interesting, our findings need to be interpreted with significant caution as the sample size was small, the study was uncontrolled, and the intervention and outcome ratings were not blinded. Nonetheless, finding a signal of change is promising and supports the need to further investigate effectiveness in a fully powered sample, with consideration given to implementation in real life settings.
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Background: With widespread use of antiretroviral medications, people living with HIV (PWH) are living longer worldwide, increasing their risk of developing neurocognitive impairment (NCI). The proportion of Peruvians over age 60 is expected to increase to 25% of the population by 2050, including PWH. Therefore, the problem of aging and NCI, especially in the setting of HIV infection, is uniquely pressing. We sought to study the rates of and risk factors associated with NCI among middle-aged and older PWH in Lima, Peru.

Materials and Methods: Sociodemographic, medical (infectious and non-infectious), and psychiatric comorbidity and laboratory data were collected. We administered a brief neuropsychological battery evaluating seven cognitive domains affected in HIV-associated NCI and a depression screening. Cognitive test raw scores were converted to T-scores that were demographically adjusted. Descriptive statistics were performed together with regression (unadjusted and adjusted) analyses to determine potential risk factors for NCI among PWH.

Results: This was a cross-sectional study in which 144 PWH aged ≥40 years attending a large HIV clinic in Lima, Peru, were recruited from September 2019 to March 2020. Mean age was 51.6 ± 7.7 years, and mean years of education were 14.0 ± 3.1 with 15% females. Median [interquartile range (IQR)] current CD4 and nadir CD4 were 554 (371, 723) and 179 (83, 291), respectively, and 10% currently had AIDS. The prevalence of NCI was 28.5%, and many demonstrated difficulty with attention and working memory (70%). One-quarter of PWH had mild depression or worse on Patient Health Questionnaire 9 (PHQ-9 ≥ 5). In bivariate analyses, neither a depression history nor a higher PHQ-9 score correlated with NCI. No other non-communicable medical or psychiatric comorbidity nor HIV characteristic was predictive of NCI. Having a positive lifetime history of hepatitis B infection, pulmonary tuberculosis, or syphilis increased risk of NCI (PR 1.72; 95% CI 1.04–2.86) in unadjusted analyses, but not in adjusted analyses.

Conclusions: NCI among older Peruvians with HIV was found to be highly prevalent with levels consistent with prior reports of HIV-associated NCI worldwide. Common latent HIV-associated co-infections, including latent syphilis, hepatitis B infection, or pulmonary tuberculosis, may increase the risk of NCI among middle-aged and older PWH in Peru.

Keywords: HIV-associated neurocognitive disorder (HAND), HIV/AIDS & infectious diseases, cognitive impairment, dementia, Latin America, Peru, non-communicable disease


INTRODUCTION

The number of people living with dementia of any cause worldwide in 2015 was estimated at 48 million people, and this figure is expected to rise to 135 million by 2050, with 63% of cases living in low- and middle-income countries (LMICs) (1). With increased access and use of antiretroviral therapy (ART), the life expectancy of people living with HIV (PWH) has markedly increased (2, 3). This represents a breakthrough in the field but also a new challenge due to the increasing prevalence of non-communicable comorbidities, such as diabetes mellitus and hyperlipidemia, associated with aging with HIV including various forms of neurocognitive impairment (NCI) (4, 5). In addition, our understanding of risk factors for NCI has evolved over time during the ART era, with more chronic comorbidities thought to worsen NCI as PWH live longer (6–8). HIV-associated neurocognitive disorder (HAND) is the most common form of NCI among PWH. It presents with varying degrees of neurologic dysfunction (9) and is associated with increased morbidity and mortality (3, 7, 10). Since the introduction of ART, the incidence of HIV-associated dementia, a severe form of HAND, has decreased (11, 12), but the overall prevalence of HAND worldwide remains stable (7, 8). Peru is a country of 32 million people that is undergoing rapid aging. Currently, 3.3 million people are over the age of 60 (13), and it is estimated that by 2050, 25% of the Peruvian population will be over age 60 (1). Therefore, the problem of aging and NCI is uniquely pressing among PWH.

Several studies have reported that the prevalence of HAND in North America and in some European countries exceeds 30% and affects more than 50% of people with Acquired Immune Deficiency Syndrome (AIDS) (7, 8, 14, 15). There is a paucity of research on the prevalence and characterization of HAND in Latin America. Published studies have reported the prevalence of mild neurocognitive disorder, a milder symptomatic form of NCI, in PWH at 20%, and ~50% have asymptomatic NCI without functional impairment (16, 17). In Peru in particular, there are limited studies addressing NCI among PWH with no studies specifically on middle-aged to older PWH (18, 19). Moreover, there are no standard cognitive screening protocols nor clinical management guidelines for PWH with NCI despite 70,000 PWH living in Peru, with 60% currently having access to ART (20, 21). Cognitive decline in the general population presents significant medical, social, and economic challenges (22), and Peruvian health systems, like those of many Latin American countries, will face challenges with the increasing burden of NCI (1). Documenting the prevalence of HAND and associated risk factors among Peruvians with HIV is the first step in identifying the burden of this disease, which may lead to implementation of public policies that can help PWH living with NCI to improve their quality of life. In this study, we sought to study rates of HIV-related NCI in a group of older Peruvians with HIV living in Lima and determine the risk factors for NCI among PWH.



MATERIALS AND METHODS

This was a cross-sectional study of PWH living in Lima, Peru, in which demographic data were collected and clinical and neurocognitive evaluations were performed. This study was conducted from September 2019 until March 2020. Participants were men and women aged 40 years or older, Peruvian-born, and native Spanish speakers recruited from a large HIV clinic run by a non-governmental organization. All PWH enrolled had a record of a positive ELISA and Western blot tests in their medical chart and had been receiving ART therapy for at least 1 month at the outpatient clinic. All participants had completed at least 6 years of schooling (primary school) and had the ability and willingness to participate in the study and provide informed consent. Individuals with a self-reported history of non-HIV-related neuromedical comorbidities that may cause NCI were excluded by administering to potential participants a screening questionnaire prior to their enrollment. This screening questionnaire included questions about any known non-HIV-related neurological disorder that led to cognitive impairment (e.g., epilepsy or stroke), psychotic disorders (schizophrenia or bipolar disorder), and brain injury with loss of consciousness for more than 30 min without return to premorbid baseline. Those with a current and lifetime substance use disorder according to the Diagnostic and Statistical Manual of Mental Disorders-5 (DSM-5) were excluded.


Study Procedures

Eligible patients attending the HIV clinic were identified by study personnel the day prior to their visit if they met the age criteria for enrollment. Nurses and physicians invited these potentially eligible patients to enroll in the study. With the patient's verbal consent, study personnel then contacted the patients by phone and invited them to the clinic for a scheduled study visit. At the study visit, all study procedures were explained to the participant with ample time to answer any questions, and written informed consent was obtained. Patients were then interviewed and examined by a neurologist (MMD) or a physician research assistant with training in neurological examination and were supervised by the neurologist. Sociodemographic information including age, sex, years of education achieved, occupation, place of birth, and place of current residence was collected. Self-reported past medical history, including history of prior infections [opportunistic (in PWH only) and non-opportunistic] and chronic non-communicable diseases, was also collected and was corroborated with review of the medical chart following the participant's study visit. We also administered an ART adherence questionnaire to all participants. All participants underwent a comprehensive neuromedical assessment including a complete neurological exam. Following the physical examination, a neurocognitive battery was administered to evaluate neurocognitive function, the Pfeffer Activities of Daily Living questionnaire (PFAQ) to determine functional status, and the Patient Health Questionnaire (PHQ)-9 to screen for depression (Section Instruments Utilized).

We obtained the following information from the medical chart: prior and current ART regimens, any adverse events related to ART, corroboration of self-reported past medical history with physician's clinic assessments in the chart. Laboratory data obtained from chart review included any lifetime positive rapid plasma reagin (RPR) test, herpes simplex virus (HSV)-1 antibody test, tuberculosis (TB) sputum test, and hepatitis B surface antigen (HbsAg) test results. We also noted the most recent hemoglobin, creatinine, total cholesterol, and triglyceride levels.

Following the study visit, the results of the neurocognitive battery were normed as described below, and participants and their treating physician were given a summary of their test results. We provided participants with recommendations on healthy living strategies and strategies for prevention of cognitive decline (23). For those in whom NCI was detected, a neurologist (MMD) counseled the participant by phone or in-person visit on their results and NCI prevention strategies, and results were discussed with the treating physician.



Instruments Utilized


Neuropsychological Test Battery

The neuropsychological test battery evaluated seven cognitive domains [abstraction/executive function, motor performance, memory (learning and recall), attention/working memory, verbal fluency/language, speed of information processing, and visuospatial orientation] that are commonly affected in HIV-associated NCI and that have been widely utilized to assess HIV-associated NCI in the United States, in Europe (9, 24, 25), and in Brazil (26). The domains were evaluated using the following tests:

• Abstraction and executive function: Color Trails Test 2 (27);

• Motor performance: Grooved Pegboard (dominant hand) and Grooved Pegboard (non-dominant hand) (28);

• Memory (learning and recall): Hopkins Verbal Learning Test-Revised (HVLT-R)-Total Learning, HVLT-R Delayed Recall (29), and Benson Figure Recall (30);

• Attention and working memory: Weschler Adult Intelligence Scale (WAIS)-3 Digit Span (31);

• Verbal and language fluency: semantic/category fluency (Animal Naming) and letter fluency (PMR) (32);

• Speed of information processing: Color Trails Test 1 (33); and

• Visuospatial orientation: Benson Figure immediate copy (34).

The instruments have been translated, and most have been validated into Spanish by native Spanish speakers and used in several other studies for Spanish speakers in Latin America (35–37). Raw test scores were converted into demographically adjusted T-scores (adjusted for age, sex, and education level) for each test. Norms for native Spanish speakers from the Neuropsychological Norms for the US-Mexico Border Region in Spanish (NP-NUMBRS) were applied to all tests when available, including for semantic/category fluency (Animal Naming) (38), letter fluency (PMR) (38), HVLT-R Total Learning and Delayed Recall (39), and Grooved Pegboard (dominant and non-dominant hand) (40). English-speaking norms with similar mean educational levels to that of our study were utilized for those tests for which there were no demographically adjusted Spanish NP-NUMBRS norms available given there are no Spanish-speaker norms for a Peruvian population that were adequate for our population.

Normed T-scores were computed for each test, with regression-based adjustments for the effects of age, sex, and educational level. For each test, T-scores were converted to deficit scores as follows: T > 39 (no worse than −1 standard deviation) was considered normal and assigned a deficit score of 0. T-scores below 40 were converted to deficit scores as follows: 35–39 = 1 (mild impairment); 30–34 = 2 (mild to moderate impairment); 25–29 = 3 (moderate impairment); 20–24 = 4 (moderate to severe impairment); and T < 20 = 5 (severe impairment). For each domain, an average of the T-scores for each test comprising each domain were computed, and this generated a mean T-score for each domain. Deficit scores were summed across the test battery and then divided by the total number of individual measures to compute the Global Deficit Score (GDS), a measure of global cognitive impairment. The GDS summarizes the number and severity of neurocognitive deficits across the entire test battery. A GDS cutoff of ≥0.50 was used to determine global NCI (7, 41, 42).



Pfeffer Activities of Daily Living Questionnaire (PFAQ)

Subjective cognitive difficulties were assessed using the validated Spanish version of PFAQ (43–45). In the PFAQ, participants rate themselves as having or not having cognitive difficulties in their daily lives on a 4-point scale, in domains of memory, language and communication, sensory perception, motor skills, and higher-level cognitive functions. The score used is the sum of items on which the participants reported experiencing difficulties ranging from normal (0) to dependent (3), for a total of 30 points, with higher scores indicating worse functional status (43). When a caregiver or companion was present during the interview, the questionnaire was corroborated with the caregivers' report with the participants' permission. Employment status was derived from the demographic interview, which collected information on whether the participant was working and the type of employment (Supplementary Material 1).



PHQ-9 for Depression Screening

This is a nine-item questionnaire designed to screen for depression in primary care and other medical settings was administered to all participants as a depression screening measure (46–48). The PHQ-9 scores each of the nine DSM-IV criteria for depression as “0” (not at all) to “3” (nearly every day), addressing somatic (fatigue, appetite, and sleep quality) and non-somatic (suicidal ideation and feelings of guilt) depressive symptoms; higher scores indicate worse depressive symptomatology. The standard cutoff score to identify major depression is 10 or above (46–48). The PHQ-9 has been previously validated in Spanish for use in Peru (49), has been used in other Spanish-speaking populations throughout Latin America and Spain (50–52), and has been validated for use in depression screening in HIV in South Africa (53) (Supplementary Material 2).




NCI (or HAND) Diagnosis for PWH

Global cognitive impairment was defined as a GDS score ≥0.5, and individual domain cognitive impairment was defined as a domain-averaged T-score <40. HIV-associated NCI diagnoses were assigned according to the Frascati criteria (9). To receive a diagnosis of HIV-associated dementia, participants had to have moderate to severe impairment on neuropsychological testing and require major assistance in activities of daily living based on the PFAQ. Mild neurocognitive disorder was diagnosed when NCI was mild to moderate on neuropsychological testing by GDS score, and difficulties were reported in two Pfeffer areas except that for participants with at least moderate depressive symptomatology on the PHQ-9; three areas were required on the Pfeffer questionnaire. Asymptomatic NCI was defined as mild to moderate impairment without any functional impairment on the Pfeffer questionnaire.



Statistical Analyses

Descriptive statistics were computed with means [standard deviations (SDs)] or medians [interquartile ranges (IQRs)] for all demographic and HIV characteristic continuous variables. Frequencies and percentages were computed for past medical and psychiatric history variables, and to determine the frequency of depressive symptoms, functional dependence and cognitive impairment were used based on defined cutoff points for each test. Univariable (without adjustment for covariates) and multivariable (adjusted for relevant covariates) regression analyses were performed using GLM with link log and family Poisson to obtain unadjusted and adjusted prevalence ratios (PR and aPR, respectively). All covariates [age ≥50 years, female sex, educational level of secondary school or less, comorbid conditions (hypertension, hyperlipidemia, anemia, self-reported depression, PHQ-9 score ≥ 5, self-reported anxiety, past hepatitis B infection, past TB infection, and past syphilis infection)], current absolute CD4 count <500, nadir CD4 count 51–200, nadir CD4 count <50, detectable plasma viral load, and HIV duration ≥5 years) with a p < 0.10 in univariable analyses were included as covariates in the multivariable analyses. A p < 0.05 was considered statistically significant. All statistical analyses were performed using the JMP Pro® statistical software, version 14.2.0 (SAS Institute Inc., Cary, NC, USA) and STATA (College Station, TX, USA).



Ethical and Institutional Review Board Approvals

The study and instruments were approved by the institutional review boards of Universidad Peruana Cayetano Heredia (Lima, Peru) and Via Libre (Lima, Peru). The institutional review board of the University of California, San Diego (San Diego, CA, USA), exempted the study from review. Written informed consent was obtained from study participants once the research procedure was explained to them, and sufficient time was given for participants to have any questions answered. Participants were not reimbursed for their time.




RESULTS


Demographics and Medical Characteristics

We recruited 144 PWH with a mean age of 51.6 ± 7.7 years and mean years of education of 14.0 ± 3.1 (15.2% females). We found that 2/144 (1.4%) have completed up to primary school, 48/144 (33.3%) have completed up to secondary school, 76/144 (52.8%) have had some or completed university or technical school, and 18/144 (12.5%) have completed a post-graduate degree (data not shown). We found that a small proportion of PWH were unemployed (13.0%) (Table 1).


Table 1. Demographic and medical characteristics (N = 144).
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Non-communicable comorbidities were common. Less than one third had dyslipidemia (32.6%), 13.7% had hypertension, and very few had diabetes (5%), anemia (10%), or lifetime seizure history (4.3%) (Table 1). The most recent mean hemoglobin reported in laboratory analyses was a mean (SD) of 13.9 (1.52), and mean creatinine levels were within the normal range [0.93 (0.17)]. Recent mean total cholesterol levels were 196.2 (46.0), and triglycerides were 170.7 (98.1) (Table 2). Alcohol use was more common among PWH (47%), but current cigarette smoking (16.7%), marijuana use (2.8%), and cocaine use (1.4%) were less common (Table 1). Self-reported past infectious history (corroborated with chart review) was obtained. Past history of pulmonary TB (15.2%), HSV infection (30.9%), and syphilis (29.5%) was common. All participants with a positive TB history completed treatment, and nearly all who had a history of syphilis per self-report completed treatment (97.2% of those with a syphilis history). Of those participants who had an RPR test in the medical chart, 28/105 (26.7%) had a positive RPR test in the past. Of 92 participants, eight (8.7%) had a positive lifetime TB sputum test (Table 2). Prior hepatitis infection was common among PWH with more than one third (35.7%) having had any hepatitis infection in the past (hepatitis A 18.1%, hepatitis B 16.7%, and hepatitis C 1.4%) (Table 1). Of those who had an HBsAg test available in their medical chart, 11/100 (11%) had a positive HBsAg. There were five cases of a prior central nervous system (CNS) infection by self-report, including CNS amoebiasis, cryptococcal meningitis, HSV encephalitis, neurocysticercosis, and CNS toxoplasmosis reported (Table 1).


Table 2. HIV characteristics and laboratory results (N = 144).
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HIV Characteristics

PWH had a mean duration of HIV infection of 9.9 ± 7.1 years, and all participants were currently on ART. On the antiretroviral adherence questionnaire, the large majority of PWH [116/138 (84.1%)] never missed a dose in the past month, and 17/138 (12.3%) missed one to three doses in the past month, and 5/138 (3.6%) missed more than three doses in the past month. PWH had well-controlled HIV infection with a median absolute CD4 count of 554 cells/mm3 (IQR: 372–732) and a nadir CD4 count of 179 cells/mm3 (IQR: 83–291). A detectable plasma viral load (>50,000 copies/mm3) was noted in 14.3% of PWH. The most common non-nucleoside reverse transcriptase inhibitor (NRTI) in current use by the participants were lamivudine [3TC, 80/131 (61.1%)] and tenofovir [TDF, 80/131 (61.1%)]. Of the non-NRTIs, efavirenz was common [91/131 (69.5%)]. Protease inhibitors and integrase inhibitors were rarely used (Table 2).



Depression and Functional Assessment Screening Results

Of the self-reported psychiatric history, 15.2% of participants self-reported a current depression diagnosis and 10.9% self-reported anxiety. Depression on the PHQ-9 depression screening (defined as PHQ-9 score ≥5) was common, with one quarter of participants screening positive for depression (Table 1). To assess functional status, a PFAQ cutoff of ≥9 was used, and we found that there were no participants that met criteria for functional dependence. When the cutoff was set lower (PFAQ total score ≥4), we found that very few had difficulty with independent activities of daily living (2.8%). In unadjusted regression analyses, only self-reported anxiety was a risk factor for depression on PHQ-9 [PR 2.03 (1.08–3.82); p = 0.047], but no other demographic, past medical history, or HIV characteristic variable posed an increased risk on depression by PHQ-9 score (data not shown).



Neurocognitive Testing Results

We found that nearly 30% of participants had global NCI and that all participants with global NCI had asymptomatic NCI with no participants having mild neurocognitive disorder or HIV-associated dementia. We found high rates of impairment in the attention and working memory domain (69.9%) and that nearly one fifth of PWH (18.1%) had difficulty with speed of information processing (Figure 1, Table 3). In unadjusted regression models, HIV infection did not increase risk of NCI [PR 0.99 (0.60–1.63)], but any latent HIV coinfection (including past history of hepatitis B infection, TB infection, or syphilis) increased the risk of NCI [PR 1.72 (1.04–2.86)], and a current CD4 absolute count of <500 cells/mm3 approached statistical significance [PR 1.64 (0.96–2.8)]. Neither was a statistically significant risk factor associated with NCI in adjusted models [aPR 1.55 (0.81–2.92) for latent coinfection and aPR 1.64 (0.87–3.10) for absolute CD4 count <500 cells] (Table 4). In a sub-analysis of PWH (not shown) with an undetectable plasma viral load only (n = 126), we found that 28.6% of PWH had NCI, and in the unadjusted regression analyses, the PR of HIV positivity on NCI remained unchanged.


[image: Figure 1]
FIGURE 1. Neurocognitive domain impairment among PWH (N = 144).



Table 3. Neurocognitive and functional status screening results of PWH (N = 144).
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Table 4. Regression models (unadjusted and adjusted) for risk factors for neurocognitive impairment (N = 144).
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DISCUSSION

In this study, we characterized NCI rates among middle-aged and older PWH living in Lima, Peru, and risk factors for NCI in this population. We found that nearly 30% of PWH had asymptomatic NCI and that no PWH had symptomatic NCI with functional impairment. Among PWH, a risk factor for NCI that was identified was having had a history of latent coinfection, but this was no longer statistically significant in adjusted analyses. Our findings are comparable to previously published findings with comparable NCI rates worldwide.

Several studies have assessed NCI and dementia in geriatric populations in Peru, but none have focused on an older Peruvian population with HIV. In Latin America, eight publications have described HAND prevalence and associated risk factors among PWH aged ≥40 years [seven from Brazil (16, 54–60) one from Mexico (61)], with none from Peru. These studies utilized different neurocognitive screening tools, including the International HIV Dementia Scale (IHDS) (16, 56–58) with HAND prevalence ranging from 37 to 64% using this scale or the Mini Mental State Exam (MMSE) (62) with prevalence ranging from 27 to 37%. (54, 59) Several studies from Brazil reported NCI prevalence specifically among an older age group of PWH aged ≥50 years with prevalence ranging from 23 to 54%, (16, 54, 57, 59) and in Mexico, a higher prevalence of HAND (66%) among PWH aged ≥50 years was associated with pre-frailty (61). Notably, few studies reported on asymptomatic NCI without impairment in functional status. Among Brazilian PWH with mean age of 42.5 ± 9.1 years, asymptomatic NCI rates were higher than those found in our study (48.3% in the Brazilian study vs. 28.5% in our study) (26, 63). Despite these assessments of HAND from some Latin American countries, prevalence differs depending on the geographic population surveyed and the NCI screening tool utilized and the clinical and demographic characteristics of the group, including immunosuppression, viral suppression, comorbidities, and age.

Only two studies to date have investigated NCI in HIV in Peru. One study utilized a subjective memory complaint questionnaire to determine its utility in identifying NCI in PWH in Peru; however, this sample consisted of PWH who were younger than that of our group (mean age 34.3 years) with a high proportion of alcohol use disorder (41%) and depression (42.5%) (18). Unlike in our study, this study did not assess NCI using objective standardized neurocognitive tests, limiting its utility in objective identification of NCI (18). Another international multisite study from the AIDS Clinical Trials Group included 62 ART-naïve Peruvian PWH (median age 33 and median educational level 12.5 years) (19). Although results were not reported for the Peruvian group, the study reported that across the entire international study, 19% of their population had mild NCI (19). Although the topic of NCI in PWH has been touched on in Peru, it has not been thoroughly studied in an objective manner. Our study is the first to study NCI in a group of middle-aged and older PWH from Peru using an objective multidomain neuropsychological battery.

When comparing our study results to similar studies based in the United States, we found that rates of NCI among PWH in Peru appear to be lower overall. For example, in a multisite study of 1,555 HIV+ adults, 52% of the total sample had NCI (33% of these were asymptomatic NCI, 12% mild neurocognitive disorder, and only 2% with HIV-associated dementia) (7). In another study, Latinos living in the United States had higher rates of NCI compared with non-Latino White PWH (54 vs. 42%), and Latinos tended to perform worse in speed of information processing, working memory, recall, learning, and executive function cognitive domains compared with non-Latino White PWH (37). Latinos living in the United States are heterogeneous from differing racial groups and nationalities and tend to present with worse HIV characteristics (i.e., lower nadir CD4) or non-communicable comorbidities compared with non-Latino Whites, which may worsen NCI (36, 37). In one study investigating differences in rates of NCI between US Latino and non-Latino Whites, even after adjusting for lower nadir CD4 and other HIV characteristics, Latino PWH in the United States had higher rates of NCI compared with non-Latino White PWH (OR 1.59, CI = 1.13–2.23, p < 0.01) (37). Therefore, it is important to consider not only common risk factors and social determinants of health that affect Latino populations with HIV in both Latin America and the United States but also the type of neurocognitive testing norms developed for these populations.

As described earlier, prior studies on HIV-associated NCI in Latin America have demonstrated that NCI and HAND prevalence differs by country depending on the screening instrument utilized. Thus, optimization of an NCI screening instrument validated against a complete neuropsychological battery, the gold standard for diagnosis of HAND (64), is needed but remains a logistical challenge. One study from Brazil, for example, compared the IHDS scale to a brief neurocognitive battery and found that the sensitivity for detection of HAND using standardized cut points of the IHDS was 36% with a specificity of 75%. The top two combinations of neuropsychological tests with the highest sensitivity compared with a gold standard neuropsychological battery were the Trail Making Test A, WAIS-3 Digit Symbol, and HVLT-R Total Recall (sensitivity 91% and specificity 96%) (63). The neuropsychological battery used in the present study included two of these three tests (WAIS-3 Digit Symbol and HVLT-R Total Recall) but replaced the Trail Making Test A with Color Trails Test 1 given a possible preemptive concern of lower literacy in our population. Although our study utilized similar tests to those in the Brazilian study, we did not compare our findings to a gold standard neuropsychological battery; thus, we are unable to report the sensitivity and specificity for detection of HAND of our brief neuropsychological battery. The tests utilized in our battery have been shown to have high sensitivity and specificity in other Brazilian studies with similar sociocultural norms and, thus, may be applicable in our population but may still have limitations (19, 63). Brazil is a Portuguese-speaking country with linguistic factors that may not be generalizable to neurocognitive testing across Spanish-speaking countries in Latin America; therefore, development of a neurocognitive battery specific to each region of Latin America is essential to capture linguistic and sociocultural factors of that region.

We found that few norms have been developed for Spanish speakers living in Peru for the majority of tests we administered; thus, we applied norms for Spanish speakers living in the United States–Mexico border with a similar demographic and sociocultural characteristics and applied norms for English speakers living in the United States when Spanish-speaker norms were unavailable for particular tests. In most prior studies on NCI, applying norms for English speakers or norms collected in Spanish-speaking countries, such as Mexico or Spain, is currently standard clinical practice (65). However, utilizing norms that are not specific to the geographic region of interest may increase the chances of either underclassifying or overclassifying NCI without appropriate demographic adjustment for that region (66). The development of neuropsychological test norms that are representative of the diversity of Latin American populations is urgently needed. This is a key first step toward the development of validated brief cognitive screening tools that can be used in routine clinical HIV care in Lima and other Latin American cities (8, 67).

Risk factors for NCI in PWH are important to consider. Some studies have found that low nadir CD4 and high plasma viral load are strong predictors of NCI among PWH on ART (7). Among ART-naïve PWH, even after treatment for a mean duration of 63 months, NCI persisted among 62.8% of those with NCI prior to treatment (25); like in our study, this study found that HIV characteristics previously associated with NCI in PWH, such as absolute CD4 cell count, plasma viral load, and use of CNS-penetrating drugs, were not associated with persistent neurocognitive deficits; however, the only risk factor that contributed to persistent neurocognitive deficits after initiation of ART was lower educational levels, highlighting the importance of educational level achieved when considering NCI evaluation (25). Our sample was largely educated with 97% of the group having completed at least secondary school, higher than the mean educational level of the general population of Peru (64% female and 75.4% male with at least some secondary schooling) (68). Two thirds of the participants in our study had some university or technical school or a post-graduate degree, likely because study recruitment took place in a specialized multidisciplinary private HIV clinic run by a non-governmental organization, and not a governmental hospital, thus attracting employed patients with higher educational levels. Given the lack of low educational levels in our sample, we did not see an association between educational levels and NCI, which may not be true of rural populations with lower educational levels in Peru. We found no other demographic variable; past medical or psychiatric history increased the risk of NCI. However, having had a latent coinfection (either hepatitis B infection, pulmonary TB, or syphilis) was a risk factor for NCI, but these infections individually did not contribute to cognitive impairment.

Latent coinfections have been described in the literature to contribute to NCI in PWH. According to the World Health Organization Global Tuberculosis report, the incidence of TB/HIV coinfection in Peru is high, with 119 reported cases per 100,000 inhabitants in the general Peruvian population and 7.5 per 100,000 among PWH in Peru (69). One of the most commonly reported active or latent HIV coinfections to worsen NCI is TB. For example, one multinational study that included patients with HIV and active TB found that participants with active TB and HIV performed statistically significantly worse on Grooved Pegboard (motor performance) and finger tapping with the non-dominant hand compared with an HIV+ non-TB group, but sustained ART for 3 years improved cognitive function among ART-naïve PWH (70). Another study from South Africa also found that active multidrug-resistant TB coinfection was associated with significantly lower domain scores in visual attention and task switching (Trail Making Test parts A and B), visual–spatial orientation and executive function (Rey Complex Figure recall), and motor performance (Grooved Pegboard Test) (71), and a similar study found that the prevalence of HAND among PWH with active multidrug-resistant TB infection was 43.5% (72). The elevated risk of cognitive impairment may be mediated by higher levels of systemic inflammation among those with coinfection as was demonstrated in a study from Zambia, which reported a prevalence of NCI among 55% of HIV+/TB patients, 34% HIV+ non-TB patients, and 14% of HIV-negative controls (73). Worse domain impairment among the HIV+ active TB group (compared with the HIV+ non-TB group) was noted in learning and memory (immediate and delayed recall), working memory, verbal fluency, and speed of information processing, but there were no differences in motor performance and executive function unlike prior studies from South Africa (72, 73). One study from southern India analyzed the effect of latent TB coinfection on NCI and found no difference in NCI prevalence between the HIV+ latent TB group and the HIV+ non-latent TB group; however, it did find that certain inflammatory markers were higher in the HIV+ latent TB group (74). Similar to the findings of this study, our study did not find a relationship between latent TB/HIV+ coinfection on NCI, but the risk of NCI increased when several coinfections were considered simultaneously.

Syphilis is another common coinfection in PWH, and prior syphilis infection was found to be common in our group of PWH (29.5%) but did not independently increase risk of NCI in PWH in our study. The prevalence of syphilis in the Peruvian population is unknown, and the country does not have a government-sponsored syphilis monitoring program; however, in one study, the prevalence of syphilis in Peru was estimated to be 0.5% among men and 0.4% among women (75). Other studies have found that syphilis coinfection may worsen NCI, including one study from the CNS HIV Anti-Retroviral Therapy Effects Research (CHARTER) cohort, which found that those with prior syphilis infection had a greater number of impaired neuropsychological test domains and a worse GDS score [0.47 (0.46) vs. 0.31 (0.33) in HIV+ non-syphilis patients, p = 0.03] (76). Another study demonstrated similar findings with worse neurocognitive performance among PWH with a prior history of syphilis infection; however, this group hypothesized that poor neurocognitive performance predisposes to more frequent acquisition of sexually transmitted infection due to risky behaviors (77). The relationship between syphilis and NCI is unknown, as one study demonstrated that neurosyphilis increases CNS inflammation but does not explain NCI (78). Our study did not find a relationship between past treated syphilis infection and NCI among PWH, but we did find that nearly one third of PWH in our study had syphilis infection, highlighting its prevalence in this population from Peru. Hepatitis B infection is less common compared with TB in Peru but has a prevalence of 0.75 per 100,000 inhabitants (79). Very few studies have investigated the effect of past hepatitis B infection and HIV on NCI as most studies have focused on HIV/HCV coinfection. However, in our study, hepatitis C infection was very rare, and past hepatitis B infection was much more common. Only one study found an increase in impairment of verbal learning and memory among a cohort of HCV and HBV patients without HIV compared to heathy controls (80). Our study demonstrated an increased risk of past infection with pulmonary TB, syphilis, or hepatitis B infection on NCI in unadjusted analyses, but not in adjusted analyses, highlighting the importance of management and treatment of coinfections more prevalent in Latin America to prevent NCI among PWH.

Depression risk is known to be greater in older PWH, yet few studies have reported on depression prevalence among middle-aged and older adult PWH in Latin America, particularly on its effect on NCI (81). The PHQ-9 has been utilized in Latin American populations, including in rural areas of Mexico, suggesting that the internal consistency of the PHQ-9 was good overall and in subgroups of low literacy levels, gender, and age (50). The PHQ-9 has also been validated for use in Peru (49), and studies suggest that those of lower socioeconomic status or from rural areas had lower rates of depression (82). One study from Latin America of 412 Brazilian PWH utilized the Beck Depression Inventory (BDI) for depression screening and found that a BDI score between 13 and 19 points was associated with symptomatic HAND (mild neurocognitive disorder and HIV-associated dementia) (16). Another study of older Brazilian PWH aged ≥50 years found that the frequency of mild neurocognitive disorder using the MMSE was 36.5% and that depressive symptoms were present in 34.6% of participants using the BDI-II (59). This study found that depression was a risk factor for greater functional impairment (59), yet our study results do not suggest a relationship between higher PHQ-9 score and NCI among PWH, likely because we did not identify persons with symptomatic HAND or functional impairment. A unified approach to identifying those older PWH at greatest risk for depression is needed by applying culturally appropriate depression screening tools and considering depression screening when evaluating for NCI in older PWH.

Our study has limitations. Firstly, this was a cross-sectional study capturing NCI at one isolated time point during the course of HIV illness and did not capture longitudinal data on cognitive decline. Thus, no inferences can be made on the risk of progressing from asymptomatic NCI to symptomatic forms of HAND (mild neurocognitive disorder or HIV-associated dementia). Second, there are no neuropsychological test norms specific to Lima, Peru; thus, norms for Spanish speakers with similar sociocultural norms were utilized when available (NP-NUMBRS), and English-speaking norms were used for those in which NP-NUMBRS norms were unavailable. Although we adjusted for demographic variables (age, sex, and educational level), without neuropsychological test norms specific to the region of study, NCI may be underestimated or overestimated. Lastly, it is important to note that this study and the neuropsychological battery utilized may not be generalizable to populations of lower literacy or lower educational levels, particularly in rural populations. Participants in our study had a mean educational level of 14 ± 3 years, with the large majority (97%) having completed at least secondary school and two-thirds having had some university or technical school. This figure is much greater than the proportion of Peruvians in the general population across all of Peru with up to secondary school completed (64% female and 75.4% male) (68). Our results may be generalizable to certain regions of Lima with higher educational levels comparable to our population, but they may not be generalizable to rural populations or other metropolitan areas of Peru and other LAC. Illiteracy and low educational levels are common across Latin America, including Peru, where the illiteracy level is 6% (83), and higher among older adults living in rural areas of Peru compared with urban settings (41.6% rural vs. 12.3% urban), thus limiting the external validity of our results to low-literacy or illiterate populations in Peru and elsewhere in Latin America (84). Lastly, the sample size was not large (N = 144), thus limiting conclusions that may be made regarding risk factors of NCI. However, a post-hoc power calculation was conducted to determine the power of this study to detect TB as a risk factor of interest for cognitive impairment among PWH. TB was selected as a risk factor for NCI in the post-hoc power calculation because of evidence from previous studies that it is a risk factor for cognitive impairment (71, 74); it is a common exposure in Peru (85) and is commonly associated with HIV (86). Given that our secondary aim was to explore risk factors related to NCI, we calculated the power to detect a statistically significant difference in the exposure (TB) when comparing its frequency among those with and without NCI. Given that 21 participants had a history of TB, our study had a power > 80% for a PR of 3.35 or higher.

Despite these limitations, our study is the first to report the rates of NCI among a group of middle-aged and older adult Peruvians with HIV living in the capital city of Lima, utilizing a multidomain objective neurocognitive battery. We have highlighted the need to validate a brief cognitive screening tool that may be generalizable and applicable across the wide spectrum of educational and literacy levels, in order to enhance the external validity of the tool. Neuropsychological test norms specific to Lima, Peru, that account for the sociocultural context and demographics of urban Peru are also key in being able to properly define the rate of NCI seen in an aging HIV population. There is a need for long-term longitudinal data that characterizes whether people with NCI without functional impairment may progress to symptomatic forms with functional impairment and whether cognitive decline should be a concern as PWH age in Peru and throughout Latin America. Demonstrating these aspects of HIV-associated NCI across all of Peru, including in urban and rural areas across the spectrum of educational levels, will allow for the creation of new therapeutic targets and management strategies for HAND in LMICs.
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The mental health of the elderly is a matter of increased concern in the context of an aging population since currently only a small fraction of this population is receiving adequate care. The provision of treatment in primary care by the General Practitioners (GPs) has been proposed for over a decade as a potential solution, as services offered by GPs are more accessible, less susceptible to stigma, and have a more comprehensive view of the other health care problems that the elderly might suffer from. In this study, we explored the perception of Romanian GPs regarding their practice and roles in caring for the mental health of the elderly as well as the willingness to increase their future involvement in the management of dementia and other mental health problems. Data was collected via an online questionnaire structured on four dimensions: (1) GPs' sociodemographic profile and practice characteristics, (2) GPs assessment of the services available for elderly with mental health problems, (3) GPs current involvement in mental health care for different categories of problems, and (4) factors that might influence the future involvement of GPs in providing care for elderly with mental health problems. The survey was sent via the member mailing lists of the National Society for Family Medicine. Results show that GPs are currently limited by prescribing possibilities, available resources and knowledge in the area, but they are willing to expand their role in the areas of early recognition and prevention of mental health problems as well as providing disease management and collaborative care. An improved communication with mental health care professionals, a better access to resources and having more financial incentives are the three most important categories for GPs to increase their involvement. In conclusion, increasing the access to personal and professional resources and setting up functional communication channels with specialized mental health care could motivate GPs to provide timely mental health support to elderly patients.

Keywords: mental health, primary care, elderly, roles, barriers


INTRODUCTION

The mental health of elderly is of increasing concern in an aging population context, with 20% of adults aged 55 and over suffering from a mental disorder of which most commonly reported are anxiety disorders, severe cognitive impairment, and mood disorders. Nevertheless, the majority of this population does not receive the services they need, with 70% of older adults not seeking help from a mental health professional for their mental health problems (1, 2). This represents an especially important issue in light of the accumulated knowledge that all mental health disorders adversely affect physical health. Studies show that untreated depression in the elderly who also suffer from heart disease can negatively affect the outcome of the somatic condition (3). However, currently depression is still widely under detected in older people, with only one in six elderly people with depression actually discussing their symptoms with the GP and less than half of them receiving adequate treatment (4). The situation was found to be similar for elderly suffering from anxiety disorders (5, 6) and in Low and Middle Income Countries (LMIC) the treatment gap is estimated to be even higher (7). Despite the obvious impact that untreated mental health problems might have (8), the gaps in the provision of services for elderly still exist due to factors such as: the stigma surrounding mental illness and mental health treatment; denial of problems; access barriers; fragmented and inadequate funding for mental health services; lack of collaboration and coordination among primary care, mental health, and aging services providers; gaps in services; and the lack of adequate professional and paraprofessional staff trained in the provision of geriatric mental health services (9).

Since ~70% of the population seeks health care in primary care settings (10) and General Practitioners (GPs) are frequently the gatekeepers to specialized mental health services (11), they could play an important role in addressing this detection and treatment gap.

Recent research conducted in Indonesia and other LMICs show that GPs supported by nurses in primary care clinics could effectively manage mild to moderate mental health issues commonly found among primary care patients and that they provide non-stigmatizing mental health care within community context, helping to reduce the mental health Treatment Gap (12, 13). While the idea of increasing the involvement of GPs in the treatment of the elderly with mental health problems is at least a decade old, it has been suggested that the feasibility of such an approach must be tested in each country (12).

In Romania such an approach has not been yet tested, although previous efforts to increase the knowledge of GPs in the area of mental health care have been made (14). GPs are currently reimbursed mainly on capitation, with very few fee-for services, none of them for mental health care (15) and they have limited capacity in the prescription of drugs for mental health disorders. They are generally being asked to continue the prescriptions initiated by psychiatrists for a limited period of time (usually up to 3 months) after which a new prescription from the psychiatrist is needed (16). The current legislation also limits the initiation and continuation of the treatment for dementia to specialists such as psychiatrists, neurologists, and geriatricians; these are the main providers of care either in hospitals or outpatient services as no specialized services are currently available for the elderly with mental health problems (17). The official role of the GPs for this type of diagnosis is to identify patients and refer them to the specialists. However, access to specialized services can be difficult in many regions of the country and—when available—these might not meet the actual needs which can result in multiple consultations (18).

In this context, we aimed to explore the views of Romanian GPs on their current role, on factors that deter them from playing a more active role as well as on the specific areas where they would be willing to intensify their involvement in the mental health care of the elderly. Through this study we aim to understand how GPs perceive the services currently provided to elderly with dementia and other mental health problems, their current place within the mental health care system as well as enabling and hindering factors for a further expansion of their role. We hope our results will be used to inform future health care policies in this area.



METHODS


Study Design

This is a cross-sectional survey-based, observational study on the perceived current and future role of GPs in the area of the mental health care of the elderly.



Participants

The selection of participants was opportunistic. The questionnaire was made available in a digital format and a link was posted by one of the authors on the internal communication channels of the national GPs professional society [i.e., National Society of Family Doctors (NSFD)]. The announcement was available online for 2 weeks in May 2018 and resulted in 65 completed questionnaires. Around 4,000 GPs from all over the country are subscribed to the NSFD communication group where the announcement was posted; however due to individual message viewing preferences pre-set by GPs, we cannot estimate the actual number of members who have actually seen our announcement and we cannot give an estimate of the actual response rate.



Instruments

The questionnaire was constructed by the research team, based on a selective review of the literature (19–27), as further indicated below. The structure of the questionnaire reflects our goal to cover different aspects that might influence the current and future role of GPs in providing mental health service to elderly population while keeping the response time around 15 min (no financial incentive was provided to respondents for their participation). We have tested and refined the questionnaire by asking four key experts (three GPs and one psychiatrist) to fill in the form and make suggestions for improvement, wherever necessary.

The questionnaire covers four dimensions: (1) GPs' sociodemographic profile and practice characteristics, (2) GPs assessment of the services available for elderly with mental health problems, (3) GPs current involvement in mental health care for different categories of problems, and (4) factors that might influence the future involvement of GPs in providing care for elderly with mental health problems. It includes categorical or continuous items, with 4- or 5 point Likert-scale questions. Elderly population was defined as people aged 65 years old and over.

(1) GPs' sociodemographic profile and practice characteristics; this dimension included five questions.

As demographic variables, age, and sex were surveyed, as well as the place of the GP office. For the location of the practice, the answer options were “big city,” “suburbs,” “small town,” and “rural area” (these categories were dichotomized into urban (big cities, suburbs, and small town) and rural (mixed urban-rural and rural) areas). In terms of the characteristics of the practice we have asked GPs about their practice setting (whether working alone, with other GPs, with other medical specialties or with GPs and other medical specialties in a shared space) as well as how they estimate their workload to be (working below capacity, at capacity or above capacity). These items have been taken over and adapted from the QUALICOPC study (19, 20).

(2) GPs assessment of the services available for elderly with mental health problems; two questions were used to assess how GPs perceive the current provision of services for the elderly.

The first question asked the GPs to rate on a four point Likert scale the availability, diversity, continuity and the global quality of the mental health care services currently available to elderly (21, 22) and the second asked them to rate on five point Likert scale the degree to which different categories of services currently available to elderly with mental health problems respond to their needs. The services included were: General Practitioners, Outpatient psychiatric services, Outpatient neurologic services, Outpatient geriatric services Community Mental Health Center, Day centers, Psychiatric hospitals, Psychiatric departments in general hospitals, Geriatric departments in general hospitals, Neurologic departments in general hospitals, Residential centers, Nursing homes, Memory centers, Home care services, and Palliative care services.

The second question was developed by the authors to reflect the structure of the current provision of services for the elderly in Romania.

(3) GPs as first contact for psycho-social problems and their current involvement in the initiation and treatment of mental health care for different categories of patients; this dimension included two questions.

The first referred to the extent to which seven different categories of patients contact the GP as first health care provider (e.g., Man aged 68 with neurocognitive problems (e.g., dementia), Woman aged 70 with anxiety and depression problems, etc.) with the answer categories “almost always,” “usually,” “occasionally,” or “seldom/never.”

The second inquired about the involvement of the GP in the initiation and treatment of anxiety disorders, depression, personality disorders, schizophrenia, Parkinson disease, Alzheimer disease, and other neurodegenerative disorders.

(4) Enabling and hindering factors for GPs future involvement in providing care for elderly with mental health problems; this dimension included three subsections.

One addressed the barriers that prevent GPs for assuming a more active role in caring for the mental health problems of the elderly and included the following six categories: access to specialized services (4 items), communication with mental health care providers (6 items), personal and professional resources (3 items), patient related factors (2 items), financial related factors (4 items), and competencies (11 items). The list of factors has been created by the authors, based on previous research conducted in this area (21–23, 26, 27).

The second subsection asked about GPs willingness to get involved in different areas of mental health care for the elderly population such as: early recognition and prevention (1 item), self-management and e-health interventions (2 items), diagnosis and treatment (7 items), disease management and collaborative care (2 items), and relapse prevention, rehabilitation, and participation (2 items). This section was developed based on the stepped care model (24).

The last question prompted GPs to self-assess their abilities to provide care for anxiety disorders, depression, personality disorders, schizophrenia, Parkinson disease, Alzheimer disease, and other neurodegenerative disorders both in the current context as well as in an ideal context, where the current barriers would be removed.



Data Analysis

Data were analyzed using descriptive statistics for all included variables (frequencies, percentages, means, and standard deviations). We have also performed a correlation analysis of the different areas of care that GPs would be willing to get involved in with the categories of factors indicated as barriers. To perform the analysis, we have used the Statistical Package for the Social Sciences (SPSS) for Mac, version 20.0.



Ethical Issues

The ethical approval was obtained from the “Spiru Haret University” ethical review board and the protocol was determined to be exempt. No harm was anticipated to the survey respondents. The consent letter was placed directly within the survey, before the actual survey questions. At the end of the consent letter, participants had to provide their consent to participate in the study.




RESULTS


GPs' Sociodemographic Profile and Practice Characteristics

Participants to this study were 65 General Practitioners (GPs), having an average age of 51.6 years (SD = 10.6) and living in 22 counties in Romania (32 from Bucharest, three each from Bihor, Dolj and Prahova, two each from Calarasi, Ilfov, Satu Mare, Teleorman, Tulcea and Valcea and one from Arad, Bacau, Botosani, Braila, Brasov, Cluj, Galati, Gorj, Hunedoara, Ialomita, Iasi, Vrancea). The majority (89.2%) were female practicing in a big city (64.6%) in an individual office or together with other GPs (77%). Half of the participants reported working above their capacity level, with an average size of the practice population of 2032 (SD = 728) patients on the list (see Table 1). The demographic structure of our sample is similar to ones included in other studies, a WHO report on the structure and provision of primary care in Romania reporting an average age of 49.5 years and 80% of respondents being female (28).


Table 1. General practitioner (GP) characteristics and aspects of their practice and interprofessional collaboration.
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GPs Assessment of the Services Available for Elderly With Mental Health Problems

When asked about the mental health services for elderly people with mental health problems, the vast majority of participants have indicated that these are poor or very poor in terms of diversity (89.2%), availability (86.2%) and continuity (83.1). For the global quality of the services, a slightly higher number of participants (i.e., 21.5%) are of the opinion that the services are of good or very good quality (see Table 2).


Table 2. GPs' perception of mental health care services for the elderly in terms of availability, diversity, continuity, and global quality.
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A more detailed image of how the performance of different services is perceived by the GPs, shows that outpatient psychiatric services meet the mental health needs of the elderly in a high or very high degree (50.8%). GPs are following closely (46.2%), being the second most responsive professional category followed by neurologic outpatient services (36.9%), psychiatric hospitals (27.7%) and community mental health centers (23.1%). The mental health needs of the elderly are addressed in a moderate way by inpatient psychiatric, neurologic and geriatric services and poorly by residential care, nursing homes, home care, memory centers, day centers or palliative care services (for details, see Table 3).


Table 3. GP's assessment of the degree to which services available to elderly with mental health problems respond to their needs.
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GPs Current Involvement in Mental Health Care

A high number of GPs (81.5–98.5%) report that patients with psychosocial problems, anxiety, depression, memory problems and other neurocognitive problems are frequently contacting them, as their first health care provider. Elderly female patients with anxiety and depression problems are the category for which the GPs are almost exclusively the first health care provider (i.e., 98.5%). The next most frequent categories are elderly males and females with memory problems and/or other neurocognitive problems (Table 4).


Table 4. Reported categories of patients who contact their GP as the first health care provider for different mental health care problems.
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These results are also confirmed by the high frequency of cases where GPs initiate or provide treatment for mental health problems, anxiety disorders being the most mentioned category (i.e., 73.8%) followed by depression (52.3%). The involvement of GPs in the treatment of patients with Alzheimer disease or other neurodegenerative problems is reported by only one in four GPs to be a frequently occurring practice. The involvement in treating serious mental illness is also reported only by a few GPs (10.8% for Schizophrenia and 18.5% for personality disorders; see Table 5).


Table 5. Involvement in initiation and treatment of different mental health problems.
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Enabling and Hindering Factors for GPs Involvement in Providing Care for Elderly With Mental Health Problems

The main barrier to getting involved in the treatment of elderly with mental health problems that was mentioned by the participants to our study is the communication with mental health care providers (psychiatrists, psychologists, members of community mental health care teams), followed by the limited access to specialized mental health care services (i.e., difficulty in accessing specialized resources, a scarcity of mental health care workers, inadequate support and communication among stakeholders or a lack of critical mental healthcare resources). The third category of factors perceived as playing an important role, is represented by financial related factors (i.e., inadequate level of remuneration, increased bureaucracy to get reimbursed, investments of education and lack of financial motivation). Mean scores for all categories measured are presented in Table 6. While all factors are perceived as being important, the lowest mean score is corresponding to the category of personal and professional resources. Nevertheless, when looking at individual factors, the limited possibility to prescribe medication is reported by over half of the participants to be in a very high degree a barrier to their involvement in treating the mental health problems of the elderly. Other individual factor for which GPs agreed that play a very high role were the uncertainty of the diagnosis (44.6%), a lack of support from mental healthcare teams (43.1%), the bureaucracy to get reimbursed (41.5%), the inadequate level of remuneration (40.0%) and the lack of explicitness in the roles of different healthcare professionals (e.g., GPs, psychiatrists, psychologists) in managing mental conditions. Scores for all individual factors are included in Appendix A).


Table 6. Categories of factors that represent barriers to getting involved in the management of mental health problems of the elderly population.
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While GPs are reporting above average interest to get involved in all areas of mental health care for the elderly, they would be willing to invest more effort into early recognition and prevention of mental health problems as well as providing disease management and collaborative care (i.e., referring to other health care providers and continuing care initiated in secondary care). The least interesting area for GPs was the one focusing on providing support for self-management or prescribing e-health interventions (for details, see Table 7 and Appendix B).


Table 7. Willingness of GPs to get involved in different areas of mental health care of the elderly population.
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To identify which factor might have an influence on the willingness of GPs to get involved in different areas of care we have run a correlation analysis between the six categories of factors discussed above (see Table 6) and the five areas of mental health care of the elderly population. Our results show a positive correlation between the area of “early recognition and prevention” and the scores obtained for the “communication with mental health providers” indicating that a better communication with the mental health providers would improve the willingness of GPs to get involved in “early recognition and prevention” (significant at 0.05 level). Similarly, we have found significant corelation between the area of “diagnosis and treatment” and “the level of personal and professional resources” (0.05 level). For the area of “disease management and collaborative care” we have found correlations with “communication with mental health providers” (0.01 level) as well as with the “access to specialized services” and “the level of personal and professional resources” (0.05 level). Finally, the area of “relapse prevention, rehabilitation and participation” correlates with “communication with mental health providers” and “the level of personal and professional resources” (0.05 level).

A last set of questions we have asked the GPs was addressing their ability to manage the mental health problems of the elderly in context of the existing barriers as well as in an ideal context, where most of these barriers would be removed. As expected, the current ability was assessed to be the highest for anxiety and depression and the lowest for the severe mental illnesses (schizophrenia and personality disorders). For Parkinson and Alzheimer diseases the current ability was estimated as low, with just one in three GPs believing that they would have the skills needed to manage this category of problems (see Table 8). However, these are the same diseases for which GPs expect the highest increase in ability, in the scenario where more resources would be available to them (26.1 and 27.7%, respectively).


Table 8. Self-assessment of GPs abilities to provide care for different categories of mental health problems in the current context and in an ideal context.
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DISCUSSION

The aim of this study was to shed light on how GPs perceive the services currently provided to elderly with mental health problems, their place within the care system as well as the enabling and hindering factors for a possible future expansion of their role. We have discovered that GPs have an accurate understanding of the existent gap in the provision of mental health care for the elderly in terms of the number, the diversity and the continuity of the available services. For each of these dimensions over 75% of the participants estimate that the current provision is poor or very poor. These percentages are very high by comparison with data from other countries, a similar study from Canada indicating a dissatisfaction with the overall quality of the mental health care system of only 45% (diversity: 46%, continuity: 54%, and availability: 65%) (21). GPs also believe that services that are best meeting the needs of the elderly are provided in psychiatric and neurologic outpatient settings, psychiatric hospitals and by GPs themselves. Taking into consideration the fact that these are the most widespread institutional and human resources in Romania (17), it is highly probable that the majority of mental health services provided to the elderly is indeed taking place in these four main types of services.

The majority of the GPs in our sample (81.5–98.5%) report being frequently the first health care provider for patients with psychosocial problems, anxiety, depression, memory problems, and other neurocognitive problems. However, we have found that not all of these GPs initiate or provide treatment for anxiety disorders (73.8%) or depression (52.3%). As GPs in Romania play a gatekeeping role (29), these results are to be expected and are consistent with a recent study who shows that GPs are the first point of care for 66% of adults with anxiety problems and for 84% of elderly with memory problems (30). The same study indicates that GPs are involved in the treatment of follow-up of the depression in the general population in 74% of cases. These differences might indicate that GPs are less confident or are less motivated to treat the depression of the elderly than treating depression in adults (31), or they might even view it as “justifiable depression” (32). However, this aspect should be adequately investigated in future research.

One of the categories of factors that might have an impact on the decision to get involved in the care of elderly with mental health problems is represented by the lack of communication with mental health care providers. These findings are reinforced by results of Butu et al. (30), where 55% of the Romanian GPs investigated have reported to have rarely or never asked advice from a psychiatrist or have met them face to face. Our results are also similar with those of studies conducted in other countries which highlight that, in general, GPs are willing to initiate and provide treatment for mental health problems if they would have better collaborative relationships with mental health specialists (33–35). For example, a study conducted in France found out that a minority of GPs had a satisfactory relationship with private psychiatrists (49.5%) and public psychiatrists (36). As many different models of collaboration and communication have been proposed in the literature, an in-depth analysis of what is the best form of direct communication with other professionals and what represents an optimized referral process would increase the understanding of this issue. As virtual communication methods are rapidly expanding and cost-effective interventions for improving the collaboration between GPs and other specialists could be easily developed, this is also a timely exploration.

Having access to specialized mental health resources and a more advantageous financing model for services provided by GPs can also incentivize GPs for providing treatment to elderly with mental health problems. These findings are not specific for Romania, as access to specialized resources, the inadequate methods of remuneration and lack of financial incentives for GPs to manage mental disorders are frequently mentioned in the literature as hindering factors (26, 31). The need for the development of evidence-based resources for older people with mental health problems within primary care was recognized as a highly needed intervention (32). However, due to the differences in how health care systems are organized, solutions must be developed locally and in close collaboration with all actors involved. The future exploration of these issues should include qualitative research with GPs, psychiatrists and representatives of financing bodies.

In terms of the skills GPs need in order to provide mental health services to an elderly population, the strong areas are represented by depression and anxiety disorders. For the rest of diagnostic categories, the percentages of GPs reporting a good level of skills is rather low. However, in an ideal context where current barriers would be surpassed, the GPs expect an increase of these skills of up to 25%, which represent an encouraging result. Previous studies also highlight the fact that GPs are well-positioned to address MHP in their older patients because of (a) their long-lasting bond with their older patients, (b) their holistic view of the patient, and (c) the easy low-threshold access they offer, but the lack of knowledge, skills, and confidence in their skills can substantially impair detection as well as treatment (33). In Romania, interventions for increasing the skills of GPs have been implemented in the last decades but these were project based and did not lead to systemic changes in the initial training of GPs, in the Continuing Medical Education (CME) programs or in the financial incentive structure. Connecting the training with financial incentives have proved to be successful strategies to increase mental health services provision, as demonstrated by the “Better Outcomes” program implemented in Australia between 2000 and 2007 and should be included in future interventions (37).

Despite the above discussed barriers, GPs are reporting an above average interest to get involved in all areas of mental health care for the elderly. However, they would be willing to invest more effort into early recognition and prevention of mental health problems as well as providing disease management and collaborative care. These results indicate that increasing the access to personal and professional resources and setting up functional communication channels with specialized mental health care could increase the willingness of GPs to provide timely mental health support to a larger number of elderly populations. One additional factor to be considered when planning for the involvement of GPs in the treatment of mental health problems of the elderly is their limited time availability, as mental health care can be time consuming and half of our participants have reported already working above their capacity level (22).

Taking into consideration the limited number of participants as well as the opportunistic method used for sampling them, the results of this study should be used with caution. The fact that we have not distributed the questionnaire directly but we have used the communication channels of the National Society for Family Medicine for their regular contact with members might have played a role in the decision of GPs whether to take part in the research or not, even before opening the email (were more information about the study was included). This might be a possible explanation for the low response rate. Also, as GPs had the possibility to self-register for this study it is also likely that GPs with a higher interest for the topic have answered the questionnaire. Despite the limitations and biases associated with this data collection method, it was the only available method of reaching a large number of GPs without violating the data protection rules applicable at the moment of data collection. Despite these limitations, our results can be used to inform future studies with representative samples, which are much needed by decision makers for development of future strategies.



CONCLUSIONS

Our study has found that communication with other mental health care professionals, access to resources and financial incentives are the three most important factors which influence their involvement in providing mental health care for the elderly. While still limited by prescribing possibilities, available resources and knowledge in the area, GPs are willing to expand their role in the areas of early recognition and prevention of mental health problems as well as in providing disease management and collaborative care. Increasing the access to personal and professional resources and setting up functional communication channels with specialized mental health care could motivate GPs to provide timely mental health support to elderly patients. Strategies in the area of service development should also take into consideration the development of adequate financing mechanisms and financial incentives. Future research should focus on the aspects such as: comparative analyses between the willingness of GPs to initiate and provide treatment for mental health care problems to the elderly population by comparison with the general/adult population, understanding what optimal communication with other specialists and an optimized referral process should look like, and preferred method of providing access to specialized mental health resources (e.g., training, best practice/guidelines, and other types of tools).
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Watching TV is a highly prevalent leisure activity among older adults and, in many cases, the only leisure option of those living in low-income communities. While engaging in leisure activities have proven to protect older adults from cognitive decline, the effects of watching TV on cognition of this population is controversial in the literature. This study investigated the impact of watching TV on global cognitive function, immediate memory, verbal fluency, risk of dementia of amnestic mild cognitive impairment (aMCI) in a cohort of older adults residents of socioeconomically deprived areas of São Paulo, Brazil. We used data from the São Paulo Aging & Health Study (SPAH). Participants aged 65 years or over, with no dementia diagnosis at baseline and who completed the 2-year follow-up assessment were included in this study (n = 1,243). Multivariable linear regression models were performed to assess the effect of watching TV on global cognitive function, immediate memory and verbal fluency. Multivariable logistic regression models were used to evaluate the risk of developing dementia and aMCI. Models were controlled by cognitive performance at baseline, sociodemographic characteristics and functional status. Cognitive performance at baseline and follow-up were similar. Thirty-one participants were diagnosed with dementia, and 23 with aMCI 24 months after inclusion in the study. Watching TV did not show any positive or negative effect on global cognitive function, immediate memory, verbal fluency, risk of dementia and risk of aMCI. It is good news that watching TV did not predict the decline in cognition in elders. However, it is essential to increase opportunities for other leisure activities for low-income and low-educated older adults if we do consider that leisure activities protect cognition decline in older adults. In the coming decades, developing countries will experience the highest burden of dementia and more than fun, public policies to promote leisure activities might be a strategy to alleviate this burden shortly.

Keywords: dementia, mild cognitive impairment, older adults, leisure activities, low-income, television, cognitive dysfunction


INTRODUCTION

More than 28 million Brazilians -or 13% of the country's population- are aged 60+, and the size of this age group is projected to double in the coming decades (1). The Brazilian elderly population has been exposed to socioeconomic adversities throughout their life course (2, 3). Most of the Brazilian elders have minimum or no formal education, had semi-skilled or non-skilled occupations throughout their lives, are poorer than the average adult population of the country and were raised in rural areas before moving to large cities during the second half of the 20th century (4). It means that they are at a higher risk of developing cognitive related health problems (2, 5). Currently, as many as 6 million Brazilians older adults cannot read or write (6). These characteristics influence the type of leisure activity performed by them.

By 2050, Latin America will host more than 17 million dementia cases (7), and strategies to reduce the burden of cognitive impairment in the region are badly needed. One possible response is to reduce social inequalities by improving modifiable risk factors for cognitive decline, such as education, quality of occupation and socioeconomic status. Social, physical and intellectual leisure activities have shown to reduce the risk of cognitive impairment (8–14) and dementia in older adults (9, 10, 15, 16), but the ability to perform these activities is affected by socioeconomic difficulties faced during the life course (17–19).

Although watching TV is an everyday leisure activity among older adults (20) worldwide, the effects of this activity on their cognition are controversial in the literature. There is no consensus in the literature of to which extent watching TV is a cognitively demanding activity or what type of activity is watching TV (e.g., is it a recreational activity?) (21–23). Longitudinal studies in Europe and the US suggest that excessive hours watching TV impairs cognition somehow (24, 25). Some studies didn't see a longitudinal effect (26, 27). However, one large study in Asia found a protective effect (11).

To date, little (28) is known of the potential protective effects of leisure activities among Latin American populations, particularly from low-income communities, where leisure activities significantly differ from those performed by older adults in high income countries. The low purchase power, restricted mobility and low literacy of this population are factors that restrict their leisure options. In this context, watching TV becomes an essential and almost the only leisure activity available to most Brazilians older adults. In Brazil, watching TV is the most frequent leisure option of 93% of the adults aged 60+ (29).

Given the importance of watching TV as a leisure activity among older adults from low-income communities and the lack of empirical data on its effect on cognition in these population, we examined the association between watching TV and incidence of amnesic mild cognitive impairment (aMCI) and dementia in a 2-year cohort study of older adults residents of socioeconomically deprived areas of São Paulo, Brazil. We also examined the association between watching TV and changes in global cognitive function, immediate memory, verbal fluency in the same population.



MATERIALS AND METHODS

This study is part of the São Paulo Aging & Health Study (SPAH), a large 2-year population-based cohort study of older adults from low-income areas of São Paulo, Brazil (2, 30).


Participants

SPAH enrolled 2,072 community-dwellings aged 65+ that lived in socioeconomically deprived areas of the district of Butantã, in São Paulo, Brazil. The recruiting method was knocking on the door of all households within the 66 pre-defined census sectors (the smallest administrative areas) between 2003 and 2005. The census sectors selected a priori were those with the lowest Human Development Index, including large informal settlements and shantytowns. Follow-up occurred 24 months after enrollment, between 2005 and 2007. Trained interviewers conducted the baseline and follow-up assessments at participants' home, using the SPAH protocol. More details of recruitment procedures are described elsewhere (2, 3, 30).

Participants without dementia at baseline and who could complete the follow-up assessment were included in this study. Socioeconomic and demographic information (age, gender, marital status, schooling, occupation, and personal income) of all participants were collected at baseline assessment. We used the 12-item World Health Organization Disability Assessment Schedule (WHODAS 2.0) to assess functional status (31). The WHODAS 2.0 is a questionnaire that evaluates six areas of life: mobility (moving and getting around), life activities (domestic responsibilities, leisure, work, and school), cognition (understanding and communicating), self-care (hygiene, dressing, eating, and staying alone), participation (joining in community activities), and getting along (interacting with other people). The score ranges from 0 to 48, and the higher the score, the more severe is the disability.

The study received ethics approval from the Brazilian National Committee for Ethics and Research (CONEP-Brazil), and all participants provided written informed consent before enrollment in the study.



Outcomes

The five clinical outcomes in this study are global cognitive function, immediate memory, verbal fluency, risk of dementia and risk of amnestic mild cognitive impairment (aMCI).


Global Cognitive Function

We used thecognitive score (COGSCORE) validated by the 10/66 Dementia Research Group to evaluate global cognitive function. The score is based on the Community Screening Instrument for Dementia (CSD-I) (32), an instrument developed for low educated and illiterate populations (33) and validated for use in Brazil (34). The global cognitive function includes memory, abstract thinking, language, praxis, space and temporal orientation dimensions. Higher scores indicate more severe impairments.



Immediate Memory

We evaluate immediate memory by asking participants to memorize a list of 10 words adapted from the Consortium to Establish a Registry for Alzheimer's Disease (CERAD) battery (35). The total score is based on the number of recalled words, thus maximum score possible is 10 representing the best immediate memory.



Verbal Fluency

We used animal naming to evaluate verbal fluency. This test is part of the CERAD battery (35) and the CSI-D (32). First, we asked the participant to name items from another category (dressing). After this test, the participant was asked to name all animals he/she could remember during 1 min. Each animal named equals one point. Higher scores indicate better performance on the task.



Dementia

The diagnosis of dementia followed the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) (36). It was based on the protocol developed by 10/66 Dementia Research Group for population-based studies in developing countries (34). Detailed description can be found elsewhere (2, 30).



Amnestic Mild Cognitive Impairment

This study used two conditions to determine the Amnestic Mild Cognitive Impairment diagnosis (aMCI): absence of dementia and memory impairment (37). We considered an individual with memory impairment if his/her total score in the memory test was at least 1.5 standard deviation (SD) below the study population's mean. The memory test score was based on four items of the cognitive dimension of the Community Screening Instrument for Dementia (CSD-I) (32). Participants were required to recall the interviewer's name, repeat three standardized words, recall these words and repeat stories. Scores are positively associated with memory performance.




Predictor Variable

The predictor variable was time spent watching TV assessed by asking “How many hours per day you watch TV?” We collected this information at baseline using the Brazilian version of the 'Involvement in Activities' questionnaire (IA). The IA was developed to evaluate engagement in activities in diverse communities and was used in the United States and Nigeria (38). The Brazilian version of the IA was validated in Brazil by the SPAH group in collaboration with the authors who developed the questionnaire. The test-retest reliability of the IA included 70 participants. They were re-assessed with an interval of 3–4 weeks. The reliability of the question about hours spent watching TV was high (0.63).



Statistical Analysis

We used multivariable linear regression to examine the association between watching TV at baseline and global cognitive function, immediate memory and verbal fluency at 2-year follow-up. Two models were built for each outcome. In the first models, we entered hours watching TV adjusting for the corresponding baseline score. Then, we extended these models by adjusting for sociodemographic characteristics (age, gender, marital status, schooling, occupation, and personal income) and function status (second models).

To investigate the impact of watching TV on the risk of dementia and aMCI, we performed two multiple logistic regression models for each outcome variable. We adjusted the first models for sociodemographic characteristics and functional status at baseline. We then extended the models for risk of dementia and the model for aMCI adjusting for global cognitive function at baseline amnestic aMCI at baseline, respectively. We present the 95% confidence interval (CI) for all analysis and set statistical significance at 5%.

Statistical significance was set at 5% for all analysis. We performed the analyses with the software STATA 9.0.




RESULTS

A total of 1,243 subjects without the dementia diagnosis at baseline who completed the 2-year follow-up assessment were included in this study. Participants were most females (61%), with a mean age of 72 years, mainly not employed (73%), low educated (89% with up to 3 years of schooling) and with a low socioeconomic background (only less than one third had a personal monthly income of more than US$246). Participants' characteristics at baseline are presented in Table 1. The median functional status score was 2.8 (IQR = 0–72.2). Watching TV was reported by 87% of participants with a median of 2 h per day (IQR = 0–12). Thirteen percent of the participants reported never watching TV (n = 165). Among those whom reported watching TV, 22.2% watched up to an hour/day (n = 276); 22.7% watched up to 2 h/day (n = 282); 14.9% watched up to 3 h/day (n = 185); 11.3% watched up to 4 h/day (n = 141); 7.4% watched up to 5 h/day (n = 92); and 8.2% watched 6 h/day or more (n = 102).


Table 1. Sociodemographic and functional characteristics of the participants of the study (n = 1,243).
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The cognitive performance of participants was similar between baseline and follow-up assessments (Table 2). At follow-up, mean global cognition function, immediate memory, and verbal fluency scores were 27.1 ± 4.3, 3.2 ± 1.3, and 12.8 ± 4.5. Watching TV showed no association with any cognitive outcome when controlling only by the cognitive performance at baseline or in combination with sociodemographic characteristics and functional status (Table 3).


Table 2. Mean and standard deviation of the cognitive performance of the participants at baseline and follow-up (n = 1,243).
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Table 3. Multivariable regression models of cognition performance at follow-up on watching TV (hours/day) adjusting by the corresponding cognition metric at baseline (model 1); and adding sociodemographic characteristics and functional status at baseline (model 2).
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Thirty-one participants were diagnosed with dementia during the follow-up assessment. No association between watching TV and the risk of developing dementia in 2 years was observed in the two models. Amnestic—was identified in 23 participants 2 years after the baseline assessment, and watching TV also showed no effect on preventing or increasing the risk of developing this condition (Table 4).


Table 4. Logistic regression models of the risk of dementia and amnestic mild cognitive impairment on watching TV (hours/day), sociodemographic characteristics and functional status at baseline (model 1); and adding baseline global cognitive function for dementia relative risk and the corresponding baseline score for amnestic mild cognitive impairment (model 2).
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DISCUSSION

In our study, hours per day watching TV did not impact positively or negatively the global cognitive function, immediate memory or verbal fluency of older adults after 2 years. Watching TV did not increase the risk or protect participants of developing dementia or aMCI after 2 years of the initial assessment.

Despite being such a common leisure activity among older adults (20)—and frequently the only leisure option for low-income and low-educated older adults-, not many studies investigated the isolated effect of watching TV on cognition (11, 24, 25, 27, 39) and the findings are controversial.

Our results are in accordance with an English (27) and a French study (26). In the English cohort study (n = 6,359 older adults aged 65 or over, 2-year follow-up) (27), more time watching TV was associated with poorer global cognition at baseline, but not with changes after 2 years. There is no specific information about the educational and socioeconomic status of the population in the English cohort. Our study also enrolled 65+ individuals for the same follow-up period. The Frenchstudy (26) enrolled 2,579 adults aged between 45 and 60 years old and found that more time watching TV was associated with worse executive function at baseline, but not with verbal memory. All participants in the French study were over 60 years old and no changes were observed after 6 years. Compared to the French study, ours enrolled adults with higher ages (65+ vs. 60+ years old) but a shorter follow-up (2 vs. 6 years).

Different from our results, three studies found that excessive hours watching TV impairs at least one domain of cognition (24, 25, 39). One of the studies is a large English cohort (n = 3,662, 6 years of follow-up) (24), where more hours watching TV was associated with a decline in verbal memory but not in semantic fluency. A possible reason why our results differ from theirs are differences in the population studied. While the English study enrolled adults aged 50+, we enrolled adults aged 65+. Unlike the English study, ours enrolled low-income older adults for whom watching TV is the main leisure activity (more likely exposed). The elders in our study also have less formal education, resulting in fewer opportunities to be exposed to highly cognitive stimulus that would compensate the passiveness of watching TV. The follow-up period in the English study was three times larger. The other two studies that found an association between watching TV and cognitive impairment are less robust. One is a European cross-sectional study (39), and the other is a case-control study (135 cases and 331 controls) (25) that investigated the incidence of Alzheimer Disease in the US.

One study, however, found a protective effect (11). The result of this study differs from the others in the literature and ours. It is a large Chinese cohort (n = 6,586, 6 years follow-up), where watching TV was associated with a lower risk of cognitive decline (11). These authors argue that the difference in their results might be because their population is low educated (<6 years of education), and watching TV could act as a cognitive stimulus for them. If this is true, we would expect that watching TV would protect the brain of our population, given that 89% of the population of our study have up to 3 years of schooling.

An open question in the literature is if watching TV in later life could be a cognitive stimulus. If this is true, more time watching TV would build resilience and protect the brain. However, this is not what we observed in our cohort of low-income elders exposed to watching TV as their main leisure activity in adult life. It is likely that the type of program watched, not measured by our study, plays a vital role in the effect of watching TV on cognition. For example, watching a soap opera result in different a more passive stimulus for the brain, compared to watching an educational documentary on a novel subject (40). Indeed, preferring to watch soap operas and talk shows over documentaries, news, sports and other programs was associated with worse performance in cognitive tests in a cross-sectional study (40). Not accounting for the type of program watched is a limitation of our study. However, all longitudinal studies investigating the impacts of watching TV on the cognition of older adults have the same limitation (21, 24, 26, 27). They focus on the frequency of watching TV and do not account for the type of TV program. The only study that accounted for the kind of TV program is a smaller cross-sectional study (40). Given the low-income and low educational level of the population in our study, we can speculate that the programs watched were more similar to the soap opera than the documentary. By the time of the research, cable TV and the internet were not widely available.

Our study is the first study to evaluate the impacts of watching TV on the cognition of older adults living in socioeconomically deprived areas of South America. Although our study has a shorter follow-up period (2 years) compared to most of the prospective studies on the topic literature [ranging from 2 to 9 years follow-up (24, 26, 27, 41)], it is the only prospective study investigating the incidence of dementia.

The average Brazilian older adult is poor, low educated and with reduced leisure options compared to elder populations in developed countries, where most of the studies on healthy aging take place. In developed countries, the most frequent leisure activities among older adults seem to be reading, enrolling in courses, visiting museums, theater, or movies (42–44). In Brazil, the most frequent leisure activities are less complex: watching TV and listening to the radio (29). These activities are not likely to have the same protective effect on cognition as more complex activities might have. Another important reason for not engaging in other leisure activities is purchase power. Mobility might play a role given 35% of Brazilians aged 60+ reported difficulties walking in streets, and 4% reported never living the house (29).

Watching TV is a highly popular leisure activity among the population studied and among other older adults living in socially deprived urban areas of Latin America and other underserved regions. For most of these older adults watching TV is the only leisure option. The good news supported by our data is that watching TV did not predict a decline in cognition, as pointed out by a Chinese cohort (11). Thus, our data do not support advocacy against watching TV among low-income and low-educated older adults. However, in our study, watching TV did not protect from cognitive decline either.

The literature shows that leisure activities can prevent cognitive decline in older adults (16, 45) and should be encouraged through public policies. Thus, it is imperative to increase other leisure activities beyond watching TV for low-income and low-educated older adults. Leisure activities that they can engage in and benefit from.

Performing different types of activities, rather than always the same activity, seems to play a role in preserving cognitive function (46), another strong point to support the promotion of leisure activities for older adults of socially deprived areas. In the coming decades, developing countries will experience the highest burden of dementia and more than entertainment, public policies to promote leisure activities might be a strategy to alleviate this burden shortly.
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Background: The accurate diagnosis of neurocognitive disorders in illiterate Peruvian populations is challenging, largely owing to scarcity of brief cognitive screening tools (BCST) validated in these diverse populations. The Peruvian version of the Rowland Universal Dementia Assessment Scale (RUDAS-PE) is a BCST that relies minimally on educational attainment and has shown good diagnostic accuracy in an urban illiterate population in Peru, yet its psychometric properties in illiterate populations in rural settings of the country have not been previously investigated.

Objectives: To establish the diagnostic accuracy of the RUDAS-PE compared to expert clinical diagnosis using the Clinical Dementia Rating (CDR) Scale in healthy and cognitively impaired illiterate persons living in two culturally and geographically distinct rural communities of Peru.

Methods: A cross-sectional, population-based study of residents ≥ 50 years of age living in the Peruvian rural communities of Santa Clotilde and Chuquibambilla. A total of 129 subjects (76 from Santa Clotilde and 53 from Chuquibambilla) were included in this study. Gold standard diagnostic neurocognitive evaluation was based on expert neurological history and examination and administration of the CDR. Receiver operating characteristics, areas under the curve (AUC), and logistic regression analyses were conducted to determine the performance of RUDAS-PE compared to expert gold standard diagnosis.

Results: Compared to gold standard diagnosis, the RUDAS-PE was better at correctly discriminating between MCI and dementia than discriminating between MCI and controls in both sites (97.0% vs. 76.2% correct classification in Chuquibambilla; 90.0% vs. 64.7% in Santa Clotilde). In Chuquibambilla, the area under the curve (AUC) of the RUDAS to discriminate between dementia and MCI was 99.4% (optimal cutoff at <18), whereas between MCI and controls it was 82.8% (optimal cutoff at <22). In Santa Clotilde, the area under the curve (AUC) of the RUDAS to discriminate between dementia and MCI was 99.1% (optimal cutoff at <17), whereas between MCI and controls it was 75.5% (optimal cutoff at <21).

Conclusions: The RUDAS-PE has acceptable psychometric properties and performed well in its ability to discriminate MCI and dementia in two cohorts of illiterate older adults from two distinct rural Peruvian communities.

Keywords: cognition, dementia, education, literacy, mild cognitive impairment, RUDAS, cultural factors


INTRODUCTION

The neurocognitive disorders, which include mild neurocognitive disorder (mild cognitive impairment, MCI) and major neurocognitive disorder (dementia) (1), are among the most prevalent age-related disorders worldwide and lead to substantial morbidity and mortality (2, 3). In Latin America, the prevalence of all forms of dementia is expected to rise from 7.8 million in 2013 to 27 million by the year 2050 (4, 5). Among the known modifiable risk factors for the neurocognitive disorders, low educational attainment appears to be both an independent risk factor for dementia (6) as well as a marker of poor prognosis, particularly in mid- to low-income regions such as Latin America (7–9).

In Peru, 6.0% of the population is illiterate and 20.0% of Peruvians who are able to receive formal education do not advance beyond elementary school (10). The highest illiteracy rates of the country are observed in rural populations, where up to 43.0% of adults report elementary school as their highest level of education (compared to 16.0% in urban settings) (11); among older adults (those ≥ 60 years of age) living in rural communities, 41.6% are illiterate (compared with 12.3% in urban settings) (11). Therefore, early, accurate diagnosis of neurocognitive disorders in rural Peruvian communities with low educational attainment represents a critical first step toward the proper allocation of resources for the care of these vulnerable older adults (12).

A significant barrier to the early, accurate diagnosis of older adults with neurocognitive disorders in rural Peruvian communities with low educational attainment relates to the fact that the majority of cognitive tests available to screen for cognitive impairment have been developed in relatively highly educated subjects from urban settings. Several popular brief cognitive screening tools (BCST) have been adapted and validated in Spanish-speaking illiterate or low literacy populations, including the Mini Mental State Exam (MMSE), Cognitive State Test (COST), Montreal Cognitive Assessment (MOCA), and the Memory Alteration Test (M@T). Yet, all of these BCSTs have important limitations, most notably their poor ability to discriminate between MCI and dementia cases, as well as their poor ability to help detect different etiologies (or types) of dementia (13–16).

The Rowland Universal Dementia Assessment Scale (RUDAS) was developed to address the limitations commonly encountered when using BCSTs to evaluate neurocognitive disorders in vulnerable populations. It is minimally influenced by educational attainment and measures a wide range of cognitive domains, hence it is promising for the detection of different types of dementia in sociodemographically diverse populations (17). Our group has validated the Peruvian version of the RUDAS (RUDAS-PE) in low literacy and illiterate populations in the capital city of Lima, Peru (18–20), where RUDAS-PE was useful in differentiating MCI from dementia with high sensitivity (89.0%) and specificity (93.0%) (21). In the present study we expand on this body of knowledge by testing the performance of the RUDAS-PE in two culturally distinct cohorts of illiterate subjects from two rural communities in Peru. We hypothesize that, owing to its low reliance on subject educational attainment, the RUDAS-PE will perform well in these study populations compared to gold standard diagnosis.



METHODS


Participants

This study was approved by the ethics committee of the Institute of Tropical Medicine “Daniel Alcides Carrión” of the Universidad Nacional Mayor de San Marcos with approval number CIEI-2018-021. Participants and their study partners were asynchronously recruited from two geographically and culturally distinct rural communities of Peru: Santa Clotilde (January to September 2019) and Chuquibambilla (September 2019 to February 2020). Rurality was defined based on a population-density international classification system used by the World Bank (22). Santa Clotilde lies along the Napo River in the Peruvian Amazon region of the department of Loreto, near the border with Ecuador and Colombia; Chuquibambilla is located in the highlands of southern Peru in the district of Pangoa within the department of Junín. Santa Clotilde is located 10 h from the urban center of Iquitos and is accessible only by boat, whereas Chuquibambilla is located 1 h from the urban center of Satipoand is accessible by land.

In both sites, we recruited illiterate Spanish-speaking monolingual or bilingual (with ≥ 5 years of experience speaking Spanish) individuals who were ≥ 50 years of age at the time of enrollment. Illiteracy was determined using guidelines established by the Peruvian National Institute of Statistics: First, subjects were asked, How many years of school did you attend? Those who reported more than 1 year of formal education were excluded. Those who reported never attending school or completing <1 year of formal schooling were asked, Are you able to read and write? Those who reported being able to read and/or write were excluded.

We excluded individuals with history of: (1) physical limitations that might interfere with the neurocognitive evaluation, including hearing loss and uncorrected visual impairment [particularly problems with color discrimination, as assessed by the Dvorine color discrimination screening test (23)], (2) large vessel stroke, (3) developmental disabilities affecting cognitive performance, (4) neurocognitive deficits due to severe head trauma, (5) severe/poorly controlled psychiatric illness (depression, addiction disorder, bipolar disorder, schizophrenia, etc.), and (6) advanced neurocognitive impairment defined as severe compromise of activities of daily living regardless of etiology (i.e., stroke, Parkinson's Disease, traumatic brain injury), to the extent that the individual is fully dependent on caregivers and thus unable to participate in cognitive testing. In addition, we excluded individuals who reported taking any of the following medications within 7 nights prior to the assessment: opioid analgesics, decongestants, antispasmodics, anti-emetics, anti-cholinergics, anti-arrhythmics, anti-depressants, anti-psychotics, anti-anxiety and anti-epileptic medications such as valproate, phenobarbital, phenytoin, carbamazepine and levetiracetam.

All participants in this study were recruited from community health centers located in Santa Clotilde (one main clinic and three small satellite clinics) and Chuquibambilla (one main clinic). Recruitment occurred via simple random sampling in partnership with staff at each clinic. The outreach and recruitment process was as follows: (1) study approval was obtained from the directors of each of the community health centers; (2) primary care providers disseminated pertinent study information via existing communication streams (i.e., flyers, radio, face-to-face encounters between the patient and their provider); (3) individuals interested in participating in our study were flagged and the research team was informed of their upcoming clinical appointment dates; (4) the research team responsible for consenting and evaluating patients were present on site during the day of their scheduled clinical appointments; (4) participants were consented on site and were evaluated during the day of their clinical appointment. Attempts to minimize referral bias were made by random sampling of participants who presented to the clinic for their regular care.

All interested participants who met inclusion and exclusion criteria were consented verbally and fingerprints were used in lieu of signatures on the consent form. Each participant's family member or partner (spouse, close relative or friend) was also consented. Once consented and enrolled, each participant underwent an expert gold standard clinical diagnostic evaluation and administration of the RUDAS-PE by blinded team members as described below.



Neurocognitive Measures


Clinical Diagnostic (Gold Standard) Evaluation

All participants included in this study underwent a gold standard diagnostic evaluation by trained and experienced health professionals from the “Instituto Peruano de Neurociencias” (IPN), located in Lima, Peru, which specializes in the care and clinical research of persons with neurocognitive disorders. The evaluating team included neuropsychologists [JC, CG], a neurologist with sub-specialty training in dementia [NC], and a neuro-rehabilitation specialist with experience in the evaluation and management of patients with dementia [RM]. These health professionals have formal training and experience in the administration and interpretation of various BCSTs and the Clinical Dementia Rating (CDR) scale. Given that, to our knowledge, this is the first neurocognitive health study conducted in these rural Peruvian communities and therefore there is no validated gold standard of diagnosis, for this study the diagnostic gold standard was based on an expert neurological examination and results from the CDR scale (24).

The CDR is a well-validated, semi-structured interview of the individual and a reliable informant or collateral source (e.g., family member, close relative or friend) used to characterize six domains of cognitive and functional performance: memory, orientation, judgment and problem solving, community affairs, home and hobbies, and personal care (24). Among its advantages, the CDR offers a global clinical assessment independently from other psychometric tests, does not require a baseline assessment, and has good inter-evaluation reliability, concurrent validity, and predictive validity; among its relative disadvantages, it takes approximately 30 min to administer and requires experienced clinical judgement in order to accurately obtain pertinent information (24–26).

In accordance with published research studies showing that the CDR can accurately distinguish MCI from dementia (25), for this study we assigned subjects with a CDR = 0 to the “control” group, subjects with CDR = 0.5 to the “MCI” group (26), and subjects with CDR = 1 or 2 to the “dementia” group. Cases in which the CDR was unclear were resolved via a multidisciplinary consensus meeting.



Peruvian Version of the Rowland Universal Dementia Assessment Scale (RUDAS-PE)

The RUDAS-PE takes approximately 10 min to administer and includes six cognitive domains, starting with immediate memory registration, followed by visuospatial orientation, motor praxis, visuospatial construction, judgment, recent episodic memory and language. It produces a maximum score of 30, where a low score denotes poor cognitive performance. The Spanish version of the RUDAS-PE can be found as a Supplementary Material to this article.

The study personnel who administered the RUDAS-PE were a resident physician in geriatrics from Universidad Peruana Cayetano Heredia (UPCH) Medical School [KC] and a certified practicing neurologist [WR], both of whom who had been previously trained in administering the RUDAS-PE and other BCSTs following previously reported procedures (21) as part of their training experience at the IPN. These evaluators (KC and WR) were blinded to the results of the gold standard clinical diagnostic evaluation.




Statistical Analyses

Following the assignment of the study groups (control, MCI and dementia), the performance scores on the RUDAS-PE of individuals within each group were reviewed in order to carry out statistical analyses of the cohort demographic characteristics and the psychometric properties of the RUDAS-PE. The 95% confidence intervals were calculated, and significance level was set at 0.05. All analyses were completed using STATA software (version 12.0).

Descriptive statistics were obtained from cohorts in each of the two study sites (Chuquibambilla and Santa Clotilde), and compared by pairing cognitive groups with one another (controls, MCI and dementia). T-tests (for discrete variables) and Chi Square (for categorical variables) were then calculated.

RUDAS-PE scores and relationships between demographic and clinical characteristics (age, sex, city access, occupation, hypertension, diabetes, myocardial infarction, sedentary lifestyle and smoking) were modeled by adjusting polynomial curves to generate estimated means. We used a second-degree model that suppressed covariate centering, and variables were selected using backwards stepwise regression (backwards elimination) using a significance level of 0.05. Standardized beta coefficients (β) were reported to describe the strength of the association between each predictor and the RUDAS-PE score.

Internal consistency was evaluated using Cronbach's alpha coefficient. Sequential cognitive domains were removed from the RUDAS-PE to evaluate coefficient changes. Convergent validity was evaluated using Spearman correlation coefficient comparisons between RUDAS-PE total scores and scores on individual cognitive domains compared with CDR total scores. Logistic regression (logit) was performed for each pair of study groups (dementia/MCI, MCI/control and dementia/control) using a two-variable model with the final diagnosis as the dependent variable and the RUDAS-PE as the independent variable. Discriminant validity was determined by measuring the average total score of the RUDAS-PE and each of its domains within the three groups (controls, MCI and dementia). These were compared using means of independent samples t-test, calculation of the area under the curve (AUC) and Receiver Operating Characteristics (ROC) curves. In addition, we determined the percentage of correctly classified individuals and calculated multivariate analyses of variance (MANOVA). Diagnostic accuracy was evaluated by post-hoc analysis means used to calculate ROC curves and ROC plots. These were adjusted according to certain cut-off points allowing calculation of AUC values. In addition to calculating diagnostic accuracy, sensitivity, specificity, positive predictive values, negative predictive values, positive likelihood ratios (LR+) and negative likelihood ratios (LR) were calculated for different cut-off points for the RUDAS-PE in both regions. The maximum values of these measurements were the selection of the sensitivity, specificity and predictive value cut-off points.




RESULTS


Demographics and Descriptive Statistics

A total of 129 subjects (53 from Chuquibambilla, 76 from Santa Clotilde) were included in this study Nearly 40.0% were female with similar proportions across the three groups (controls, MCI, dementia) in both sites (Table 1). The mean age of the participants from Chuquibambilla was 69.6 ± 5.3 years and 70.9 ± 5.4 years in Santa Clotilde. The MCI group was younger than the dementia group in both sites, but there were no statistically significant age differences between the control and MCI group at both sites.


Table 1. Demographic characteristics and brief cognitive test performance by study group in Chuquibambilla, Junín, and Santa Clotilde, Loreto. 2019.
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Dementia groups at both sites demonstrated lower performance on the RUDAS-PE compared to the other groups (MCI and controls); moreover, participants with MCI performed worse than controls at both sites. The participants with dementia in the Chuquibambilla site performed worse on the RUDAS-PE compared to participants with MCI, with controls performing the best of all groups. In Santa Clotilde, a similar pattern was observed in RUDAS-PE scores across groups (Table 1). No statistically significant differences were found between the two study sites.

We performed an additional analysis to test performance on the RUDAS-PE per neurocognitive domain in MCI and control groups of illiterate persons in rural settings compared with illiterate persons in urban settings (from Ventanilla, in Lima, Peru), and found that rural illiterate individuals performed worse in motor praxis and visuospatial construction (Table 2). Figure 1 shows examples of the types of difficulties most residents of Santa Clotilde demonstrated when asked to copy the cube. Conversely, the sample of participants with MCI and controls from Ventanilla performed significantly worse than the sample from Chuquibambilla within the memory domain (Table 2).


Table 2. Performance on the Peruvian version of the Rowland Universal Dementia Assessment Scale (RUDAS-PE) by cognitive domain among control and MCI groups from rural and urban illiterate Peruvian communities.

[image: Table 2]


[image: Figure 1]
FIGURE 1. Examples of common errors in drawing the cube in the visuo-spatial construction domain in illiterate individuals from the Santa Clotilde. Note absence of three-dimensionality and distorted angles.




Internal Consistency

The Cronbach's alpha coefficient for RUDAS-PE among rural illiterate older adults from both sites was 0.6 (0.5 in Chuquibambilla and 0.6 in Santa Clotilde). The internal consistency by study group in Chuquibambilla was 0.5 in the control group, 0.6 in MCI group and 0.5 in the dementia group. In the Santa Clotilde cohort, the Cronbach's alpha coefficient was 0.5 in the control group, 0.4 in the MCI group and 0.6 in the dementia group. When a cognitive domain evaluated in the RUDAS-PE was sequentially removed, the overall Cronbach's alpha coefficient did not increase, and the value decreased instead. For this reason, all domains contributed positively to the RUDAS-PE and were shown to be consistent within the test.



Construct Validity

Spearman correlations were obtained between RUDAS-PE compared with CDR scores. The correlation between RUDAS-PE and CDR scores was 0.9 (SD 0.03; 95% CI) for the cohort [0.9 (SD 0.06; 95% CI) for Chuquibambilla and 0.9 (SD 0.1; 95% CI)] for Santa Clotilde.



Discriminant Validity

For each study site, the ROC curve and an AUC for the RUDAS-PE were calculated for the following three study group comparisons: (1) control vs. MCI, (2) control vs. dementia, and (3) MCI vs. dementia. Figure 2A shows the RUDAS-PE ROC curve (AUC=0.82) to discriminate between MCI and controls in Chuquibambilla. Figure 2B shows the RUDAS-PE ROC curve (AUC = 0.75) to discriminate between MCI and controls in Santa Clotilde. Figures 3A,B show the RUDAS-PE ROC curves for Chuquibambilla and Santa Clotilde to discriminate MCI and dementia, with AUCs of 0.99 and 0.99, respectively.
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FIGURE 2. Receiver-operating characteristic (ROC) curve for the Peruvian version of the Rowland Universal Dementia Assessment Scale (RUDAS-PE) for discrimination between mild cognitive impairment (MCI) and control groups. Chuquibambilla, Junín. (B) Receiver-operating characteristic (ROC) curve for the Peruvian version of the Rowland Universal Dementia Assessment Scale (RUDAS-PE) for discrimination between mild cognitive impairment (MCI) and control groups. Santa Clotilde, Loreto.
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FIGURE 3. Receiver-operating characteristic (ROC) curve for the Peruvian version of the Rowland Universal Dementia Assessment Scale (RUDAS-PE) for discrimination between mild cognitive impairment (MCI) and dementia groups. Chuquibambilla, Junín. (B) Receiver-operating characteristic (ROC) curve for the Peruvian version of the Rowland Universal Dementia Assessment Scale (RUDAS-PE) for discrimination between mild cognitive impairment (MCI) and dementia groups. Santa Clotilde, Loreto.




Diagnostic Accuracy

In the Chuquibambilla site, the optimal cut-off score on the RUDAS-PE to differentiate controls from the MCI group was 22 (sensitivity of 85.0%, specificity of 68.2%), with a high proportion of false positives (24.0%); the optimal cut-off score to differentiate participants with MCI from those with dementia was 18 (sensitivity of 100.0%, specificity of 90.9%) with a low proportion of false positives (3.0%). In the Santa Clotilde group, the optimal cut-off score on the RUDAS-PE to differentiate controls from MCI was 21 (sensitivity of 81.3%, specificity of 50.0%), but with a high proportion of false positives (35.0%); the optimal cut-off score to discriminate between MCI and dementia on the was 17 (sensitivity of 100.0%, specificity of 75.0%) with a 10.0% false positive rate (Table 3).


Table 3. Cut-off points and diagnostic performance for the Peruvian version of the Rowland Universal Dementia Assessment Scale (RUDAS-PE) to discriminate between controls and participants with mild cognitive impairment (MCI) and dementia in Chuquibambilla, Junín and Santa Clotilde, Loreto.
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DISCUSSION

To our knowledge, this is the first community-based study of the RUDAS-PE in illiterate persons living in rural settings of Peru, and also the first such study that tests the performance of RUDAS-PE in distinguishing between MCI and dementia. Our study results point to three main findings: (1) compared to expert clinical diagnosis, the RUDAS-PE was superior at discriminating between persons with MCI and persons with dementia than discriminating between persons with normal cognition and persons with MCI; (2) in both analyses (controls vs. MCI and MCI vs. dementia), the discriminatory abilities of the RUDAS-PE tended to be relatively weaker in the rural community of Santa Clotilde compared to the discriminatory abilities observed in the rural community of Chuquibambilla, thus suggesting that sociocultural factors unique to each community may influence cognitive testing performance among illiterate persons; and (3) compared to illiterate persons living in the highly urban Peruvian capital city of Lima, illiterate persons living in both rural communities in our study performed significantly worse on the domains of motor praxis and visuospatial construction on the RUDAS-PE, suggesting that unspecified sociocultural factors present in urban environments may influence performance on the RUDAS-PE in illiterate persons.

The first RUDAS validation study for Spanish-speakers was carried out among a sample of low literacy subjects in Santiago de Compostela, La Coruña, Spain (20) for an optimal dementia cut-off point of 21/22 (sensitivity of 94.9%, specificity of 75.0%). The same authors also performed a comparative analysis between the MMSE and RUDAS for dementia screening in a different Spanish cohort with low literacy and found that the best cut-off point for the RUDAS was 21/22 (sensitivity of 94.3%, specificity of 72.6%) (19). These results are similar to those obtained in our cohort from Chuquibambilla, with a cut-off point of 22 (sensitivity of 85.0%, specificity of 68.2%), but the values were lower for the cohort from Santa Clotilde, with a cut-off point of 21 (sensitivity of 81.3%, specificity of 50.0 and 64.7% of correctly classified) for a cut-off point of 21. This regional difference in the performance of the RUDAS-PE is noteworthy because it suggests the existence of yet unspecified environmental and cultural factors that may influence performance on the RUDAS-PE among illiterate persons. Indeed, the Santa Clotilde community is more geographically isolated that the Chuquibambilla community and is therefore considered to be “more rural”; moreover, these two communities embody their own distinct cultural practices, which may have also directly impacted performance on the RUDAS-PE in subjects from both communities. We believe these findings shed light on the importance of conducting further studies seeking to understand the potentially significant influence that sociocultural factors, even those at play within a country, have on cognitive testing performance.

It is important for all health professionals, especially those caring for vulnerable populations, to diagnose persons with neurodegenerative diseases early in their illness (mild neurocognitive disorder, or MCI) rather than late (major neurocognitive disorder, or dementia). Indeed, early diagnosis of neurodegenerative disease leads to better patient outcomes, including early initiation of pharmacologic and non-pharmacologic symptomatic therapies, early management of key modifiable risk factors, as well as early family education and planning for long-term care (27). In this regard, in our study, the RUDAS-PE showed promise in discriminating between controls and MCI, with the cut-off score in Santa Clotilde being one point lower than in Chuquibambilla (21 and 22, respectively). Of note, both cut-off scores were lower than the RUDAS-PE cut-off score obtained in our previously reported findings in an urban illiterate population in Lima, Peru (23) (21). Similarly, the specificity, percentage of correctly classified groups and the AUC for the RUDAS-PE was lower in the Santa Clotilde cohort (S = 50.0%; CC = 64.7%; AUC = 0.75) compared to Chuquibambilla (sensitivity [S] = 68.2%: correctly classified [CC] = 76.2% AUC = 0.8284). In turn, these were lower compared to those obtained among urban illiterate persons of Lima (S = 93.3%: CC = 91.1%; AUC = 0.98) (21). These results are difficult to compare with previously published studies, since most of them compare controls with persons with dementia, not MCI, and have been conducted in urban, higher-income populations; but again, these findings suggest that there are important cultural and environment factors to consider when assessing illiterate populations with mild cognitive changes in rural communities of Peru.

It is important to highlight that the screening utility of different BCST is dependent on the expected baseline rates of cognitive impairment in the population being sampled. Our study results suggest that a cut-off point of 21/22 is optimal for MCI screening and a cut-off point of 17/18 is optimal for dementia screening when the RUDAS-PE is used in illiterate persons form rural communities where the expected baseline rates of MCI and dementia are 17.7% and 32.3%, respectively (28). Whereas cut-off points of 23 and 19 may be optimal for predicting the presence or absence of MCI and dementia, respectively, in illiterate persons living in the city of Lima, where expected baseline rates of cognitive impairment differ (21, 29).

We found that compared to illiterate persons from the city of Lima our study subjects performed significantly worse on the domains of motor praxis and visuospatial construction on the RUDAS-PE. Previous studies have shown that low educational attainment is associated with poor performance in alternating hand movements and cube copying (30, 31). Similarly, many assessments of praxis, such as buccofacial movements, fine alternating movements of fingers, imitation of non-sensical movements, coordinated movement of both hands, line cancellation, and motor impersistence tasks tend to be more challenging for illiterate persons compared to highly educated professionals (32, 33). Furthermore, previous studies have shown that illiterate persons struggle with cube-drawing and reproduction of three-dimensional figures (34). Compared to highly educated persons, illiterate persons have been show to struggle to copy figures (cube, house, intersecting pentagons, complex Rey-Osterrieth figure), recognize superimposed figures, interpret a map, and draw a floor plan of a room (35). Thus, illiterate persons may be at a clinically significant disadvantage when undergoing cognitive testing, beyond that which would be expected based merely on their reading and writing skills. Several hypotheses have been postulated to explain this observation, including: (1) unfamiliarity with both the content and the test procedure itself (“testwiseness”), given that neuropsychological test formats are reminiscent of a school assignment rather than real-life activities; (2) lack of school-acquired strategies (explicit or implicit) for organizing and retaining information such as problem-solving skills, concentration, accurate expression of knowledge within an allotted time, and being internally motivated to perform well on tests; and (3) the potential effects of longstanding socioeconomic poverty in brain development. Regarding the latter point, it has been proposed that early deprivation of basic health and welfare needs (such as housing, nutrition, and health care) leads to chronic stress, dysfunction of the. hypothalamic-pituitary-adrenal axis, eventually leading to impairments in brain development and functioning (33). Our study findings add to this overall body of literature, but also introduce the possibility that the observed differences in neuropsychological testing performance observed in illiterate persons may be modified by unidentified “urban” factors, such as greater exposure to, and familiarity with, three-dimensional visual stimuli as a result of living in large cities.

Our study has important limitations. First, it was not powered to obtain more precise estimates of validity parameters and decrease the tendency of misclassifications. Second, there is a risk of random variation in participation rates despite attempts to minimize participation bias across the two study sites, which may have led to different reported rates of cognitive impairment between the two groups; however, the primary objective of our study was to determine the feasibility and validity of the RUDAS-PE in illiterate persons and not to establish the prevalence of cognitive impairment in these Peruvian communities. Third, given the cross-sectional design of the study (i.e. no longitudinal ascertainment of cognition) and lack of validated neuropsychological tests for Peruvian illiterate persons from rural settings, there is a probable tendency toward erroneous classifications of our study groups (controls, MCI and dementia); however, to compensate for this weakness we relied on previously trained and experienced clinicians to ascertain our study groups using expert neurological diagnosis and the CDR, which has been previously shown to accurately distinguish healthy controls, from MCI and dementia (25). Furthermore, the evaluating clinicians were blinded to the results of the RUDAS-PE. This procedure was followed to prevent incorporation of biases and overestimation of diagnostic accuracy for the RUDAS-PE assessments. Still, clinical diagnosis may be less accurate than when standardized neuropsychological assessment are included, as well as brain imaging. On the other hand, it should be noted that primary care physicians and geriatricians in Peru usually do not utilize comprehensive neuropsychological testing or neuroimaging when evaluating older adults with cognitive impairment, procedures that are usually performed only at specialized memory centers and academic institutions. Therefore, our study design is more reflective of the approach used in primary care when evaluating illiterate persons with cognitive impairment, and our study results suggest that the RUDAS-PE may be a good, briefer alternative to the GDS. Fourth, participants included in this study were from rural Peruvian communities that were fluent in Spanish and did not include Peruvians who speak native languages such as Quechua or Aymara. Therefore, the results or our study are reflective of the performance of the RUDAS-PE in Spanish-speaking illiterate rural Peruvians, and further studies are needed to determine influence of indigenous culture and bilingualism on the RUDAS-PE.



CONCLUSIONS

We present the first study assessing the neurocognitive health of rural illiterate persons living in two culturally and geographically distinct regions of Peru. The RUDAS-PE was found to adequately distinguish MCI from dementia in our study. Diagnosing persons with neurodegenerative disease early in their illness (i.e., in MCI stages) is crucial in order to implement supportive therapies in a timely manner, intervene on modifiable risk factors for dementia early on in the disease course, and counsel family members on expectations of disease course promptly. Our study results suggest the existence of cultural and environmental factors that may influence performance on the RUDAS-PE among illiterate persons. Indeed, we believe it's important for researchers to account for the significant cultural and environmental diversity that exists within Latin America, even within Latin American countries, when developing and testing BCSTs in vulnerable populations in the region. Finally, we found that our study participants performed worse in motor praxis (alternating hand movements) and visuospatial construction (copy of the cube drawing), compared to the performance of urban illiterate individuals in Lima, Peru. These results further emphasizes the existence of “urban” factors other than educational level, such as test-taking familiarity, lack of school-acquired problem-solving skills and the potential role of chronic poverty on brain development, all of which influence the testing performance of illiterate persons from rural settings.
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The risk of dementia and Alzheimer's disease in Latin America and the Caribbean (LAC) rises with increasing age and polluted air. Currently, at least 172 million people breathe unhealthy levels of air pollution in LAC countries. Several cohort studies have indicated that air pollution increases the risk of developing dementia and neurodegenerative diseases, but the mechanisms underlying the association are still not clear. Air pollution causes and aggravates five established risk factors for dementia (obesity, hypertension, stroke, diabetes mellitus, and heart diseases) and is linked to three other risk factors (physical inactivity, cognitive inactivity, and depression). Some of these risk factors could be mediating the association between air pollution and dementia. Reducing the risks for dementia is crucial and urgently needed in LAC countries. There is room for improving air quality in many urban areas in the LAC region and other low- and middle-income countries (LMICs), a routealready explored by many urban areas in developing regions. Moreover, reducing air pollution has proved to improve health outcomes before. In this article, we propose that despite the ongoing and valid scientific discussion, if air pollution can or cannot directly affect the brain and cause or aggravate dementia, we are ready to consider air pollution as a potentially modifiable risk factor for dementia in LAC and possibly in other LMICs. We suggest that controlling and reducing current air pollution levels in LAC and other LMIC regions now could strongly contribute.
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INTRODUCTION

Despite the ongoing and valid scientific discussion about whether air pollution can or cannot directly affect the brain, and cause or aggravate dementia, in this article, we propose that we are ready to consider air pollution as a modifiable risk factor for dementia in Latin America and the Caribbean (LAC), and in other low- and middle-income countries (LMICs). We argue that controlling and lowering current air pollution levels in these regions could strongly contribute to reducing the high burden of dementia cases that has been projected for these countries. We base our argument on the following findings: 1) air pollution causes and/or aggravates at least five of the established risk factors for dementia (i.e., obesity, hypertension, stroke, diabetes mellitus, and heart diseases), 2) reducing air pollution has been proven to lower some of these risks, and 3) there is room for improving air quality in many urban LAC areas and other LMICs, a path already explored in many urban developing regions. First, we will introduce the topic and our hypothesis. In the following subsections, we will discuss how air pollution causes obesity, hypertension, stroke, diabetes mellitus, and heart diseases, and how these conditions can lead to dementia. We will also discuss the potential relations between air pollution and three other risk factors for dementia, for which evidence is less robust (physical inactivity, cognitive inactivity, and depression). Finally, we will discuss the evidence supporting the idea that air pollution can directly cause dementia. In the discussion, we will address why controlling air pollution should be used as a risk reduction strategy to tackle the burden of dementia in the LAC region and LMICs.



AIR POLLUTION AS A MODIFIABLE RISK FACTOR FOR DEMENTIA IN LATIN AMERICA AND THE CARIBBEAN


Dementia

Dementia is an expensive disease with no cure to date, and its estimated global cost has already exceeded 1 trillion dollars. This is an extraordinarily high number for LMICs, a region that will concentrate 68% of the dementia cases by 2050 (1).

The burden of dementia in LAC countries is high and will continue to rise. By 2050, the region will have more than 17 million dementia cases, a 4-fold increase in 35 years (1). The average world increase for the same period will be three times lower (1). Other reports have described how rapid demographic changes, a higher prevalence of risk factors for dementia in the population, and other specific issues have made dementia prominent in the LAC region (2–4). Risk reduction is a crucial public health response to dementia (5), one that is urgently needed in the LAC countries. Our message is that air pollution could figure among the risk reduction strategies in LAC.



Air Pollution

Air pollution is a complex mixture of particles and gases in the air. Its composition varies depending on the emission source and prevailing weather conditions (6). Fine particulate matter [PM with an aerodynamic diameter of ≤ 2.5 μm (PM2.5)] is frequently presented as an indicator of exposure to air pollution in health studies (7, 8), including studies on the effects of air pollution on dementia (9–14). Rather than a single pollutant, PM2.5 reflects different sources of air pollution in the atmosphere. Because of the tiny particle size, PM2.5 can penetrate the lung barrier and enter the blood system. No matter its composition, PM is considered carcinogenic (15). The most frequent gas used to indicate exposure to air pollution in studies investigating the effects of air pollution on dementia is nitrogen dioxide (NO2), a marker of vehicle exhaust (11–14, 16). Some specific heavy metals, such as lead and cadmium, can trigger neurodegenerative processes and dementia (17). Widely used in industrial and agricultural activities, heavy metals are present in the soil and water and can affect the air, too. Once in the air, they become a major occupational health concern and a threat to the surrounding population. It is crucial to identify the sources of heavy metal air pollution and prevent hazard exposures.

Air pollution is ubiquitous and unevenly distributed (18–20), but it can be reduced. From a global perspective, pollution levels are higher in LMICs (20), the ones that will concentrate approximately 80% of dementia cases in the coming years (1). This makes tackling air pollution a relevant strategy to promote equity in brain health. The unequal distribution of air pollution is also true at smaller scales. Within the same city, those living closer to high traffic roads breathe worse air quality than those living further away. The same goes for those of lower socioeconomic status (21–23).

In 2015, air pollution caused 7.6% of the total global deaths and 4.2% of the total global disability-adjusted life-years (DALYs), a measure of loss in quality of life (7). This estimation was based on the risk for selective cardiovascular (CVD) and respiratory diseases, with no cognitive impairment burden included. It is reasonable to assume that a great part of this burden could be reduced just by lowering levels of air pollution. Indeed, some studies have used natural experiments to show that not only does bad air quality impair health, but also good air quality improves it (24–27). In other words, reducing air pollution can reduce global premature mortality and enhance the quality of life.



Air Pollution in Latin America and the Caribbean

Air pollution in LAC countries does not receive much attention on the global stage (19, 20). This is probably because, when compared with Africa, Asia, and the Middle East, air pollution in this region is not very high (18). However, between 1990 and 2013, particulate pollution increased in parts of the LAC territory (18). If one considers the current knowledge on pollution control and the performance of high-income countries, the decreases in the air pollution levels in LAC countries have been modest. From a public health perspective, the slight reduction in pollution in some regions of LAC has been offset by population growth (7). Although levels of fine particulate matter were decreasing since 2010 in some of the larger LAC cities, such as São Paulo and Bogotá, the current trends point towards an increase (28). At least 172 million people breathe unhealthy levels of air pollution in the LAC region, according to a recent estimation including 100,000 urban residents (29). The total number of LAC residents breathing bad air is higher if we include the rural residents, and remember that the LAC population is nearly 65 times larger than the population used in this estimate. Some rural LAC areas are highly polluted (18) because of wildfires (intentional or not) (30, 31), preharvest sugar cane burning (32, 33), and the more frequent use of wood for cooking and heating (34). At least 172 million LAC residents could reduce their risk for several diseases if air quality improved.



Hypothesis

Reducing the risk of dementia in LAC countries is urgent. The World Health Organization (WHO) strongly recommends that countries take national actions to lower well-established risk factors for dementia at the individual and population levels (5). These risk factors include obesity, hypertension, stroke, diabetes mellitus, heart disease, physical inactivity, poor diet, alcohol abuse, tobacco use, cognitive inactivity, depression, and isolation (5, 35–37). At least five of these risks can be caused or aggravated by breathing bad air quality. This means that controlling air pollution through policies and regulations could help reduce the burden of dementia. This is particularly relevant in LAC countries, where cases will increase, and pollution control is not typically stringent. Large urban areas of the most populated LAC territories, such as São Paulo and Mexico City, present poor air quality far above the health safety levels recommended by the WHO. Both these metropolitan regions rank among the global cities with the highest traffic intensity indexes. Reducing traffic intensity is an example of a pollution control policy that has already been successfully adopted in other large urban areas in Europe, for example.

Recently, mechanistic studies have suggested that air pollution particles can cross the olfactory barrier and reach directly the brain (38). Once in the brain, these particles could trigger neuroinflammation (39, 40) and exaggerated protein misfolding, leading to dementia (9, 40–42). This evidence is still in its early stages and is not yet robust. However, a growing number of epidemiological studies in Europe (11, 13, 16, 43), North America (9, 12, 14, 44–46), and Asia (10) are showing that living in highly polluted areas increases the risk of dementia. Some studies suggest that the link is driven by cardiovascular alterations caused by air pollution (13, 14), but the direct effect pathway was not ruled out. The hypothesis that the association between air pollution and dementia is mediated by cardiovascular disease and metabolic syndrome is reasonable since air pollution is known to cause and aggravate cardiovascular conditions. Nevertheless, the scientific community does not seem to be ready to affirm that air pollution affects the brain and causes dementia (47). Studies in the field are susceptible to a wide range of biases, from the selection of dementia cases to the characterization of long-term exposure to air pollution for each participant. This might explain why air pollution has not yet been included in the list of established and potentially modifiable risk factors for dementia (35–37). We suggest that it is important to change this perspective and consider air pollution a risk factor for dementia, to reduce the burden of the disease in LAC countries. Furthermore, this should be done posthaste. We are not alone. In August 2020, for the first time, a report on dementia prevention listed air pollution as a modifiable risk for the condition (48).




INDIRECT ASSOCIATIONS: CHRONIC DISEASES LINKED TO DEMENTIA AND AIR POLLUTION

Air pollution causes and/or aggravates obesity, hypertension, stroke, diabetes mellitus, and heart diseases. These are all established risk factors for dementia (35–37). Air pollution has also been linked to three other established risk factors for dementia (i.e., physical inactivity, cognitive inactivity, and depression), but the evidence is weaker. In this section, we will discuss these links.


Obesity, Diabetes Mellitus, and Physical Inactivity

Approximately 302 million adults living in the LAC region are overweight, and more than 100 million are obese (49). By the year 2030, overweight and obesity are expected to affect 50% of men and 60% of women in Latin America (50). The countries with the highest prevalence of obesity are El Salvador and Paraguay for females, and Uruguay and Chile for males (51).

Overweight and obesity can be reversed and prevented. Air pollution is linked to metabolic disorders (52). For this reason, safe air quality is among the actions that may reduce the burden of overweight and obesity, alongside healthy diets and physical exercise. Various mechanisms underlie the link between air pollution and increased body weight. Air pollution can cause metabolic dysfunction by increasing oxidative stress in adipose tissue (53) and inflammation. Besides this, liver cells can accumulate more lipids, and skeletal muscles may use less glucose. Obesity is a significant health challenge, as it substantially increases the risk for diseases, such as type 2 diabetes mellitus, fatty liver disease, stroke, and dementia (54). More recently, obesity has been identified as a risk factor for Alzheimer's disease due to hyperglycemia (55). Air pollution can indirectly affect body weight, thus, increasing the risk of other chronic diseases.

Air pollution also prevents people from engaging in regular physical activity, resulting in sedentary behavior (56, 57). Significant levels of air pollution have been negatively associated with physical activity due to decreased lung function, high blood pressure, and other cardiovascular and respiratory symptoms that impair exercise capacity and performance (56, 57).



Cardiovascular and Cerebrovascular Diseases

Epidemiological and observational studies have deepened the knowledge we have about air pollution and its effects on human health (58). Cardiovascular diseases and high blood pressure have been associated with short and long term exposure to air pollution, generated by inflammation, oxidative stress, and arterial remodeling (58, 59).

There are two main types of exposure to air pollution. The first is acute exposure, defined as short-term exposure or a slow but brief increase in pollutant concentrations that may vary in a single day or over several days. Chronic or long-term exposure is exposure to air pollutants over several months or years. Acute exposure to air pollution can result in a similar acute event, such as a thrombosis-induced stroke (60), a rapid rise in blood pressure, or cardiac arrhythmia. Chronic exposure to air pollution can have a direct effect on the brain, triggering and/or furthering neurodegeneration (61) or silent ischemic injuries (62).

Short-term exposure to air pollution can induce vasoconstriction, rupture of atheromatous plaques through inflammatory processes, and cause oxidative stress and thrombin activation. Regarding PM2.5 concentrations, these may cause reduced blood flow in the brain, and ozone can induce cardioembolic strokes, affect heart rate variability, and stimulate atrial fibrillation. On the other hand, chronic exposure can manifest clinically as recurrent strokes provoked by the genesis and progression of atheromas and myocardial infarction (63).

Exposure to air pollution can trigger changes in the cardiovascular system, and these effects can develop acutely, with increased atherosclerosis accelerating the response to chronic disease. Air pollution has also been related to lowering the density of high-density lipoproteins (HDL) due to oxidative stress and inflammation. These processes can cause changes in the structure and function of HDL, resulting in pro-atherogenic or dysfunctional HDL (64). Furthermore, air pollution has been correlated with an increased risk for ventricular arrhythmias and increased ventricular electrical instability, highlighting the potential link between air pollution and sudden cardiac deaths (65).

High concentrations of air pollutants may be correlated with the risk for angina and acute myocardial infarction. Short-term exposure to PM2.5 at levels of 10 mg/m3 or higher contributes to acute coronary syndromes, especially in patients with preexisting heart disease. The effects are more severe after long-term exposure to traffic (66, 67). Recent studies have suggested that even modest increases in airborne pollutants can trigger an increase in blood pressure in a few hours (68) and affect heart rate variability, vascular tone, and blood coagulation, as well as promote atherosclerosis (69). Even short-term exposure to air pollution has been associated with increased cardiovascular issues and deaths from myocardial ischemia, arrhythmia, and heart failure (59, 70, 71).

Hypertension and heart disease are the main diseases that affect the population worldwide (72). Several studies have indicated that air pollution is a risk factor for hypertension, heart disease (73, 74), and stroke (72, 73).

Research has produced some evidence regarding the association between hypertension, changes in blood pressure, and exposure to PM2.5 and PM10 (particles with an aerodynamic diameter of_or greater than 10 μm). Results indicated that long-term exposure to a 10-μg/m3 increase in PM10 and PM2.5 is significantly associated with higher systolic and diastolic blood pressure, in addition to a greater risk of hypertension (74). The hypertensive effects of air pollution were more pronounced among men, smokers, drinkers, individuals with a high-fat diet, and those with a high level of physical activity (75).

Elderly patients demonstrate a more apparent association between high blood pressure and cognitive decline when the former condition first arises in middle age. Hypertension can promote changes in the structure and function of the brain through remodeling cerebral vessels. This can lead to disruptions in cerebral self-regulation, reductions in cerebral perfusion, and limitations in the brain's ability to clear potentially harmful proteins, such as β-amyloid (76). Moreover, hypertension disrupts the structure and function of brain blood vessels and can lead to ischemic damage in the white matter that is critical for cognitive function, thus, favoring the development of neurodegenerative diseases (77).

In the case of cerebrovascular diseases, exposure to air pollution particles has also been associated with neuroinflammation (78). The first evidence of neuroinflammation caused by the inhalation of pollution was published in a study involving dogs that had been exposed to significant concentrations of ozone, PM, and other pollutants. Researchers detected inflammation in the brain of the animals with endothelial damage (79). Other in vivo studies have shown that PM can stimulate inflammatory and oxidative responses in the CNS (80, 81). Mice exposed to diesel inhalation showed acceleration in the development of Alzheimer's disease characteristics (82), and activated microglial and inflammatory responses. These animal studies demonstrated signs of cellular damage associated with air pollution (83, 84).




AIR POLLUTION, DEPRESSION, AND COGNITIVE INACTIVITY

Studies have shown that exposure to air pollution may be associated with more frequent incidence of depression, anxiety, and cognitive inactivity, especially in people who suffer from concomitant chronic diseases (85). Another study has shown that increases in air pollution may lead to the onset of depressive symptoms among the elderly (41). The pathogenesis may involve oxidative stress and generalized inflammation induced by PM. The pathomechanisms have been linked to vascular lesions and neurodegenerative disorders (86). As a result, these processes may cause or exacerbate the symptoms of depression (87).



TOXICITY MECHANISMS OF AIR POLLUTION

Exposure to contaminated external air is considered an environmental risk factor that promotes brain aging; in contrast, the effects of air pollution on the central nervous system (CNS) are not broadly recognized. Air pollution can cause various neurological disorders as a result of nervous system inflammation and oxidative stress. Damage to neuronal cells caused by fine dust, especially in fetuses and infants, can cause permanent brain damage or lead to neurological disease in adulthood. Epidemiological studies have reported that the risk of developing dementia and Alzheimer's disease is increased by exposure to fine particulates (60).

The role of air pollution in causing metabolic dysfunction is already known (53). The mechanisms by which air pollutants affect the body systems are intimately related to the type and size of inhaled pollutants. The size, load, chemical composition, and propensity to form aggregates determine a pollutant's ability to cross the lung and the blood barrier. The large-diameter PM (PM10) cannot be transported directly into the blood circulation and require neural or proinflammatory responses to mediate extrapulmonary actions, whereas the ultrafine or soluble PM that constitutes smaller particles can enter the bloodstream directly.

In Figure 1, we show the plausible mechanisms of how air pollution affects the human health leading to neurologic impairments highlighting the increased oxidative stress and the pronounced inflammatory responses associated with cardiovascular diseases and metabolic syndromes.


[image: Figure 1]
FIGURE 1. The toxicity mechanisms: air pollution acts directly in brain and indirectly in cardiovascular diseases and metabolic syndromes causing neuroinflammation and neurodegeneration. Created with BioRender.com.


The toxic effects of pollution on cardiovascular diseases are also known (58, 59). The first response caused by inhalation of air pollutants is characterized by the release of pro-oxidative/inflammatory mediators (cytokines, activated immune cells, or platelets) and/or vasoactive mediators (endothelin) in the systemic circulation. Particle inhalation can trigger systemic inflammation, atherosclerosis, and endothelial dysfunction, resulting in increased systemic vascular resistance and hypertension. It is worth noting that the duration of exposure, the levels of co-pollutants, and patient sensitivity are factors that determine subsequent responses (70, 71).

In the second path of action, air pollutants accumulate in the respiratory tree. This can directly stimulate the lung's nervous reflexes, leading to an autonomic imbalance that subsequently favors vasoconstriction (70, 71). In the third pathway, metallic particles and ultrafine PM are inhaled. These can pass through the alveolar and capillary membrane, reach the circulatory system, and cause damage to vasomotor regulation (58, 70, 71, 88).

The direct or indirect effects of air pollution can be associated with stroke and dementia risks. Direct damage can be caused by neuroinflammation and neurodegeneration leading to neurodegenerative diseases (38). Magnetite findings in the magnetic resonance images of human brains exposed to air pollution explain the direct relationship between PM air pollution and AD (89). The indirect mechanism of air pollution in the cerebrovascular system causes stroke, vascular dementia, or other types of dementia. This may be mediated by certain effects on the cardio-neuro-vascular system, such as atherosclerosis, plaque formation and rupture, endothelial dysfunction, cardiac arrhythmia, hypertension, and activated thrombin (90, 91).

By itself, the obesity–diabetes–dementia connection occurs through inflammation and oxidative stress in the brain, caused by systemic inflammation. It is characterized by increased levels of systemic inflammatory mediators (cytokines) that cross the blood–brain barrier (BBB) and metabolic mediators released by adipose tissue and the pancreas (leptin, insulin, and amylin) that play additional important roles in mediating central nervous system inflammation and neuronal regulation (92), and leading to activation of microglia and astrocytes, inducing the release of cytokines and oxidants. This inflammatory microenvironment causes neuronal dysfunction or death and creates a neurodegenerative cascade.

In obesity and diabetes, there is evidence that exposure to PM 2.5 alters endothelial function, increasing serum levels of tumor necrosis factor alpha (TNF-a), as well as higher levels of interleukin-6 (IL-6), resistin, and leptin (93). Furthermore, Gasparotto et al. (94) investigated oxidative damage and inflammation in different brain regions of obese rats exposed to coal ash, and the results showed that obese rats that inhaled coal ash were more affected by oxidative damage with subsequent inflammation in the hippocampus. This type of damage can lead to chronic neurodegeneration (94).

There are many mechanisms through which air pollutants may cause pathologies in the nervous system, such as nervous system inflammation, oxidative stress, microglial cell activation, protein condensation, and cerebral vascular barrier disorders, but how these mechanisms occur is still unclear (60). The main components of air pollution, PM2.5, as well as the compounds absorbed on their surfaces arrest cell cycles and cause neural apoptosis. These effects, together with the oxidative stress and gene expression alteration induced by these particles, may lead to degenerative changes in the brain (95). Substances found in smog may also cause systemic inflammation with an increased number of active immune cells producing proinflammatory cytokines that pass through the BBB via active transport. As a result, the migration of monocytes to the central nervous system is intensified, aggravating the neuroinflammation process (96).



DIRECT ASSOCIATION: AIR POLLUTION AND DEMENTIA

Higher prevalence of neurodegenerative diseases will certainly come along with population aging. Taking dementia as a reference, the higher increase will occur in LMICs (97).

Air pollution represents an important source of premature mortality and morbidity globally (98) but unevenly distributed across the Globe, since household and outdoor air pollution concentrations are higher in developing countries (20). Adverse effects of air pollution on human health have been mostly attributed to cardiorespiratory events. However, recent studies provide evidence that other health conditions may be influenced by exposures to airborne contaminants, including central neurodegenerative diseases such as Alzheimer's disease, Parkinson's disease, and mood disorders (99–101).

A series of studies conducted in Mexico demonstrated the usefulness of autopsies in exploring the links between air pollution and cerebral damage (38, 81, 87–89, 102). Thus, a study combining precise measures of exposure, collected cerebral tissues, and autopsy materials could provide important information about the role of air pollution in the development of neurodegenerative diseases.

Other researchers investigated the distribution of the alpha-emitting radon progeny 210-Polonium (210Po) in the olfactory epithelium, olfactory bulb, frontal lobe, and lung tissues of cadavers in São Paulo, Brazil (103). The findings showed that the olfactory bulbs presented higher concentrations of 210Po in comparison with other tissues. The higher concentrations of 210Po in olfactory bulbs suggest that this is a major path entryway for transporting radon progeny from nasal tissues to the central nervous system.

In children, respiratory inflammation is recurrent, especially in the nasal epithelium (99). This leads to changes in the nasal mucous membranes, causing the breakdown of the nasal epithelial barrier and facilitates the passage of xenobiotics into the systemic circulation and the brain. Such damage causes neuroinflammation and the breakdown of the BBB and can affect the olfactory bulb, prefrontal cortex, and brain stem. In patients with apolipoprotein E4, it can significantly accelerate olfactory decline, attention, and short-term memory contributing to neurodegeneration and the progress of Alzheimer's disease (80, 104, 105).



DISCUSSION

The burden of dementia in LAC is high and will increase (1). Reducing dementia risks is crucial and urgently needed in this region. Reducing the levels of air pollution has been shown to improve health outcomes (24–26, 106). Several parts of the LAC region experience bad air quality, and some areas will see an increasing trend in air pollution levels in the coming years (18, 28). At least 172 million LAC inhabitants breathe unhealthy levels of air pollution (29), but there is room to improve their air quality. A better air quality in the region could reduce their risk of developing dementia.

Air pollution control and regulations in LAC countries are not robust (107) and could be improved. Official ground-level information on pollutants is rare (107), and only eight countries have set National Air Quality Standards for fine particulates (108), all above the level recommended by the World Health Organization (109). Three countries in the LAC region were studied in a systematic review on interventions to improve air quality (106), but the reported policies have had little to no success in improving pollution levels. In Ecuador, government action during highly polluted periods effectively reduced the levels of particulate pollution by 20% (110). Although this is a positive policy that will prevent peaks in air pollution, it provides little to no aid in managing the hazards of long-term exposure to polluted air. In Chile, reducing the number of buses alone was not effective in reducing pollution (111). The reported reforms in the public transportation systems in Mexico City and Santiago resulted in a large number of cars and higher levels of pollution (112). Despite the scarcity of documented reports in the literature, the region has had successful experiences controlling air pollution. A proof is the reduction in fine particulate pollution after 2010 in São Paulo and Bogotá (18). At least in São Paulo, the better air quality is mostly attributed to a national pollution control program in Brazil that set progressively more stringent standards to reduce vehicular emission of new models and the large scale of ethanol and biodiesel enforced by law (113). The targets and deadlines of the Brazilian pollution control program were postponed in different occasions along the years. It is important to notice that the improvement in air quality was achieved for some, but not all, pollutants in the air. The control of secondary pollutants (pollutants formed in the atmosphere, not directly emitted from a source, such as fine particulates) remain a challenge, and despite the improvement in air quality, pollution levels in São Paulo do not yet conform to the WHO's safety recommendations (113). Pollution control and management in São Paulo and in LAC need to be more aggressive to achieve the air pollution safety levels recommended by the WHO. A discussion on possible interventions to improve air quality and health outcomes can be found elsewhere (106).

As explained in detail in previous sections of this manuscript, air pollution causes and aggravates five established risk factors for dementia (obesity, hypertension, stroke, diabetes mellitus, and heart diseases) and has been linked to three others physical inactivity, cognitive inactivity, and depression (35–37). CVD and diabetes mellitus (DM) are the leading causes of mortality and morbidity in the LAC region, resulting in almost 1 million deaths. In 2016, 18.4 million DALYs were lost to cardiovascular disease (114, 115). For diabetics, there were 195,000 deaths, and 8.5 million DALYs were lost in 2016 (114–117). In 2019, these numbers improved by 1% for both diseases (114). The prevalence of these risk factors is higher in LAC countries when compared with the world and other LMICs. The population attributable fractions (PAF) for hypertension is 9% in the LAC region vs. 2% around the world, 6% in China, and 4% in India. The obesity numbers show a similar situation: 8% in the LAC territory vs. 1% around the world, 6% in China, and 3% in India. For diabetes, the LAC PAF is 3% vs. 1% around the world, and 2% in China and India (118). Fifty-six percent of the dementia cases in LAC countries could be avoided if individual risk factors were eliminated. That proportion is higher than in China (49%) and India (41%) (118).

Reducing air pollution could attenuate the prevalence of these established risk factors in the population and, therefore, lower the high burden of dementia in the region. Indeed, two recent cohort studies in Europe (13) and North America (14) have suggested that cardiovascular diseases mediate the association between air pollution and dementia. No similar studies regarding LAC countries were found. However, there is no reason to speculate that cardiovascular disease triggered by air pollution would not culminate in dementia in the LAC population.

As we mentioned in the Introduction section, it is plausible to think that air pollution may directly cause dementia. The body of evidence on air pollution and dementia is growing rapidly, with many relevant studies published recently (13–16). Further studies will collaborate to elucidate if air pollution can enter the brain and cause dementia. Nevertheless, whether the agency is direct or indirect, it is clear that air pollution has been associated with dementia, and it is reasonable to expect that reductions in air pollution would help decrease the burden of this disorder.

Given the urgent need to lower the burden of dementia in LAC countries, we recommend implementing strategies to reduce air pollution levels and related risks. We base our argument on the findings that (1) air pollution causes and/or aggravates at least five of the established risk factors of dementia (obesity, hypertension, stroke, diabetes mellitus, and heart diseases), (2) reducing air pollution has been shown to reduce some of these risks, and (3) there is room for improving the air quality in many urban LAC areas and other LMICs. These improvements are already being explored by several urban centers in developing regions with proven health benefits for their population. Although we will just be possible to estimate the real impact of reducing the levels of air pollution in LAC in the burden of dementia in the future, there is no reported side effect for breathing better air quality.
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Background: Effective training programs for primary care providers (PCPs) to support dementia detection are needed, especially in developing countries. This study aimed to investigate the effect of an enhanced training on the competency and service of PCPs for dementia detection.

Methods: We conducted a cluster randomized trial in Beijing, China. Community healthcare centers (CHCs) located in Fengtai or Fangshan District were eligible. The enrolled CHCs in each district were randomly assigned to the standard or the enhanced training group at a 1:1 ratio. PCPs serving older adults in enrolled CHCs were eligible to participate. The standard training group received three-hour didactic lectures, three monthly supervisions, 3 months of online support and dementia screening packages. The enhanced training group additionally received three monthly face-to-face supervisions and 3 months of online support. The participants became aware of their group membership at the end of the standard training. The knowledge, attitudes, service, and skills regarding dementia detection were assessed using questionnaires and submitted dementia detection records, respectively.

Results: A total of 23 and 21 CHCs were randomly assigned to the standard and the enhanced training group, respectively, and 58 participants from 20 CHCs assigned to the standard training group and 48 from 16 CHCs assigned to the enhanced training group were included in the final analysis (mean age 37.5 years, and 67.0% women). A significant increase in the knowledge score was found in both groups, but the increase was similar in the two groups (P = 0.262). The attitude score remained stable in both groups, and no between-group difference was found. Compared with the baseline, both groups reported an increase in dementia detection service, especially the enhanced training group (24.1% to 31.0% in the standard training group and 14.6% to 45.8% in the enhanced training group). The completion rate and accuracy of submitted dementia detection records in the enhanced training group were both significantly higher than those in the standard training group (both P < 0.001).

Conclusion: The enhanced training had similar effect on the knowledge of PCPs comparing with the standard training, but was better on continuous service and skills of PCPs related to dementia detection.

Trial registration: www.ClinicalTrials.gov, identifier: NCT02782000. Registration date: May 2016. The trial was completed in July 2017.

Keywords: dementia detection, primary care providers, training, knowledge, attitudes, service, cluster randomized trial


INTRODUCTION

Timely dementia detection is critical if dementia patients are to receive effective interventions and plan accordingly (1, 2). Primary care providers (PCPs) are usually the first clinicians to whom older adults report dementia symptoms; therefore, they are on the front line in timely dementia detection (1, 3, 4). Many PCPs have limited knowledge (e.g., do not recognize early signs of dementia), negative attitudes (e.g., doubtful about the benefits of early diagnosis and treatment) and a lack of skills (e.g., not familiar with dementia screening tools) related to dementia detection in most countries and regions (5–7), which prevents them from detecting and managing dementia in a timely manner (4, 8, 9). Therefore, improving the competency of PCPs regarding dementia detection is imperative worldwide, especially in China, due to its large number of older adults and dementia patients (10, 11), high rate (93.1%) of undetected dementia (12) and limited education and training on dementia detection for PCPs (13).

Training of PCPs plays an important role in timely dementia detection. Previous studies have shown some positive effects of educational intervention on PCPs' knowledge, attitudes, competence, confidence, practice and health care outcomes regarding dementia detection but there is no consistency across studies (14–18). Caution is needed to apply these results to other settings due to the heterogeneity of the intervention components, training methods, expertise of trainees and trainers and methodological robustness across these studies (14, 15). Moreover, the majority of evidence has originated from developed regions, and the required training content and feasible delivery methods in developing countries may differ from those in developed countries (19). To improve the competency of PCPs in dementia detection in developing countries, an effective and feasible dementia detection training program for PCPs is urgently needed.

Our previous pilot study revealed that PCPs' knowledge regarding dementia detection and self-reported dementia screening practice improved after training (20). To provide more reliable evidence on this topic, we conducted the present trial involving 44 community health service centers (CHCs) in Beijing, China. A cluster randomization was chosen for practical reasons and to prevent contamination by communication among PCPs. It aimed to evaluate the effect of an enhanced training on the knowledge, attitudes, provided dementia screening service and skills related to dementia detection of PCPs and to explore the satisfaction and reactions of trainees to the training.



MATERIALS AND METHODS


Study Design

This study was a cluster randomized trial conducted in CHCs in Fangshan and Fengtai Districts, Beijing, China between August 2016 and July 2017. Little dementia detection training was provided in these areas. CHCs are the primary care units of the national health system, and are the foundation of providing primary health care services to residents who are living in their jurisdictions. Collaborating with the Fangshan and Fengtai Health Commissions, the CHCs in these two districts, as long as the leader of the CHC agreed to participate the program, were all eligible. We enrolled 24 of 24 CHCs in Fangshan District and 20 of 23 CHCs in Fengtai District.

The enrolled CHCs in each district were randomly assigned at a 1:1 ratio to the standard or the enhanced training group using a series of computer-generated random numbers by a researcher. The present trial consisted of two phases lasting for 6 months. In the first phase, both the standard and the enhanced training group received three-hour didactic lectures, three monthly face-to-face supervisions, and 3 months of online support and dementia screening toolkits. In the second phase, the enhanced training group received an additional three monthly supervisions and 3 months of online support, whereas the standard training group received no more training or support, except dementia screening toolkits. The participants became aware of their group membership at the end of the first phase.

This trial was conducted with the approval of the Ethics Committee of Peking University Sixth Hospital (2016-Lunshen-7). All participants provided written informed consent after the randomization of the enrolled CHCs.



Participants

After agreeing to attend the program, the leader of each enrolled center sent the information of the training program to the PCPs. The PCPs working at these selected sites were invited to participate in the study and attended voluntarily. The participant inclusion criteria were as follows: (1) the majority of their patients were older adults; (2) they had access to WeChat (the most popular social media platform in China, which supports online live chats and classrooms for reviewing slides); and (3) they continued working at their current institution for at least 6 months after enrollment. The exclusion criteria were as follows: (1) refusal to complete the questionnaire for assessing the training effect and (2) involvement in another dementia-related study. The final number of participants was determined by the leader of each CHC.



Intervention

Based on previous studies of dementia detection training (3, 19) and our pilot study (20), a multidisciplinary expert team of geriatric psychiatrists (XY and HW), experts in the field of dementia prevention (HW, TL and XL) and educators (HW and TL) developed the training program that included didactic lectures, supervisions, online support and dementia screening packages to train and support PCPs involved in dementia detection. All four trainers (TL, CP, ZL and NZ) were registered psychiatrists with experience in dementia detection, diagnosis, treatment and education. Before the intervention, the supervisor of the program (HW) reviewed all training slides, and a special workshop for trainers was held to unify the training format.

In the first phase, two groups both received standard training consisting of (1) didactic lectures and exercises: we informed the participants about the prevalence, symptoms, prevention, detection, treatment and referral of dementia through a 50-min lecture, and then we introduced two dementia screening tools [Eight-item Interview to Differentiate Aging and Dementia (AD8) and Clock Drawing Test (CDT)] through a 35-min lecture and guided participants in exercises based on the screening tools; (2) three monthly face-to-face supervisions: the first supervision was provided 1 month after the lectures, and another two were subsequently provided. Each supervision lasted approximately 90 min and followed a uniform format, which was organized into 3 components: review of the key points of the last lecture, a 45-min lecture on dementia symptoms/diagnosis procedure/standard treatment, and case analysis and discussion; (3) 3 months of online support: using the WeChat application, the training slide was uploaded to the online classroom after each lecture for participants to review at any time; in addition, we provided online counseling support about training content, dementia screening and referral in real time through an online discussion group in WeChat or by telephone; and (4) a screening package: a dementia screening package, including training materials, dementia screening and referral records, a referral information card and educational material about dementia for the public, was offered to each trainee at the beginning of the intervention, and these materials were replenished as needed during the study.

In the second phase, the enhanced training group continued receiving three monthly supervisions (in a similar format to that of the first three supervisions, with the lecture introducing dementia differential diagnosis/treatment safety/prevention progress) and 3 months of online support during this period. The standard training group did not receive any intervention during this period, except for the screening toolkit.

The lectures and supervisions were provided at the Center for Continuing Medical Education of each district. During supervision periods, the participants in the included centers, which were assigned to the same group and located in the same district (Fangshan or Fengtai District), received supervision simultaneously. All interventions and procedures for participants from Fangshan District were repeated for those from Fengtai District. To improve their adherence, we provided all participants an opportunity to obtain continuing medical education credit points for attending the training, which was mandatory for all medical workers in China. No other reimbursement was offered for participating in the trial or providing dementia screening services.



Outcome Assessment

Outcome measures were classified according to Kirkpatrick's model for the evaluation of training interventions (21): (1) the participants' knowledge about, attitudes toward and skills in dementia screening; (2) dementia screening and referral service provided by the participants; and (3) participants' satisfaction with and reaction to the program.

The knowledge score, as the primary outcome, consisted of theoretical and practical knowledge, and was assessed using 13 true-false questions, 13 multiple-choice questions (including the etiology, symptoms, screening, diagnosis, treatment, prevention, prognosis, and referral of dementia), and three case analyses (about the evaluation and referral of suspected dementia patients). This score ranged from 0 to 45, with higher scores denoting greater knowledge.

Attitude was assessed using 10 true-false questions about dementia screening and referral, with scores ranging from 0 to 10, and higher scores denoting a more positive attitude. The dementia screening and referral of patients with suspected dementia provided by the participants was assessed by asking whether they provided these services in the past month, and the number of dementia screening and referral records submitted by PCPs at the end of the trial.

Skills in dementia screening and referral were assessed according to the submitted records, with the completion rate and accuracy of the AD8 and CDT, and the referral suggestions. The completion rates of the AD8, CDT and the referral suggestions were calculated with the number of completed AD8s (all items and total score of AD8 completed), CDTs (total score graded) and the referral suggestions (suggestion given) divided by the number of submitted records, respectively. The accuracy of the AD8s was assessed by the number of AD8s with the correct total score (comparing the total score given by the participants with the total score calculated based on all items) divided by the number of completed AD8s. Similarly, the accuracy of the CDTs was calculated as the number of CDTs with the correct total score (comparing the total score graded by the participants with the total score graded by researchers based on the figure drawn by the screening object) divided by the number of completed CDTs. The accuracy of referral suggestions was assessed according to the number of correct referral suggestions (comparing the referral suggestions given by the participants with the recommended suggestions based on the AD8 and CDT total scores) divided by the number of completed management suggestions.

The satisfaction and reaction of the participants were evaluated using a separate survey, which addressed whether the training program was useful for their clinical practice, their advice for improving the training program, and the advantages and disadvantages of dementia detection in their practice.

All the assessments were examined in exactly the same way for the two groups. Except for the participants' skills and feedback evaluated at the end of the trial, other assessments were conducted at baseline and at the end of the trial. Demographic characteristics of the participants, including sex, age, occupation, education and years of working, were collected at baseline. The questionnaire used for assessing the knowledge, attitudes and self-reported service was shown in supplementary The Questionnaire.



Sample Size

According to our previous pilot study (20), we estimated that at a 1:1 ratio, with a sample of 32 clusters (CHCs) with an average of 4 participants in each cluster, the study would have 95% power to detect a difference of 3 points (standard deviation of 4) in knowledge score (the primary outcome) between the two groups, with an intracluster correlation of 0.05 and a two-sided significance level of 0.05. Considering up to a 15% loss to follow-up, the number of clusters was increased to 38, and 152 participants were needed.



Statistical Analysis

The data are presented as the means and standard deviations, medians and interquartile ranges, and counts and percentages for normally distributed variables, non normally distributed variables, and categorical variables, respectively. Between-group differences in baseline characteristics were analyzed with Student's t test or the Wilcoxon rank-sum test for continuous variables and chi-square test or Fisher's exact test for categorical variables.

Modified ITT analyses were conducted. Analyses of the difference between the two groups in the change in knowledge and attitude scores and dementia screening and referral between baseline and the end of the intervention were performed on data from the participants who underwent the assessments both at baseline and at the end of the intervention, no matter whether they completed the entire intervention. Analysis of dementia screening and referral skills was performed based on the submitted screening records at the end of the trial. Analysis of the satisfaction and reaction of the participants was conducted on data from the participants who completed the survey at the end of the intervention.

We used paired t tests to examine the changes in the knowledge score and attitude score before and after the intervention in each group, respectively. We used paired chi-square tests to examine the proportion of dementia screening and referral provided by the participants before and after the intervention in each group, respectively. We used a generalized linear mixed model to examine the differences in the change in knowledge score, attitude score and the proportion of provided dementia screening and referral of the two groups between baseline and the end of the intervention. Cluster (CHC) was treated as a random effect, and intervention, measure time, and intervention-measure time interaction were treated as fixed effects, with age as a covariate. To evaluate the need to adjust for site, education, occupation and working experience, models included a term for the interaction with the study group (the standard or the enhanced training group). A P < 0.05 was considered to indicate a significant interaction. Since all the P > 0.15 for interaction, the final model did not adjust for site, education, occupation or working experience. We used chi-square tests to examine the differences in dementia screening and referral skills between the two groups. The participants' reaction was thematically analyzed.

A two-sided P < 0.05 was considered statistically significant. All analyses were performed with SAS 9.4.




RESULTS


Participant Flow and Baseline Characteristics

The recruitment started in July 2016 and follow-up ended in July 2017 at the end of the trial. A total of 44 out of 47 CHCs in Fangshan and Fengtai Districts agreed to participate in the trial, and 23 and 21 CHCs were assigned to the standard and enhanced training groups, respectively. Initially, 73 PCPs from the 23 CHCs in the standard training group and 97 from the 21 CHCs in the enhanced training group entered the trial. During the intervention, the attrition rates in the standard and enhanced training group were 18.8% and 23.3%, respectively, and no between-group difference was found (P = 0.126). At the end of the trial, participants in the enhanced training group were more likely lost to follow-up than those in the standard training group (44.3 vs. 15.1%). Finally, a total of 58 (79.5%) participants from 20 CHCs in the standard training group and 48 (49.5%) from 16 CHCs in the enhanced training group completed both the baseline and the last assessment and were included in the analysis (Figure 1).


[image: Figure 1]
FIGURE 1. Flow diagram of the sample frame and data collection.


The median (P25-P75) cluster size was 3 (2–4). The average age of the participants was 37.5 years, and 67.0% were female. The majority of the participants were physicians (73.6%) and had a bachelor's degree or above (66.6%). The median (P25-P75) years of working was 10 (6–16). Except for age, the characteristics of the participants between the two groups did not differ significantly (Table 1). The characteristics of the participants lost to follow-up were similar to those included in the analysis; the except was education, namely, those with lower education level were more likely to be lost to follow-up than those with higher education level (P = 0.006). The CONSORT 2010 checklist of information of the study was shown in supplementary The CONSORT checklist.


Table 1. Baseline characteristics of the participants.

[image: Table 1]



Comparison of Changes in Dementia-Related Knowledge and Attitudes

The knowledge score at the end of the intervention was significantly higher than that at baseline in each group (P both < 0.001). However, the change in the knowledge score between baseline and the end of the intervention in the enhanced training group was similar to that in the standard training group (4.0 vs. 3.5, P = 0.218) (Table 2).


Table 2. Changes in knowledge, attitudes, and provided service related to dementia detection from baseline to the end of the intervention.
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The attitude score of participants in both groups remained positive and stable after the intervention, and no significant difference in the change in attitude score between the two groups was found (P = 0.675) (Table 2).



Comparison of the Change in Provided Service and Submitted Records

Compared with baseline, both groups reported an increase in dementia screening and referral services after the intervention, especially the enhanced training group [24.1% to 31.0% in the standard training group (P = 0.302) and 14.6% to 45.8% in the enhanced training group (P = 0.003)]. The increase in the enhanced training group was higher than that in the standard training group (P = 0.045), although the difference was close to non significant (Table 2).

At the end of the trial, a total of 51 (48.1%) participants submitted 1,845 copies of dementia screening and referral records. The participants in the enhanced training group were more likely to use records than those in the standard training group (P = 0.028). Additionally, the median number of submitted records in the enhanced training group was greater than that in the standard training group, although the difference was non significant (Table 2).

Among those participants who submitted records, the participants in each group had a high tendency to use the records (91.7% in the standard training group and 100% in the enhanced training group) during the first 3 months of the study period, and no difference was found between the two groups. In contrast, the proportion of participants who used records during the later 3 months in the enhanced training group was significantly higher than that in the standard training group (P = 0.002), although both proportions significantly decreased compared with those during the first 3 months (both P < 0.001) (Table 2). Additionally, during the online support period, the questions asked by both the training groups were mainly focused on referring the suspected cases for further assessment and diagnosis.



Comparison of Dementia Screening and Referral Skills

Except for the CDT, the completion rates of the AD8, referral suggestions and whole record in the enhanced training group were significantly higher than those in the standard training group (Table 3).


Table 3. Comparison of the dementia detection skills between the standard and the enhanced training groups according to submitted recordsa.
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According to those completed records, except for the AD8, the accuracies of CDT, referral suggestions and the whole record in the enhanced training group were significantly higher than those in the standard training group (Table 3).



Satisfaction and Reaction at the End of the Intervention

A total of 23 (39.7%) participants in the standard training group and 17 (35.4%) participants in the enhanced training group completed reaction and satisfaction surveys at the end of the study. Most participants considered the program efficient and useful for their practice (82.4% in the enhanced training group and 95.7% in the standard training group). Most of the participants said the lectures were easy-to-understand (94.1% in the enhanced training group and 91.3% in the standard training group). The most common suggestion for improving the training content was to introduce more dementia cases in detail in an easy-to-understand way. The participants in both groups indicated the need to add interaction and communication with the trainers during practice and mentioned video-based or online training as a supplement to face-to-face supervision. The participants in the standard training group, rather than the enhanced training group, emphasized the need to learn more about dementia diagnosis, treatment and care skills. No harm or unintended effect was reported during the intervention.

The familiarity between the residents and PCPs and the large aging population in communities were considered advantages for dementia detection, whereas the lower awareness of residents of dementia and the participants' busy clinical practice were the main barriers. Related policy support or incentives from the administration were considered necessary for the implementation of dementia detection.




DISCUSSION

In this cluster randomized trial, we found that the 3-month standard training and the 6-month enhanced training both had significant effects on improving PCPs' dementia detection-related knowledge and screening as well as referral services. Additionally, the improvement of the service in the enhanced training group was greater than that in the standard training group. Our results suggested that the participants' attitudes toward dementia detection were quite positive before training and remained stable after training. Enhanced training tended to improve the use of dementia screening and referral records. Compared with the standard training group, the enhanced training group had a significantly higher completion rate of the AD8 and referral suggestions and higher accuracy of CDT and referral suggestions. Most participants in both groups considered the training easy-to-understand and useful for their practice. Interaction during practice and online training may be an effective supplement to face-to-face supervision.

In this study, we found that PCPs' knowledge regarding dementia detection at the end of the intervention in each group improved significantly compared with that before training. Likewise, in France, a 2 h group educational meeting supporting the use of brief neuropsychological tools was associated with greater confidence in dementia diagnosis among clinicians (18). Shaji et al. (22) and Ramos-Cerqueira et al. (23) reported that community health workers in India and Brazil could identify dementia patients with reasonable accuracy after a few hours of training. These results clearly indicated that delivering appropriate training for PCPs may serve as an effective modality to enhance their competency regarding dementia detection. Moreover, our findings suggested that PCPs in each group provided more dementia detection services after training, especially the enhanced training group. Similarly, evidence from a cluster randomized trial in the UK showed that decision support systems and workshop formats are effective in improving dementia detection in primary care but not a CD-ROM tutorial compared with the standard training group that received no training intervention (17). However, the study from France showed that a 2 h group educational meeting was not associated with an overall increase in newly identified dementia cases (18). These conflicting results of service change among different training programs may be attributed to the differences in training content, duration, mode of delivery and support. The variety of the participants' professional backgrounds and their clinical settings may also be important reasons for these inconsistent results. Additionally, our results indicated that the enhanced training group provided more services and had better skills related to dementia detection than the standard training group, which suggests that sustainable supervision and support may be required to ensure continuous service and to master skills related to dementia detection.

Although we found that most participants in both groups knew more about and had a positive attitude toward dementia detection at the end of the intervention, our results also showed that nearly 60% of the participants did not provide dementia screening or referral services in the month before the end of the study. Given that the use of a self-administered questionnaire survey may result in inaccurate reports on changes in practice (24), the present study additionally used dementia screening records to evaluate the effect of training on practice. Similarly, we found that approximately half of the participants probably did not use the dementia screening and referral record during the entire study period. Accordingly, Wang et al. (16) reported that basic knowledge and positive attitudes may not ensure health professionals' demonstration of a person-centered approach in dementia care. This inconsistency among knowledge, attitude and related service may imply that the implementation of dementia detection in primary care probably requires more support or conditions, in addition to the improvement of PCPs' related competency. Surr et al. (14) argued that health and social care workforce education should be conceptualized as a complex system, and the individual, meso-, and macrolevels must be considered in understanding learning processes. The feedback of the participants also suggested that enhancing the public's awareness of dementia, modifying PCPs' clinical practice, and providing related support from the administration were important for dementia detection. Of note, the scale and number of older adults served by each included center may not influence the improvement of the participants' skills and dementia detection service, due to CHCs' responsibility for primary health care and the lack of dementia detection service in CHCs in China.

Regarding the training method adopted, previous studies (14–18) used a variety of delivery methods, although predominantly face-to-face learning was often employed alongside other methods. Learning through a written resource (either hard copy or online) or purely classroom-based training consistently yielded no or weak effects on knowledge gains, whereas a combination of theory (through classroom-based learning) and practice (in-service learning) was more likely to produce positive results in improving staff confidence, competency or self-efficacy (14). The adoption of a specific tool or structured method may strongly support participants in adapting their behavior and changing their practice (14). The present program not only provided didactic lectures and exercises but also involved monthly face-to-face supervision, online support, and screening toolkits, which supported the participants in translating what was learned in the classroom to dementia detection practice. The results of our study verified that multiple training methods may be required with respect to dementia detection training. Smith (25) argued that learners had a reduced requirement for a proximal guide/facilitator and a greater need for interaction and construction as their expertise grew. The participants in our study similarly highlighted the need for interaction and communication with trainers during practice.


Strengths and Limitations

Rather than comparing training with no training, we compared two different training groups against each other. Our results provide evidence for understanding which program is effective and optimal for delivering dementia detection training programs in primary care. Moreover, we used parallel groups, and cluster randomized design in each research district, which minimized contamination and the potential impact of different districts and maximized the comparability of the two groups. Additionally, this study combined didactic lectures, exercises, monthly face-to-face supervision, online support with social media and screening toolkits targeted at improving PCPs' competency and service in dementia detection. The multiple facets of training methods adopted in this study may provide a meaningful reference for other similar education programs in this informational era.

This study has several limitations. First, the participants were not randomly selected from those who provided services to older adults in enrolled CHCs, and they may not be representative of those who chose not to participate in the study. The present study was conducted in Beijing, a first-tier city in China. The participants' professional background and the supporting conditions in their clinical practice may differ from those of PCPs in less developed regions. The sample included in the analysis was smaller than expected. In brief, multicenter trials, especially those in rural areas, may be needed before generalizing the training program to diverse areas. Second, this study explored the possible advantages and disadvantages of implementing dementia detection in primary care according to the participants' feedback, and the questions asked by the participants during the online support period were not quantitatively recorded. The development of an effective way to motivate the participants to translate their knowledge of and attitudes toward dementia detection into dementia detection practice warrants further study. Third, due to limited resources, the perspective of the elderly individuals who received dementia detection services and the potential impact of the improvement in the participants' dementia detection competency on older adults' health outcomes were not evaluated in the present study. Forth, the drop-out rate in this trial was relatively high, especially the enhanced training group, due to the schedule conflict between their routine work and the training program. Fifth, regarding the relatively small sample size and high drop-out rate, those, who completed the assessments both at baseline and at the end of the intervention, were included in the final analysis, rather than all of those who were randomly assigned to the two groups.




CONCLUSION

This study indicated that most PCPs recognized the importance of dementia detection, and that 3 months of standard training may be sufficient to improve their knowledge, whereas 6 months of enhanced training was better on the continuous practice and mastery of skills related to dementia detection. The implementation of dementia detection during primary care practice may also require support from the awareness of residents, in addition to adequate competency of practitioners. This trial may serve as a reference for researchers, clinical educators, and policy specialists to inform the development of PCPs' education in the dementia detection sector, with the aim of improving dementia service.
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Introduction: Research on dementia prevalence and the potentially related risk factors from Indonesia is scarce. We sought to identify the prevalence of dementia, health risk factors, and lifestyle in Jatinangor elders.

Methods: A total of 686 participants completed questionnaires on lifestyle, health risk factors, and cognitive and functional tests from September 2013 to December 2013. We determined the prevalence of dementia; and the associations between health, leisure activities, dietary pattern, and dementia were analyzed using logistic regression.

Results: The prevalence of dementia was 29.15%. The risk factors differed between age groups. Those aged 60–74 years and who have a lower education level, lower occupational attainment, and less active intellectual and recreational activities were associated with higher dementia risk. Those aged > 75 years living in a rural area and who take less fruit were associated with a higher risk of dementia.

Conclusions: The prevalence of dementia in Jatinangor is high. The identified modifiable risk factors are a potential target for intervention and valuable for designing public health policies.

Keywords: dementia, LMIC, lifestyle, prevalence Jatinangor Indonesia, comorbidities


INTRODUCTION

An increase in people living with dementia (PWD) is one of the inevitable aging population consequences. Worldwide, there are ~50 million PWD in 2015, and this number is projected to increase to 152 million by 2050, rising particularly in low-income and middle-income countries (LMICs), where approximately two-thirds of PWD live (1). Like other countries, Indonesia was estimated to have a rapid increase of PWD, from 1.2 million in 2015 to 1.9 million in 2030, and this figure will reach 3.9 million in 2050 (2). The large number of PWD will cause serious healthcare and socioeconomic impacts if not anticipated.

Currently, there are no disease-modifying agents for dementia. Therefore, implementing evidence-based preventive strategies can mitigate the socioeconomic impact of dementia. Evidence of decline in the prevalence of dementia in high-income countries (HICs) indicated that dementia might, at least partially, be preventable by reducing the prevalent risk factors (3, 4). Moreover, increasing evidence suggests that lifestyle activities that optimize the use of compensatory cognitive strategies (5) and healthy dietary patterns might help preserve cognition in late life (6). A recent scientific paper was even more optimistic, targeting about 40% of dementia prevention by managing risk factors throughout the life span (7).

Finding from HICs may not be necessarily applicable directly in LMICs, the region with different sociodemographic and risk factors. Therefore, prevention programs that focus on local contexts and modifiable risk factors are needed to design effective interventions and appropriate public health policies. It is especially true for Indonesia, a middle-income country with large numbers of elders and limited healthcare resources, to apply nationwide established preventive measures. The present study sought to identify the modifiable risk factors for dementia, focusing on sociodemographic, health, and lifestyle risk factors, including leisure activities and dietary patterns.



METHODS


Setting and Study Design

We used a cross-sectional study design and collected information from elders aged ≥ 60 years and their caregivers between September 2013 and December 2013 to examine the prevalence and determinants of dementia. The data collection consisted of sociodemographic characteristics (age, gender, education, living area, and marital status), socioeconomic status (best occupation and monthly income), health factors [hypertension, cholesterol, diabetes, body mass index (BMI), and depression], lifestyle including leisure activities (cognitive, social, recreational, physical activities), and dietary pattern, as well as cognitive and functional status assessments. All data were obtained in one seat by 15 trained, third-year medical school students and five neurology residents for field neurological examination consultation. Blood samples were drawn on another day. All participants gave written consent. The Medical Ethics Committee of Universitas Padjadjaran Bandung, Indonesia, approved this study protocol.



Participants

This epidemiology study was done in the Sumedang Regency of West Java province, the most densely populated province in Indonesia. We selected Jatinangor from the total 22 districts as the representative of the Sumedang Regency, considering its accessibility from Universitas Padjadjaran. Jatinangor is located on the slope of Manglayang Mountain. Most of the villagers worked as farmers, employees in the plantation, or civil servants and had a total population of 113,913 people (8). Villages Cilayung and Cipacing were selected to represent the 12 villages, based on the village's status, such as self-made and self-sufficiency villages, respectively. A self-sufficiency village (suburban) has higher welfare, a higher proportion of professional vs. labor, and more self-employment workers than a self-made village (rural area). Cilayung village was selected from seven self-made villages, and Cipacing village was selected from a total of five self-sufficiency villages by stratified random sampling based on data from the sub-village registry.

We involved all families with an elder (age ≥ 60 years) listed in the cadres' registration from the two selected villages. Meetings with local cadres were held according to village meeting schedules. Meetings with elders and their caregivers, explaining our research aims, participation, consequences, and ethical issues, and their willingness to participate was listed in coordination with cadres. Written consent was obtained from the elders or caregivers on the day of the interview commencement. From the total of 717 elders listed, 20 elders moved out of the villages, and the remained 697 elders agreed to participate (97.2% participation rate). Eleven elders were excluded, including three persons with a severe hunchback, whose BMI could not be measured; five bedridden elders; and three other elders with severe low vision and hearing loss. In this research, we obtained 686 participants. The number of participants exceeded the minimum sampling requirement determined with Slovin's formula, n = N/[1 + N (e)2] (9, 10), where n is the sample size, N is the population size, and e is the margin error. In this study, N = 5,348 (population aged ≥ 60 years in Jatinangor), e = 0.08, and the minimum number of participants n = 5,348/[1 + 5,348 (0.05)2] = 372 participants. Refer to Figure 1 for the detailed participant recruitment flowchart.
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FIGURE 1. Flowchart describing flow of the participant recruitment in the study.




Measures

We applied the National Institute on Aging/Alzheimer's Association (NIA-AA) criteria for dementia of all-cause, which requires a severe cognitive decline complained by an individual or a reliable informant, confirmed with an objective cognitive test, which interferes with daily living activities in the absence of delirium or other mental disorders (11). We used the Abbreviated Mental Test (AMT) (12), considering it was brief, used successfully in an extensive stroke cohort registry, and performed well in our local studies (13). A study done in Singapore reported no differences in diagnostic performance regarding the area under the curve between the Mini-Mental State Examination (MMSE) and AMT in diagnosing dementia among elders in Singapore. However, they found a trend of better diagnostic performance of AMT in patients with lower educational levels (0–6 years) and MMSE for those with higher levels of education (14). Therefore, considering most participants' low education level in our study population, we decided to use AMT for dementia cognitive screening with the cutoff score based on age category and education level as suggested by the previous study (14). For participants aged 60–74 years, we used a cutoff score of 7/8 for those with <6 years of education and a score of 8/9 for those with >6 years of education. For participants aged >75, we used a cutoff score of 5/6 for those with <6 years of education and a score of 8/9 for those with education >6 years (15). The AD8 was used to confirm the decline of cognitive function reported by an informant or caregiver, with a score ≥ 2 indicating cognitive impairment (14). We used the Katz Activities of Daily Living (16) and Lawton Instrumental Activities of Daily Living to assess functional declines (17).



Health Factors

Hypertension was defined as a blood pressure ≥ 140/90 mmHg measured at the upper arm. Depression was diagnosed using the Geriatric Depression Scale (GDS), with a cutoff score of ≥9 indicating depression (18). Diagnosis of diabetes mellitus was made if the fasting plasma glucose is 126 mg/dl or higher. Dyslipidemias was considered high risk if triglyceride ≥ 200 mg/dl and/or high-density lipoprotein (HDL) cholesterol level <40 mg/dl. Triglyceride and HDL were used as indicators of dyslipidemia, as they are part of a metabolic syndrome and cardio-metabolic risk factors (19, 20). BMI characteristic was based on WHO classification.



Lifestyle Factors

We adapted the classification of late-life leisure activities validated among the elderly in Hong Kong (21) used in CLASSA, a study coordinated by the Asian Society Against Dementia (ASAD). Leisure activities were categorized into physical, intellectual, social, and recreational categories. The participation of each activity from a category was summed and considered as a category activity. Participants were considered less active in a category if the activity of the category was below the mean of the total sample category activity, and vice versa with active participants in a category.

We used the food frequency questionnaire to examine dietary patterns, which consisted of seven categories of frequency: never or less than once/month, sometimes one to three times/month, once/week, three to four times/week, once/day, twice/day, and three times/day. Accompanied by their caregivers, subjects were asked to report their intake frequency on standard dietary, categorized as protein (eggs, meat, fish, and beans), carbohydrate (rice, noodles, bread, tubers, and flour), fruits, and vegetables. We also assessed local customary food, such as tofu/tempeh, instant noodles, and salted fish. A food intake was categorized as “non-frequent” if the frequency is below the total sample's median frequency and vice versa with active participants in a category.



Data Analyses

We use descriptive statistics to compare the baseline characteristics of participants with and without dementia. Missing data were found in risk factor variables, 0–14% in sociodemographics, 0.3% in leisure activities, and 13–16% in the main dietary pattern. Being not accompanied by children (work in the city or abroad), participants living alone or cared for by neighbors contributed to some of the missing data. The mean substitution was used to handle missing values, and there was no significant statistic changing compared with analysis using original data on all substituted variables (22). Mean substitutions data can be seen in the Supplementary Tables. The leisure activity questionnaire was validated in several cities in Asia, including Bandung City in Indonesia; however, still there were no applicable activities such as visiting painting fairs, cinemas, music lounges, and libraries for the village setting. Though not much in quantity, they might also be sources of the difference in the number of recorded frequencies and examiners' errors.

Blood-based variables, such as plasma glucose and lipid profile, were obtained only in 57% due to refusal of participants/caregivers, including fear of blood taking, and chores like farming and selling in the morning. Binary logistic regression was applied to examine associations between potential risk factors and dementia. Univariable models were run for each potential risk factor separately, with adjustment for sex and education. The multivariable models included age, sex, education, and all risk factors in the univariable models. As data showed that the associations between lifestyle activities and dementia varied within age groups, the findings will be presented for the total sample and separately analyzed for the younger age group (60–74 years) and older age group (≥75 years). All the above data analyses were performed using the software IBM® SPSS 20.




RESULTS


Demographic Characteristics of Participants

Six hundred eighty-six participants (296 male and 390 female) participated in this study. Two hundred participants (29.15%) fulfilled the criteria of dementia, which were found in 22.11% of elders in the suburban area and 39.42% of elders in the rural area. Participants with dementia were significantly older, had lower education, and were more likely to be female and single (p < 0.001) than those with no dementia. They had a lower socioeconomic status, such as lower occupational attainment and monthly income (p < 0.001). Moreover, they had worse health parameters such as more likely to be an active smoker (p < 0.023), with lower cognition, higher depression rate, more likely to be underweight (p < 0.001), and higher stroke event, but with a lower frequency of HDL < 40 mg/dl. Regarding lifestyle, this group was less active in all categories of leisure activities (p < 0.001), and they took less fruit (p < 0.001) (Table 1).


Table 1. Baseline characteristics of participants with and without dementia in Jatinangor cross-sectional study (n = 686).
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In the total sample, univariable model showed statistical significance in risk factors of age, education level, living area, marital status, stroke, diabetes mellitus, underweight or overweight, depression, all categories of leisure activities, and non-frequent fruit intake (Table 2). In the multivariable model, the association remained significant in risk factors for age (>75 vs. 60–74 years: OR = 2.75, 95% CI = 1.70–4.4.6), marital status (single, never married/divorced vs. still married: OR = 1.72, 95% CI = 1.03–2.84), occupation (not working vs. professional: OR = 2.18, 95% CI = 1.04–4.61), BMI characteristic (overweight vs. normal: OR = 0.39: 95% CI = 0.18–0.82), intellectual activities (less active vs. active: OR = 2.85, 95% CI = 1.60–5.08), recreational activities (less active vs. active: OR = 2.19, 95% CI = 1.39–3.46), and fruit intake (non-frequent vs. frequent: OR = 2.02, 95% CI = 1.09–3.72) (Table 3).


Table 2. Univariable associations between potential risk factors and dementia in the total sample (n = 686) and stratified by age.

[image: Table 2]


Table 3. Multivariable models for the total sample (n = 686) and stratified by age.
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In the younger age group (60–74 years), statistically significant univariable association with dementia was found for risk factors living area, marital status, occupation attainment, underweight/overweight, depression, all categories of leisure activities, and fruit intake (Table 2). In the multivariable model, the association with dementia remained significant in risk factors for occupational attainment (not working vs. professional: OR = 2.98, 95% CI = 1.21–7.31; labor vs. professional: OR = 3.65, 95% CI = 1.29–10.30), BMI (overweight vs. Normal: OR = 0.39, 95% CI = 0.17–0.90), intellectual activities (less active vs. active: OR = 2.67, 95% CI = 1.42–4.99), recreational activities (less active vs. active: OR = 2.12, 95 CI = 1.267–3.57), and total categories of leisure activities (less active vs. active: OR = 2.21, 95% CI = 1.42–3.44) (Table 3).

In the older age group (>75 years), a univariable association with dementia was found in risk factors sex, living area, and intellectual, recreational, and total categories of leisure activities (Table 2). In the multivariable model, association with dementia was found in living area (suburban vs. rural: OR = 2.52, 95% CI = 1.04–6.16) and fruit intake (non-frequent vs. frequent: OR = 4.62, 95% CI = 1.18–18.02) (Table 3).




DISCUSSION


Prevalence of Dementia

The prevalence of dementia among Asian countries in 2012 varied from 0.03 to 33.2% (23). A study from Singapore showed that the prevalence was significantly higher among Indians (1.9%) compared with Malays (1.6%) and Chinese (1.2%) (24). A recent meta-analysis on the prevalence of dementia in six developing countries (Brazil, India, Jamaica, Kenya, Mexico, and South Africa) showed that the prevalence was 2–9% (25). A higher prevalence of dementia was reported recently from our province of Yogyakarta, 20.1%, varying from 13.9% in the city to 16.8–29.4% in other regencies (26). In the present study, the prevalence of dementia was 29.15, 22.11% of elders in the suburban area, and 39.42% of elders in the rural area. This result was consistent with the abovementioned report from Yogyakarta (26). Differences in dementia diagnosis methods and demographic, socioeconomic, and risk factors may cause variation in the prevalence of dementia. Both studies from our country used local validated cognitive tests (MMSE and AMT), with AD8 as informant report of cognitive decline, and utilized ADL/IADL score for detecting functional decline.

Moreover, many participants living in rural areas with low economic status might contribute to the higher prevalence in our country than in other countries mentioned above. The present study showed that, compared with those residing in suburban, participants living in rural areas were significantly older and had lower education levels and lower occupational attainment (more likely to be not working and less likely to be professionals). These participants were less active in leisure activities, including physical training, social involvement, recreation and relaxation, and cognitive stimulation than were their counterpart elders in suburban. Association between work, social engagement, and mental stimulation has been reported in a previous study (27). Furthermore, the participants took fewer fruits, which are rich in antioxidants and good for cognition (6). These findings further enrich our insight that aside from education level and occupation attainment, as reported in a previous study (28), less engagement in leisure activities and poor dietary patterns may also associate with a higher risk of dementia.



Risk Factors Associated With Dementia

In the present study, the risk factors associated with dementia included demographic, socioeconomic, and health factors and lifestyle, including leisure activities and dietary patterns. We found differences in the numbers and types of risk factors associated with dementia between the younger age group (60–74 years) and the older age group (>75 years). The younger group had more risk factors, including demographic, socioeconomic (occupation attainment), and health factors (BMI) and lifestyle, such as intellectual and recreational activities. Meanwhile, living in rural areas and lifestyles such as less fruit intake were the only risk factors in the older group.



Age-Dependent Risk Factors for Cognitive Decline/Dementia

Most cardiovascular factors will lose their impact on cognitive decline at an older age than at a younger age, as reported in previous studies (29, 30). Midlife hypertension is a known risk factor for developing dementia and Alzheimer's disease in late life until 74 years (31, 32). However, it is protective against dementia at ages over 85 years (33, 34). It is noteworthy that low blood pressure can be a consequence of neurodegenerative disease; therefore, low blood pressure may be an early sign of dementia onset (34, 35). High cholesterol in late life can indicate a better nutritional status and better overall health, and therefore, it was associated with less cognitive decline (36, 37). Several possible mechanisms may explain the abovementioned phenomena (38). Risk factors may occur across the life span, and they take time to affect health in general and the brain in particular. Midlife may be the most critical period for the accumulation of these risk factors. Other chronic conditions, such as lifestyle, may occur during old age and cause “weakening” of the measured associations between vascular risk factors and dementia (39).

Moreover, individuals in old age often have dementia with mixed pathology, which is challenging to identify since certain risk factors may be relevant to specific pathology (40). Mortality bias should also be put into consideration. Old age dementia individuals with vascular risk factors may have a higher mortality rate than those younger, either with or without dementia. A recent report from a large cohort study from Europe has demonstrated the independent association of poor cognitive performance and higher mortality. The mortality was significantly higher in those with old age and comorbidities, such as heart attack, stroke, and diabetes, and lower socioeconomic class (41). Therefore, fewer risk factors will be found in old age compared with younger age groups.



Lifestyle Factors


Leisure Activities

Leisure activity can be defined as the voluntary use of free time for activities outside the daily routine. The protective effect of mental activity on cognitive decline has been consistently reported in observational and interventional studies (21). In the present study, we found a significant association between all categories of leisure activities in the younger age group; meanwhile, only cognitive and recreational activities in the older age group were associated with dementia risk after controlling sex and education. However, as we controlled all health factors, only the cognitive and recreational activities remained related to the risk of dementia in the younger age group, but not in the older age group. Engagement in cognitive activities (such as book reading, playing board games, writing, and playing a musical instrument) and recreational activities (such as listening to music and radio, and shopping) seemed to protect the brain from dementia in this study population. A previous longitudinal study demonstrated that all three activities engaged, namely, cognitive, physical, and social, contribute equally to decreasing dementia risk (42). The exact protective mechanism of leisure activities is unknown. Hypothetically, leisure activities improve cognitive reserve, allowing more efficient, adaptive, and plastic neuronal processing to better cope with progressing dementia pathology (43). Physical movement and social activities can also promote cerebral blood flow and psychological well-being effects and reduce the inflammation process in the brain (44, 45).



Dietary Pattern

In a recently published meta-analysis study, the risk of cognitive impairment and dementia was reduced by 20% for a higher consumption of fruit and vegetables (6). In that study, fruit consumption or in combination with vegetable, but not vegetable consumption, was associated with the protection of cognitive impairment. This protective effect was significant only in participants age over 65 years and not in those younger (6). This age-specific effect of fruit take was similar to our findings, which showed that less fruit take was associated with a higher risk of dementia in older age group (≥75 years), but not in the younger age group (60–74 years). Both fruits and vegetables are rich in antioxidants such as carotenoids, α- and γ-tocopherol, and folate, which can protect the brain from free radical scavengers, hyper-homocysteinemia, and cognitive impairment (46).

None of the participants consumed alcohol in the present study, so we could not evaluate the effect of alcohol drinking on cognitive impairment. We did not find any association between dementia and the consumption of our traditional food tofu and tempeh, often consumed with salted fish or instant noodles, as well as the rarely consumed fish, in both age groups, as was reported by previous studies (47–50).




Health Factors

In the present study, stroke was more prevalent in the dementia group than those without dementia (p < 0.05). Stroke tripled the risk of dementia (OR = 3.77, 95% CI = 1.2–11.86) in the univariable model after controlling for sex and education. Similar association studies also reported from other LMICs (51) and HICs (52). A recent study showed the age-specific effect of stroke on dementia, particularly in the younger age group (38). Stroke is the leading health problem in Indonesia since it occupied the first rank of cause of death in our national basic health research (RISKESDAS) in 2013 and 2018, which is 7 and 10.9%, respectively (53, 54). The small cases of stroke detected in the present study could be due to the under-recognition by participants and caregivers. The subtle motor symptoms of cerebral small vessel disease, such as lacunar infarction, were challenging to detect (55). Current evidence on post-stroke dementia showed that aside from stroke severity, the cognitive impairment after stroke also depends on the interaction between the inflammatory process after stroke and the existence of neurodegenerative pathologies, especially beta-amyloid (52, 56).

BMI analysis in the univariable model showed that, in the younger age group, underweight was associated with an increased risk of dementia (OR = 2.07, 95% CI = 1.21–3.56), and overweight was associated with lower risk dementia (OR = 0.46, 95% CI = 0.23–0.94). This finding should be interpreted carefully since it may be confounded by a long period (two to three decades) of preclinical dementia bodyweight loss. Therefore, the association between BMI and dementia is likely attributable to two different processes, a harmful effect of higher BMI, observable in the extended follow-up study, and a reverse-causation impact, which makes a higher BMI appear protective when the follow-up period is short (57).

In the present study, we did not find any significant relationship between hypertension, diabetes, and dyslipidemias with dementia. It did not mean that these risk factors did not play a role in the decline of cognitive function. As discussed before, the risk factors occur across the life span (most critically, midlife), accumulating the impact on the brain. Chronic conditions, such as leisure activities, stroke, BMI, and nutrition, might have overlapped (in the same group) and cumulatively “weakened” the measured associations between these vascular risk factors and dementia (39). Also, the non-linear association is challenging to be investigated in our cross-sectional study design. Moreover, the present study is underpowered with a limited sample size to examine these associations, even after doing age group analysis. A recent systematic review demonstrated that higher blood pressure was associated with a higher risk of cognitive decline in people without dementia and stroke (58).

Furthermore, the increase of 24-h ambulatory blood pressure variability was associated with lower cognitive function in elderly hypertension with well-controlled blood pressure (59). Higher daytime systolic blood pressure was associated with a 3.73 risk of dementia and a 10.54 risk of MRI finding of subcortical vascular dementia (60). All these data highlight the need for the early management of these risk factors, particularly the blood pressure, even in the absence of clinical hypertension to prevent the risk of cognitive decline typically associated with aging.



Implication of the Study

The present study has demonstrated that both lifestyle and risk factors were associated with the risk of dementia in the district of Jatinangor, Sumedang Regency, in Indonesia. Findings that less engagement in leisure activities and poor dietary patterns are associated with a higher risk of dementia may open up new intervention opportunities for the elders and encourage primary prevention of dementia that started from a younger age. The fact that stroke associates reciprocally with dementia shed the hope that intervention of risk factors after stroke (secondary stroke prevention) and management of risk factors since a younger age (primary stroke prevention) may also reduce the prevalence of dementia in the future. The significance of multiple risk factors in our multivariate model suggests the additive effects on dementia risk. They imply the importance of multidomain intervention targeting all risk factors, alongside the improvement of socioeconomic status, as an integrated action in public policy on dementia prevention programs. We recommend large-scale research to obtain nationwide dementia prevalence and associated risk factors to design an effective and efficient national dementia prevention strategy in the future.



Strengths and Limitation of This Study

Several limitations are worthy to be mentioned in the present study. The nature of a cross-sectional study design would not allow us to determine the causalities between variables firmly. Our finding may be underpowered, reflected in the wide confidence interval and the insignificancy of statistical analyses, especially in variables based on blood tests. Participants of the present study were recruited from suburban and rural areas; therefore, the current findings may be more relevant for the lower socioeconomic status population. Food registry and leisure activities were based on the recall of memory. A self-report by participants with cognitive decline may confound the associations. However, most of the caregivers were present and confirmed answers given by participants. This study's added value included multiple potential risk factors, including socioeconomic, health, and lifestyle factors with broad spectrums of leisure activities and dietary patterns, which might not be explored together before. At the same time, we may have missed other nutritional components, nutrients, and cognitive intervention.




CONCLUSION

The prevalence of dementia in the present study is high. The risk factors associated with dementia are age-dependent. The younger group (60–74 years) has more risk factors, including lower education, lower occupational attainment, and less intellectual and recreational activities. The risk factors for the older age group (>75 years) are living in a rural area and less fruit intake. Identifying these modifiable lifestyle risk factors is crucial for designing effective interventions and determining public health policies for future dementia prevention in Indonesia.
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There is a pressing need to effectively manage HIV Associated Neurocognitive Disorders (HAND) in sub-Saharan Africa (SSA) where the burden is among the highest in the world. Contemporary approaches based on the use of Highly Active Antiretroviral Therapy (HAART) alone are inadequate interventions for HAND, especially in SSA where there is limited availability of the required combinations of HAART for effective central nervous system penetration and where many currently prescribed agents, including efavirenz, have neurotoxicity as a major drawback. This article reviews data supporting the rationale for additive citalopram in antiretroviral therapy as a latent approach to abate HAND. It proposes the conduct of a HIV Associated Neurocognitive Disorders Subsidence through Citalopram addition in Anti-Retroviral therapy (HANDS-CARE) pilot feasibility trial (RCT) to assess whether the adjunctive use of citalopram, a widely prescribed serotonergic antidepressant, will lead to a meaningful improvement in neurocognitive functioning and quality of life in patients with HAND who are receiving HAART. A preliminarily feasible and efficacy-suggesting HANDS-CARE trial could generate statistical, clinical and operational data necessary to design and conduct a future definitive RCT. If successful, this intervention will be applicable to resource-limited settings as well as developed countries. Effective management of HAND will improve the quality of life of HIV patients, and reduce the cost of managing the disease.

Keywords: acquired immunodeficiency syndrome, HIV associated dementia, antidepressants, low and middle income countries, HIV and AIDS


INTRODUCTION

Countries in Sub-Saharan Africa (SSA) account for two-thirds of all People Living with Human Immunodeficiency Virus (HIV) and Acquired Immune Deficiency Syndrome (PLWHA) (1, 2). Previously considered a death sentence, the introduction of increasingly potent combinations of Highly Active Antiretroviral Therapy (HAART) has prolonged survival and reduced morbidity (3, 4). However, this success has not translated to reduction in the global burden of some complications of HIV infection, for example, dementia and other neurocognitive disorders (5, 6).

HIV Associated Neurocognitive Disorders (HAND) are multifactorial complications resulting from the direct affectation of the central nervous system (CNS) by HIV (7). It occurs on a spectrum that includes HIV associated asymptomatic neurocognitive impairment (ANI), HIV associated mild neurocognitive disorder (MND) and HIV associated dementia (HAD) (5), and has been reported at every stage of HIV/AIDS, including in aviremic treated patients and those with minimal immune-suppression (8). The occurrence of HAND has been linked to functional limitation and poor quality of life (9), which in turn increases dependence and suffering in affected individuals. It is also associated with reduced adherence to HAART (9), thus compromising the effectiveness of HAART, and increasing mortality and the risk of HIV transmission. The prevalence among PLWHA in high income countries may reach up to 50% (9). However, rates of well-over 60% have been frequently reported in some African populations (10).


The Burden of HAND in Sub-Saharan Africa

About 11.3 million HIV/AIDS patients in SSA are reported to be affected by HAND (10, 11), with approximately half of those affected reported to have either symptomatic MND or HAD (12). Given suggestions that the above estimates are conservative (13), the burden of HAND in SSA is likely to rank among the highest of any region in the World.

There are several reasons for the high rates of HAND in sub-Saharan Africa. Firstly, the region has the highest HIV/AIDS burden in the world (2). Secondly, patients in many parts of SSA frequently present with relatively advanced infection characterized by severe immune-suppression (14), a situation which has been shown to directly predispose PLWHA to HAND (9). Thirdly, while HAART is the main approach to the management of HAND (15), the available antiretroviral agents in most of SSA are limited. Notably, efavirenz, one of the most commonly prescribed agents in the region (8), has neurotoxicity as a major drawback.

A fourth reason for an escalation of the burden of HAND in SSA a is major depression. This psychiatric disorder is intrinsic to the process of HIV/AIDS and HAND (16, 17), including through the reduction of adherence to HAART (18). Major depression has a fairly increased and stable prevalence at every point in the spectrum of the disease (at risk individuals, asymptomatic infected, AIDS syndrome, and HAND syndrome) (16, 17). Evidence suggests that major depression may sometimes be the first symptom of HAND, or may confound its diagnosis and outcome (16, 17). Major depression may also be more prevalent in socio-economically disadvantaged settings globally (19), and because of the extensive overlap between depression symptoms and those of HIV/AIDS and HAND, the psychiatric disorder may go unrecognized and untreated in these settings (20).




CONTEMPORARY AND LATENT APPROACHES TO THE MANAGEMENT OF HAND

Some of the commonly proposed strategies for the management of HAND include the early initiation of HAART (15), and the use of combinations of HAART which, by possessing higher assumed CNS Penetrating Effectiveness (CPE) scores (21, 22), are thought to have an advantage of better CNS penetration. The use of higher doses of available agents has also been suggested as a feasible strategy in settings, such as those in SSA where there is only a limited combination of HAART (23).

The rationale for the above suggested strategies is based on the observation that, whereas the blood brain barrier may hinder CNS penetration of HAART (24), a higher concentration of HAART is required for the inhibition of macrophage replication within the brain when compared with the concentration required for T- lymphocytes (25). Despite this supposition, the outlined strategies for the management of HAND in contemporary practice have important limitations. First, therapeutic failures have been widely observed with the use of HAART for the treatment of HAND (9). Some reports have also suggested that up to a quarter of PLWHA experience new neurocognitive impairments after initiation of HAART (26). Second, it remains unclear whether the use of antiretroviral agents with higher CPE scores confer actual and unique advantages or whether early introduction of HAART benefit HAND prospectively in the medium to longer term (27). Given these limitations, it would appear that HAART alone is an inadequate intervention for HAND.

A third limitation of the use of HAART for the management of HAND is the question of potential neurotoxicity of many of the available combinations, including efavirenz, a widely prescribed antiretroviral drug globally. These problems are amplified in resource poor settings like Nigeria, where HAART initiation is often delayed and the available antiretroviral agents are limited. Therefore, there is an urgent need to discover interventions that can prevent or mitigate HAND globally, but especially in resource limited SSA settings like Nigeria.



THE ROLE OF ANTIDEPRESSANTS IN HIV/AIDS AND HAND

Emerging evidence from in-vitro, human plasma, and cerebrospinal fluid (CSF) studies suggest that serotonergic antidepressants may modulate the pathogenesis of HIV/AIDS and HAND in several possible ways. First, serotonergic antidepressants are known to reduce HIV viral replication in both the CSF and plasma (28, 29). Secondly, serotonergic antidepressants, especially citalopram, have been shown to prevent CNS macrophage infection in in-vitro studies (28, 30). Thirdly, serotonergic antidepressants are known to boost the activity of Natural Killer (NK) cells (31). Natural Killer (NK) cells play important roles in the host defense against the HIV virus by producing an HIV suppressive factor which, in turn, prevents viral entry into healthy cells (31). In addition, these cells have been shown to bring about both cytolytic and non-cytolytic destruction of infected cells (32). An additional mechanism is through the immune boosting potentials of serotonergic antidepressants. This is via the immune-modulatory properties of prolactin. The secretion of this hormone is increased in PLWHA treated with some classes of serotonergic antidepressants (33). The secretion of prolactin in patients using serotonergic antidepressants occurs through the inhibition of dopamine, a neurotransmitter that inhibits prolactin secretion (34). It is noteworthy that the above listed effects of serotonergic antidepressants are independent of the depression status of PLWHA (29).

Key information synthesized from 4 previous trials of antidepressants for HAND is summarized in Table 1. Of the 4 previous trials, 1 was non-randomized (36). The remaining 3 were randomized controlled trials (RCT) (35, 37, 38). All trials included adult HIV seropositive patients with evidence of cognitive impairment and a stable antiretroviral regimen for between 6 and 12 weeks. A RCT of oral paroxetine, the only prior study of a selective serotonine re-uptake inhibitor (SSRI) to reduce HAND (37), demonstrated improvement in total and item-specific neuropsychological battery scores. An open label trial of oral lithium (36) also demonstrated improvement in both total and item-specific neuropsychological battery scores. Two RCTs of monoamine oxidase inhibitors (35, 38) demonstrated improvements in some items, but not total score, of a neuropsychological test battery.


Table 1. Previous trials of antidepressants for HAND.

[image: Table 1]


Specific Effect of Serotonergic Antidepressants in Abating HAND

The specific mechanism that underlies the effectiveness of serotonergic antidepressants in ameliorating HAND is yet unclear. However, as HAND is a complication resulting from the direct affectation of the CNS by HIV (7), it would be feasible that the use of an agent that can potentially prevent viral replication (in the CSF and plasma), healthy macrophage infection, and cause the destruction of infected cells may be a latent strategy to prevent and treat HAND.

Other hypotheses may include:

1. As both HAND and depression are sub-cortical complications of HIV/AIDS (39), it is feasible that both have overlapping origins.

2. Serotonergic antidepressants may potentiate the effect of HAART, which is currently the mainstay in the management of HAND, by increasing uptake of antiretroviral molecules in PLWHA (29).

3. HIV infected persons who are on serotonergic antidepressants, but not on HAART, have been shown to be less likely to have detectable CNS RNA (30, 40), thus, it would be reasonable to postulate that this class of antidepressants have an independent effect of reducing CNS RNA levels in PLWHA.

In addition to the above listed hypotheses, the particular observation of independent reduction of brain RNA levels in PLWHA by citalopram, sertraline and trazodone (30) would suggest that it is difficult to simply ascribe the benefit of the antidepressants on CNS RNA suppression to the effect of the drugs in improving uptake or adherence to HAART.



Unique Potential of Citalopram in Abating HAND

Among available serotonergic antidepressants, citalopram is the most attractive to investigate in the effort to abate HAND. This is because, apart from the benefits listed above for the broader categories of serotonergic antidepressants, and which have also been specifically demonstrated for citalopram (30, 41), the molecule may have the lowest interaction with available HAART.

Certain individual components of the commonly used HAART, such as Protease Inhibitors (PI) and the Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTI), interact with the Cytochrome P450 by either inhibiting (e.g., ritonavir) or inducing (e.g., nevirapine and efavirenz) the enzyme system in the liver (42). These interactions result in variability in the bio-availability of serotonergic antidepressants metabolized via the same enzyme system (Cytochrome P450), and result in serotonergic toxicity in some cases (40, 42). The interaction between SSRI and Cytochrome P450 occur mostly due to the 2D6 and 3A4 iso-enzymes of the cytochrome system (43–45). However, not all SSRIs are metabolized by both iso-enzymes. For instance, while drugs such as fluoxetin, fluvoxamine, and paroxetine are primarily metabolized through the 2D6 iso-enzyme, sertraline is metabolized through 3A4 (43, 45). Using any of these drugs in combination with a PI, for example, may still result in an increase in their concentration and hence toxicity (42).

Citalopram and its S-enantiomer, escitalopram, are not significantly affected by the action of PIs on the 2D6 and 3A4 isoenzymes (42, 45, 46). Citalopram in particular, is metabolized by a different iso-enzyme of the cytochrome P450 system, the 2C19 (43). Among the more commonly used HAART, only efavirenz has been demonstrated, but not consistently (47), to have a modest to minimal, substrate dependent, mixed inhibition and inducer activity on 2C19 (47, 48). Given the above evidence, it would appear that the 2C19 iso-enzyme is mostly un-affected by a majority of available anti-retroviral agents. For this reason, citalopram and escitalopram are now regarded as the two SSRIs of first choice in patients with HIV/AIDS (48). Apart from this advantage of citalopram (i.e., metabolism is dependent on the 2C19 iso-enzyme of the cytochrome system, and not 2D6 and 3A4), the molecule may also be better tolerated in HIV/AIDS patients since it lacks many of the side effects of the older antidepressants (46, 49).




A “HANDS-CARE” STRATEGY TO REDUCE HIV ASSOCIATED NEUROCOGNITIVE DISORDERS

The potential effectiveness of adjunctive citalopram in the treatment of HAND has not been systematically investigated in a randomized controlled trial (RCT). Proposed in this review is a pilot phase 2 (proof of concept) pragmatic single center RCT, HIV Associated Neurocognitive Disorders Subsidence through Citalopram addition in Anti-Retroviral therapy (HANDS-CARE). The proposed proof of concept HANDS-CARE study could generate statistical, clinical and operational data necessary to design and conduct a future definitive RCT assessing whether the adjunctive use of citalopram, a widely prescribed serotonergic antidepressant, will lead to a meaningful improvement in neurocognitive functioning and quality of life in patients with HIV associated neurocognitive impairment while receiving HAART in Nigeria. If successful, this intervention will be applicable to Nigeria and other resource-limited settings and exportable to more-resourced developed countries.


Importance and Rationale

Nigeria is the most populous country in Africa (About 200 million people) and may have the largest number of persons with HIV/AIDS (50). The burden of HAND in Nigeria is likely to rank among the highest in the world (3 million people in 2010) (51, 52) because of the massive HIV/AIDS burden, late presentation of patients with relatively advanced infection, and a limited range of available combinations of anti-retroviral agents. Therefore, the need to effectively manage HAND is especially pressing in the country setting. Accordingly, the data generated from the proposed HANDS-CARE proof of concept study will broadly influence the care of HIV patients and shape the design of future trials on HAND and other neuropsychological conditions. The normative data from the proposed study could also be used for future research and training well into the foreseeable future.



Specific Questions That Could Be Addressed by a HANDS-CARE Proof of Concept Study

This proposed HANDS-CARE proof of concept study could address the following questions:

1) What are the age, gender and education specific norms for neuropsychological functioning in the Nigerian sample of PLWHA?

2) What are the means, standard deviations, and effect sizes, derived from a Standard neuropsychological battery, necessary to determine the appropriate sample size for a definitive RCT?

3) What magnitude of change in relevant single or composite neuropsychological measures is clinically significant (e.g., linked to improvement or worsening of quality of life?)

4) What is the magnitude of change in neuropsychological measures that can be expected from citalopram in HAND patients? And whether this is likely to achieve the threshold of clinical relevance determined in Question 3 above?

5) What are the logistical, programmatic, and operational needs to implement the anticipated definitive citalopram RCT in Nigeria?



How the Answers to These Questions Will Be Useful in Informing the Design of a Fully Powered RCT

The datasets outlined in the questions above and the operational preparedness for a large HANDS-CARE RCT is currently unavailable in Nigeria. The importance of each question proposed to the design of a future RCT is as follows:

1. Ascertainment of age, gender and education specific norms for neuropsychological functioning in the Nigerian sample of PLWHA: This could allow for a precisely defined cognitive impairment by the local norms. Without this foundational dataset, it will be impossible to conduct a rigorous neuropsychological evaluation of HAND in Nigeria. Previous Nigerian studies of cognitive functioning in HIV/AIDS have either relied on neuropsychological tests which were not previously validated for the setting (53), or measures and norms validated for Alzheimer's dementia (54). Data from outside Nigeria are also scant and, more importantly, are suboptimal given important cultural differences and variable literacy levels. A critical advantage of the HANDS-CARE pilot study, therefore, is that it could use measures and tools that are culturally enriched and adapted to the Nigerian context and presented in English and Yoruba, the local language of over 50 million people in South-Western Nigeria.

2. Ascertainment of the means, standard deviations, and effect sizes, derived from a standard neuropsychological battery: This is required to determine the sample size that should power a robust larger multicenter HANDS-CARE RCT.

3. Ascertainment of the magnitude of change in relevant single or composite neuropsychological measures that will be clinically significant: This data could be essential to assign clinical meaning to neuropsychological changes caused by any specific HAND intervention. The data could also help determine the sample size to appropriately power a definitive HANDS-CARE RCT, and other future studies. The answer to this question is currently unknown.

4. Ascertainment of the magnitude of change in neuropsychological measures that could be expected from citalopram in patients with HAND: The information could help determine whether conducting a definitive large citalopram study is a worthwhile venture. A positive result could justify a large HANDS-CARE RCT, while a negative result will save tremendous resources from being committed to a potentially futile large RCT.

5. Logistical, programmatic, and operational experience gained from the pilot RCT: Considerations here could include strategies for subject recruitment, research personnel training, and the development of clinical research forms.




POTENTIAL HANDS-CARE PROOF OF CONCEPT STUDY DESIGN

A few details to a potential HANDS-CARE proof of concept study with possible participants and procedure are briefly outlined below. An innovative study design could be utilized in two phases;

1. A cross-sectional study to address the following questions:

(a) What are the age, gender and education specific norms for neuropsychological functioning in the Nigerian sample of PLWHA?

(b) What are the means, standard deviations, and effect sizes, derived from a Standard neuropsychological battery, necessary to determine the appropriate sample size for a definitive RCT?

(c) What magnitude of change in relevant single or composite neuropsychological measures is clinically significant, e.g., linked to improvement or worsening of quality of life?

2. A feasibility 24 weeks double blind RCT of a flexible-dose, 20–40 mg/day of citalopram plus HAART, vs. standard treatment of HIV/AIDS with HAART alone. This phase will address the following questions:

(a) What is the magnitude of change in neuropsychological measures that can be expected from citalopram in HAND patients? And whether this is likely to achieve the threshold of clinical relevance determined in Question 3 above?

(b) What are the logistical, programmatic, and operational needs to implement the anticipated definitive citalopram RCT in Nigeria?

The total duration of the HANDS-CARE pilot project could be 24 months (3 months to set up logistics and ethics, 6 months cross-sectional study participants recruitment, evaluation and data analyses, 12 months RCT participants recruitment and follow-up, and 3 months data analyses and dissemination).


Proposed Approach to HANDS-CARE Phase I

A potential cross-sectional study.

Potential target population: We could enroll adult (≥18 years old) HIV seronegative subjects from the general outpatient clinic.

Overview: Neurologically healthy, HIV seronegative participants could have a one-time comprehensive neuropsychological assessment. They could be screened for good health using a full physical and neurological examination, a HIV serostatus examination, a detailed history, and assessments of functional status.

Potential inclusion criteria:

1. Subjects≥ 18 years of age,

2. Ascertained to be neurologically healthy after a neurological examination, a detailed history, and assessments of functional status.

3. Ascertained to be HIV-seronegative after a HIV serostatus examination

Potential estimate of sample size: Eight strata could be utilized; defined by sex (2 levels), age (2 levels), and years of education (2 levels). Based on a previous calculation using the t-distribution (55), it is determined that enrolling 30 participants per stratum could result in a width of 0.746 standard deviation for the 95% Confidence interval of the stratum specific mean, thus we could enroll a total of 240 healthy participants for the eight strata.

Potential measurements: Study participants could be administered neuropsychological tests covering the five domains stipulated in the National Institute of Mental Health-sponsored diagnostic (Frascati) criteria (5): verbal fluency (semantic verbal fluency test), executive function (WAIS-R digit symbol test), speed of information processing (Color trails test), verbal learning (Hopkins verbal learning test-revised), and motor speed (Timed gait and grooved pegboard tests). Neuropsychological testing could also include the International HIV dementia scale.

An assessment of activities of daily living, quality of life, and depression could also be included. Validated (in the proposed study population) measures such as the Barthel index, W.H.O quality of life brief version (WHOQOL-BREF), and 9-item patient health questionnaire (PHQ-9), respectively, could be used for these assessments. All test instruments could be translated to the local Yoruba language in Nigeria so that subjects who are Yoruba-only speakers can be assessed in the Yoruba language.



Proposed HANDS-CARE Phase 2

A potential feasibility 24 weeks double blind RCT of a flexible-dose, 20–40 mg/day of citalopram plus HAART, vs. standard treatment of HIV/AIDS with HAART alone.

Target population: we could enroll subjects who are at least 18 years old, confirmed to be HIV-1 infected, and have been suppressed on efavirenz based HAART (plasma 20 copies/mL) for 3 months.

Potential inclusion criteria:

1. Adult HIV/AIDS patients

2. Suppressed on HAART for a minimum period of 3 months

3. Have no evidence of clinical depression or other major mental, physical or neurological co-morbidities,

4. Meets Fracati criteria for HAND (5), defined according to the population specific norms (established in phase I), could be enrolled.

Potential randomization scheme: HANDS-CARE phase 2 participants could be randomly assigned to intervention and standard treatment groups in a 1:1 ratio. A total of 12 participants (six in each arm) could be enrolled.

Proposed measurements: HANDS-CARE phase 2 participants could be assessed at baseline, using the phase I neuropsychological measures and norms, followed up at 4 weeks for the presence of emergent adverse events (A.E). Repeat neuropsychological and A.E evaluations could be conducted at weeks 12 and 24.

Primary endpoint for efficacy: This could be a statistically significant improvement from baseline to week 24 (for the citalopram arm) in the composite neuropsychological test score.

Secondary end points: Could be a statistically significant change in individual neuropsychological scores. Additional measures could include a change in CD4 count, HIV viral load, adherence to HAART, functioning, weight gain, depression, and quality of life. Safety end points could be the frequency and nature of A.E and retention rate in study.

Potential mediators of outcome: Could include demographic characteristics, years of formal education, income, nadir CD4 count, hepatitis C serostatus, alcohol and psychoactive substance use, history of hypertension diabetes or stroke, previous history of depression, baseline severity of cognitive impairment and functional disability, adherence to regimen, presence of mild/ sub-threshold depression symptoms at baseline, insomnia, and neuropathic pain. These variables will be assessed and controlled for.




CONCLUSION

Trials evaluating the effectiveness of citalopram as a cheap, safe and readily available adjunctive treatment for HAND are currently needed, and will be especially applicable to resource-poor settings, such as those in SSA, where there is a limited availability of the required variety of HAART combinations with sufficient CNS penetrating effectiveness to target neuro-cognitive complications. Efficient management of HAND will improve the quality of life of HIV patients, and reduce the cost of management of HIV/AIDS in both resource poor and rich settings.
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Background: The global burden of dementia has increasingly shifted to low- and middle-income regions that lack essential data for monitoring epidemiological progression, and policy and planning support. Drawing upon data that have emerged since the last known estimates published in 2015, this study aims to update dementia estimates in the Latin America and Caribbean (LAC) region for the years 2020, 2030, and 2050 through the application of a recently validated Bayesian approach for disease estimates useful when data sources are scarce.

Methods: A comprehensive parallel systematic review of PubMed, EMBASE, PsycINFO, Global Health, and LILACS was conducted to identify prospective population-based epidemiological studies on dementia published in English from 2013 to 2018 in LAC. English and non-English data cited by a recent review on dementia estimates in LAC were also examined for additional data. A Bayesian normal-normal hierarchical model (NNHM) was developed to estimate age-specific and age-adjusted dementia prevalence in people aged 60+. Using age-specific population projections from the UN, the total number of people affected by dementia for the years 2020, 2030, and 2050 were estimated.

Results: 1,414 studies were identified, of which only 7 met the inclusion criteria. The studies had 7,684 participants and 1,191 dementia cases. The age-standardized prevalence of all forms of dementia in LAC was 8% (95% CI: 5–11.5%) in people aged 60+. The estimated prevalence varied with age, increasing from 2.5% (95% CI: 0.08–4.0%) in the 60-69 age group, to 9.4% (95% CI: 5.4–13.2%) in the 70–79 age group and 28.9% (95% CI: 20.3–37.2%) in the ≥80 age group. The number of people age 60 and older living with dementia in LAC in 2020 was estimated at 6.86 (95% CI: 4.3–9.8) million, 9.94 (95% CI: 6.16–14.15) million in 2030, and 19.33 (95% CI: 12.3–13.6) million in 2050.

Conclusion: We project an upward disease trajectory for dementia in LAC countries. The projection is likely an underestimation of the true dementia burden given the underrepresentation of rural and socio-economically deprived populations. More research is urgently needed to improve the accuracy of disease estimates, guide clinicians to improve evaluations for earlier recognition of dementia, and support the development of effective policies for improving dementia prevention, diagnosis and clinical management in LAC's diverse and aging communities.

Keywords: dementia, Latin America and the Caribbean (LAC), burden of dementia, low- and middle-income countries (LMICs), Bayesian approach


INTRODUCTION

Dementia is an age-related neurocognitive disorder that has become a leading cause of morbidity and mortality in later life. In 2015, there were an estimated 47 million dementia cases globally, costing an estimated US$818 billion (1). With the number of dementia cases worldwide projected to double every 20 years, this cost is estimated to rise to US$2 trillion by 2030. The increasing majority of this burden has been shifting to low- and middle-income countries (LMICs) that have been undergoing drastic demographic and health transitions. In Latin America and the Caribbean (LAC), the average life expectancy has increased by almost 20 years since 1960 (2). The population aged 60 years and over grew by 6.6 times during this period (from 12.7 to 84.9 million) and is projected to increase to 190 million by 2050 (3). As the population experiences longer health expectancy than prior generations, the risk of dementia and prevalence may both increase.

Previous studies that estimated the prevalence of dementia in LAC have been conducted as part of larger multi-regional dementia prevalence estimates (1, 4–6). An issue with using a global model for estimating regional estimates is that countries with better health informatics infrastructures tend to have more complete data and may disproportionately influence the model, and shield the LAC specific data from being relevant. Furthermore, using LAC specific data would account for population variability in terms of genomics, quality of life and education, which are known to affect dementia, thus making the conclusions stronger in terms of applicability for the LAC area. The lack of a standalone model that can estimate the burden of dementia based on LAC data is perhaps due to the historical dearth of data in LMICs. The most recent replicable systematic review of PubMed identified only 14 quality studies published between 1990 and 2013 that contained original data on the prevalence of dementia in LAC (1). Moreover, that meta-analysis estimated a high prevalence of 8.34% for people aged 60 and over – second only to North Africa/Middle East (8.7%). This high prevalence poses a considerable challenge to health and economic systems which lack both the ability to adequately diagnose dementia but also the availability of public and private grants in order to do so (7). The evidence for dementia in LAC is likely to have expanded since this prior estimate. An updated review and estimates are thus timely and pertinent.

To make the best use of the scarce data, in recent years, modelers have turned away from the traditional frequentist analytic approach in favor of Bayesian methods which are considered more suitable for meta-analyzing small datasets [k ≥ 2 (6)]. By allowing historical data (prior estimates) to be incorporated into current estimates (8, 9), Bayesian methods also improve the consistency between current and prior estimates (10). Establishing an optimal approach for applying Bayesian methods to prevalence estimates is an area of ongoing study. To this end, Poon et al. (11) recently updated estimates of the burden of dementia for the South-East Asia region using two Bayesian approaches and confirmed the estimates using a traditional frequentist approach. The study showed that results using all three approaches were comparable, though Bayesian stands as a more promising methodology for improving estimates for severely limited datasets. One of these approaches, the Bayesian Bayesmeta algorithm, uses a newer, simpler and open source software that could give opportunities for researchers in low resource settings to participate in disease estimates without paying software subscriptions (12). Given the novelty of this approach, results would benefit from further validation.

The overall aim of this study is to provide an updated estimate of the prevalence of dementia for LAC with improved accuracy. By way of a comprehensive systematic review of a larger number of academic and non-academic databases, we aim to identify data that has emerged from the LAC region since 2013. The total number of dementia cases in LAC will be estimated for the years 2020, 2030, and 2050. The study will also explore the newer Bayesian Random-Effects Meta-Analysis (Bayesmeta) in R (13) against the more established Bayesian JAGS algorithm (14). It is hoped that the updated estimates will help draw attention to the growing burden of dementia in LAC as part of a global trend. This study can generate evidence-based burden estimates that are key for informing policy and healthcare-planning and a knowledge base to support clinicians for earlier identification and management of dementia.



METHODS


Search Strategy

Systematic parallel searches were conducted by YX and KV using PubMed, EMBASE, Global Health, PsycINFO and LILACS, and the gray literature. In order to capture the broadest number of studies during the search process, we used the United Nations M49 standard definition of LAC which provides a broad definition of the geographical region of LAC (15). This includes all countries south of the United States, West of the Atlantic Ocean, east of the Pacific Ocean, and north of Antarctica; resulting in a total of 52 countries. The overall search terms were “(Dementia or Alzheimer*) AND (prevalence OR incidence OR morbidity OR mortality OR “burden of disease” OR “disease burden” OR Epidemiology) AND (“Latin America” OR Caribbean OR “Central America” OR [names of each included countries separated by an “OR”]) adapted to the syntax requirements of the specific database (see Supplementary Material 1 for details). Google Scholar and hand searches were used to identify any relevant gray literature. Additionally, non-English data cited in a recent review by Nitrini et al. were hand-searched for additional data (7).



Inclusion and Exclusion Criteria

We included only studies that: (i) were prospective and population-based; (ii) contained original data on incidence, prevalence and/or mortality of dementia; (iii) used internationally recognized diagnosis of dementia [i.e., Diagnostic and Statistical Manual of Mental Disorders (DSM) (16) or International Classification of Diseases criteria for dementia (ICD) (17), National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association criteria for Alzheimer's disease (NINCDS-ADRDA) (18), National Institute of Neurological Disorders and Stroke and Association Internationale pour la Recherché et l'Enseignement en Neurosciences criteria for vascular dementia (NINDS-AIREN) (19) and the 10/66 Dementia Diagnostic Algorithm] (20); and (iv) published between 2013 and December 2018.

Within the systematic review process from the databases, we excluded: (i) duplicates within and between the databases; (ii) studies with no original numerical estimates (e.g., reviews, viewpoints); (iii) studies of LAC populations outside of LAC; (iv) non-human studies; (v) studies with no clear denominator or inappropriate standardized rates; (vi) studies of non-community-based populations (e.g., nursing homes) and (vii) non-English language studies.



Quality Assessment

Quality assessment was conducted by YX and KV using a modified version of the Joanna Briggs Institute (JBI) Critical Appraisal checklist for prevalence studies (Supplementary Material 2).



Data Extraction and Analysis

For each eligible study, the following data were extracted: (i) study country of origin; (ii) sampling method; (ii) screening tool(s); (iii) diagnostic tool(s); (iv) sample size (denominator); and (v) the number of dementia cases (numerator) and/or unweighted dementia prevalence. Where available, we also extracted incidence data, mortality data, prevalence data by urban vs. rural population, age group, gender and types of dementia.

Using the Bayesmeta package of R (version 3.5.2) (12, 13), a Bayesian normal-normal hierarchical model (NNHM) was used to estimate age-specific and age-adjusted dementia prevalence in people aged 60 and above. The prior prevalence estimates published by Prince and Wimo (1) for the age groups 60–69, 70–79, and 80 and over were used in this model, alongside the newly extracted data from the current study.

The foremost step was to sort the number of screened participants and the number of people with dementia (PWD) identified from each study into 10-year group bins. Any participant over the age of 80 was allocated into an “80 and over” bin. Our variance was then set to 0.092, 0.152, and 0.32 for age groups 60–69, 70–79, and 80 and over, respectively. To account for the variability in prevalence estimates with increasing age, the variance was widened in each subsequent group due to the reduction in sample sizes in the older age groups. Prevalence was then pooled for groups 60–69, 70–79, and 80 and over, and 95% credible intervals were calculated.

To test the sensitivity of the Bayesmeta package, we used the Just Another Gibbs Sampler (JAGS) (14), an open source algorithm used often in Bayesian analysis, to generate 3 Markov chain Monte Carlo (MCMC) chains. These MCMC chains produced disease burden estimates for each of the allotted age group bins highlighted above using a similar NNHM model. Using age-specific population projections from the United Nations Development Program (UNDP) (3), the total number of people affected by dementia for the years 2020, 2030, 2050 were estimated.




RESULTS

The searches yielded a total of 1,414 articles; 1,082 after removing duplicates. Of the remaining articles 1,041 articles were further excluded based on the title and abstract relevance and 41 full-text articles were then analyzed based on our set inclusion/exclusion criteria, study design and use of case definitions. Of these, only 7 studies met all inclusion criteria and were retained for meta-analysis (see Supplementary Material 2 for quality assessment using JBI). Our reading of Nitrini et al.'s recent review on the current trends and challenges of dementia in LAC (7) yield two systematic reviews that incorporated dementia data from LAC in English and Spanish; i.e., Nitrini et al. (21) and Sanchez et al. (22). Neither of these reviews yielded further studies that met our inclusion criteria (see Supplementary Material 3 for detail). The number of participants in the retained studies was 7,684 with all studies having recruited more female participants than male participants: the proportion of female participants ranged from 55.8 to 74.4%. The range of participants in the included studies varied from 301 participants (23) to 1,898 (24). Figure 1 illustrates the selection process.


[image: Figure 1]
FIGURE 1. PRISMA of study selections.


As Table 1 illustrates, the majority of the studies (four) were conducted in South America (25, 26, 29), two were based in the Caribbean (23, 24), and one in Central America (27). With the exception of the Central American study, all studies had adopted a 2-stage design that involved initial screening by field workers and case confirmation by medical specialists (see Table 1). All studies reported the prevalence of dementia and were cross-sectional in design. None of the studies reported incidence or mortality of dementia. Supplementary Materials 4 provides results of our assessment that shows the retained studies are of high quality.


Table 1. Characteristics of the retained studies.
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Prevalence Estimates

Based on Bayesian NNHM estimates, the prevalence of dementia for people aged 60 and above in LAC was 8% (95% Credible Interval: 5–11.5%). As expected, the prevalence of dementia increased with age, from 2% (1–4%) for the 60–69 age group to almost 30% (29%, 20–37%) for the 80 and over age group (Table 2). Apart from the 70–79 age group, our prevalence estimates are closely comparable to those of Prince and Wimo (1). The sensitivity test using the classical MCMC found similar results, supporting the validity of our estimates (Supplementary Material 5).


Table 2. Pooled age-specific and age-standardized prevalence and number of PWD in LAC for the years 2015, 2020, 2025, 2030, and 2050.

[image: Table 2]

Of the seven studies, two reported breakdowns of prevalence by sex (26, 29). No studies reported prevalence by rural vs. urban areas, and two provided prevalence breakdowns by dementia subtypes (23, 29). Unfortunately, their combined sample sizes were too small to allow analysis by any of these variables.



Burden Estimates

By applying the UNDP population projection (3), the number of dementia cases for people aged 60 and above in LAC is estimated at 6.86 (95% Credible Interval: 4.3–9.8) million, 9.94 (CI: 6.16–14.15) million in 2030, and 19.33 (CI: 12.3–13.6) million in 2050. Table 2 provides the breakdown of the case number by 10-year age groups for the years 2020, 2030, and 2050. As expected, people over the age of 80 had the highest burden of dementia, from 3.6 (CI: 2.5–4.7) million in 2020 to 5.3 (CI: 3.7–6.8) million in 2030 to 12 (CI: 8.3–15.3) million in 2050. This age group is also predicted to take up an increasing proportion of the overall dementia cases from 53% in 2020 and 2030, to 62% in 2050.




DISCUSSION

This study updated the estimates of the burden of dementia in LAC using the latest epidemiological data from the region. To our knowledge, this is the first comprehensive systematic review that has exclusively focused on modeling the prevalence of dementia in LAC. Our results confirmed a high dementia prevalence of 8% in LAC, and a substantial (2.8-fold) increase in the number of dementia cases over the next three decades. The results also indicate that an increasing majority of the cases will fall upon the oldest (≥80) age group. This will place tremendous strains on the already fragile local health and social systems, as well as families and individuals.

While the cost of dementia might seem low in monetary terms in LMICs relative to HICs, the lack of publicly funded formal assistance means the majority of the cost is borne by families (1, 30). Women often bear the role of the informal caregivers both within the family as well as in hired help. In Brazil, for instance, the cost of informal care (including costs associated with carers' loss in economic productivity) represents approximately three times the minimum wage, making it out of reach for the majority of people with dementia (7). The increase in the proportion of dementia cases in the oldest age group is also particularly problematic in light of decreasing family sizes, especially in urban areas (31). Elderly living with dementia often suffers from a number of associated comorbid conditions, requiring an increase in the number of providers, specialized care and healthcare spending to meet the unique clinical challenges of this group. Further burdens may include additional medications, assistance with activities of daily living including feeding, reductions in mobility, and pressure sores. Moreover, an increase in dementia cases in this age group could see an increase in the burden of care falling upon other elderly family members who themselves require assistance. Individuals living with severe dementia may rely more heavily on healthcare in long-term care facilities and eventually hospice (7). The infrastructure and support for such facilities may need policy makers to consider their expansion to meet demands for an aging population with dementia. Additional support to train providers and community members is needed for early identification of dementia. The role of interventions is also largely unknown, but available treatment options may be useful in earlier stages.

Alarmingly, the high prevalence reported in our study is a likely underestimation of the true prevalence of dementia in LAC. Risk factors of dementia, including illiteracy, low educational attainment, hypertension, obesity and diabetes, have been shown to disproportionately affect socio-economically deprived populations (32). LAC is one such region markedly affected by widespread socio-economic inequalities. Eleven LAC countries are amongst the top 30 nations with the worst Gini scores (33), while an estimated 23.3% of the population still live under poverty [<$5.50 a day (34)]. Illiteracy and low education attainment, in particular, are key drivers of dementia in LAC (7). One study in LAC found that the prevalence of dementia may be doubled in the illiterate population relative to the literate population (20). Illiteracy is particularly prevalent amongst LAC's elderly population (21.1%) (35), especially in indigenous populations and populations in rural areas (7). Yet, these populations are not represented in the studies identified for our current model, and are likely to have skewed our results toward an underestimation of the true burden of dementia in LAC.

The lack of data representativeness is largely a manifestation of the lack of research investment in the region resulting in data scarcity. Despite the comprehensiveness of our searches, only seven new cross-sectional studies from six of LAC's 52 countries/territories were identified. These studies together form a small sample of <8,000 people for a region with more than 70 million people over the age of 60 (3). Data scarcity is not an issue unique to the LAC region, but applies to most LMIC regions. One of the most comprehensive global dementia prevalence reviews did not identify any primary study from Central Europe, Australasia, South Asia and Southeast Asia published after 2010 (1). Another well-conducted global review included no study published after 2010 from Eastern Europe, Central Europe, Central Asia and Oceania. In the same review, only four studies published after 2010 were included for the estimate for the Middle East and Africa (6). The only known exception was our systematic review and meta-analysis on the epidemiology of dementia in China (1990–2010) using Chinese databases (i.e., CNKI and WanFang) (36). Our review returned 12,642 publications, of which 89 studies met the inclusion criteria. In total, 340,247 participants were assessed, and 9,900 were diagnosed with dementia. However, even with this relatively large number of studies, the research was still skewed toward urban and more developed parts of China, and did not sufficiently represent the diverse population of the country.

The lack of research investment also reflects a missed opportunity to capitalize on the unique populations (genetic clusters, low literacy, multilingual, multi-ethnic) offered by LAC, which could significantly enhance our understanding of the roles various population characteristics could play in the progression and risk factors of disease development (37). In addition, the lack of longitudinal studies that monitor incidence, mortality and the environmental and biological risk factors of dementia in the region complicates efforts to adequately understand the rising dementia cases in the region for developing contextually appropriate ways to effectively reduce risks.

A number of strengths and limitations of this study merits further mention. We have aimed to validate the Bayesmeta approach for data projections in the setting of data scarcity in this as well as our prior work (11). However, despite this paper being the second attempt at validating the Bayesmeta package with a separate JAGS algorithm, we have not contrasted the results of the two algorithms using inferential statistics. Furthermore, performing a systematic validation of the Bayesmeta package for use in meta-analysis is also needed, but is outside the scope of this paper. Due to limited resources, we were unable to conduct a full systematic review of non-English publications that contain dementia estimates in the LAC region – a limitation also observed in previous systematic reviews (1, 4) that have produced the currently accepted dementia estimates of LAC for the Alzheimer' Disease International (ADI) and the WHO. This limitation could have potentially reduced the number of studies identified for the region. To reduce the number of non-English studies we might have missed, we evaluated the studies cited by a recent review of dementia in LAC by Nitrini et al. (7) which included the two systematic reviews of English and non-English studies on the subject. Despite the 4-year overlap these reviews and the current study, no new data that met our inclusion criteria were identified. This gives us the confidence that any non-English studies that we might have missed are restricted to the 2-year period between 2017 and 2018. To give an indication on how many papers we might have missed for this 2-year period, we calculated the average number of non-English papers published per year that met our inclusion criteria to be 0.12 (see Supplementary Material 3). Thus, any data we might have missed is likely to be marginal and unlikely to have affected our current estimates. To further minimize the chance of missing valuable data, future reviews should strive to incorporate non-English studies when possible. Another limitation of our study is that our analyses were confined by the limited data reported in the studies used for our model. For example, the absence of case breakdowns by sex and dementia subtypes in the original papers has prevented the generation of sex-specific and subtype-specific estimates. This is a well-known issue in the burden of disease area. To maximize the value of the scarcely funded research, future publications of epidemiological studies on dementia should adopt standardized guidelines specifically designed to ensure more precise, consistent and transparent reporting. The adoption of two guidelines would also greatly assist global health researchers to better appraise the quality of studies, extract more relevant information and improve regional burden estimates (38–40). The first is the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines developed in 2007 for the accurate and complete reporting of observational epidemiological studies (38, 39). The second is the Standards of Reporting of Neurological Disorders (STROND) Checklist, in which Bennett et al. (40) which provides future guidance on the steps toward full and consistent reporting of neuro-epidemiological studies for the purpose of the burden of disease-type studies such as the current study.



CONCLUSION

The results of this systematic review suggest that the LAC region is on an upward disease trajectory in terms of burden of dementia. There is a need for more dementia and dementia subtype epidemiological research in this region, especially from the less resourceful countries, in order to accurately estimate dementia prevalence and the health needs of a varied and diverse population. There is a need for greater globalization of knowledge with a greater emphasis placed on the amount and quality of evidence produced. With the trend of demographic aging in the coming decades, the prevalence and burden of dementia will continue to increase. This will have serious implications for the economy, healthcare systems and the communities in LAC. In particular, there may be additional burdens placed on caregivers and strain on healthcare facilities to meet demands of an aging population. Despite the comprehensive scope of our review, rural and socio-economically deprived populations, including indigenous, illiterate and low-literacy populations were underrepresented in these data. This is likely to have skewed our results toward underestimating the true burden in this region. Such information is paramount for guiding clinical practice, which will allow not only for improved evaluations in early dementia diagnosis but also guide the development of effective policies for improving dementia prevention, diagnosis and clinical management in LAC's aging communities.
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Background: In the last 10 months, due to the Covid-19 pandemic, several studies have shown that health education and virtual support strategies for caregivers of patients with dementia, in the management of home care, can be viable. Low and middle income countries, in particular, have sought to use these means to reduce the daily burden of caregivers, through virtual meetings of education and support.

Objectives: To present the feasibility of a pilot study on the use of a support action contemplated by the Caad Project–indirect costs of dementia–from HC-FMUSP.

Methods: Observational study in which 93 caregivers were invited to participate in virtual meetings on a frequency of three times/week, lasting 1 h each.

Results: Of the 93 invited family members, and after 3 months, 42 answered eight questions about the effectiveness of the action. High percentages of positive responses regarding program satisfaction ranged from 86 to 100%.

Conclusion: This study showed results of a very simple intervention that suggests that it is possible to offer caregivers of patients with dementia a program that can be used in primary care, in order to understand the difficulty of caregivers in their daily care of patients with dementia, with daily management guidelines on a case-by-case basis, in addition to promoting the implementation of an education strategy about the importance of knowing, and recognizing anatomophysiological changes in the aging process and its implications for the rupture of the imaginary line that involves senescence and senility. This allows the caregiver to feel able to protect his patient and himself by preventing the emergence of common diseases in this age group. Further studies are needed to explore this type of non-pharmacological support.

Keywords: dementia, support virtual, education health, nursing, care, caregiver


INTRODUCTION

Never, in history, has there been a greater need for adaptation and social change than that seen today. The world is perplexed, facing the biggest health crisis of all time amid the pandemic caused by COVID-19. Low-, middle-, and high-income countries (LMIC) find themselves totally unprepared, both economically and socially, to prevent more people every day from becoming infected and requiring hospital support and beds in high complexity services, which are simply not available to all those in need. Doctors and nurses on the frontline are suffering the mental impact of the pandemic, while also themselves vulnerable to contamination and exposed to a life-threatening situation (1, 2). A recent study presented alarming data related to the number of people affected by the new coronavirus pandemic, which has surpassed 10.5 million people infected worldwide (3). Today, we remain perplexed by the worsening of this scenario as epidemiological reports present even more alarming figures showing how the second wave of COVID-19 is already plaguing Europe and the USA, each with 52,593,188 and 32,210,817 confirmed cases, respectively. Thus, the mark of more than 155,665,214 million cases globally has been reached, ~2% of the world population, with 3,250,648 related deaths (4).

For Latin American countries, the pandemic involving the new coronavirus has had an even more negative impact, due to the limited resources available regarding the health system and society as a whole. These factors meant the global health crisis has taken on a much greater dimension, as it affects thousands of people who do not have equal access to health services (5). At this time, Brazil is concerned over the soaring number of cases signaling the beginning of the second wave. Current data confirm more than 14,930,183 cases of infection by the disease and over 414,399 related deaths (4, 6). Researchers and health professionals are striving for science to prevail and for protection and prevention measures to be adopted by all, a challenge that has proven far from easy. The country has many cultural differences and socio-economic inequalities that facilitate the spread of the virus since not all regions and populations adhere to the health and hygiene measures recommended by the WHO (5, 7). In some cases, this is because the physical conditions and housing preclude adherence, while for others, there is resistance to adopting the necessary measures, such as the use of the main protective equipment, the face mask. In any event, most societies are committed to finding ways to prevent further spread of the disease. For 10 months, we have been following the alarming devastation caused by a virus about which very little is known, yet forces thousands of people to remain isolated in their homes (8). Never before have so many nations come together in an attempt to reduce the number of victims and attenuate the social and financial impact that have led to the crash in the world economy (9). Everyone is unanimous in stating that only the vaccine can have a positive impact and even though doubts remain about possible immunity, scientists agree this is the only way to control the spread and restore community life. This “new normal” seems to be the best alternative until we are sure, as occurred for the H1N1 flu epidemic, that we will indeed achieve immunity, albeit temporary or permanent (9). Some chronic non-communicable diseases (CNCDs), such as dementia with different etiologies, require coping strategies be developed in LMICs, given the clinical course of patients and high morbidity associated with these processes (3, 4). Virtual support programs seem promising and simple, low-cost non-pharmacological interventions have shown positive results (10). This pilot study sought to determine the utility of a virtual non-pharmacological education and support program for caregivers of dementia patients.

Evidence in the literature clearly shows that multi- and interdisciplinary non-pharmacological approaches are always the first line of care for patients with functional and behavioral complaints (11–13). Alternatively, combined therapy (14) can also be useful, and professionals involved in caring for people with dementia and their families need to be well-prepared with regard to their knowledge on the peculiarities encountered in the progression of different types dementia, with a view to proposing and developing an effective care plan on a case-by-case basis (12) and following guidelines addressing the disease in a focused and individualized way, meeting the inherent needs at each stage (Figure 1).


[image: Figure 1]
FIGURE 1. Dependencies associated with the evolution stages of Ferretti (2020). *IADL, Instrumental activities daily living; **, ADL, activities daily living.


One of the basic and essential responsibilities in nurse training is the work that involves health promotion and disease prevention, i.e., health education (15). The WHO has highlighted this initiative as a key goal, especially in low- and middle-income nations (16). In addition to the care given at each stage of dementia, the pandemic situation with the new coronavirus requires that everyone be protected. Some of the most vulnerable groups need special attention and care, namely, elderly people aged 60–65 years or older with CNCDs, such as dementia. Institutional care at all levels of public or private health strives to find a way to keep these individuals at home, in the safest possible way (9). The average age of this group is ~74 years, and their caregivers, many of them elderly, also need attention and care (17). The social isolation imposed by the pandemic makes it more difficult to attend outpatient follow-up consultations, and thus, a distance monitoring strategy may be useful. The objective of this study is to demonstrate the potential feasibility of a follow-up study with adjusted methodology for cost-effectiveness analysis, and we would like to clarify that this was the first virtual support model in our service.

We believe that this pilot study can stimulate other studies and will bring us more robust and consistent results for proposing partnerships for conducting collaborative studies of effectiveness in our country and in other countries as well. It is very important to comment here that despite our economic and social barriers, we understand that some low- and middle-income countries live with extreme economic and social inequalities that, at times, do not allow access to technologies that enable strategies such as the one presented in this work.

Even so, we believe that it is possible to create and or expand this kind of strategies with the participation of the health system, study centers, and neighborhood associations and improve existing actions in the primary care network with human and material resources that meet the needs of the population with these and other proposals that lead to health promotion and disease prevention actions, aiming at quality of life for patients with dementia and their caregivers and reduction of direct costs for the health system.



METHOD

An observational pilot study was conducted involving non-pharmacological support interventions and online education to assist caregivers of dementia patients during the current pandemic. In fact, there are some important gaps in this section. However, in this pilot work, our main intention was to show that a virtual support for caregivers can make it possible to obtain positive results with education actions for the management with dementia at a distance. Our proposal was to identify whether there is a possibility to mitigate the direct social costs and the indirect costs of family caregivers. The intervention sought to help caregivers regarding their doubts and needs for information on health and disease management for patients followed at the HC-FMUSP Outpatient Clinic for Cognitive and Behavioral Neurology.


Procedures

Potential participants were contacted by phone and 93 family caregivers were included. All participants were explained that due to social distancing measures, an educational and support activity would be provided, initially consisting of three weekly meetings each lasting 1 h. Two of the sessions would be conducted via virtual group meetings and one session would be to clear up doubts via WhatsApp messages. The messages received from caregivers via WhatsApp were monitored by the study coordinator, a specialist nurse in dementia. If an urgent/emergency issue was identified, a doctor in the group was contacted immediately to advise on the best approach; otherwise, the family member waited until a designated online meeting for the response. These meetings were structured as follows:

1. Mondays: Theme “Health Education.” Each system of the body was conceptualized separately, from an anatomic-functional perspective, along with the changes typical of senescence and the main diseases, with emphasis on advice for their prevention.

2. Fridays: Guidance on needs raised by the caregivers regarding the patient or themselves.

3. WhatsApp: Employed whenever caregiver deemed necessary where, in this case, the issues were first screened by the coordinator for urgency/emergency status and immediate response. If deemed non-urgent, caregivers waited until the next meeting on a specific day (Fridays).

After 3 months of online monitoring (Aug/Oct), an anonymous questionnaire was sent, also online, by agreement with the participating caregivers. The survey contained eight questions to collect information on the degree of satisfaction of caregivers in relation to the support offered. The study was part of the CAAD Project, approved by the Ethics and Research Committee of the Hospital das Clínicas of the Faculty of Medicine of the University of São Paulo under permit number 31041620.2.1001.0068 on November 5, 2020.




RESULTS

Of the total sample of caregivers (N = 93), only 45% (n = 42) answered the form sent containing the following questions: Q1. Do you think your daily life has improved after you started participating in the virtual meetings? Q2. Are you satisfied with the subjects of the virtual meetings? Q3. Do you now feel more secure with the support you are receiving? Q4. Are you practicing social isolation as recommended? Q5. Complies with health and hygiene measures aimed at preventing COVID-19 (hand washing, use of masks and alcohol gel, etc.)? Q6. Has the guidance given during the virtual meetings been useful? Q7. Did you feel welcome? Q8. Would you like this support to continue after the pandemic? The level of satisfaction among participants on questions 5 to 8 (100%) was high. On questions 2 to 4, the level of satisfaction ranged from 86 to 93%, while 7.1% of caregivers were dissatisfied with the program on each question. For one question (number 1), 86% of caregivers reported satisfaction with the program, 7.1% dissatisfaction, and 7.1% no change (Figure 2). Tables 1, 2 show the descriptive analysis of frequencies before and after the virtual program, and Table 3 shows the percentage improvement of difficulties to the caregivers after intervention model. Finally, Table 4 presents a Cochran model, a non-parametrical statistical analysis, used to show a global improvement of difficulties founded after the virtual support interventions.


[image: Figure 2]
FIGURE 2. Preliminary results of virtual meetings GNCC-Support. Ferretti et al. (2020).



Table 1. Frequencies of caregiver difficulties before the virtual support program.
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Table 2. Frequencies after the virtual support program.
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Table 3. Percentage improvement data after the virtual support program.
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Table 4. Cochran model for global improvement of difficulties after virtual support.
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DISCUSSION

The study findings suggest that simple and very low-cost measures enabled the quality of non-pharmacological care to be maintained at this critical time via virtual support. Particularly during the current pandemic, everyone needs to be protected, while some more vulnerable groups need special attention and care, i.e., the elderly aged 60–65 years or older and those with CNCDs, such as dementia. A previous study published a few years ago explored the difficulties observed in low- and middle-income countries and showed that solutions can be found without the need for large investments when economic and social resources are limited (18), a finding corroborated by this pilot study. The training of professionals and of informal (family and friends) and formal (hired) caregivers on providing care has been discussed as an effective strategy that can prevent the onset of comorbidities and thus reduce healthcare costs for the State and the family (17, 18). In Brazil, for some years now, some isolated strategies have been employed that have proven the effectiveness of education programs in dementia, involving the use of printed support material at psychoeducational meetings, later delivered to caregivers or sent by email to those unable to attend face-to-face support meetings (19, 20). These studies have shown that patients and caregivers monitored in specialized services benefit from counseling measures and support groups focused on individualized needs, conferring numerous benefits in terms of both functional and behavioral aspects of patients with dementia, alleviating the burden of caregivers (21, 22).

These support materials, such as management and educational manuals that focus on information inherent to health promotion and disease prevention, are very useful in the primary healthcare network, helping both professionals and caregivers in the appropriate management of dementia, and their content can be delivered in person or remotely. Whether offered to lay caregivers or health professionals, the language of the content need only be adapted to the level of understanding of the participant. Good results can be obtained from non-pharmacological actions aimed at non-cognitive changes, activities of daily living, and caregiver stress (19, 21).

During this pandemic, several publications have shown results corroborating the effectiveness of virtual support, while others have noted their shortcomings (10, 23, 24). However, evidence on the socio-economic difficulties of low- and middle-income countries increasingly points to the use of strategies of this type. This is especially true when social distancing guidelines need to be observed more rigorously, when virtual interventions have proven to be excellent support measures, allowing clarifying of doubts, better organization of time spent on patient care, and prevention of problems related to the mental health of caregivers, who feel supported, albeit at a distance, by the professionals involved in the virtual support program (25). In a recent study, over 40% of caregivers reported clinically diagnosed depression, on average, 24 months after engaging in caregiving (17).

The burden on caregivers of dementia patients has always been high. In Brazil, the same study showed an average duration of 373 h (SD = 251.29 h) of informal patient care provision for basic activities of daily living, instrumental activities of daily living, supervision, and loss of productivity, translating to an average monthly monetary loss for the direct caregiver of US$118 (SD US$149.87), based on the February/2016 BRL–USD exchange rate (17).

In this pilot project, our positive expectations were confirmed, encouraging us to discuss and organize the methods to provide for the continuity of the program after the pandemic, as desired by the participating family members. It is now necessary to contextualize and confirm, by means of cost-effectiveness studies, that nursing interventions providing guidance on disease prevention in aging and on how, when, and why to adhere to certain individually prescribed procedures can improve the quality of life of patients and family members. This approach, especially amid the present health crisis, can cater to the needs of this high-risk group, which is more vulnerable to complications if infected by the new coronavirus, in societies still unprepared for this situation, such as Brazil. Currently, there are an estimated 1.5–1.7 million people living with dementia in Brazil and about 9 million in Latin America as a whole (25). Among all Latin American countries, Chile has proved the most compliant with the WHO proposals regarding the guidelines contained in the World Dementia Plan (16, 26). The Chilean model can contribute greatly to other Latin American countries still in the process of developing their national dementia plans. Despite the economic, social, and humanitarian difficulties, and in view of inequalities in LIMCs, as a social action, discussions should be encouraged among researchers working in diagnosis and treatment of dementias. This initiative could pave the way for a major forum in which each country can discuss its health policies and present suggestions that lead to a consensus for practical, objective, low-cost, and well-informed decision-making. This can provide the basis for a “pilot” intervention project involving all participating countries, whose results can be analyzed after 18 months, when its feasibility could then be discussed.

Recently, our Research Center at the Hospital of Clinics of the Faculty of Medicine of the University of São Paulo and other research centers technically supported, at the municipal level, the Alzheimer Law—number 17,547 approved on January 12, 2021. This Law primarily advocates a center of assistance, study, and research dedicated to early diagnosis, treatment, monitoring, and training of professionals and family members made by specialists. Our expectation is that this action may, in the future, be replicated throughout Brazil.

Until such initiatives can be implemented, education, and support strategies like that presented in this report can be useful in LMICs.

Economic and social difficulties that already existed in Brazil are now aggravated by the pandemic. At present, 14 million unemployed Brazilians are relying on assistance from government and NGOs, without any other source of income. The economic scenario is one of an annual increase in inflation of (IPCA) 4.31%, exceeding Brazil's Central Bank target for 2020 of 4%, a GDP that shows signs of recovery (7.7%), but insufficient to restore the economy in the country (27), and points to the need in public health for different ways of facilitating the delivery of information that can improve survival for patients with NCDs, and their caregivers, helping them maintain the quality of life of this group.

Finally, it may be useful to reflect that, if results (in terms of cost effectiveness) of a follow-on study prove promising for the groups involved, namely, a study group and control group (on waiting list), then perhaps:

(a) Many elderly caregivers can be spared the mobility difficulty of seeking non-pharmacological guidance in care units, even after the pandemic.

(b) Through health promotion and disease prevention efforts, health education can also reduce the pressure on emergency services with complaints that can be avoided by adequate guidance from the caregiver. Examples include cases of recurrent UTI admission for inadequate hygiene, dehydration as a result of low fluid intake, or constipation due to bad eating habits, low fluid intake, and inadequate diet.

Solutions that require little or no additional investment for these families likely to be implemented in the primary care network, as is the case with the online support system reported, need to be further explored and, given their accessibility, considered for adoption by primary care health systems of LMICs.

Managing modifiable risk factors is a measure that lends itself to online education programs. The preliminary findings observed in this study allow us to envisage that in the near future, some non-pharmacological support interventions online may be even more effective than face-to-face measures considering the context of dementia. In addition, the mobility difficulties encountered by family members to access referral centers, often to clarify doubts easily resolved remotely, may be overcome. Moreover, the burden generated not only by commuting, but also through formal work hours lost that, in many cases, are also online or informal, by the people who live with the patient, can expose these caregivers to several factors that negatively impact their socioeconomic and emotional status (18).



CONCLUSION

The results of this very simple intervention suggest the utility of a program for caregivers of dementia patients in primary care. The intervention allowed a better understanding of the difficulties faced by caregivers in their daily care of dementia patients with daily management guidance given on a case-by-case basis. The program also promoted the implementation of an education strategy on the importance of understanding and recognizing anatomical and physiological changes in the aging process and their implications for the invisible line between senescence and senility. This empowers the caregiver to feel able to protect both the patient and themselves by preventing the emergence of common diseases in this age group.

Further studies are needed to explore this type of non-pharmacological support, which could prove to be an excellent and economical alternative for reducing direct and indirect costs related with dementia in LMICs. The new post-pandemic online support project provides for a longitudinal, cost-effective follow-up study that will prove the effectiveness of the non-pharmacological approach to nursing and that can control the emergence of common diseases in this age group, by reducing comorbidities and contributing to a healthy life throughout the life cycle. We envisage ongoing studies comparing these results and further demonstrating the potential for Latin America to reduce the direct and indirect burden on family members, promoting a more egalitarian and humanized social approach.



LIMITATIONS

This is a low-cost strategy and can be an excellent possibility for professional and family interaction, increasing trust between them, which can lead to the construction of an economic and social model to support our society and other Latin American countries. The limitation of this pilot study is its design. At this point, we only intend to show through this pilot study a real and low-cost possibility for LMIC like Brazil. However, we performed a small descriptive analysis and also applied a non-parametric model to verify if this virtual assistance model was effective. We hope, in the near future, to expand this work to other Brazilian centers, so that we can compare the results obtained between us.
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Interaction with living place and neighbourhood is one of the cornerstones for creating dementia-friendly communities (DFC). Chile has one of the largest proportions of older adults in Latin America and is currently facing an increase in the number of people with dementia. In this context, the Chilean government has launched a national strategy that involves actions in the health and social care system, including the promotion of DFC. From a multisectoral approach, social and environmental aspects involving engagement with local communities and access to social connections and services are directly related to urban policies. This perspective article focuses on urban aspects of social housing policy, such as placement, networks, affordability and the relationship between subsidy structure and adequate housing provision in a country with a qualitative housing deficit of around 1,200,000 units and where a large proportion of people with dementia and their families live in poverty. We identified several barriers to delivering appropriate environments for people living with dementia in relation to a two-fold problem: (a) the social housing subsidy displaces caregivers and/or older adults to satellite towns where social connections and access to services and urban equipment are lost; and (b) people resisting displacement live in overcrowded neighbourhoods where dementia is a common problem. In both scenarios, a detrimental environment and social conditions directly affect the quality of life of elderly people living with dementia and their caregivers.
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INTRODUCTION

Chile has one of the largest proportions of older adults (over 60 years of age) in Latin America and is currently facing an increase in the prevalence of dementia and other non-communicable chronic diseases (1). The rapid ageing of Chile's population has been driven by an increase in life expectancy—currently 82.4 years for females and 76.5 for males—and a sustained decline in the fertility rate that mirrors trends in developed countries (2). The increase in the proportion of elderly people has been accompanied by a rise in the number of people with dementia to around 200,000 in 2020, a figure expected to surpass 500,000 by 2050 (3). This figure is especially concerning for a country with almost 20 million people requiring urgent attention from the public and private sectors.

In 2015, the Chilean government launched the first National Plan for Dementia, upgrading the disease to a national priority (4). The biopsychosocial model proposed comprised actions in the health sector and in other areas, including the promotion of dementia-friendly communities (DFC). However, there are no clear definitions or guidelines for the implementation of these communities in the Chilean context. This perspective article considers housing as the primary component for the development of healthy communities and neighbourhoods, focusing on the urban aspects of social housing policy, such as placement, networks, affordability, and the relationship between the subsidy structure and adequate housing provision for people living with dementia in Chile.



CARING FOR PEOPLE LIVING WITH DEMENTIA IN CHILE

In Chile, as in most Latin American countries, people living with dementia, along with their caregivers, are struggling silently against inadequate support and the economic cost of treating the disease (5). Patients and families feel abandoned by a broken health and social care system, relying on unspecialised support from relatives and neighbours. Some 97% of people with dementia live in a family member's home, and in over 70% of cases are cared for by a female caregiver, generally daughters or spouses (6). Informal care delivered by family members who are inactive in the labour market increases indirect costs in lower socio-economic status groups (7). This scenario contrasts with the situation in high-income countries, where up to 50% of people living with dementia reside in care homes (8).

In this context and following recommendations by the World Health Organization (WHO) and Alzheimer's Disease International (9), the Chilean government, headed by Michelle Bachelet, delivered the first Plan for Dementia in 2015 (4). This national strategy was developed by an intersectoral work group comprising—in recognition of the wide range of medical and social assistance concerned—stakeholders from civil society, academics, clinicians, and decision-makers involved in dementia care. The result was the enactment of the National Plan for Dementia in 2017. This policy guideline encompasses actions for dementia in the health sector and in other areas, including the promotion of DFC and age-friendly cities in the long term (10).

The Chilean plan's DFC approach prioritises action to create awareness, reduce stigma and foster dementia-friendly environments. The strategy considers multi-sectoral collaboration for the design and construction of new infrastructure and public spaces to provide physical environments for social participation by people living with dementia. It is expected that the Ministry of Health, along with the Ministry of Housing and City Planning and the National Service for the Older People will coordinate multidisciplinary work with universities, scientific societies, municipalities, media and civil society towards creation of a dementia-friendly environment. However, no details have been provided about the initiative and there is no specific budget or investment for this specific goal.



FRAMING DEMENTIA-FRIENDLY COMMUNITIES IN CHILE

The concept of DFC has recently been embraced by dementia researchers and policymakers to ensure a better life for people with dementia and their families. However, there are a variety of perspectives on the concept, indicating constant reconsideration of the issue (11). For instance, the WHO defines DFC as an approach that normalises dementia in society. This is aligned with Alzheimer's Disease International, which emphasises empowerment, self-confidence and participation in meaningful activities as the defining attributes of DFC (12). Nevertheless, local initiatives in the UK and Australia have defined DFC based on the responsiveness of the physical and social environment of a person with dementia to preserve access to local facilities and their social networks (13, 14). As there is no single model for developing DFC nor a template for expected outcomes, the definition must be interpreted in the social and physical context in which these communities are developed.

Although the creation of dementia-friendly environments is beginning to gain interest in Latin America and the Caribbean, most countries that include efforts to develop DFC in their national strategies have prioritised raising awareness of dementia over interventions in the physical environment. For example, educational, social and awareness events have taken place in Argentina, Brazil and Costa Rica, led mainly by local Alzheimer's associations and with far less government involvement (15). Increased awareness and understanding of dementia remains a major concern in the region and one of the outcomes of any DFC (12). However, the ageing process that many low- and middle-income countries are already experiencing will reveal the need for a more comprehensive approach in which both the social and physical environment are seen as essential to the formation of ageing- and dementia-friendly societies.

The definitions of community as applied to the development of DFC remain diverse and may constitute a space, a social environment or even an organisation or virtual community (11, 16). In the case of Chile, where most patients with dementia live in the family home, neighbourhoods play a key role in promoting well-being and quality of life for people living with dementia and their families. Although the impact of the neighbourhood has been largely ignored by the biomedical model, epidemiological evidence supports its role as an additional determinant of health that modulates potential risk factors at the individual level. Neighbourhoods that support active ageing may reduce dementia risk factors, while unfavourable environmental features such as low green space availability and poor access to local services might have the opposite effect (17–19).

In this perspective, we recognise that the dementia-friendly community approach requires not only a social and educational intervention but also urban and environmental adaptation. This is mainly because a community is based on a space—a territory in which there are socio-spatial relations that maintain bonded networking. Temporality is considered a key element here because it allows neighbours to identify and include themselves within collective history (20). This means that members of the community are aware of who is part of it and broadly comprehend the situation in which participants are related to them. These bonds, based on time and location, are especially important in low-income contexts, where survival relies on the social networking that sustains everyday life through practises of collaboration and solidarity. Women have a key role here, as the structural division of labour pushes them to undertake work involved in social reproduction (21).

In this sense, a community represents a safe space that can offer diverse networks rich enough to facilitate support when needed. Regarding dementia, we consider at least three urban features to be important and require special attention in relation to the development of DFC. The first is secure housing tenancy. It is generally agreed that insecurities in housing tenancy could drive both mental and physical health issues for householders (22, 23). The second feature is provision of public care infrastructure that is well-distributed across cities. Here, specialised centres could help in providing not only medical but also educational support to make neighbours aware of the needs of people with dementia (11). The third feature is the adaptation to these special requirements of not only housing units but also the urban environment as a whole in order to render neighbourhoods inhabitable by and bearable for those who live with dementia, especially in terms of safe mobility (24, 25) and urban equipment.



THE IMPACT OF DISPLACEMENT AND FORCED EVICTION ON PEOPLE LIVING WITH DEMENTIA

Given that spatial injustice inflicting disproportionate damage on vulnerable population (26), older people and especially those suffering from physical and mental disabilities should be among the groups to receive priority attention from urban and healthcare policies. “Ageing in place,” or the ability to remain rooted in one's own home and community rather than in a residential home, regardless of age and income, is preferred by most older people (27).

For older people with dementia and their families, the concept of place goes far beyond houses and encompasses a community based on a neighbourhood that can be mobilised to improve adaptation and self-management. Yet the term is elusive in public policy and there is a tendency to treat place simply as a home instead of a socially interconnected system, despite growing evidence for the contribution of integrated neighbourhoods and communities to well-being in old age (28). This social interaction is crucial to allowing older people to maximise their well-being despite chronic medical conditions and thus to establishing a new definition of health from a social perspective (29).

The aspiration of ageing in a familiar environment is under threat from evictions—a global phenomenon related to gentrification occurring in both developing and developed countries (30) and affecting mainly poor and vulnerable communities (31, 32). The negative consequences of displacement for people with dementia can be predicted based on evidence that reveals the impact of an abrupt change in the usual physical and social environment. For example, the transition to a nursing home represents a challenging experience for patients, associated with loss of home, neighbourhoods and daily contact with close family members, and may result in poorer mental and physical health (33, 34). Similarly, changes in the usual environment of older people with dementia, such as prolonged hospitalisation, increase the risk of delirium, an acute and life-threatening attention and cognitive disorder that leads to loss of independence and increased morbidity and mortality (35, 36). As such, displacement of older people with dementia to an unfamiliar neighbourhood is likely to harm well-being and behaviour.



BARRIERS TO DFC IN RELATION TO THE CHILEAN HOUSING CRISIS

Chilean legislation does not consider housing as a right. Instead, it is covered by the right to property, which views housing as a market-tradable commodity (37). In other words, access to housing is dependent on the financial resources of each individual or family. Further, land was deregulated in 1979, giving total control of urban development to the market (38). Together, this has led to a constant rise in prices and speculation in terms of housing stock and its construction (39, 40), increasing social inequality (41), segregation (42, 43) and exclusion (44, 45).

The state does not have the power to directly manage the housing deficit, which has recently reached 497,560 housing units (46). The role of the state is limited to the delivery of subsidies through various programmes focused on demand. As a result, social housing remains excluded from more established, central urban areas due to land prices (47). As a result, people living in poverty have been constantly displaced from their neighbourhoods to areas lacking in urban infrastructure, services, and amenities.

The subsidy programmes consist of quarterly contests during which funds are allocated depending on the vulnerability score of applicants (48). Level of vulnerability is measured parametrically using a tool called the Household Social Registry (HSR, Registro Social de Hogares). The instrument classifies individuals by percentage based on the situation of their family group, addressing factors such as their educational level, housing condition, total income, physical and mental health, and access to social security. Importantly, the HSR awards more credits to people who care for others, especially elderly people who are completely dependent upon them (49). This means that informal and unpaid caregivers to the elderly are more likely to be categorised within the most vulnerable socio-economic section of society, thus increasing their likelihood of receiving public funds over people who care for children and teenagers.

With this in mind, it is concerning that more than 1.3 million people in Chile declare themselves to work as unpaid carers of a relative. Some 97% of these caregivers are women (50), and their situation has a considerable negative impact on their educational and career trajectories. As such, there is a strong connection between this unpaid female labour and the percentage of women who apply for and receive housing subsidies, a figure which today stands at 81% (51). It could be said there is some recognition on the part of the HSR of the vulnerability of caregivers engaged in unpaid labour. However, this is not to say that subsidies necessarily cover the special needs of housing programme beneficiaries, especially in terms of their disabilities and/or mental health conditions.

As mentioned previously, one aspect used to measure vulnerability is the health situation of the individual and their capacity for independence from the householder. The survey offers six selectable options concerning health condition, plus five relating to activities that could be completed by the individual, for example, whether they are able to be alone in public spaces. However, it not possible to relate answers with a particular diagnosis beyond evident conditions such as blindness or physical impairments. For example, the options presented in the survey fail to differentiate between mental issues and psychiatric problems, and people often struggle to answer the question. As such, data is not collected specifically about people living with dementia, their degree of vulnerability, or their socio-economic situation. Indeed, dementia could be confused with other conditions, obscuring valuable data needed to effect material improvements to the environment. We interpret this as a lack of political will to address and improve the situation, a view reinforced by the meagre 0.06% of central government budget that is assigned to elderly programmes (52), among which the amount available to dementia programmes is unclear and unstable.

As we have observed through our ethnographic experience of working with women's housing committees, this obscuring of people's health conditions has at least three potential side effects for people living with dementia. Generated by a social housing policy that we consider to constitute a threat to dementia sufferers, these side effects are (a) the double vulnerabilisation of people, whereby applicants attempt to achieve the figures needed to receive subsidies, thus exposing family members to risky conditions in the process; (b) the displacement of caregivers—with or without their respective dementia sufferer—from their original neighbourhoods to underdeveloped satellite settlements; and (c) the tendency for overcrowding through the construction of informal and dangerous house extensions as people struggle to maintain their network of care and avoid eviction by the housing market or state subsidies.

The first of these risks is directly related to the healthcare system. The HSR awards higher scores to those whose healthcare coverage is provided by the public system (49). This creates a dilemma for families who cannot afford to buy or rent a home but whose members are affiliated with the private health system, which is far more expensive and effective than the public system. It is common for families in this situation to opt to expose themselves to poorer healthcare coverage, thus doubling their initial condition of vulnerability. This state of affairs can persist throughout the housing application process, which frequently lasts more than 5 years.

The second risk stems from the fact that, as indicated earlier, an important condition for creating dementia-friendly communities concerns allowing people to reside in the place with which they are most familiar. Subsidy beneficiaries tend to be displaced from their original neighbourhoods to urban peripheries (53), causing a two-fold problem. First, if the caregiver is displaced, their continued care work could be rendered unfeasible by long commutes. The effect of this on people living with dementia could be substantial, as extra effort would be involved in comprehending an unexpectedly changed relationship with the caregiver. A second problem would arise if both sufferer and caregiver are displaced, resulting in the loss of the community network which sustains them.

This situation requires additional psychological effort on the part of the dementia sufferer, which, as mentioned above, would also affect their quality of life, as they must come to understand and navigate an entirely new environment. In addition, urban peripheries in Chile lack social services and urban amenities, exposing people with dementia to loss of access to healthcare facilities and stress generated by long journeys. Furthermore, it is recognised that caregivers tend to receive frequent support from various people involved in their care network, all of whom live in the same neighbourhood. Displacement would mean loss of this essential support and potential psychological, social and economic impacts as displaced people find themselves paying for all of the assistance and services previously provided by neighbours and relatives.

The third risk is the phenomenon of overcrowding, related to the housing affordability crisis and job insecurity (54) triggered by the transformation of spatial design in both residential and urban areas. Here, kinship is a crucial factor, as householders receive relatives into their homes in order to save them from homelessness or displacement. However, this involves informal deconstruction/reconstruction of housing spaces in order to adapt to growing occupant numbers. The process has several detrimental effects on the quality of life of inhabitants, mostly associated with precarious and often extremely risky adaptations to homes (55). Healthcare and sanitary risks are high, and the COVID-19 pandemic has exacerbated the situation due to the challenges of maintaining physical and social distance (56). This has a direct impact on elderly people who find themselves in disrupted environments and new undefined social relations of co-dependency—conditions that also tend to increase instances of domestic violence (57).



CONCLUSION AND RECOMMENDATIONS

The rapid ageing of Chile's population over the last few decades has emphasised the need for protection of the elderly and older people living with dementia. The dynamics of dementia care in Chile depend on the socio-spatial connections established during the sufferer's lifetime, and ageing in place is thus a cornerstone for the implementation of dementia-friendly communities. Nevertheless, housing shortages driven by constant price rises associated with speculation and the subsidiary housing model expose poor and vulnerable communities to the negative consequences of displacement.

From a public health perspective, we recommend a review of current housing and land policy in view of the considerable impact of urban areas on the physical and mental well-being and care of people, especially those with disabilities. The recently initiated constitutional process provides key political momentum for this, and it is hoped that improvements will be made to the development of healthcare and urban spaces, moving from the subsidiary model to the politics of distribution and recognition.
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Background: This review describes the diagnostic and interventional procedures conducted in two university memory clinics (established network of G. Papanikolaou Hospital: 1988–2017 and AHEPA hospital: 2017–today) and 2 day care centers (established network of DCCs: 2005–today) in North Greece and their contribution in the scientific field of dementia. The aims of this work are (1) to provide a diagnosis and treatment protocol established in the network of memory clinics and DCCs and (2) to present further research conducted in the aforementioned network during the last 30 years of clinical practice.

Methods: The guidelines to set a protocol demand a series of actions as follows: (1) set the diagnosis criteria, neuropsychological assessment, laboratory examinations, and examination of neurophysiological, neuroimaging, cerebrospinal fluid, blood, and genetic markers; and (2) apply non-pharmacological interventions according to the needs and specialized psychosocial interventions of the patient to the caregivers of the patient.

Results: In addition to the guidelines followed in memory clinics at the 1st and 3rd Department of Neurology and two DCCs, a database of patients, educational programs, and further participation in international research programs, including clinical trials, make our contribution in the dementia field strong.

Conclusion: In the current paper, we provide useful guidelines on how major and minor neurocognitive disorders are being treated in Thessaloniki, Greece, describing successful practices which have been adapted in the last 30 years.

Keywords: memory, dementia, day care centers, educational programs, Alzheimer association, neurology departments, non-pharmacological interventions


INTRODUCTION

Dementia has been described as a clinical syndrome caused by neurodegeneration (Alzheimer's disease, Lewy body, and frontotemporal dementia being the most common pathologies) or as a secondary syndrome (vascular, metabolic, hormonal, and infectious dementia), characterized by progressive deterioration in cognitive ability, behavior, and capacity for independent living (1). Typically, it is a condition that usually affects older people (2, 3). Because of a longer life expectancy along with the lack of efficient therapeutic strategies, dementia is increasingly becoming a major public health problem. According to Alzheimer Disease International, it has been estimated that 35.6 million people were living with dementia worldwide in 2010, with the numbers expected to almost double every 20 years up to 65.7 million in 2030 (1). In Greece, there are almost 196,000 people living with dementia, while in 2050 this number is going to increase to 356,000. Moreover, family caregivers are estimated at 400,000 all over the country. Few studies have been conducted so far concerning the prevalence of dementia and mild cognitive impairment (MCI) in Greece (4–7), but the latest data revealed that the overall prevalence of dementia is 5.0%, with 75.3% of the cases attributed to Alzheimer's disease (8).

Thessaloniki, located in northern Greece, is the second biggest city of the country with high contribution in dementia research and clinical practice. The memory and dementia network in Thessaloniki, which started with the so-called Outpatient Memory and Dementia Clinic (3rd Department of Neurology), which was established in 1988 at “G. Papanikolaou” General Hospital (established network 1988–2017). Years later and specifically in 1995, Professor Magda Tsolaki, with the cooperation of dementia experts, founded the Association of Alzheimer's Disease and Related Disorders (GAADRD) which is responsible for 2 day care centers (DCCs) in Thessaloniki. Since 2005, the team of experts had the opportunity to expand the network and establish in total four DCCs in several cities across Greece (Thessaloniki, Volos, Chania, and Athens). At the end of 2017, the memory and dementia network was established to the Outpatient Memory and Dementia clinic (1st Department of Neurology) at “AHEPA” University Hospital till today. The aforementioned network between memory clinics and DCCs offer medical treatment, psychological support, and non-pharmaceutical interventions to beneficiaries who range from no cognitive impairment (NCI), subjective cognitive impairment (SCI), MCI, and dementia. Additionally, many projects and clinical trials are also being implemented with the collaboration of several dementia scientists abroad. Moreover, a large electronic database containing the information of all patients has been developed for clinical purposes. Consequently, the memory and dementia network provides high-quality diagnostic, treatment, and support services to individuals affected by major or minor neurocognitive impairment and their caregivers or family members in North Greece. Given that this initiative constitutes a significant part of global research groups, the memory and dementia network works in line with high standards provided worldwide.

The goals of this work are (1) to provide a diagnosis and treatment protocol established in memory clinics and DCCs and (2) to present further research conducted in the last 30 years of clinical practice.



SETTING


Memory Clinics

The current memory clinic network includes the outpatient memory clinic of a university general hospital (AHEPA), where the initial diagnosis and follow-up assessments patients as well as education of students, including academic lectures and staff meetings, take place. The outpatient clinic operates once per week under the umbrella of the general hospital and health ministry. It consisted of a neurologist, nurses, medical students, and psychologists offering services of full screening, diagnosis, and medical treatment. Patients who visit the memory clinic, for any reason, follow the screening/diagnostic protocol, and after giving out the results and prescription of medication, they are recommended to visit a DCC for further benefits according to their needs, such as non-pharmaceutical interventions. Moreover, the research and academic team developed a new postgraduate program in 2020 (master's degree) entitled “Neuroscience and Neurodegenerative Diseases,” and therefore professionals who work on the dementia field provide new treatment horizons both in beneficiaries as well as in the research field.



Alzheimer Hellas DCCs

GAADRD is a non-governmental organization and member of European as well as international organizations such as Alzheimer Europe and Alzheimer Disease International. It consists of neurologists, psychiatrists, general practitioner, psychologists, biologists, social workers, physical trainers, physiotherapists, and nurses who have been specially trained and educated. The DCCs under the umbrella of GAADRD are prototype and perfectly organized centers offering diagnosis and several non-pharmacological programs for the beneficiaries, namely: (a) programs of cognitive training for people with MCI and people with dementia (PwD) of first stages and (b) cognitive stimulation programs for people with mild and moderate stage of dementia. The participants attend cognitive training or stimulation programs for one or several days per week, following a protocol according to their needs, such as cognitive deficits, mood disorders, and functionality problems. The entrance to the group is determined by a psychologist who is an expert in non-pharmaceutical programs. Each program duration is almost a year. Furthermore, there are also prevention programs to minimize the conversion of SCI to MCI and dementia as well as those delivered to NCI healthy older adults who are at risk of developing dementia due to family history or other relevant health problems. Furthermore, psychotherapeutic programs are also provided to caregivers in order to support them during their caregiving role. Additionally, in the last 15 years, 1-h lectures are conducted every week, including the most recent developments in the research of neurodegenerative diseases as well as many educational projects for caregivers all over Greece. Finally, GAADRD has organized 12 national conferences, one Alzheimer Europe Conference (2003), and one Alzheimer Disease Conference (2010). GAADRD also contributed to the national observatory for dementia in Greece (2013) and one Satellite AAIC Athens Conference (2021) and has also organized DCCs all over Greece and Egypt. Since 2001, GAADRD has been a member of the European Alzheimer Disease Consortium (EADC).




DIAGNOSTIC METHODS

The diagnostic procedure officially takes place in DCCs or in outpatient memory clinics. All patients who visit the outpatient memory clinics are screened for cognitive deficits with a neuropsychological battery (Tables 1, 2), while laboratory examinations, neurophysiological and neuroimaging examination, and genetic markers are also conducted (Table 3). The memory clinic's services are used as “a hub” of patients diagnosed with a cognitive disorder. Subsequently, some of them, if they need it, are referred to DCCs for further neuropsychological assessments (Table 2) and psychological support and to attend non-pharmaceutical programs. Vice versa, patients who visit a DCC for the first time after diagnosis may visit the memory clinic to undertake specialized examinations.


Table 1. Screening tools.

[image: Table 1]


Table 2. Further neuropsychological assessment.
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Table 3. Further examinations (neurochemical and biomarkers).
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The diagnostic procedures are delivered to PwD, MCI, as well as SCI as detailed below.


Dementia
 
Criteria

The inclusion criteria for dementia are (a) diagnosis of major neurocognitive impairment of any etiology according to DSM-V criteria (76), (b) MMSE total score ≤ 23, (c) stages 4 and 5 of the disease according to the Global Deterioration Scale (GDS) (10), and (d) absence of anxiety and depression evaluated by the same scales employed for the two previous groups.



Neuropsychological Assessment

The most common types of dementia are Alzheimer's disease (AD) and vascular dementia, while frontotemporal dementia (FTD) and Lewy body dementia are less common. The neuropsychological evaluation lasts approximately 2 h, divided into two different face-to-face sessions to obtain the best performance from the participants by reducing the possibility of them getting tired. These tests are administered by a neuropsychologist consisting of screening tools, detection of memory, orientation, and language disorders, and tests of visuospatial ability, attention, executive function, and working memory ability as well as neuropsychiatric symptoms and independent living capacity (Tables 1, 2).




Mild Cognitive Impairment
 
Criteria

MCI is a transitional state between normal aging and dementia. The inclusion criteria are (a) diagnosis of MCI according to Petersen (77), excluding other pathologies not associated with dementia according to the Diagnostic and Statistical Manual of Mental Disorders, DSM-5 (76), (b) Mini Mental State Examination (MMSE) total score ≥26, (c) stage 3 of the disease according to the GDS, and (d) 1.5 standard deviation (SD) below the normal mean according to age and education in at least one cognitive domain according to the utilized neuropsychological tests.



Neuropsychological Tests

In order to identify older adults with MCI, all the psychometric tools used for dementia detection are also administered in MCI using different cutoff scores (Tables 1, 2).




Subjective Cognitive Impairment Criteria and Tests

To determine SCI, we apply the Subjective Cognitive Decline Questionnaire (SCDQ) (20) and Memory Alternation Test (MAT) (21), which hold excellent reliability and sensitivity for discriminating those with SCI from NCI and MCI patients (Tables 1, 2).



Laboratory Examinations
 
Regular Blood Test Examination

Blood tests are performed in all patients. Routine blood test includes hematological (complete blood count, hematocrit, and hemoglobulin) and biochemical (glucose, cholesterol, etc.), rapid plasma reagin, as well as thyroid-stimulating hormone, and the levels of homocysteine, folic acid, vitamin D, and B12, which are correlated with cognitive impairment. Some patients who participate in clinical trials or clinical research projects, further blood tests or serum tests are performed to identify biological markers or risk genes which are possibly implicated in AD (78, 79).



Cerebrospinal Fluid Examination

Cerebrospinal fluid (CSF) samples are taken by lumbar puncture at the L3/L4 or L4/L5 interspace. The samples are stored at 80°C until further examination. CSF-Aβ42 is determined using a sandwich ELISA [INNOTEST β amyloid (1–39, 76, 77) (Lazarou et al. under revision) Innogenetics, Ghent, Belgium-−96 tests]. CSF-total tau levels are determined using the INNOTEST hTau-Antigen sandwich ELISA−96 tests (Innogenetics, Ghent, Belgium) and INNOTEST Phospho TAU protein at threonine-181hyperphosphorylated-tau–96 tests as well. The CSF Fas levels are determined with the human sAPO-1/Fas ELISA (Bender MedSystems, Vienna, Austria).




Neurophysiological and Neuroimaging Markers
 
Auditory Event-Related Potentials

Auditory event-related potentials (AERPs) are sensitive neurophysiological biomarkers of MCI and AD using a simple discrimination task, the so-called oddball paradigm. In this task, two stimuli are presented in a random series, with one of the two less frequently, i.e., the odd ball. A series of binaural tones at 70 dB sound pressure level with 10-ms rise/fall and 100-ms plateau time is presented to all subjects. The auditory stimuli are presented in a random sequence with target tones of 2,000 Hz occurring 20% of the time and standard tones of 1,000 Hz occurring 80% of the time at a rate of 0.5 Hz. The subject is required to distinguish between the two tones by responding to the target (e.g., mentally counting) and not responding to the standard (79). The patients must pay attention in distinguishing the tones in order for the examination to be as accurate as possible.

The ERP activity is recorded at the Fz and Pz electrode sites of the 10–20 system using gold-plated electrodes affixed with electrode paste and tape, referred to as linked earlobes at the A1 A2 sites with a forehead ground and impedance at the lowest possible level. For all recordings, the electrode impedances are below 5 kΩ, and they are checked periodically during the recording session. For artifact suppression, an AC filter function was performed. For the purpose of reduced impedance, a special type of paste is used (Elefix Nihon-Kohden, EEG paste Z-401 CE). The AERPs are analyzed by means of Neuropack 4 (Nihon-Kohden, Tokyo).



Electroencephalography

Electroencephalography (EEG) activity is acquired in a resting state with a 19-channel Nihon Kohden. Neurofax J 921A EEG system at electrodes Fp1, Fp2, F7, F3, F z, F4, F8, T3, C3, Cz, C4, T4, T5, P3, P z, P4, T6, O1, and O2 of the international 10/20 system [43]. EEG data is sampled at 500 Hz, and the electrode impedance is kept lower than 5 kΩ. The signals are digitized with Neurofax EEG-1200, ver. 01–93. The patients are sitting in a comfortable armchair in a quiet room. They are instructed to remain calm, with their eyes closed, for 5 min and then open their eyes. During the pre-processing state, the EEG signal is bandpass-filtered at 0.5–50 Hz, with a notch filter at 50 Hz. These data are assessed in a qualitative way by neurologists, and quantitative analysis is performed by neurophysiologists and engineers.

Additionally, the HD- EEG EGI 300 Geodesic EEG system (GES 300), which uses a 256-channel Hydro-Cel Geodesic Sensor Net (HCGSN) (EGI Eugene, OR), is also implemented in order to investigate the ERP components and multiple network properties. Using this particular EEG system, it has been revealed that the amplitude of visual N170 ERP can differentiate SCI and MCI from the healthy older adults during a task which assessed the emotional processing of facial stimuli (62). This system is used in participants of clinical studies.



MRI

In agreement with radiology departments, brain MRI scans (mostly in 1.5 Tesla) are performed in most patients with cognitive disorders. Each MRI examination consists of the following sequences: T1W (±IV contrast), T2W, FLAIR, DWI/ADC, and 3D T2 FLAIR for volumetry. In some cases, T2*/SWI sequences are also included.




Genetic Markers
 
APOE Genotyping

APOE alleles and different mutations are also tested if patients or family members desire to know about the genetic predisposition. The blood samples used for genotyping are collected in ethylenediaminetetraacetic acid-containing receptacles. DNA is extracted from peripheral blood using the QIAamp Blood DNA purification kit (Qiagen Inc, USA). To determine the APOE genotype, part of the APOE gene (228 bp) containing both polymorphic sites (amino acid positions 112 and 158) is amplified by PCR analysis using the following primers: forward: 5′-GGCACGGCTGTCCAAGGAGCTGCA-3′ and reverse: 5′-GCCCCGGCCTGGTACACTGCCAG-3′, according to the method described in Koutroumani et al. (73).



TREM2

TREM 2 examination is performed to patients who desire to know if there is any mutation for the early onset of AD. DNA is extracted from peripheral blood. The mutation of TREM2 (c.140G>A/p.Arg47His) is amplified by PCR analysis. For the PCR, Platinum™ II Hot-Start PCR Master Mix (Thermo Fisher Scientific) was used. Primer sequencing, forward: AACACATGCTGTGCCATCC and reverse: CCCAGGATCCCTGAGAGC, was according to Sanger, using the BigDye terminator v3.1 cycle sequencing kit. Electrophoresis followed in an automated genetic analyzer SeqStudio (Applied Biosystems). The diagnosis is based on comparison with the referral sequence NM_018965.





INTERVENTIONS


Interventions Applied in MCI, SCD, and Healthy Older Adults

Healthy older adults and people with SCI and MCI have the following cognitive and physical trainings. Many of the interventions are published here (80–86).


Physical Exercise

The program gives emphasis on fundamental dexterities such as stability, movement, handling, functional ability, and general fitness. Therefore, the program consists of aerobic, strength, flexibility, balance, and mobility exercises two to three times per week. It helps people maintain their good health state, improve their physical and functional abilities and their cognitive function through kinetic stimulations, and additionally sustain or decrease the development of dementia symptoms.



Memory and Executive Function Program

This program aims to improve the central executive system of working memory based on Baddeley's model. The main goal is to teach the patient three different coding strategies—double coding, hierarchical processing, and reducing speed—in order to remember a specific number of words presented at the beginning of each session.



Cognitive Training by Using Famous Paintings

The program aims to enhance cognitive functions such as attention, visual, and verbal memory and semantic memory and trigger the emotions and imagination of the participants through structured tasks, including famous paintings. They are specifically encouraged to answer questions about art crafts, write a story about the content, and recall significant elements of these paintings at the end of each session. It also gives them the chance to learn about masterpieces of painting and express their emotions toward art.



English Language Training

The program aims to improve verbal memory, attention, perception, speech production, comprehension, and learning ability, in general, by learning English as a second language. Specifically, the participants are provided with structured language tasks such as reading and writing as well as listening to simple dialogues between native speakers.



Greek Monuments

It is a cognitive training program using the history of ancient monuments. It aims to improve cognitive skills such as attention, memory, perception, creativity, speech, socialization, and orientation during the sessions. It includes audiovisual material about the history of Thessaloniki, while discussion and relevant exercises followed. Actual visits to these monuments followed as a way to improve the social life of older adults, decreasing at the same time any feelings of loneliness.



Educational TV

The program aims to enhance attention skills, working memory, and written speech. The participants watch an educational video for 20 min, which include various themes (health, ecology, history, arts, astronomy, philosophy, etc.). After that, the video is divided into smaller sections (to make it easier for the participants to remember), and a therapist asks them about the content. At the same time, the participants make comments about their knowledge in a specific topic while also completing some pencil-and-paper tasks.



Computer Exercises

This program aims to improve working memory, attention, language, and visuospatial functions, including several computerized memory exercises. Each participant has a touchscreen and performs the exercises in front of him/her. It does not require knowledge of computers. There are five levels of difficulty in each exercise consisting of the following categories: (1) visual–spatial exercises, (2) speech exercises, (3) numerical exercises, (4) reasonable exercises, and (5) memory exercises.



Computer Learning

The goal of the program is to promote the learning process, as well as executive functions, and is mainly delivered to high-level participants. The learning modules are the following: (1) usability and familiarity with a PC—Microsoft Windows XP, (2) Word Processor—Microsoft Office Word 2007, (3) Internet use—Internet Explorer, and (4) using accounts—Microsoft Office Excel 2007.



Reality Orientation

The program aims to improve language skills, memory, and attention as well as enhance the quality of life, social skills, and mood. It is comprised of paper-and-pencil tasks. At first, all participants read a specific article and are encouraged to remember it, summarize it, and answer specific questions regarding the content. Thus, they are given tasks focused on language functions, including naming, comprehension, semantic memory, and verbal fluency.



RHEA: Cognitive Training by Using Kinetic Instructions

This program enhances the visuospatial abilities, attention, executive function, and language skills via the execution of motion instructions. Each session consists of five visuomotor and verbal–kinetic tasks, including visual and verbal kinetic stimuli, respectively. During the tasks, the participants are encouraged to use personal strategies toward executing and completing the tasks.



Cognitive Control Training via the Execution of Dual Task

The cognitive control training via the execution of dual task has as a basic aim the enhancement of cognitive abilities such as the switch of attention, inhibition, and working memory as well as other attention abilities such as divided and sustained attention. During the program, the participants divide their attention in two tasks using paper and pencil. There are also given stimuli of daily life, such as sounds, puzzles, cards, supermarket products, etc.



Attention Training

The attention training aims to enhance attention, executive function, and visual–verbal memory. The program includes teaching of memory strategies and adapt levels of difficulty. Each session consists of 10 cognitive tasks including visual selective attention, working memory and switched attention, shifting of visuospatial attention, and a dual task. The tasks are ecologically valid and derived from activities of daily living (ADL) scale, such as the shopping list and searching in a telephone catalog.



Language Intervention

Language intervention aims to enhance the vocabulary, including 10 tasks of semantic expression of language (three tasks), semantic comprehension of language (three tasks), and phonemic expression of language (four tasks), whereas each set of cognitive tasks has three levels of difficulty. The tasks are ecologically valid, as they are derived from ADL scale.



Prospective Memory

The program aims to enhance the executive function components, such as working memory and verbal fluency as well as prospective memory (PM). It consists of three tasks in each session: (a) an event-based task (non-focal PM task), (b) a time-based task, and (c) a combination task (the intention should be executed after a specific period of time and if a specific cue appeared). The tasks include occupation with puzzles, watching videos, listening to music, doing handcrafts, reading newspapers, making shopping lists, etc.



Memory Strategies
 
Cognitive Training of Memory Through Learning of Strategies

The aim of the program is to improve the cognitive and functional performance of the older adult participants with MCI. At the beginning, the participants are taught a variety of internal memory strategies, which include “method of loci,” “keywords,” “visual imagery,” “association,” “categorization,” and so forth. As long as they are taught, the participants are encouraged to use internal strategies in aspects of their everyday life, such as memory for numbers, appointments, events which are going to happen in the near future, and names of individuals and places, so that the transmission of knowledge can succeed.



Traveling in Greece

In this program, the participants see pictures of several places in the country. They are asked to answer specific questions in order to practice their working memory function, as well as attention abilities, and improve their verbal fluency performance. Afterwards, all participants present a favorite place among those they have previously seen, and a brief description of the place and personal experiences are followed. Finally, a discussion between all group members takes place.



Mental Imagery and Relaxation Techniques

The intervention aims to reduce the anxiety of the participants and help them explore their thoughts and feelings through the interpretation of symbolic mental images. The program includes three relaxation techniques: (a) progressive muscle relaxation, (b) breathing exercises, (c) autogenic relaxation and mental imagery as a cognitive rehabilitative technique. Environmental conditions, including soothing music and fragrant essence, are applied.




Interventions Applied in People With Dementia

Patients with mild and moderate dementia have the following cognitive and physical training: physical exercise, language intervention, RHEA program, and reality orientation are administered also to PwD based on their physical and cognitive capability.


Cognitive Training Using Old Greek Movies

In the current program, parts of Greek movies are presented. One of the main goals of the program is mood improvement because of the pleasant content of these movies. After watching the movie, structured exercises, including memory, attention, and recall, followed. Additionally, the participants are encouraged to share the experiences they may have about the content of the movies.




Cognitive Empowerment Using Music Stimuli

The program aims to improve long-term memory, attention, and oral and written language and help them to reduce stress levels and enhance their mood. The participants listen to musical stimuli, and afterward they try to remember facts and experiences related to that song; finally, they perform written exercises about the lyrics.



Dance and Drama Therapy

The patients are encouraged to dance and play different roles in order to enhance their executive function abilities, such as planning, step sequence, accuracy, and abstract thinking. This program combines cognitive training via psychotherapy techniques, such as dance and drama, and aims to (a) enhance attention, executive function, and verbal and visual memory and (b) deal with the psychological needs of the patients, such as anxiety, depression, apathy, or irritability.



Peter Pan: Cognitive Training Through Toy Therapy

This program utilizes toys in order to enhance auditory and visual selective attention, dual-task abilities, working and episodic memory, and language and visuospatial abilities. Executive function and attention abilities are trained using toys, such as dolls, puzzles, plastic letters, plastic animals, and fruits—for example, the participants have to collect plastic fruits and categorize them according to season, color, or size. They were then asked to find words beginning with the first letter of the fruit that they had collected.



Psychosocial Activities

Apart from the cognitive training or cognitive stimulation programs applied in PwD and MCI, there are also provided leisure activities and psychotherapeutic sessions for the participants. These activities are as follows: (1) a choir group including PwD and MCI which aims to enhance the mood and self-esteem of a patient, (2) a painting group and an art therapy group which both aim to the expression of feelings and emotions and mental health improvement through painting or other kinds of art, and (3) Gestalt psychotherapy which is applied on patients with MCI. The aim of this psychotherapeutic procedure is the mental health improvement and the reduction of anxiety and mental deficits in general.




Interventions Applied to Caregivers

There is available published work for caregivers in the some studies (87–91).


Psycho-Educational Groups

The aim of the psychoeducational program is to provide information to caregivers regarding the disease and the level of functionality of the patient, in addition to the guidelines for more effective care. Education helps caregivers in making difficult decisions concerning the care and the treatment of their beloved. Caregivers also learn to be flexible in the negotiation of alternative solutions. There is also an online group which satisfies the needs of caregivers who cannot benefit from the face-to-face health support services due to health issues, transportation (due to COVID pandemic-related reasons), or time.



Family Psychological Support

Family psychological support aims to help the whole family of people with dementia face and cope with the disease and reduce negative feelings and sense of burden.



Support Groups

Support groups aim to help the caregivers to be effective in their role and build up the necessary psychological skills to deal with difficult aspects of the disease and feelings of anger, loneliness, loss, and helplessness. During the support group, caregivers can develop new approaches of interpreting the situation they are dealing with and adapt more realistic targets and more effective pressure and anxiety management strategies.



Dyadic Intervention: “Writing Our Couples' Life Book”

The participants are couples, where one partner has been diagnosed with MCI or mild dementia. Based on narrative therapy principles, dyadic intervention helps the couple re-narrate and rewrite their story, including dementia in their common life. Moreover, communication techniques are presented to couples in order to improve their communication skills.



Support Group for Grief

It refers to those who experience grief due to the loss of their patient. This group aims to help them accept the reality of loss, manage their emotions, and adapt the new cycle of life.



Relaxation Intervention

It aims to reduce the anxiety level and manage psychosomatic symptoms using relaxation techniques and mental imagery which lead to a deep relaxation of the body and mind. Relaxation intervention helps caregivers to develop their well-being and decrease stress levels.





FURTHER ACTIONS IN CONTRIBUTION TO THE FIELD OF DEMENTIA


Development of a Dementia Database: Empedocles Electronic Health Record

Due to the huge amount of data of patients, the creation of a health database was crucial. Thus, an electronic health record (her) system, called Empedocles, was developed in 2016. Software developers, neurologists, psychologists, and other experts worked together to create the database which meets the needs of patients and experts, providing flexibility for different environments and clinical workflows. Empedocles is compliant with the (EU) 2016/679 General Data Protection Regulation by design. The EHR stores the following data on the patients: (1) personal information and demographic characteristics (including geospatial data), (2) medical history, triggers, and risk factors, (3) diagnosis, (4) medication, (5) neurophysiological examination, (6) dental examination, (7) neuropsychological assessment, (8) hematological and biochemical test results, (9) genetic and CSF results, (10) diagnostic neuroimaging test results, (11) perforation results, and (12) assessment of the mental health of caregivers. Currently, Empedocles EHR is hosted on a server at the Aristotle University of Thessaloniki and serves about 132 active users daily. It stores over 5,200 parameters, which can be repeatedly saved in each patient examination. Empedocles has amassed data for over 19,000 patients examined from 1988 till today (visits in memory clinics and DCCs), with more than 45,000 neuropsychological examinations. The database is continually updated and improved following both the requirements of end-users and society. During the COVID-19 pandemic, the functionalities of Empedocles were adapted so that the neuropsychological assessments could be applied from a distance (e.g., via telephone or Skype).



Clinical Trials

Memory clinic has been participated in several clinical trials to test new drugs for dementia during the last 30 years. The most indicative are provided in Table 4.


Table 4. Clinical trials.

[image: Table 4]



Studies/Projects

Memory clinic and DCCs have also participated in several research studies and international projects the last 30 years. The most indicative are provided in Table 5.


Table 5. Research studies and projects.
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CONCLUSIONS

All the above-mentioned efforts have the following as targets:

• To provide a protocol of a holistic evaluation of cognitive status through clinical examination, an extended neuropsychological assessment, and biomarkers like blood tests, CSF, genetic tests, and MRI scans.

• To detect cognitive disorder as early as possible and carry out a differential diagnostic procedure to identify their etiologies.

• Plan the future care and provide advice to patients and their caregivers with respect to medical, psychological, legal, ethical, and social issues.

• Provide direct support to patients and caregivers by means of counseling, discussions with caregivers, and therapeutically oriented workgroups (e.g., memory training groups)

• Support families either at our day centers or at their homes

• Contribution to the dementia research and clinical field through funded projects and a plethora of studies conducted in DCC's and Outpatient Memory Clinics.
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Introduction: Early-life educational experiences are associated with cognitive performance in aging. Early literacy seems to improve executive control mechanisms, however, it is not clear whether early education would still be an advantage in countries like Peru, where access to and quality of education is highly variable.

Aim: Our objective was to analyze the association of literacy level with executive control factors.

Method: We evaluated 93 healthy older adults with a clinical protocol that included the Mini-Mental State Examination, the Geriatric Depression Scale and Global Dementia Staging. We also used a neuropsychological executive function battery which included the Trail-Making Test parts A and B, the Stroop Test, phonological and semantic verbal fluency tasks, Forward and Backward Digits, Numbers and Letters of the Wechsler Scale, and the Go/No-Go task. We used a principal component analysis for the dimensional reduction of the variables. To measure the level of literacy we used the word accentuation test (WAT).

Results: We observed statistically significant correlations between the principal components (PCs) of working memory, cognitive flexibility and inhibitory control with the WAT scores. Furthermore, we observed that processing speed and WAT predict the scores on PCs factors better than years of education and age.

Conclusions: Literacy level correlates more closely with better cognitive performance than years of education and thus, might improve executive control factors that could compensate and protect against brain changes in cognitive decline and dementia.

Keywords: literacy level, executive control, aging, neuropsychology, dementia, education


INTRODUCTION

The rapid aging of the population is one of the most serious issues worldwide in this century (1). An estimated 2.1 billion people will be elderly by 2050. Eighty percentage will live in low- and middle-income countries, such as most Latin-American countries, and a high percentage will be illiterate, have difficulty in accessing education or have received poor quality education (1). This scenario will bring an increase in diseases and health disorders such as dementia (2), for which a low educational level is one of the main risk factors (3, 4), along with a low literacy level.

Early-life educational experiences have an important effect on cognition throughout development (5). The pioneering studies of Manly et al. (6, 7), demonstrated that literacy level was a more reliable predictor of cognitive decline in ethnic minorities and immigrants than years of education. Later studies confirmed these findings (8, 9). Therefore, the literacy level achieved, including not only the ability to read and write but also the competent use of information, seems to modulate the cognitive response in older adults with different ethnicities, through basic and complex cognitive mechanisms (10).

This modulation has been associated with basic attentional mechanisms such as processing speed, which is known as an important factor influencing cognition in aging (11) and executive control (12), which includes working memory, inhibitory control and cognitive flexibility (13). These mechanisms are activated in normal (14, 15) and pathological (16) cognitive aging to better cope with physiological changes or task demands (12, 17).

These executive control mechanisms are activated during a complex or novel task, or when processing resources are reduced, as in pathological aging (18). They activate brain processing networks that compensate for changes (19, 20). Other studies have suggested that these compensatory activations are not always positive, because it seems to have a threshold above which they could be rather inefficient, thus reflecting a greater level of deterioration (21).

Literacy level has been assessed through asking subjects to read low-frequent words, classically used for the estimation of premorbid IQ (22). It is assumed that the pronunciation of these words is associated with the literacy level achieved and that this in turn is correlated with IQ (23). For this, the Word Accentuation Test (WAT) has been used for Spanish speakers (24). This has shown itself to be useful in studies with neuropsychiatric populations for the measurement of premorbid IQ (25, 26) and suitable for evaluating educational quality where education is not homogeneous (27).

Previous studies in Peru have shown that older adults with higher reading level scores performed better in executive functions and memory tasks (28). This study concludes that higher literacy levels might reflect a higher quality education received early in life.

These early-life educational experiences (exposure to quality content), also promote the implementation of mechanisms for regulating cognition, such as executive control, which are associated with cognitive reserve and brain resilience mechanisms in later-life (29). Consequently, it seems that limited years of education is not the only risk factor for neurodegenerative diseases, but also low literacy level. Thus, our objective is to analyze the association of literacy level with executive control factors in normal aging. In addition, we analyze the effect of processing speed, years of education and age on executive control. We hypothesize that higher scores in the Word Accentuation Test will predict better performance in executive control tasks, which will be independent of age, years of education, and processing speed. These results will permit us to identify the influence of educational quality on the dynamics of cognition in older adults.



METHODS


Participants

The initial sample consisted of 121 older adults from public and private senior citizen clubs in the city of Arequipa, Peru. The participants were selected according to the following criteria: not having a history of neurological or psychiatric disease and not having major visual or auditory problems. Besides we excluded participants with Mini-Mental State Examination scores below 27 points if they had more than 7 years of schooling, below 23 points for those with 4–7 years of schooling and below 21 points for those with 1–3 years of schooling; following the used by Custodio & Lira (30). Finally, we excluded participants with scores above 6 points on the Yesavage Geriatric Depression Scale (31) and above 2 points on Reisberg's Global Dementia Staging (32). The final sample was made up of 93 healthy older adults (see Table 1).


Table 1. Sociodemographic, clinical and cognitive characteristics of the final sample (N = 93), according to the WAT score.
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Instruments

We used a paper and pencil neuropsychological battery to test various components of executive control. Working memory was assessed with the raw scores of Forward and Backward Digits, as well as of Numbers and Letters from the III Wechsler Scale (33). For cognitive flexibility, we used the raw scores (time) of Trail Making Test B (TMT-B) (34) and the total number of words with “P” (phonological fluency) and animals (semantic fluency) named in 60 s (35). Inhibitory control was evaluated with the Word-Color subtest and interference scores of Stroop Test (36) and the Go/No-Go subtest of the Frontal Assessment Battery (FAB) (37).

Likewise, we evaluated processing speed as a basic attention mechanism that modulates cognition in aging (11). For that purpose, we used the raw scores of Trail Making Test A (time) (TMT-A) (38) and Word and Color subtests of the Stroop Test (36), accordingly the proposal of Perea et al. (39), along with the raw scores of the Digit Symbol subtest from the Wechsler scale (WAIS IV).

Literacy level was measured through the Word Accentuation Test (WAT) (24). We used the Ecuadorian version (26), which showed good internal consistency as well as good test-retest reliability. This test requires the subject to read aloud some low-frequency words presented visually, written in capital letters without an accent mark. The subjects were asked to read the word correctly and mark the tonic accent. We used the 30-item version.



Procedure

Two sessions of approximately 50 min each were carried out over a period of 2–3 weeks. The assessments were carried out in 2 phases. In the first one, a clinical screening protocol was applied to all subjects, excluding those who did not meet the inclusion criteria. In the second phase, the subjects were administered the neuropsychological battery.



Statistical Analysis

We performed a Principal Component Analysis (PCA) to reduce the neuropsychological factors and identify executive control and processing speed components. To obtain PCA components, we transformed Direct scores of individual tests into Z scores for standardized data. The number of principal components (PCs) extracted was prespecified using the standard eigenvalues >1 criterion. Top contributors of each rotated PC were defined as those with a factor loading > 0.5.

We used the median obtained in the word accentuation test (Me = 24) to split the participants into two groups (lower score ≤ 24 and higher score > 24) according with Manly et al. (6). Afterwards, Pearson bivariate correlation tests were performed between the PCs found with the WAT score. Finally, we performed a linear regression analysis, in which the PCs were analyzed as dependent variables and the age factor, years of education, WAT scores and composite index of the processing speed factor were the independent variables. The processing was performed using the statistical software SPSS version 24.



Ethical Aspects

This study is part of a follow-up research project about the impact of literacy level on cognition in preclinical and clinical phases of dementia and was reviewed and approved by the Ethics Committee of the Research unit of San Pablo Catholic University (Acta N° 012.CEDI.UCSP.2020). All participants gave written informed consent in accordance with the declaration of Helsinki.




RESULTS


Demographic, Clinical and PC Information on the Participants

The sociodemographic, clinical and PC data (Supplementary Material) of the sample are presented in Table 1. Participants with WAT scores below and above 24 points do not differ significantly in age and sex, but they do in years of education and MMSE (see Table 1). The PCs obtained were inhibitory control (Word-Color and Interference subtests of Stroop Test), cognitive flexibility (TMT-B, semantic [animal] and phonological [letter P] fluency task) and working memory (Forward and Backward Digits and Numbers and Letters). These components explained 72.9% of the variance. In addition, their scores differ significantly between the groups.



Associations Between Composite Factors and WAT Score

Pearson bivariate correlation tests showed significant correlations between PC scores of working memory (r = 0.527, p < 0.000); cognitive flexibility (r = 0.521, p < 0.000) and inhibitory control (r = 382, p < 0.000) with the WAT scores across participants (see Figure 1).


[image: Figure 1]
FIGURE 1. Correlations of executive control PCs with the WAT score.




Linear Regression for Principal Components of Executive Control

We performed the linear regression analysis using the composite factor of working memory as the dependent variable and the composite index of processing speed, years of education and age as independent variables. We observed that the WAT and processing speed scores significantly predict the working memory scores and explain 52.7% (adjusted R2) of the variability in the scores, while years of education and age did not predict working memory scores (see Table 2).


Table 2. Linear regression of years of education, age, processing speed and WAT with working memory factor as DV.
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In the case of the cognitive flexibility, we observed that WAT scores, age and processing speed significantly predict the factor scores. In addition, these factors explain 62.3% (adjusted R2) of the variability (see Table 3).


Table 3. Linear regression of years of education, age, processing speed and WAT with cognitive flexibility factor as DV.
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Finally, we observed that processing speed and WAT scores predict the inhibitory control factor scores. Similarly, these factors explain 26% (adjusted R2) of the variations in the factor (see Table 4).


Table 4. Linear regression of years of education, age, processing speed and WAT with inhibitory control factor as DV.
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DISCUSSION

This study examined the association of literacy level with executive control factors in normal aging by using the word accentuation test (WAT). Our results showed better scores in working memory, cognitive flexibility and inhibitory control in subjects who performed better on the WAT. In addition, we found that scores on this measure, together with the processing speed, better predict executive control scores. These results confirm our hypothesis that literacy level is a better predictor of executive control than years of education or age.


Predictors of Scores in Executive Control

Our results show that subjects with better WAT scores exhibit a greater capacity to retain and manipulate information (working memory). These results have been confirmed in other studies (40, 41), where working memory, modulated by education, is associated with cognition during aging. This suggests that perhaps formal education strengthens the ability to select, update, and manipulate information available in the working memory, through the promotion of progressively more complex activities in classroom settings, autonomous learning and improvement curricula.

In addition, we found that WAT scores predict performance on inhibitory control measures. Thus, people with higher WAT scores and faster processing speed show a greater ability to inhibit powerful and/or automatic stimuli. Similar results have been found by de Bruin et al. (42) and Hull et al. (43). Their studies showed that inhibitory control is modulated by processing speed and the type of task used for its assessment. Some tasks are more demanding than others and therefore require more inhibitory control mechanisms to be carried out correctly.

Likewise, we found higher scores for the cognitive flexibility factor when the WAT score is higher, and performance is better predicted by this, together with age and processing speed, as has been reported in research by Gallen et al. (12). We observed that participants who are younger and those with higher literacy (higher WAT scores) have a greater capacity to change attentional and mental sets (44). This is a fundamental aspect in accomplishing complex cognitive tasks (45).

These results could help us to understand the importance of executive control mechanisms in brain and cognitive aging, showing a bigger impact in the case of low-quality education. As a result, we would observe a weakening in mechanisms associated with brain resilience, like white matter integrity and cortical thinning, which could contribute to cognitive decline in the following years (46) and cognitive reserve (47) used to compensate for cognitive changes with an alternative network or better processing strategy. Therefore, people with low literacy levels could perform worse on tasks and have a greater risk of cognitive impairment and dementia.



Literacy Level, Executive Control and Education

Literacy level allows us to explain the scores on the executive control tasks. Nonetheless, it should be noted that processing speed is a mechanism with a significant effect on adult cognitive performance (11, 48). Our data show that the measurement and analysis of literacy level (educational quality) and processing speed can more clearly explain cognitive changes in older adults than years of education. That is, exposure to quality content or being exposed to a more enriching education might make the execution of general processing tasks and those that involve executive control more efficient.

If individuals with a more efficient processing capacity faces a neurodegenerative event, they can generate brain and cognitive compensatory strategies that minimize the impact of the pathology (49–52) and reduce the risk of cognitive impairment or dementia. This could help to achieve satisfactory aging, through the implementation of cognitive reserve mechanisms (53), and thus protect against neurodegenerative pathology. This is an aspect we might not see in subjects with low literacy levels.

This first look at studying the literacy level in Peru can help us to explain the cognitive and behavioral variants observed in older adults who have different scores and performances despite having the same years of education. We consider that literacy level is a more accurate measure than years of education when assessing the effect of formal education on cognition and, consequently, as a protective factor for the development of neurodegenerative pathologies. This is particularly important in settings such as Peru where the quality of education is highly variable, educational quality statistics are below international standards (54) and where the education received depends on socioeconomic status and area of residence (55).



Limitations

Our findings are interesting, but they are not without limitations. As we do not have a group of subjects with a clinical diagnosis (mild cognitive impairment or mild Alzheimer's), we cannot establish a point of comparison with impairment at the executive and cognitive level derived from the WAT score. Furthermore, since it is a cross-sectional study, we cannot precisely establish the protective factor of literacy level. We need to carry out longitudinal studies to estimate the level of protection participants have against deterioration. Furthermore, the Socio-Economic Status (SES) and Intelligence Quotient (IQ) have not been considered in the present study and could be associated with the results obtained (56). The impact of SES on cognition could be mitigated by years of schooling, literacy level, and other environmental factors (57), so they need to be evaluated in future research. Finally, as we do not have a standardized WAT test in Peru, we used the Ecuadorian version. Despite similarities between Andean nations in many aspects (e.g., culturally, educational, etc.), it is necessary to validate the WAT in the Peruvian context.



Conclusions

We can conclude that literacy level, measured through the WAT, is significantly correlated with executive control processes in elderly people in Peru. One interpretation of this is that higher educational quality in young age (as indicated by literacy scores in older age) favor a better development of executive control over the life span.

In this context, we consider that in Peru it is not only illiterate people who have a higher risk of developing dementia, but also adults with lower scores in literacy level and quality of education measures. Consequently, there is a need to develop programs aimed at improving educational quality from the early years of education. This is in addition to the implementation of cognitive intervention programs that favor cognitive mechanisms such as attention and executive function among our adults.
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Background: Reversible etiologies of cognitive impairment are common and treatable, yet the majority of mild cognitive impairment (MCI) and dementia research in Latin America has focused on irreversible, neurodegenerative etiologies.

Objective: We sought to determine if thyroid dysfunction and vitamin B12 and folate deficiencies are associated with cognitive disorders among older adults with memory complaints in Lima, Peru.

Methods: This was a retrospective review of patients who presented for cognitive evaluations to a multidisciplinary neurology clinic in Lima, Peru from January 2014 to February 2020. We included individuals aged ≥60 years, native Spanish-speakers, with at least a primary school educational level and a complete clinical assessment. Patients had either subjective cognitive decline (SCD), MCI, or dementia. One-way ANOVA and multiple logistic regression analyses were performed.

Results: We included 720 patients (330 SCD, 154 MCI, and 236 dementia); the dementia group was significantly older [mean age SCD 69.7 ± 4.1, dementia 72.4 ± 3.7 (p = 0.000)] and had lower folate levels than SCD patients. The MCI group had higher free T3 levels compared with SCD patients. Those with lower TSH had greater dementia risk (OR = 2.91, 95%CI: 1.15–6.86) but not MCI risk in unadjusted models. B12 deficiency or borderline B12 deficiency was present in 34% of the dementia group, yet no clear correlation was seen between neuropsychological test results and B12 levels in our study. There was no association between MCI or dementia and thyroid hormone, B12 nor folate levels in adjusted models.

Conclusion: Our findings do not support an association between metabolic and endocrine disorders and cognitive impairment in older Peruvians from Lima despite a high prevalence of B12 deficiency. Future work may determine if cognitive decline is associated with metabolic or endocrine changes in Latin America.

Keywords: dementia, metabolic disorder, thyroid dysfunction, vitamin B12, folic acid, Peru


INTRODUCTION

The risk of mild cognitive impairment (MCI) and dementia is known to increase exponentially with age (1–3). Worldwide, the number of people aged 65 years or older has risen from 6% in 1990 to 9% in 2019, and this figure is expected to double by the year 2050 (4). Following these demographic trends, the prevalence of dementia in Latin America (LA) is expected to rise to 27 million people by the year 2050 (5, 6).

Both reversible and irreversible etiologies of dementia and MCI exist (7, 8), yet the clinical evaluation of older adults with cognitive impairment in LA is often hindered by lack of access to skilled clinicians with resources and training needed to diagnose dementia appropriately and a limited consensus on the best approaches for evaluation and diagnosis (9). Further adding to this diagnostic challenge, the medical literature on dementia in LA has mostly focused on irreversible, neurodegenerative etiologies such as Alzheimer's disease (AD), whereas relatively little emphasis has been placed on reversible or treatable etiologies, especially metabolic and endocrine disorders known to cause cognitive impairment (10–13).

Guidelines published by the American Academy of Neurology (AAN) recommend screening for certain metabolic and endocrine disorders, such as B12 and folic acid (or folate) deficiencies and thyroid dysfunction, when evaluating a person with cognitive impairment (14). The prevalence of these and other potentially reversible causes of dementia is as high as nearly 20% in one study of patients recently diagnosed with dementia from Brazil (15); thus, screening for these relatively common and potentially treatable conditions in LA may be of value, particularly in regions with poor nutritional status and lack of mandatory vitamin fortification. Serum laboratory analyses of potentially reversible etiologies of dementia, such as thyroid hormone, vitamin B12 and folate levels are cost-effective, highly-accessible and may identify potentially treatable etiologies of cognitive impairment in LA (15–17).

Vitamin B12 deficiency is common in older adults and potentially treatable (18). Particularly among those with MCI and dementia, low levels of vitamin B12 may worsen cognition among older adults with ApoE4 allele or with depression (19). Additionally, folate deficiency, arising from insufficient dietary folate or gut malabsorption, leading to high serum levels of the amino acid homocysteine, has been linked to dementia (11, 20, 21). One systematic review found that a folate supplemented diet led to improved cognition in mouse models (21), however, another review found that folic acid supplementation did not improve cognition in older adults (22). Thus, the role of folate in improving cognition is conflicting. Identifying folate or vitamin B12 deficiency and homocysteine levels in patients with a major neurocognitive disorder, such as dementia, may help reverse or improve the cognitive impairment associated with these conditions. Thyroid hormone dysfunction, particularly clinical hyperthyroidism and chronic hypothyroidism, is also associated with increased dementia risk (23, 24), yet in LA, few studies have investigated this relationship (25, 26) and no study has investigated this relationship in Peru. Therefore, metabolic and endocrine disorders, such as thyroid hormone and vitamin deficiencies are important to consider when evaluating both (i) persons without an existing dementia diagnosis presenting for an initial consultation for cognitive complaints, and (ii) older adults who have a diagnosis of dementia, given medical management of these hormonal or metabolic alterations may help reverse or prevent further cognitive decline (27).

To our knowledge, no research studies have explored associations between metabolic and endocrine disorders and cognitive impairment in Peru, and only a few studies have explored these associations in other countries in the region. Therefore, we present a retrospective, cross-sectional study characterizing serum levels of thyroid hormone, vitamin B12 and folate among older adults presenting to a multidisciplinary neurology clinic in Lima, Peru for an initial consultation for cognitive complaints, diagnosed as either subjective cognitive decline, having MCI, or dementia. We hypothesize that metabolic and endocrine disorders are associated with cognitive impairment in older adults living in Lima, Peru.



METHODS


Study Design

We conducted a retrospective review of medical records of all patients who presented for an initial consultation for a cognitive complaint to a multidisciplinary neurology clinic of the Instituto Peruano de Neurociencias (IPN) in Lima, Peru from January 2014 to February 2020. The protocol was approved by the institutional review board of the Hospital Nacional Docente Madre Niño San Bartolomé.



Participants

All patients evaluated at IPN undergo a standard evaluation that includes data collection of demographic (age, sex, and years of education), clinical (including functional evaluation), and neurological characteristics and findings, cognitive and a complete neuropsychiatric evaluation, followed by serum laboratory analyses and neuroimaging.


Inclusion Criteria

We included individuals 60 years of age or older who were native Spanish-speakers, completed at least 6 years of primary school education and who had a complete clinical assessment (demographic data; clinical, neurological, cognitive, neuropsychiatric evaluations and testing; serum laboratory analyses and neuroimaging).



Exclusion Criteria

We excluded patients with an educational levels <4 years and those with a history of substance abuse or addiction, chronic recurrent depression, chronic renal failure, HIV infection, neurological sequelae of severe traumatic brain injury, as well as any medical condition that could affect their performance on cognitive testing (auditory or visual difficulties, severe dementia impeding ability to complete cognitive testing, hydrocephalus, arachnoid cyst, brain tumors, motor sequelae of cerebrovascular disorders or traumatic sequelae). We also excluded those with who did not complete brief cognitive screening. We also excluded patients receiving treatment for thyroid dysfunction and vitamin B12 or folic acid supplementation at the time of study entry. All patients with a period of longer than 30 days between the first and second phases of the clinical evaluations were also excluded (Figure 1).


[image: Figure 1]
FIGURE 1. Flowchart of participants included in the study by study phase (N = 720).




Study Procedures

Clinical evaluations of patients presenting to our clinics for evaluation of cognitive complaints are performed in three successive consecutive phases as follows: (1) screening phase to determine which patients are cognitively-impaired; (2) determination of the etiology of cognitive impairment; and (3) final classification of the subtype of disease. In the screening phase, data from a structured clinical interview and clinical examination (including functional independence) were collected to determine general demographic and clinical characteristics, medication history at the time of assessment, and past medical and mental health history. Medications known to have an effect on cognition were collected, including opioid analgesics, decongestants, anti-spasmodics, anti-emetics, anti-cholinergics, anti-arrhythmics, anti-depressants, anti-psychotics, anti-anxiety, or anti-epileptic medications. Due to the effect of vascular or depressive risk factors on thyroid hormone levels (28), as well as cognitive impairment and dementia (29), we collected the following data: anthropometric data (weight, height, waist and hip circumference), number of depressive symptoms, self-reported history of transient ischemic attack (TIA)/stroke, heart disease (self-reported history of myocardial infarction, atrial fibrillation, digitalis use, or angina pectoris), hypertension (self-reported history, or diastolic blood pressure [DBP] ≥ 95 mmHg and systolic blood pressure [SBP] ≥ 160 mmHg at study visit), diabetes mellitus (self-reported or use of diabetic medication) and physical activity level [defining regular exercise as that which induces frequent sweating at least 1 day per week, as previously described (30)].

In the first phase (screening phase), we applied the Pfeffer Functional Activities Questionnaire (PFAQ) (31) and two brief cognitive screening tests, the Mini Mental State Examination (MMSE) (32) and the INECO Frontal Screening (IFS) exam (33). MMSE and IFS were administered to all study subjects; while PFAQ was administered to the caregivers/chaperones accompanying each patient to the clinic visit. In the second phase, patients were evaluated using serum laboratory tests (vitamin B12, folic acid, free T3 [fT3] and free T4 [fT4], and ultra-sensitive Thyroid Stimulating Hormone [TSH] levels), and neuroimaging (CT scan or MRI of the brain). In this phase, all patients also underwent a complete neuropsychological test battery administered by a licensed neuropsychologist. The neuropsychological battery included the following tests: Rey Auditory Verbal Learning Test, Logical Memory Subtest of Weschler Memory Scale-Revised, Trail Making Test A and B, Rey-Osterrieth Complex Figure Test, Boston Naming Test, Wisconsin Card Sorting Test, Letter-Number (subtest of the Weschler Adult Intelligent Scale-III), Digit Span and Clinical Dementia Rating (CDR) scale, as has previously been described (34). Neuropsychiatric symptoms were assessed by means of the Neuropsychiatric Inventory (NPI). We used NPI-12, a clinical informant interview surveying the following behavioral disturbances: delusions, hallucinations, agitation/aggression, irritability, depression, anxiety, euphoria, disinhibition, aberrant motor behavior, apathy, sleep, and appetite and was administered by two trained professionals. With a maximum of 144 points, the NPI-12 delivers a total symptom score based on frequency and severity of each subdomain. According to the criteria-based rating scheme, the severity of each manifestation was classified into four grades (from 1 to 3; 0 if absent), and the frequency of each manifestation was also classified into five grades (from 1 to 4; 0 if absent). The NPI score (severity x frequency) was calculated for each manifestation (range of possible scores: 0–12). The presence of a symptom was expressed as an NPI subset score >0 (35).

Finally, in the third phase, a diagnosis of MCI or dementia was made based on clinical impression and the results of the complete neuropsychological evaluation, blood tests and neuroimaging, based on previously published criteria for diagnosing major and minor neurocognitive disorders in the Diagnostic and Statistical Manual of Mental Disorders-5 (DSM-5) (36).

All assessments in the first phase were administered by a study neurologist or geriatrician who was blinded to the neuropsychological testing results that were administered by the neuropsychologists. Diagnostic classification disagreements among the evaluators was resolved by consensus among the study team members comprised of neurologists, geriatricians and neuropsychologists. Individuals who presented with cognitive complaints but had normal results on all brief cognitive tests and had normal scores on the PFAQ and CDR were classified as having subjective cognitive decline (SCD) (37, 38). Thus, all participants included were assigned to one of three groups based on the above evaluations and clinical consensus: SCD, MCI or dementia group. For those who had dementia, we further characterized them by sub-type of dementia including: (1) vascular dementia [defined as a cognitive syndrome caused by vascular cognitive impairment due to cerebrovascular disease with manifestations of cognitive impairment exceeding those observed in normal aging; vascular dementia is the final stage of vascular cognitive impairment (39)]; (2) frontotemporal dementia (40); (3) mixed dementia [requires the existence of a typical AD and dementia related to cerebrovascular disease, as previously described (41, 42)]; (4) Dementia with Lewy bodies (43); or (5) AD (utilizing criteria published by McKhann et al. (44), by evidence of progressive cognitive decline on serial evaluations based on information from informants and cognitive testing by either formal neuropsychological evaluation (34).




Cognitive and Functional Assessments

The brief cognitive screening tests applied in this study included the Peruvian Spanish adaptation of the MMSE and the validated Spanish version of the IFS. The MMSE and IFS were selected given their utility among persons with educational levels of at least primary school and have been used widely among Spanish-speaking older adults (45). Moreover, the Peruvian Spanish version of the MMSE has been found to be highly sensitive and specific when comparing dementia vs. SCD (sensitivity 91%, specificity 75%) and dementia vs. MCI (sensitivity 87%, specificity 75%) among Peruvians living in Lima, Peru (46, 47). The MMSE is a brief cognitive screening tool that evaluates orientation (in time and space), immediate recall (or 3-word recall), attention and calculation, delayed recall, language (naming, repetition, reading, writing, performing verbal commands) and constructive praxis. We used the Peruvian version, modified from the Buenos Aires, Argentina version (32), and is administered in about 10 min, on average, and is based on a maximum score of 30 with a score <26 indicating cognitive impairment in a Peruvian population with >7 years of education (48) (Supplementary Material 1). The IFS is a screening test that uses eight sub-tests to assess executive function, with a maximum of 30 points, including motor programming (3 points), conflicting instructions (3 points), motor inhibitory control (3 points), backward digit span (6 points), verbal working memory (2 points), spatial working memory (4 points), abstraction capacity (3 points), verbal inhibitory control (6 points), where lower scores indicate poorer cognitive performance. The maximum score on the IFS is 30, and a score <23 indicates cognitive impairment in a Peruvian population with >10 years of education (33) (Supplementary Material 2). Functional assessment was completed using the PFAQ, which includes 11 questions assessing activities of daily living (ADLs), including an additional question on ability of the patient to take their own medications correctly. The maximum score on the PFAQ is 33, and a score >7 indicates functional impairment (49) (Supplementary Material 3).



Laboratory Analyses

A blood sample (3–5 ml of blood) was collected intravenously from the upper limb of the participants who were fasting for at least 12 h. Serum levels of folic acid < 3 ng/ dL and vitamin B12 <80 pg/mL were considered deficient. A low cut-off of < 80 pg/mL, previously utilized in other published studies (50, 51), was selected to ensure that any relationships detected between vitamin B12 levels and cognitive status were accurate. Of note, homocysteine and methylmalonic acid levels are unavailable in the laboratory where these laboratory results were obtained. Thyroid dysfunction was evaluated with measurements of levels of TSH, fT3, and fT4. According to verified laboratory reference ranges, the normal serum levels of TSH, fT3 and fT4 were 0.55–4.78 mIU/l, 3.50–6.50 pmol/l, and 11.50–22.70 pmol/l, respectively. Laboratory cut-offs for hypothyroidism were TSH level > 4.78 mIU/l, fT4 < 11.50 or fT3 < 3.50 pmol/l, and hyperthyroidism were TSH level <0.55 mIU/l, fT4 > 22.70 or fT3 > 6.50 pmol/l. Based on thyroid hormone levels, patients were classified into four categories: subclinical hyperthyroidism (low serum TSH with normal levels of fT3 and fT4), euthyroidism (TSH, fT3, and fT4 at normal values), subclinical hypothyroidism (elevated serum TSH with normal levels of fT3 and fT4) and clinical hypothyroidism (elevated serum TSH with low levels of fT3 and/or fT4), based on previously published criteria (52).



Statistical Analysis

Descriptive statistics were performed comparing demographics, brief cognitive screening and laboratory results of each cognitive group against one another (subjective cognitive decline-MCI, subjective cognitive decline-dementia, MCI-dementia) applying Chi-square (for categorical variables) or Analysis of One-Way Variance (ANOVA) for continuous variables. Bonferroni corrections were applied to adjust for these multiple comparisons. Participants were also divided into five quintiles based on lowest to highest TSH levels to allow for a logistic regression analysis to be performed using the fifth (or highest) quintile as the reference group. Logistic regression was used to assess the association of thyroid dysfunction with MCI and dementia (univariable logistic regression analyses were performed and multivariable logistic regression analyses adjusted for age, sex and BMI). Linear regression models comparing thyroid function, vitamin B12 and folate levels to MMSE and IFS scores, adjusted for age, sex, years of education and body mass index, were completed. For analyses in which vitamin B12 and folate levels were the dependent variables, conditional multiple logistic regression analyses were applied to obtain the odds ratios (OR) and p-value for any trends in the models. The first model was a crude model without variable adjustment. In the second model (adjusted model) the analyses were adjusted for regular exercise [utilized as a marker of cardiovascular health, a known risk factor for cognitive impairment (29)]. In the third model, where Vitamin B12 level was the dependent variable, any value >2,000 pg/mL was considered an outlier and excluded from the model. We also completed a sub-analysis of exploring the effect of folate and Vitamin B12 levels on AD. All calculated P-values were unpaired and two-tailed with differences considered significant at p < 0.05. Data were evaluated using 95% confidence intervals using STATA software (version 12.0).




RESULTS

Per the study protocol, we reviewed the electronic medical record system of IPN and found 1,028 patients eligible for screening from which 720 clinical records were obtained between January 2014 to February 2020 that met inclusion criteria (Figure 1). Of these, 330 patients were diagnosed with SCD, 154 patients with MCI and 236 patients with dementia (146 AD, 45 vascular dementia, 18 mixed dementia, 10 dementia associated with Parkinson's Disease, 10 behavioral variant frontotemporal dementia, 4 primary progressive aphasia, and 3 dementia with Lewy bodies). Of the entire sample, vitamin B12 deficiency was present in 21% (n = 151), thyroid dysfunction in 7% (n = 50) and folic acid deficiency in 1.7% (n = 12). Other risk factors for cognitive impairment included medications known to have an effect on cognition in 9% (n = 64), hepatitis B/C in 3% (n = 21), any history of traumatic brain injury in 2% (n = 14). The MCI and dementia groups were each older compared with the subjective cognitive decline (SCD) group, with no differences in sex or educational level between the groups. Mean ± SD of thyroid hormone levels (fT4, fT3, and TSH), vitamin B12 and folate levels were within normal range for all three cognitive groups (Table 1). Both MMSE and IFS scores were lower in the dementia and MCI groups, compared with the SCD group (p = 0.000 for both comparisons; Table 1). The mean PFAQ score for the dementia group was 15.19 ± 2.63; the mean CDR score for the dementia group was 1.58 ± 0.69, and the mean score for the NPI was 13.8 ± 4.37 in the dementia group; all were significantly greater in the dementia group compared with both the MCI and SCD groups individually (Table 1).


Table 1. Demographic, cognitive, and metabolic characteristics of the sample by cognitive stage**.
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Comparative Analyses Between Serum Thyroid Hormone With Demographic and Cognitive Characteristics

Of 720 participants in this study, 670 (93%) had normal thyroid function, 18 (2.5%) had hypothyroidism, 23 (3.2%) had subclinical hypothyroidism, and 9 (1.3%) had subclinical hyperthyroidism (Table 2). Higher levels of fT3 were observed among the MCI group compared with the SCD group (p = 0.032), but not among the dementia group compared with the SCD group (p = 0.472). There were no statistically significant differences in fT4 or TSH levels between the groups (Table 1). No statistically significant association was found between serum thyroid hormone levels, age, BMI, years of education and cognitive test results in the MCI group (Supplementary Table 4). However, fT3 levels were inversely associated with age in the dementia group (γ = −0.31, p < 0.05; Supplementary Table 4). Serum TSH levels were inversely associated with MMSE and IFS scores in the dementia group (γ = −0.21, p < 0.05; γ = −0.32, and p < 0.05, respectively; Table 3), but no other significant associations in the MCI and SCD groups (Table 3). There were no significant associations between fT3 and fT4 levels and dementia, MCI nor SCD independently (Table 3). Compared with the fifth (Q5, or highest) quintile, participants in the lowest (Q1) and second (Q2) lowest TSH quintiles had greater risk of dementia (Table 4), but no statistically significant associations were noted between TSH quintiles and MCI (Table 4) nor SCD risk (Table 4). fT4 levels were inversely associated with years of education in the SCD group (γ = −0.35, p < 0.05; Supplementary Table 4).


Table 2. Demographic, clinical, and cognitive characteristics of participants with normal thyroid function and thyroid dysfunction.
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Table 3. Comparison of free T3, free T4, TSH, vitamin B12, and folic acid with scores on brief cognitive tests* among patients with dementia, mild cognitive impairment and subjective cognitive decline.
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Table 4. Regression analyses* of serum TSH levels (in quintiles) and risk of dementia, mild cognitive impairment, and subjective cognitive decline.
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Compared with the normal thyroid function group, we found no significant association between MCI and thyroid dysfunction both in the univariate analysis (Table 2) and in the multivariate analysis after adjustment for age, sex, years of education, and BMI (OR = 0.71, 95% CI: 0.11–4.36; OR = 1.13, 95% CI: 0.24–7.92; OR = 0.37, 95% CI: 0.07–1.28, respectively). Similarly, we found no association between thyroid dysfunction and dementia in the multivariate model (OR = 1.31, 95% CI: 0.39–4.51; OR = 1.18, 95% CI: 0.12–6.43; OR = 1.13, 95 % CI: 0.13–5.36, respectively).



Comparative Analyses Between Serum Folate and Vitamin B12 Levels With Demographic and Cognitive Characteristics

Of all participants, 151 had vitamin B12 deficiency (28% with SCD, 32.5% with MCI, 49% of these with dementia), however there were no statistically significant differences between those in the vitamin B12 deficiency group and those in the normal B12 group in any of the groups (Table 5). A total of 12 participants had folic acid deficiency in the cohort (25% SCD, 42% MCI, and 33% dementia). Given the small number of participants with folic acid deficiencies, comparisons between groups were not possible.


Table 5. Demographic, clinical, and cognitive characteristics of participants with normal levels of vitamin B12 and vitamin B12 deficiency*.
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Lower serum folate concentrations were observed in the dementia group compared to those who had SCD (p = 0.024), but no differences in Vitamin B12 levels were observed between the groups (Table 1). Serum B12 and folate levels were each inversely associated with age in the dementia group (γ = −0.35, p < 0.05; γ = −0.43, p < 0.05, respectively; Supplementary Table 5). There were no statistically significant associations between age, BMI, years of education and vitamin B12 nor folic acid levels within the MCI and SCD groups (Supplementary Table 5). No significant associations were observed between serum vitamin B12 and folate levels with MMSE and IFS scores (Table 3; Supplementary Table 5). When stratifying vitamin B12 levels by three groups (deficient, <80 pg/mL; indeterminate, 81–200 pg/mL; normal, >200 pg/mL) we found that there were no significant differences in vitamin B12 status in the MCI group, but vitamin B12 deficiency and indeterminate levels of Vitamin B12 were both associated with dementia compared with normal B12 levels. Most patients had normal vitamin B12 levels in the SCD group and more patients in the dementia group had vitamin B12 deficiency (Supplementary Table 6). We completed a sub-analysis comparing the effect of folate levels and vitamin B12 levels on having a diagnosis of AD (n = 146) vs. SCD and found no significant effect of either folic acid levels or vitamin B12 levels stratified by quintiles in adjusted models; data not shown. Serum folate concentrations were inversely associated with cognitive impairment in the unadjusted model when comparing 5th vs. 1st quintiles. However, after additional adjustment for regular exercise, this association was no longer significant (Table 6).


Table 6. Odds ratio (OR) for the prevalence of cognitive impairment by quintiles of serum folic acid and vitamin B12 concentrations. Instituto Peruano de Neurociencias, 2014–2020.
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DISCUSSION

To our knowledge, this is the first study that seeks to determine associations between endocrine and metabolic disorders and cognitive impairment in Peru, and one of the few in the LA region. In this cross-sectional study of 720 patients older than 60 years of age presenting to a specialized center in Lima for an initial evaluation of cognitive complaints, we found that patients with a diagnosis of dementia had lower folate levels and patients with MCI had higher fT3 levels, when compared with a group of patients with SCD but no objective evidence of dementia. Importantly, the mean and standard deviations of thyroid hormone levels, vitamin B12 and folate levels were within the normal range in all three groups. Despite this, we found that those in the lowest TSH quintiles had a dementia risk of nearly 3 times when compared with the SCD group in unadjusted models. However, we found no statistically significant associations between cognitive impairment and thyroid dysfunction, serum B12 or folic acid deficiencies after controlling for relevant covariates. We did, however, find that vitamin B12 deficiency and indeterminate levels of vitamin B12 were more prevalent in the dementia group, however, the causation of dementia cannot be determined based on these analyses. Thus, some of our findings do not strongly support the notion that these metabolic or endocrine disorders are important independent contributors to cognitive impairment in older Peruvians from Lima. However, our finding those with the lowest TSH levels had a greater dementia risk compared with the SCD group suggests a possible association between hyperthyroidism and cognitive impairment in our population.

Thyroid dysfunction is of particular importance given iodine deficiency is prevalent in many low- and middle-income countries, and can lead to thyroid dysfunction. In Latin America and the Caribbean, 10% of the general population of adults and children have insufficient iodine intake, and in Peru 11.8% (95% CI: 10.9–12.7%) have iodine deficiency (53) increasing their risk of developing a thyroid disorder. The prevalence of thyroid dysfunction among older adults from different regions of LA and its relationship to cognitive function is largely unknown. Similar to findings in our study, one study of Brazilians younger than 65 years of age found no relationship between subclinical thyroid status and cognitive function, but lower TSH was statistically associated with worse performance on executive function tests in extensively adjusted analyses (25). Another cross-sectional study of Brazilians older than age 65 noted a relationship between subclinical hyperthyroidism and all-cause dementia, but these analyses were only adjusted for age, not for other confounding factors such as the demographic variables that were accounted for in our study (age, sex, educational attainment, and regular exercise) (26). Similar to findings from these studies, our unadjusted results support the notion that lower TSH levels are associated with a greater risk of cognitive impairment, but after adjusting for covariates this association was weaker. Therefore, our study findings suggest that among older Peruvians from Lima with cognitive complaints, thyroid dysfunction does not represent a strong risk factor for cognitive impairment and other factors such as age or cardiovascular health may be more important contributors., however, further research is needed to determine the pathophysiological mechanisms underlying existing associations between cognitive impairment and thyroid dysfunction that were not uncovered in the present study.

Our study found that vitamin B12 deficiency was more common in the dementia group, however, there was no association between vitamin B12 deficiency and cognitive impairment (MCI + dementia combined) in unadjusted and adjusted multivariable analyses. More than 20% of the study population and nearly half of the dementia group was vitamin B12 deficient. The prevalence of vitamin B12 deficiency found in our study is high, but similar to that reported in another study on women with pre-eclampsia in Peru with 19% of the cohort having vitamin B12 deficiency (considered in that study to be a level <178.5 pg/mol) (54) and it was 9% in one international study of people with HIV in low- and middle-income countries (55). Several reasons for the high prevalence of B12 deficiency in our group, particularly in the dementia group, are possible. People with dementia have poor nutritional status prevalent in Latin America (56), which may be due to less meat ingestion (due to high costs, difficulty with chewing due to poor or no dentition) and lower absorption of vitamin B12 in older age (57), likely leading to a higher prevalence of B12 deficiency in our study population.

Although the findings of our study found no significant correlation between vitamin B12 deficiency and cognitive test scores in the dementia group after adjustment for relevant covariates, vitamin B12 deficiency was more common in the dementia group compared with the MCI and SCD. Other studies conducted in LA have found associations between vitamin B12 and folate levels and cognitive dysfunction in both unadjusted and adjusted analyses. In LA, B12 deficiency has been reported to be common with 17.4% (95%CI: 13.4–21.4%) of elderly Brazilians having B12 deficiency (58). Two studies, both from Brazil, have investigated the relationship between B12 and cognition and found that subjects with lower vitamin B12 levels have a greater risk of cognitive decline (59) and perform poorly on executive function tests in adjusted analyses (60). These studies were performed in a population of adults older than age 80, hence, our study population may have been too young to detect this association. In a study from Chile, investigators found that the risk of cognitive impairment increased with an increase in serum folate, but only in the setting of low vitamin B12 levels (61). The findings of our study cannot determine whether causation (whether vitamin B12 deficiency may have preceded onset of dementia, or whether B12 deficiency may lead to worse cognitive impairment in people with existing dementia), thus, further longitudinal work investigating causation is required.

In our study, serum folate concentrations were inversely associated with cognitive impairment in crude analyses, but not after additional adjustment. The relationship between folate levels and cognitive impairment in LA has also mostly been studied in Brazil, where lower serum folate levels were found among subjects with dementia of the AD type compared to MCI and controls in adjusted analyses (62). In our study, folate levels were lower in the dementia group compared with a group of patients with SCD. It is possible that persons with dementia could develop poor nutritional habits leading to vitamin B12 and folate deficiencies, but in our study the majority of participants had normal folate levels suggesting adequate micronutrient nutritional intake. Moreover, it is important to note that mandatory folate fortification in wheat flour is now standard practice in Peru (63), which likely accounts for the low prevalence (1.7%) of folate deficiency in the population studied. In addition, our study took place in a private neurology clinic in Lima, Peru, which likely represents patients of higher socioeconomic status with lower risk of nutritional deficiencies leading to vitamin deficiencies. However, despite lower folate levels in the dementia group in our study, there was no association between MMSE nor IFS scores with folate levels.

Possible explanations for a link between folate deficiency and cognitive dysfunction include impaired methylation reactions in the brain and insufficient methyl groups that are required for the synthesis of myelin, neurotransmitters, and membrane phospholipids (64). Deficiencies of cofactors involved in methionine and homocysteine metabolism (such as folate, vitamin B12, and vitamin B6) can result in hyperhomocysteinemia, and folate plays a crucial role in the methionine-homocysteine cycle (65). Several studies demonstrate that folate supplementation can affect cognitive function by diminishing serum homocysteine levels (66). Low homocysteine is also an independent risk factor for altered endothelial and hemostatic function (67). Due to lack of availability of homocysteine levels in routine clinical practice in Peru, we did not measure homocysteine levels, which may have mediated the lack of effect of vitamin B12 deficiency on dementia risk (11, 20). For example, a study from China found that elevated serum homocysteine levels were associated with increased AD risk, but higher vitamin B12 and folate levels were protective factors (20). Therefore, vitamin B12 and folate are not sufficient on their own to explain a possible etiology of reversible dementias, highlighting the importance of measuring these other levels in parallel with vitamin B12 and folate levels.

Our study has limitations. First, this is a cross-sectional retrospective study preventing the establishment of causal relationships and temporal associations. A prospective, longitudinal study with multiple measurements of serum metabolic levels over time would allow for correlation with neurocognitive changes, particularly with treatment initiation of a newly-detected metabolic disorder. Secondly, we excluded participants who were receiving treatment for a known previously diagnosed thyroid disorder or B12 or folate deficiency; thus, our results may not be generalizable to those with a known metabolic disorder already receiving treatment at baseline. In addition, we did not measure homocysteine or methylmalonic acid levels which may be the mediators of vitamin B12 deficiency in certain cases. Next, this was a convenience sample of Spanish-speaking generally healthy older adults attending a multi-disciplinary specialized neurological center in an urban setting, thus, limiting the external validity and generalizability of these study results to the general population of Peru, particularly rural communities that may experience a higher prevalence of nutritional deficiencies and may not have access to a specialized clinic. In addition, our population is not representative of the entire Peruvian population as many patients in our cohort had at least a high school or secondary school level education, excluding populations of lower education and non-native Spanish speakers. Next, because the screening phase of our study used brief cognitive screening tools whose scores may be influenced by factors such as educational level, there may have been initial group misclassification of the SCD group. Moreover, the SCD group was a group of persons with memory complaints but with normal results on cognitive testing, which may have been explained by existing subclinical metabolic disorders that may not have manifested as a clinical cognitive disorder. However, group assignment into dementia or MCI was completed in a systematic fashion using results from the complete neuropsychological test battery, and any group disagreement was resolved by consensus between the study team. Despite these limitations, we present the first study on metabolic disorders and cognitive impairment conducted in a well-characterized population with a large sample size (N = 720) of older Peruvians using a standardized evaluation protocol including patients with both dementia and MCI.



CONCLUSIONS

Our results indicate that metabolic and endocrine disorders (thyroid dysfunction, B12, and folic acid deficiency) are not associated with dementia or MCI cross-sectionally in a population of older adults with cognitive complaints from Lima, Peru. Our study results add to existing evidence from other regions of LA which indicate that these disorders may not be significantly associated with cognitive impairment in the region despite a high prevalence of vitamin B12 deficiency found in our study. We found that B12 deficiency or borderline deficiency was present in more than one-third of those with dementia in our study population, however, no clear association was found between vitamin B12 levels and neuropsychological test results. Our study results may demonstrate that cognitive symptoms were likely a result of neurodegenerative disorders (such as AD, for example) and that potentially reversible metabolic and endocrine causes may be an incidental comorbidity. Because our study is cross-sectional, we are unable to determine if thyroid dysfunction, B12 or folate deficiencies are incidental or may relate directly to cognitive decline. Our study has emphasized that without longitudinal measurements of metabolic alterations and correlation with cognitive decline over time, it remains important to check thyroid function, vitamin B12, and folate levels during first-time consultation for cognitive impairment. Future work may investigate metabolic dysfunction longitudinally and its role in cognitive decline over time, particularly in LA where a greater burden of nutritional deficiencies may lead to metabolic disorders.
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The development of healthcare services for dementia is key to improving access to care and post-diagnostic support for people living with dementia. Memory Units have emerged as a new healthcare service composed of multidisciplinary teams with the goal of improving diagnosis and/or management of dementia patients. The main objective of this study was to describe and evaluate the Reach and Effectiveness of a Memory Unit in a public hospital in Chile, using the RE-AIM model, a multi-component model that allows for the evaluation of the implementation of ongoing healthcare programs. Regarding “R” (Reach): from March 2018 up to June 2019, a total of 510 patients were referred and assessed. Most patients came from primary care (51.9%) and from outpatient services at the Hospital Salvador (39.2%), particularly from the Neurology (63.3%) and Psychiatry (16.0%) departments. We estimated that our Memory Unit assessed 5.39% of all of the dementia patients living in the area of referral. With respect to “E” (Effectiveness): 419 patients are still being followed up at the Memory Unit. Ninety-one patients (18%) were discharged. Of these, 55 (66%) were referred to primary healthcare, 28 (31%) to other outpatient services, 9 (10%) to a specialized mental healthcare center, and 9 (10%) to a daycare center. Due to the short period of time that the Memory Unit has been operating, no other RE-AIM dimensions could be evaluated at this juncture. To our knowledge, this is the first implementation study of a Memory Unit in Latin America, and the first using the RE-AIM model. Although cultural differences worldwide might play a role in the lack of international guidelines, the publication of the experience of the first year of this unit in Chile could inform new countries about this process. Ongoing challenges include continuing to collect data to complement the RE-AIM evaluation and developing a protocol that can be adopted elsewhere in Chile and Latin America. Further studies are needed to assess the benefits of a Memory Unit in comparison to regular care and to develop a model that assures continuity and coordination of care for people with dementia.
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INTRODUCTION

Dementia is a syndrome composed of impairment in one or more cognitive domains (e.g., memory, language, orientation, and decision-making) that affects everyday day functioning and independent living. The main causes of dementia include Alzheimer's disease, vascular dementia, and other neurodegenerative disorders (1). The prevalence of dementia in Chile is 1.06%, which means that over 200,000 individuals are living with dementia in the country. If we consider the impact that dementia has on relatives and friends, one can estimate that over 800,000 people are dealing with the consequences of this condition in Chile (2). In those 60 years old and older, the prevalence was 7.0% (women 7.7%; men 5.9%) and was higher in rural than in urban samples (10.3 vs. 6.3%) (3). There is no information on the possible underdiagnosis of dementia in Chile or in Latin America. A recent PRISMA systematic review on diagnosis of dementia only found one Latin America, with no information on underdiagnosis (4).

Chile's population is aging and consequently there is a projected increase in the incidence and prevalence of dementia. It has been estimated that over half a million people will have dementia by 2050 (5, 6). However, the health system is not prepared to tackle the challenge of increasing numbers of people with dementia, with inadequate numbers of dementia specialists, a lack of primary care training in dementia, and low numbers of daycare centers (7–9). There are few studies on the costs of dementia in Chile; however, it has been reported that families with a person living with dementia spend over 1,400 US dollars per month on care, mainly due to indirect costs. This cost is greater for poorer families (10, 11).

Therapies to cure or modify the course of dementia have been unsuccessful so far. Therefore, the main goals of dementia care are to (1) develop preventive strategies, (2) provide timely diagnosis, and (3) provide care and interventions that improve the quality of life of the person with dementia and their caregivers (12).

Due to the complexity of dementia, a comprehensive and holistic multidisciplinary approach is needed. There is evidence that a collaborative care model with a focus on primary care improves several outcomes. For the person with dementia, a collaborative care model results in fewer ER visits and acute hospitalizations (13), an improvement in neuropsychological symptoms (14), and cognitive symptoms (15), earlier diagnosis (16), and better satisfaction with care (17). For caregivers, such a model can improve depressive symptoms (14), decreased burden (18), and result in higher satisfaction with care (17), shorter waiting times and a reduction in time to diagnosis (19, 20).

In this context, the WHO recommends that countries should develop Dementia Plans as a multidisciplinary and multilevel response to tackle the many challenges posed by dementia. At the moment, 28 countries around the world have implemented Dementia Plans, mostly in high-income countries, with only three in Latin America (Costa Rica, Cuba and Chile) (6).

In 2017, the Ministry of Health launched The Chilean National Plan of Dementia (hereafter, “the Plan”) for Chile (21) and began its implementation. The plan proposes a model of coordinated care for people with dementia and their caregivers across a continuum from primary care to specialized Memory Units (MU) (22).

MU, also known as Memory Clinics or memory assessment services, were first established in the USA in the 1970 s to provide diagnostic, treatment, and research in dementia (23). MU consist of multidisciplinary teams, bringing together professionals such as neurologists, geriatricians, psychiatrists, psychologists, neuropsychologists, occupational therapists, speech therapists, and nurses (24). MU have been proposed as a more comprehensive service at no extra cost compared to traditional community mental health teams (25); however, there is still a dearth of data supporting the cost-effectiveness of MU as part of the dementia care system (26). Therefore, more research is needed regarding the analysis of the health economic aspects and the implementation of MU.

MU also have a role in providing education and provide training about dementia to primary care, with the goal of improving diagnostic and treatment capacity in primary care settings (27). There have been several reports on the implementation of MU worldwide (28–30) with positive outcomes for patients and caregivers (31), establishing MU as an acceptable and effective form of dementia care (26, 32–34).

A number of MU have been established in Latin America, in private and/or universities centers, mainly in the capital and/or main cities of Argentina, El Salvador, Brazil, and Peru. However, to our knowledge, there is no MU implemented in a network of care facilities within the public system. Additionally, there is little available information on the setup and implementation approaches for such services that can be used as a basis for the development of new MU (35). Although there have been some efforts to develop quality standards for MU (36, 37), these exist mainly in high-income countries (HIC) and are therefore not necessarily applicable to the Chilean population and other low- and middle-income countries (LMIC).

In the context of the Chilean plan, MU are at the level of specialized care in secondary health facilities, based in the main hospitals across the country, one in Santiago (the nation's capital) with the others located in Osorno and Magallanes, regional capitals. Their purpose is to assess people with dementia and their caregivers whose health needs cannot be managed by primary care teams or in community centers for people with dementia, and/or that require evaluation by a dementia specialist (e.g., young-onset, atypical and complex cases with severe and/or treatment resistant symptoms).

An evaluation of the implementation of MU is crucial to inform the development of the Plan and to guide the creation of new units. Such an evaluation should be guided by models that characterize and help understand the implementation processes. One such model is RE-AIM (Reach, Effectiveness, Adoption, Implementation, and Maintenance), which has been used extensively to plan, evaluate, and report the implementation of healthcare programs and services (38). The RE-AIM model allows for describing both implementation and dissemination processes, including the design and evaluation of specific interventions, as well as the identification of barriers and facilitators for the implementation of a health service, program, or intervention (39). The model is particularly useful to assess the implementation of health services and policies in real-world settings; it can be easily adjusted to different contexts and populations, and it has been recognized as one of the most flexible and compelling models to translate research into practice by stakeholders (http://www.re-aim.org/).

The RE-AIM model considers the following components represented by each of its letters: Reach, Effectiveness, Adoption, Implementation, and Maintenance. Reach refers to the number or proportion of potential beneficiaries that are receiving the service. Effectiveness is the impact of the different interventions offered by a patient-level program. Adoption considers the number of institutions or clinical professionals that are willing to adopt the program and use it regularly. Implementation refers to whether the program is being offered as expected or according to a particular manual, like a clinical guideline or a protocol. Finally, Maintenance is expressed at two levels: institutional (the degree to which the program is part of the regular services of a clinic) and individual (the long-term effects on people enrolled in the program) (38). To our knowledge, this is one of the few attempts to evaluate the implementation of a memory assessment service in a low- to medium-income country and the first in a South American country.



OBJECTIVE

The main objective of this study was to describe and evaluate the Reach and Effectiveness of a Memory Unit, the “Memory and Neuropsychiatry Clinic" (CMYN for its acronym in Spanish), in the Hospital Salvador (hereafter “the hospital”), a public hospital in Santiago Chile, using the RE-AIM model.



METHODOLOGY

The methodology is divided into the following sections: Ethics, Study design, and Population including composition and internal functioning of CMYN, Data collection techniques and instruments, and Data analysis. In our study, only the “R” (Reach) and “E” (Effectiveness) components were analyzed. Other dimensions will be described in future papers.


Ethics

In accordance with local legislation and institutional requirements, our study has been reviewed by the Research in Human Beings Ethic Committee of the Universidad de Chile's Medical School and was determinate that ethical approval was not required for this study on human participants. Neither written informed consent from the participants was required to participate in this study in accordance with the national legislation and the institutional requirements.



Study Design and Population

To properly evaluate CMYN, some context of its history and context is needed. CMYN was established in late 2017 and began to assess patients in March 2018 in the outpatient part of the hospital, where historically the complex dementia patients had been treated, and where all the medical and non-medical specialists are based.

The Chilean Health System is divided into public and private systems, with the public system caring for over 80% of the population, especially older people. The public system has a pyramidal model of care whereby most of the specialists are hospital based and each hospital receives referrals from several areas. Hospital Del Salvador receives referral from several areas across the capital, one of which is called Peñalolen. Peñalolen is an urban area with over 240,000 inhabitants and its public health system is composed of six primary care centers, one mental health center and a daycare center for dementia. A detailed description of the Chilean health system can be found here (40).

As the Plan was in a pilot stage, it was initially decided that CMYN would only assess referrals from the primary care centers of Peñalolen, where according to the Plan, services and supports for dementia care were implemented in primary care centers as well as the provision of a Kintun, i.e., a daycare for dementia, that has been described elsewhere (8). However, since the hospital is a referral center for eight other communes in the eastern metropolitan area, CMYN quickly extended its services to patients from this larger area, regardless of whether they have facilities for dementia care within the primary care centers.


Study Design

Our study describes the performance of CMYN, evaluating the Reach and the Effectiveness under the RE-AIM model.



Population

The MU and its multidisciplinary team and specific program for dementia care received referrals from 20 primary care centers, with only six of them located in Peñalolen. CMYN receive patients mainly from primary care, referred under the diagnosis of “dementia” (confirmed) or “suspected dementia.” We also received patients from other areas of the Hospital that could be referred under any diagnosis.




Variable/Intervention

CMYN is a multidisciplinary team of medical and non-medical specialists in dementia comprising two neurologists, two psychiatrists, a clinical psychologist, two neuropsychologists, a nurse, an occupational therapist, a speech and language therapist, and a social worker. CMYN performs several functions, including clinical evaluation and external consultation for patients with dementia and their caregivers requiring evaluation at a specialist care level, with established criteria for referral (see Table 1), management, continuity of care, and case coordination with primary care, together with research and teaching.


Table 1. Criteria for referral to specialist care according to the Plan.
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The clinical interventions of CMYN were organized into different programs for people with dementia and their caregivers, characterized by (i) being time-limited, (ii) addressing unresolved problems after evaluation in other healthcare centers, and (iii) encouraging referral to other services in <3 months. Assessments at CMYN were organized into three programs: (1) diagnostic, (2) biopsychosocial, and (3) communication (described in Table 2), with a team leader for each program that organizes the medical and non-medical evaluation needed and being able to refer to any professional both in CMYN and the Hospital.


Table 2. Programs of CMYN.
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In exceptional circumstances, some patients were treated despite not assigned to one of the aforementioned programs, either for clinical, administrative or other reasons. These patients were kept in medical treatment, or with other professionals, according to their needs and for the time that was required. At the end of the assessment and care process, a report was created, summarizing the interventions offered, as well as making suggestions for ongoing care in the other parts of the network.

Additionally, the MU professionals train care teams from primary care centers in the diagnosis and treatment of patients with cognitive impairment and dementia. These training sessions are held every week by members of the MU and are usually delivered by a medical professional and an allied healthcare professional.



Data Collection

Data collection has been a priority for CMYN since its inception, bearing in mind the importance of generating data that could be used to replicate and validate its implementation for use by policymakers.

To obtain accurate and more complete data, the CMYN data collection process has had to go beyond the basic clinical paper-based record system available in the hospital and has progressively developed its own electronic database. First, data were registered in an online data chart and subsequently on an electronic health registry.

The data collection was set up as follows:

1.-Registry of data: A data chart was created using Google drive, allowing it to be completed and reviewed from any device by professionals that registered data in real-time on diagnosis, treatment and referrals.

2.- The registered data were doubled checked for accuracy: First, the data of the electronic registry were compared with the paper medical record; then, our electronic registry was compared with the hospital electronic registry.

CMYN's nurse also obtained information about the dementia patients seen in Peñalolen's primary care, both referred and not referred to MU. Unfortunately, there was no reliable and systematic registry of dementia in primary care centers locate in the areas that were not part of the Dementia Plan.

To ensure patient privacy, both the electronic registry and the Google drive was protected by password, available only to CMYN's professionals. Also, for analysis, only anonymized demographic and clinical data were extracted.



Data Analysis

The data collected from patients and clinicians were analyzed using descriptive statistics in SPSS. To compare differences between areas of referral and the discharge rates, chi-square was used.




RESULTS

As mentioned above, we will present only the analysis for the two first dimensions of the RE-AIM model. For Reach and Effectiveness, we provide a general evaluation regarding the performance of CMYN in each of these dimensions based on information regularly collected by healthcare professionals and interviews with key informants (e.g., patients and caregivers).


Reach


Reached Patients

This dimension corresponds to the number or proportion of potential beneficiaries that are receiving the services offered by CMYN. From March 2018 up to June 2019, the Reach of CMYN was a total of 510 patients.

When analyzing the reached patients, most of them came from primary care (51.9%), mainly from Peñalolen (33.9% of all the patients), the pilot area of the Plan where there are specific resources for the care of people with dementia (PwD) and their families, case management, and a mandatory registry of all dementia cases. Another large group of patients came from other outpatient services of the Hospital (39.2%), particularly from the Departments of Neurology (63.3%) and Psychiatry (16.0%) of the Hospital. Eighteen percent of all the patients were referred from primary care centers of the other seven areas of the health network of the Hospital del Salvador. Only 6.2% of the patients assessed came from other secondary care outpatient services.



Percentual Reach

To know the percentage of patients reached by CMYN of the possible patients, some analysis is required.

In Peñalolen, 36,593 persons over 60 years are enrolled in Primary Care Centers and 120,656 in the other areas (https://degi.saludoriente.cl/degidssmo/biodemografico.php). Although dementia is not an exclusive disease of older adults, with 10% cases occurring in people under the age of 60 years, it is more common in older individuals. Considering an estimated prevalence of dementia in Chile of 7.0% in people older than 60 years old, 2,500 persons could have dementia in primary care centers in Peñalolen and 8,500 from other areas (3, 6, 42). In June 2019, 862 cases with suspected dementia (68% woman and 51% over 80 years old) were being followed up in Peñalolen's primary care center (43).

From March 2018 to June 2019, 113 cases with suspected dementia were referred from Peñalolen to CMYN, representing 5.3% of the estimated PwD of Peñalolen. The number of cases with suspected dementia in follow-up in primary care centers outside Peñalolen is not available. These centers have referred, in the same period, 304 cases of suspected dementia patients to CMYN, corresponding to <1% of PwD living in the areas of these centers.




Effectiveness


National Plan of Dementia

One of the objectives of the National Plan of Dementia was to improve the diagnosis and referral rates for patients with dementia. According to the Peñalolen's primary care mental health coordinator, in the pre-Plan era, before 2018, the number of patients for follow-up with a diagnosis of suspected dementia was about 100. This number increased to over 800 from 2018 until mid-2019 (43). Considering the prevalence of dementia in Chile (3), we can estimate that at least 60% of PwD have not received a diagnosis. As mentioned before, based on our estimations, the MU has interacted with nearly 5% of PwD from the Peñalolen area.



CMYN Memory Unit

During the period between March 2018 and June 2019, 510 patients were referred to CMYN (143 from Peñalolen and 367 from the other areas). Ninety-one (17.8%) of the referred patients were discharged: 24 (26.3%) from the discharged came from Peñalolen and 67 (73.6%) from the other areas. There was no significant difference between the area of precedence and the rate of discharges (16.78% of patients from Peñalolen were discharged and 18.25% from those of the other areas, chi-square test: χ2 (1, N = 510) = 0.15, p = 0.69].

Of these 91 patients, 60 (65.93%) were referred back to primary care and 31 (34.06%) to another outpatient services at the Hospital del Salvador, mainly to Neurology and Psychiatry. Of the 91 discharged patients, 9 (10%) were also referred to a specialized mental health outpatient center, and another 9 (10%) were instructed to attend the KINTUN Daily Care Center aimed to support to people with dementia and their families.

A diagnostic of subjective cognitive complaint, or mild cognitive impairment, or cognitive complaint associated with a psychiatric disorder was made in 64 (70.4%) of the discharged patients. The diagnosis of dementia was confirmed in 24 (26.7%) that were referred to continue follow-up. Lastly, three patients (3.3%) were discharged against medical advice.





DISCUSSION

Our analysis on the implementation of CMYN with the Reach (number of patients) and the Effectiveness (impact on those patients) showed that the Plan reached a significant number of patients with CMYN reaching over 500 patients, with a novel and multidisciplinary approach to dementia care.

We will discuss the following key points (i) the utility of the RE-AIM to evaluate CMYN implementation; (ii) the number of patients under follow-up, (iii) comparison between CMYN and other MU worldwide, and (iv) barriers for the creations of new MU in Chile.


The Utility of the RE-AIM to Evaluate CMYN Implementation

There are several models available to evaluate the implementation of health services and programs (44–46). Among them, RE-AIM is recommended to evaluate the implementation of health services that are still in a developmental stage and provides several other advantages to fulfill the goal of our study: it represents an easy and approachable methodology and enables us to analyze parts of the model (e.g., Reach and Effectiveness) even if the other parts are not available. The advantage of using this model is its capacity to evaluate the ongoing implementation process of CMYN and to improve and complete the evaluation as the program develops in the areas that we already analyzed as well on the other components. Our study suggests that the RE-AIM is a suitable model to evaluate the reach and effectiveness of MU and contributes to providing insight that facilitates the sharing of experiences on the setup and implementation of MU. The use of the RE-AIM model to evaluate CMYN is a unique aspect of this study. While some programs for older people have been evaluated using RE-AIM (47, 48), to the best of our knowledge, this model has not used previously to evaluate the creation of MU or the implementation of a national plan of dementia. This is probably associated to low awareness among clinicians of the need to evaluate the implementation of MU in a systematic way (44).



The Number of Patients Being Followed Up

Our results suggest that the Plan increased the number of cases diagnosed with suspected dementia in primary care in Peñalolen from under 100 patients to over 800, suggesting that over a third of the elderly population with dementia in that area were diagnosed (43). Nevertheless, because of the lack of diagnostic confirmation of most of the cases seen at the primary care level, we were not able to calculate the exact number of PwD diagnostic in primary care, especially considering the high rate of misdiagnosis generally reported in primary healthcare (49).

Interestingly, based on our estimates, nearly 5% of all PwD of Peñalolen were referred to CMYN. That is signifiable low, especially compared with the international guidelines, like the standards from UK, that suggest that at least 66% of the dementia patients should be diagnosed by memory services (50). However, literature also suggest that referrals to MU increase significantly over the years, as MU are progressive more known among clinicians and services coordinators (50, 51). This number should be also analyzed in the context of our referral criteria, since they are different from the ones in other MU; for example, UK memory assessment services aim to evaluate all dementia patients, while our referral criteria, presented in Table 1, were atypical cases, young-onset dementia, difficult to diagnose or treat.

CMYN was able to discharge only 18% of their patients. This is not concordant with the objective of returning patents to primary care after clarification of their diagnosis and/or achieving remission of their presenting symptoms. This result can be in part explained by the relative short follow-up of our study. It is likely that more patients will be discharged over time. Nevertheless, this result suggests the existence of barriers to discharge patients from MU to primary care.

Possible barriers to discharge were that some of the medication could be prescribed and delivered only at the specialist care in MU, caregiver's resistance to discharge to primary care, and the need for longitudinal evaluations for a precise diagnosis. These barriers are similar to those reported in other studies (52, 53). One of them is the lack of specialized teams in primary care, but definitely not the only one, since most of the patients referred from primary healthcare from Peñalolen were not discharged, even having some facilities to dementia care in their primary care centers. Indeed, the rate of discharged patients from Peñalolen did not differ significantly from patients from other areas.

Future studies need to explore the low rate of discharges and possible barriers in more detail, exploring not only the discharge but also the re-entry to CMYN, since the lack of continuity of care for PwD has been associated with readmission and other poor health outcomes (54, 55), and therefore Peñalolen's patients might have fewer readmission to CMYN.

Our results also shows that even with the reported increase in reach in primary care (43), there is still a significant underdiagnosis of dementia in primary healthcare, with <50% of PwD being diagnosis according to our estimations. This is similar to the international experience (49, 56–58).

Therefore, there is a need for specific actions to improve awareness of cognitive disorders in both clinicians and the general population to increase access to opportune diagnosis and the quality of diagnostic at primary healthcare. Although frequently described in the literature (49), we can estimate the rate of misdiagnosis in primary care. On one hand, as discussed previously, the rate of referral from primary healthcare is low. On the other hand, all the referred patients from primary care came under the diagnosis of dementia to CMYN, and in over 90% of them, the diagnosis was either confirmed or is still under evaluation. Studies are needed to analyze the quality of diagnosis in primary healthcare.

One of the MU's objective is the continuous training of primary care in various aspects of dementia, including diagnosis. Our results suggest that MU need to improve its training techniques, implementing effective schemes to increase awareness and diagnosis of dementia in primary care, as has been done elsewhere (59, 60).



Comparison Between CMYN and Other MU Worldwide

Our preliminary data are consistent with previous reports suggesting that MU are an alternative for dementia care. Although the evidence is still scarce (33), most studies show that MU deliver benefits for patients (61), caregivers (62), clinicians and health systems (63) with better outcomes than treatment as usual (25). However, as mentioned above, the data available on cost-effectiveness of MU is contradictory (26). Also, research on the implementation of MU needs to consider the existence of different models of MU that are not limited to high-income countries and big cities (29). There are reports of experiences of successful MU in low- to middle-income patients (64) and in rural areas, using telehealth evaluations (23). Other MU have been established in primary care instead of specialized care settings (65) and can be composed mainly of nurses that can assess and manage specific symptoms (66, 67). Some MU treat and manage different types of dementia such as frontotemporal dementia (68). CMYN is based in secondary care and has established a novel model of treatment for Chile, with multidisciplinary treatment sorted into several programs aimed to deal with specific issues in dementia care such as diagnosis and treatment, with a continuous support for primary care. Furher research is needed to study if this new model generates better outcomes than treatment as has been done before in Chile and is more cost-effective.



Barriers for the Creations of New MU in Chile

We have identified several barriers, mainly related to the creation of multidisciplinary teams, coordination of care, funding, and health policy, to the creation of MU in Chile.

In Chile, there is no history and tradition of multidisciplinary teams operating in specialized care settings. Traditionally, PwD have been treated only by the neurologist or geriatrician using a biomedical and mainly pharmacological approach, with little or no interaction with other medical or non-medical health professionals. The implementation of a multidisciplinary team to tackle dementia might be seen as unnecessary.

At a coordination level, the lack of facilities for care of PwD at primary care centers, well-defined primary and specialist care referral pathways and processes, and a shared EHR, as mentioned above, are barriers to the implementation of MU due to problems with developing effective referral and discharge processes for the PwD from MU to primary care centers patients (69). Also, training and education in primary care are critical to improve referral and discharge and assure continuity of care in primary healthcare (70). Regarding prescription delivery, the creation of a joined-up service could facilitate the medication continuity in the transition from specialist care to primary based. That is one of the changes, among others, needed toward building capacity for dementia care in primary care, as it has been suggested elsewhere (71, 72).

At a funding level, a fee-for-service (FFS) payment model in healthcare is a barrier to care based on multidisciplinary teams. Supervision, management and discussion of cases, and coordination of care are not reimbursed in FFS (73). Indeed, current evidence suggests that value-based payment models are more suitable for MU (19).

At the health policy level, the main barrier is the lack of continuity of health policy regarding dementia in Chile. The plans for dementia care changes along the different governments as well as the priority of dementia among other health conditions. Hence, the funding for the creation of MU, daycare centers, and training program is not guaranteed to remain stable over the years.




LIMITATIONS

The main limitation of our study was the lack of information before and after the MU interventions in most of the areas. Our results suggest that the implementation of Plan increased the number of cases with suspected dementia diagnosed by GPs at primary care in Peñalolen. Nevertheless, we did not have more reliable information on the care of PwD before the implementation of MU to evaluate change in the navigation pathway at the whole health network associated with the implementation of the Dementia Plan and MU. The lack of availability of this information is mainly explained by the configuration of the Chilean health system: primary care is separated from secondary care with respect to data registry, clinical guidelines, and administration.

Another limitation is the availability of data. There is no shared EHR either between areas of the hospital or primary care. It is very difficult with the current registries to map the journey of a PwD across health systems. We need to create a shared dementia registry using EHR that would enable better tracking, evaluation, and care for PwD, as has been described elsewhere (74).

We were not able to evaluate the AIM (adoption, implementation, maintenance) components of the RE-AIM model, mainly due to the early phase of the implementation of the National Plan of Dementia and CMYN.

To evaluate adoption, other centers need to replicate the interventions made in our MU. Although there have been some informal discussions regarding adoption of our MU model in other hospitals, this has not occurred yet.

To evaluate implementation in the RE-AIM model, as described above, a clinical guideline is required prior to the start of the program to evaluate if the program follows it. This is not possible, due to the fact that the Chilean Ministry of Health has neither specified the organization of MU nor provided a manual or protocol for the creation of MU. Hence, a challenge, for CMYN, is to design a manual for the implementation of MU based on our experience.

Finally, to evaluate maintenance over the years, more time is required and due to the short time CMYN has been operating, we are not yet able to evaluate this phase.



CONCLUSION

A collaborative care model for dementia has been recommended, integrating primary care, specialist care, and national policies on dementia (20, 75, 76) and has been proven to be cost-effective (77). MU have been proposed as a significant part of the dementia care strategies. Due to the increasing prevalence of dementia, WHO currently recommends that the majority of dementia patients should be treated in primary care in coordination with secondary care and only the more complex patients should be referred to MU (78). MU clinics are recommended even in low-income countries (28, 79). The implementation of the Plan was a significant step forward for dementia care in Chile (40). However, in the Plan, there are no recommendations or guidelines on how to organize MU and how to interact with primary care.

As a result, even if the three MU in Chile have the same objective, they present significant differences in terms of human resources, health programs, and links with primary and secondary care. Even though it is important for the MU to adapt to local reality, there is also the need for harmonized practices between teams. With a common practice, it is easier to improve quality of care, gather evidence for further implementation of MU, and develop research, as has been recommended elsewhere (35, 69, 80).

To our knowledge, there are no guidelines in Latin America on how to implement MU. Although cultural differences and differences in healthcare organization worldwide might play a role in the lack of international guidelines, the publication of the evaluation of the first year of CMYN generates some useful information and creates a model of intervention that could be helpful not only for the expansion of MU across Chile but also for any Latin American country looking to implement a national dementia plan.

Further studies are needed to assess the contribution of MU in comparison to regular care in the Chilean health system, as it has been proven elsewhere (81) and to develop a model of care that assures continuity and coordination of care in the health sector, avoiding discontinuation of care when the case is transferred from primary to secondary care and back.

Also, it is important to keep a constant process of evaluation and improvement in all health services to both evaluate the efficacy and sustainability of the intervention and use that information to generate better interventions. The lack of health registry hampers the evaluation of a health program (82), since it makes it harder to gather standardized data for analysis.

Finally, in dementia care, there is a need for a constant process of adaptation due to the heterogeneity of patients (83–85), their caregivers (10), and their needs (86). However, there is also a heterogeneity for clinical and administrative reasons, the quality and quantity of resources, the assigned population to each hospital (as happened to CMYN), and the different professionals' background and experience.

Therefore, a clinical protocol should always be fluid and adaptable, looking to create a tailor-made intervention for each reality. Research should focus on enhancing the knowledge on how to implement MU, aiming to create profiles of cases and guidelines to respond using evidence-based interventions that are both effective and sustainable.
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Objectives: The growing prevalence of dementia, especially in low- and middle-income countries (LMICs), has raised the need for a unified cognitive screening tool that can aid its early detection. The linguistically and educationally diverse population in India contributes to challenges in diagnosis. The present study aimed to assess the validity and diagnostic accuracy of the Indian Council of Medical Research-Neurocognitive Toolbox (ICMR-NCTB), a comprehensive neuropsychological test battery adapted in five languages, for the diagnosis of dementia.

Methods: A multidisciplinary group of experts developed the ICMR-NCTB based on reviewing the existing tools and incorporation of culturally appropriate modifications. The finalized tests of the major cognitive domains of attention, executive functions, memory, language, and visuospatial skills were then adapted and translated into five Indian languages: Hindi, Bengali, Telugu, Kannada, and Malayalam. Three hundred fifty-four participants were recruited, including 222 controls and 132 dementia patients. The sensitivity and specificity of the adapted tests were established for the diagnosis of dementia.

Results: A significant difference in the mean (median) performance scores between healthy controls and patients with dementia was observed on all tests of ICMR-NCTB. The area under the curve for majority of the tests included in the ICMR-NCTB ranged from 0.73 to 1.00, and the sensitivity and specificity of the ICMR-NCTB tests ranged from 70 to 100% and 70.7 to 100%, respectively, to identify dementia across all five languages.

Conclusions: The ICMR-NCTB is a valid instrument to diagnose dementia across five Indian languages, with good diagnostic accuracy. The toolbox was effective in overcoming the challenge of linguistic diversity. The study has wide implications to address the problem of a high disease burden and low diagnostic rate of dementia in LMICs like India.

Keywords: dementia, Alzheimer's disease, vascular dementia, neuropsychological assessment, cross cultural validation, India, ICMR-NCTB


INTRODUCTION

Dementia, a neurocognitive syndrome that affects the ability to perform everyday activities, has become a major health crisis worldwide, and research priorities that are aimed at reducing its global disease burden are a priority (1, 2). There has been a significant rise in the numbers of elderly people with dementia, especially in developing regions of the world (3–5). Of the 47 million people living with dementia globally, about 63% of these currently live in low- and middle-income countries (LMICs) (5–7). These figures are projected to further increase to 82 million by 2030 and 152 million by 2050, particularly in China, India, and Latin America (2, 8, 9). In India itself, there are at least 5.29 million people living with dementia currently, and this number is expected to double by 2035 (6). The prevalence of undetected dementia is also significantly high globally. It is estimated to be currently at 61.7%, with India and China having a higher proportion compared to Europe and the USA (10).

There are various barriers to the diagnosis of dementia in LMICs. Major factors include low awareness, inadequate healthcare resources, and scarcity of diagnostic tools that are culturally and linguistically valid (1, 8, 11). As a result, both under-detection and overdiagnosis of dementia are possible (11, 12). Hence, it is important that reliable diagnostic tools and instruments are developed that are culturally, educationally, and linguistically valid and can help in early and accurate diagnosis (12, 13). Additionally, the use of diagnostic tests that can be harmonized with future global studies is crucial. There have been some efforts toward developing comprehensive neuropsychological test batteries for use in various languages such as 10/66 global dementia studies (14), the Consortium to Establish a Registry for Alzheimer's Disease (CERAD) neuropsychological battery (15), the NIMHANS neuropsychological battery for the elderly (16), the Spanish English Neuropsychological Assessment Scales (SENAS) (17), and the international harmonization standards proposed by the National Institute of Neurological Disorders and Stroke (NINDS) and the Canadian Stroke Network (CSN) (18, 19). However, except for the studies by 10/66 dementia research groups, majority have been conducted in the developed world.

A significant amount of variance has been detected in the prevalence rate of dementia in India, a country with a large and diverse population (6, 7, 20–25). Variability in sociodemographic factors; genetic, protective, and risk factors; and methodological factors could account for these differences. To unravel the complex nature of dementia, research priorities to examine such large variations in dementia detection should be set, particularly in LMICs (26).

Variability in dementia-screening instruments and the use of different diagnostic methods and criteria contribute significantly to regional variability in reported dementia prevalence. To accurately establish the incidence or prevalence rates of dementia that are comparable across diverse populations, it is crucial that diagnostic instruments are harmonized by developing standardized procedures that are sensitive toward linguistic, educational, and cultural variability in populations (3). Additionally, efforts should also be made to increase the availability and ease of accessibility of these diagnostic instruments across the societies that are limited in resources. Another major barrier to effective management is a delay in early detection and treatment due to the scarcity of skilled professionals. Training more personnel on standardized diagnostic tools will also be necessary for effective management. These challenges exist not only for the diagnosis, treatment, and care of dementia but also for a majority of other mental health conditions (27).

To overcome these major barriers, a multidisciplinary group of neurologists, neuropsychologists, speech and language pathologists, and experts from related fields collaborated on a project funded by the Indian Council of Medical Research (ICMR) (http://icmr.nic.in). The efforts put forth by the group focused upon development, adaption, and validation of a comprehensive cognitive and functional test, the ICMR-Neurocognitive Toolbox (ICMR-NCTB) protocol, in five Indian languages (Hindi, Bengali, Telugu, Kannada, and Malayalam) with sensitivity toward different literacy levels across India (28). This test battery was developed to screen and diagnose dementia and mild cognitive impairment in the early stages, across the country (29), and to be suitable for conducting global collaborative research in cognitive disorders (28). The ICMR-NCTB has been validated for the diagnosis of MCI in the Indian context and demonstrated a good sensitivity of 81.1% and specificity of 88.8% to diagnose all-cause MCI (29). The usefulness of the ICMR-NCTB to diagnose dementia in the context of India requires to be established (30). In the background of a high burden of dementia due to Alzheimer's disease (AD) and vascular dementia (VaD) in India, the present study aimed to determine the validity of the ICMR-NCTB for the diagnosis of dementia in the context of linguistic heterogeneity in India.



METHODS

The ICMR established a collaboration between six academic institutions representing different linguistic states of India to develop and validate a cognitive test battery, to diagnose dementia in a standardized manner. Six centers that participated in this study are (1) Nizam's Institute of Medical Sciences (NIMS), Hyderabad, for Telugu and Hindi (the coordinating center); (2) All India Institute of Medical Sciences (AIIMS), Delhi, for Hindi; (3) Sri Chitra Tirunal Institute of Medical Science and Technology (SCTIMST), Trivandrum, for Malayalam; (4) National Institute of Mental Health and Neurosciences (NIMHANS) and Manipal Hospital, Bangalore, for Kannada; (5) Jawaharlal Nehru Medical College, Belgaum, for Kannada; and (6) Apollo Gleneagles, Kolkata, for Bengali. A multidisciplinary expert group collaborated toward the development of the ICMR Neurocognitive Toolbox (ICMR-NCTB) in five Indian languages (Hindi, Bengali, Telugu, Kannada, and Malayalam), to standardize the diagnosis of dementia in India (28).

The adaptation and validation involved a systematic process that included a review of existing international and national efforts at standardizing dementia diagnosis to identify culturally appropriate tests for the Indian context, adaptation for its use in five Indian languages and for both literates and illiterates, and validation in a cohort of individuals with normal cognition, mild cognitive impairment, and dementia across the multiple centers. This process has been detailed in an earlier report (28).

The ICMR-NCTB consisted of a range of tests that evaluate the major cognitive domains: (a) tests of cognition for the various domains of attention-executive functions: Trail Making Test A & B (TMT A & B) (31) and Category Fluency (32); memory: Verbal Learning Test—Total Learning and Delayed Recall (VLT—TL & DR) (33) and Modified Taylor Complex Figure Test—Delayed Recall (MTCF—DR) (34); and language (Picture Naming Test-PNT) and visuospatial skills (Modified Taylor Complex Figure test—Copy); and (b) questionnaires on behavior and functional activities: Geriatric Depression Scale (GDS) (35), Instrumental Activities of Daily Living—Elderly (IADL-E) (36), Neuropsychiatric Inventory (NPI) (37), Informant Questionnaire on Cognitive Decline in Elderly (IQCODE) (38), and RAND Short Form Health Survey (RAND SF-36) (39). A uniform protocol for the diagnosis of normal cognition and dementia due to neurodegenerative diseases was followed in all five centers (28).

Patients were recruited from out-patient services of neurology, geriatric, and internal medicine clinics of the participating hospitals, and healthy controls were randomly drawn from senior citizen centers, community outreach services, and healthy relatives of patients in the clinics. The detailed demographic, cognitive, and medical history of participants was collected to determine the eligibility for participation. Participants who fulfilled the following inclusion criteria for healthy controls were recruited: individuals >40 years and consented to participate; individuals with no history of head injury, infections, stroke, and other neurological, systemic, medical, or psychiatric disorders that can cause cognitive impairment; and those with no significant hearing or visual impairments that could interfere with the testing. A standard and harmonized case record form was used to collect sociodemographic information and neurocognitive and functional data.

An experienced cognitive neurologist evaluated all subjects, and experienced psychologists administered the gold standard tests on all the participants. Participants without any subjective cognitive complaints and scored normally on Addenbrooke's Cognitive Examination-III (ACE-III), Clinical Dementia Rating (CDR), Rey Auditory Verbal Learning Test (RAVLT), and Color Trails Test (CTT) were considered as healthy controls (28, 29). Participants with dementia were diagnosed based on clinical evaluation and the presence of impaired cognitive functions, as indicated by their scores on ACE-III (40) and CDR (28, 41). The dementia diagnosis was done based on the standard DSM-IV criteria (42). Patients were further classified into dementia subtypes: AD was diagnosed in patients who fulfilled the NIA-AA criteria for probable and possible AD (43), vascular dementia was diagnosed in patients who fulfilled the NINDS-AIREN criteria (44), and FTD was diagnosed based on the criteria by Rascovsky et al. (45). Persons diagnosed to have MCI were excluded from this study. The diagnosis of MCI was made based on the modified Petersen criteria (46). The recruited participants were subsequently administered with the complete ICMR-NCTB by a team of psychologists and clinicians who were blind to the diagnosis. The research ethics committee of all the participating centers approved the study, and consent was obtained from all the participants and their family caregivers.


Statistical Analysis

To compare the demographic data and neuropsychological test scores of patients with dementia and controls, an independent sample t-test for normally distributed continuous data or Mann—Whitney U-test for non-normal data, χ2 tests or Fisher's exact tests for categorical data, and trend test for ordinal data were used as appropriate. The test scores were represented in mean and standard deviation except TMT A & B scores, which is represented in median and interquartile range due to variability in the scores in the dementia group. The external validity of the battery was determined by the receiver operating curve (ROC) using the area under the curve (AUC). The optimum cutoff scores were established with corresponding sensitivity and specificity levels. All statistical analyses were performed using SPSS Statistics for Windows, version 23.0.




RESULTS

A total of 1,141 participants were recruited that included 991 controls and 185 patients with dementia. After matching the groups for age, education, and gender, 354 participants (222 controls and 132 patients with dementia) were included for further analysis. The patients were diagnosed as Alzheimer's disease (AD), vascular dementia (VaD), and frontotemporal Dementia (FTD): AD−65, VaD−45, and FTD−22. The mean age of the healthy controls and patients with dementia was 65 years and 66 years, respectively. Participants were from both urban and rural backgrounds: 71% were controls and 77% of patients were urban dwellers. Out of 132 patients with dementia, 61 (46.30%) reported to have very mild dementia, 47 (35.60%) mild dementia, 18 (13.60%) moderate, and 6 (4.50%) severe on the Clinical Dementia Rating Scale (CDR). Because of the heterogeneity in demographic characteristics in the overall cohort, language-wise analysis was conducted (Hindi: controls−40, dementia−20; Bengali: controls−45, dementia−29; Telugu: controls−45, dementia−33; Kannada: controls−57, dementia−15; and Malayalam: controls−35, dementia−35). The demographic characteristics and cognitive test scores on ACE-III of healthy controls and patients with dementia are presented in Table 1. Both healthy controls and dementia patient groups were matched for age, education, and gender in all the language groups. Healthy controls performed significantly better on ACE-III than patients with dementia [t (330) = 18.87, p < 0.001) in all the five language groups.


Table 1. Demographic profile of Hindi, Bengali, Telugu, Kannada, and Malayalam speaking healthy controls and dementia.
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A significant difference in the mean (median) scores between healthy controls and patients with dementia was observed on all the tests of ICMR-NCTB (Table 2). Dementia patients took more time on TMT A & B and scored lower on category fluency than healthy controls in five Indian languages, which is indicative of significant impairment in their attention and executive functioning (TMT A—Hindi: U = 187, n = 45 p = 0.194; Bengali: U = 185, n = 72, p < 0.001; Telugu: U = 149.50, n = 65, p < 0.001; Kannada: U = 127.50, n = 47, p < 0.001; Malayalam: U = 166, n = 66, p < 0.001), TMT B—Hindi: U = 235, n = 45 p = 0.862; Bengali: U = 577, n = 70, p = 0.832; Telugu: U = 214.40, n = 61, p = 0.003; Kannada: U = 90.50, n = 43, p = 0.482; Malayalam: U = 143.50, n = 65, p < 0.001), and category fluency—Hindi: t (55) = 4.46, p < 0.001; Bengali: t (67) = 5.32, p < 0.001, Telugu: t (74) = 6.61, p < 0.001; Kannada: t (70) = 9.15, p < 0.001; Malayalam: t (68) = 9.09, p < 0.001). Similarly, patients with dementia performed poorly on PNT, VLT (total learning and delayed recall), and MTCF copy and delayed recall compared to healthy controls, suggesting difficulties in language, memory, and visuospatial abilities (PNT—Hindi: t (53) = 9.49, p < 0.001; Bengali: t (55) = 6.07, p < 0.001; Telugu: t (56) = 4.85, p < 0.001; Kannada: t (53) = 12.05, p < 0.001; Malayalam: t (68) = 6.68, p < 0.001), VLT (total learning and delayed recall)—Hindi: t (55) = 6.16, p < 0.001; Bengali: t (70) = 5.42, p < 0.001, Telugu: t (74) = 4.68, p < 0.001; Kannada: t (70) = 4.64, p < 0.001; Malayalam: t (68) = 7.69, p < 0.001), and MTCF copy and delayed recall (Hindi: t (45) = 5.04, p < 0.001; Bengali: t (51) = 10.29, p < 0.001, Telugu: t (76) = 5.23, p = 0.024; Kannada: t (39) = 5.46, p < 0.001; Malayalam: t (61) = 10.99, p < 0.001).


Table 2. ICMR-NCTB test scores of healthy controls and patients with dementia in Hindi, Bengali, Telugu, Kannada, and Malayalam.
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The ROC revealed that the majority of the ICMR-NCTB tests had good discriminating power in differentiating cognitively impaired participants from the normal healthy group across five languages (see Table 3) (TMT A: AUC: 0.79-0.99, CI: [0.69, 1.00]; TMT B: AUC: 0.74-0.98, CI: [0.60, 1.00]; Category Fluency Animal: AUC: 0.77-0.99, CI: [0.59, 1.00]; Verbal Learning Test Delayed Recall: AUC: 0.79-0.94, CI: [0.67, 0.99]; Verbal Learning Test Total Recall: AUC: 0.89-0.98, CI: [0.76, 1.00]; and Picture Naming Test: AUC: 0.81-1.00, CI: [0.69, 1.00]). The ROC analysis for the MTCF test could not be done due to small sample size, as individuals with <7 years of education and severe cases of dementia were not able to perform the task. The tests of ICMR-NCTB showed high sensitivity and the specificity at optimal cutoff scores, suggesting the ability of the tests to diagnose dementia in five Indian languages, namely, Hindi, Bengali, Telugu, Kannada, and Malayalam (Table 4; Figures 1, 2).


Table 3. Area under curves of ICMR-NCTB tests across five languages.
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Table 4. Optimal cutoff scores and the respective sensitivity and specificity of ICMR-NCTB tests for diagnosis of dementia across five languages.
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FIGURE 1. Receiver operating curve (ROC) of Trail Making Test (A and B) in diagnosing dementia across five languages.
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FIGURE 2. Receiver operating curve (ROC) of Category Fluency-Animal, Verbal Learning Test: Delayed Recall and Total Learning (VLT DR and VLT TL), and Picture Naming Test (PNT) in diagnosing dementia across five languages.




DISCUSSION

In the present study, we assessed the diagnostic accuracy of the tests included in the ICMR Neurocognitive Toolbox in detection of dementia, across five Indian languages (Hindi, Bengali, Telugu, Kannada, and Malayalam). The ICMR-NCTB in all the five Indian languages met standardized test requirements, which indicates that the test adaption and standardization were successful across languages. This study confirms the utility of majority of the tests included in the ICMR-NCTB as effective instruments for the diagnosis of dementia, particularly with a relatively high sensitivity and specificity in a linguistically diverse context. Overall, the ICMR-NCTB appears promising in terms of validity based upon standard criteria for evaluating a dementia diagnostic test in the Indian context (28, 47).

Dementia is one of the most important independent contributors to disability in elderly especially in low- to middle-income countries (LMICs) where the resources to diagnose and manage dementia are limited. While specialized services for dementia are increasingly available in high-income countries, such facilities are lacking in LMICs. In addition, primary care physicians in developing countries do not receive suitable training to diagnose dementia and its subtypes. The gap in the diagnosis of dementia is further widened by the cross-cultural differences in understanding dementia due to linguistic and educational diversity. Therefore, a valid test battery that can be applied by clinicians and neuropsychologists in diagnosing dementia is crucial in the linguistically and educationally diverse Indian context.

The development and validation of a comprehensive NCTB protocol for the diagnosis of dementia, harmonized in five different languages, was an important facet of this study. It was established by following a common methodology that was applied on a large cohort consisting of persons with diverse linguistic profiles, which enabled it to be effectively utilized to detect cognitive deficits in early stages of dementia and help in reducing the variability in clinical diagnosis in hospitals and clinics across India. The main finding in our study was that the tests included in the ICMR-NCTB were found to be sensitive and specific in the identification of dementia in LMICs in all of the five Indian languages.

The external validity of each individual test included in the ICMR-NCTB was determined by the receiver operating curve (ROC) using the area under curve (AUC), and optimum cutoff scores were established with corresponding sensitivity and specificity levels.

Our study showed that the Trail Making Test-A, a test of attention, included in the ICMR-NCTB accurately differentiated patients with dementia from healthy control participants with high sensitivity ranging from 71 to 93% and specificity ranging from 81 to 100% at the optimal cutoff points ranging from (>) 74 to 144 across the five Indian languages. Similarly, the Trail Making Test-B, a test of executive function, also accurately differentiated the patient group from healthy individuals with sensitivity and specificity ranging from 70 to 100% and 71to 89%, respectively, at optimal cutoff points ranging from (>) 180 to 298 across languages. Few moderate and severe patients with dementia were not able to complete the Trail Making Test due to the typical decline in attention and executive functions that are evident in the later stages of the disease (48).

Category fluency (animals) showed high sensitivity (86-100%) and specificity (74-98%) at optimal cutoff points ranging from 8 to 11, except in Bengali where the sensitivity of the category fluency task was moderate (66%) with good specificity (83%) at an optimal cutoff point of 11. This finding is in agreement with the verbal fluency test included in the Consortium to Establish a Registry for Alzheimer's Disease (CERAD) neuropsychological battery which showed higher sensitivity (75%) and specificity (74%) at an optimal cutoff point of <17 for the category fluency task (15). The lower category fluency cutoff score in the ICMR-NCTB compared to CERAD neuropsychological battery might be due to the inclusion of moderate and severe dementia patients. The NIMHANS Neuropsychological Battery for the Elderly demonstrated good discriminability for the animal fluency task (AUC = 0.99, 95% CI [0.96, 0.99]) (16) that was comparable to the discriminability findings of category fluency (AUC = 0.77-0.99, 95% CI [0.58, 1.00]) findings of our study.

The episodic memory tests of the ICMR-NCTB (verbal learning test—TL and verbal learning test—DR) accurately differentiated patients with dementia from the healthy control group, which is consistent with the criteria to diagnose majority of dementia subtypes including AD (49) that highlight episodic memory impairment in patients with dementia. The verbal learning test-DR showed high sensitivity and specificity ranging from 71 to 90% and 83 to 91%, respectively, with optimal cutoff points ranging from 2 to 3, and the verbal learning test-TL showed a sensitivity of 71-100% and specificity of 80-95% at optimal cutoff points ranging from 11 to 16. The high discriminability of the episodic memory tests of ICMR-NCTB compares well with the word list DR (sensitivity = 94%, specificity = 85%, cutoff = 5) and word list learning (sensitivity = 90%, specificity = 83%, cutoff = 17) of CERAD neuropsychological battery (15). The cutoff scores of verbal learning test are consistent with studies done in LMICs like Brazil. A Brazilian epidemiological study derived a cutoff score of 3 in the literate group and 1 in the illiterate group for delayed recall of a word list test from the CERAD neuropsychological battery (50). A different study from India also established a cutoff score of 3 for the delayed verbal memory test (33), from Kolkata cognitive screening battery, which is also consistent with our study. The word list-delayed recall (AUC = 0.99; 95% CI [0.97, 0.99]) of NIMHANS neuropsychological battery for the elderly revealed the highest discriminability (16), which is comparable with the verbal learning test DR (AUC = 0.79-0.94; 95% CI [0.67, 0.99]).

The Picture Naming Test included in the ICMR-NCTB showed high sensitivity (71-100%) and specificity (73-100%) at optimal cutoff points ranging from 69 to 81 (maximum score = 90), which compares favorably well with the naming test of CERAD neuropsychological battery with a sensitivity of 68% and specificity of 76% at an optimal cutoff point of 12 (maximum score = 15) (15).

The high sensitivity and specificity of the majority of the tests included in the ICMR-NCTB for diagnosing dementia favorably compares to that of other cognitive test batteries such as the Spanish and English Neuropsychological Assessment Scales (SENAS) (51) battery with 80% sensitivity and specificity for a combination of word list learning and object naming to diagnose dementia. The sensitivity of the diagnostic algorithm against clinically diagnosed dementia in the widely used 10/66 pilot samples was 94%, and the specificity was 97% in people with high education and 93% in individuals with low education (52), which is comparable with the sensitivity and specificity of the ICMR-NCTB tests.

Tests included in the NINDS-CSN battery include Animal Naming Test (ANT), Wechsler Adult Intelligence Scale (WAIS) digit symbol coding, Trail Making Test A & B, Boston Naming Test (BNT), Rey—Osterrieth Complex Figure Test (RCFT) copy, Verbal Learning Test-delayed recall, and RCFT-delayed recall (53), which is very similar to the range of tests included in the ICMR-NCTB. Z-scores were derived, and the external validity evaluated by AUC for the 60-min protocol of the NINDS-CSN battery was 0.88 [95% (CI), 0.81, 0.95]. Although a direct comparison of ICMR-NCTB with NINDS-CSN battery cannot be made, the AUC of ICMR-NCTB tests ranged from 0.73 to 1.00, which indicates a good discriminating power in diagnosing dementia, similar to NINDS-CSN battery.

An important feature of the study is that it is unique in comprehensively addressing the validity of each neuropsychological test included in the ICMR toolbox in a linguistically, educationally, and culturally heterogeneous population. A further strength of the ICMR-NCTB is that tests for all major cognitive domains of attention/executive function, language, memory, and visuospatial functions are incorporated and optimum cutoff points with corresponding sensitivity and specificity of various cognitive domains in five Indian languages are provided separately. This is crucial for the diagnosis of dementia subtypes: AD, VaD, and FTD that have characteristic cognitive profiles. While AD is a disorder of memory especially in the early stages (54), VaD is characterized by prominent executive dysfunction (55) and frontotemporal dementia syndromes present with language and/or executive function impairment (56). The advantage of inclusion of tests of all major cognitive domains in the ICMR-NCTB is reflected in the relatively high diagnostic sensitivity and specificity of majority of the cognitive domains in this dementia cohort consisting of multiple subtypes. While the study has established successful discriminability between dementia and controls across all tests, the most efficacious combination of measures discriminating healthy controls from patients with dementia is yet to be determined.

There were certain limitations identified. (i) The study was conducted in a literate population, and patients with dementia studied were relatively young. (ii) We had a relatively small sample in the Kannada dementia group which might be one of the reasons for the high sensitivity and specificity of ICMR-NCTB tests in Kannada. (iii) Differing proportions of dementia subtypes in our dementia cohort might have led to the differences in ages across dementia patients in five language groups. (iv) We did not have enough numbers for establishing diagnostic validity separately for subtypes of dementia. (v) For clinical and research generalizability, the test battery will need to be adapted to the illiterate group and in larger numbers in the future. (vi) The findings of the current study are applicable to dementia cohorts seen in memory clinics and specialized centers only as the study was conducted in academic medical centers. (vii) There was a variation in the cutoff scores across languages for the Modified Taylor Complex Figure test (MTCF) copy and delayed recall tests, as the sample size was not adequate due to the inability of the low-educated participants and advanced dementia patients to perform the test. Therefore, the MTCF test could not be validated in the current study and the tool might not be applicable for the low literate population in the Indian context. This is planned during the next phase of the study, in larger and more diverse clinical and community populations to further validate the ICMR-NCTB.

To conclude, we were successfully able to validate a cognitive test battery in five different languages that is harmonized culturally and linguistically to diagnose dementia in India. The high specificity and sensitivity of the tests included in the ICMR-NCTB highlight its ability to detect dementia across languages. Our study thus establishes a benchmark for dementia research in India and will prove to be an invaluable tool for clinical practice and for multicentric preventive and therapeutic research in a socio-linguistically diverse context.
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The concept of cognitive reserve –CR– postulates two forms that prevent cognitive impairment: neural reserve and neural compensation. Both have been primarily linked to the protective role played by genetic factors, educational level, occupation or socioeconomic status. Though it is true that it has been related to executive functions, so far very little attention has been paid to its predictive capacity with other variables more related to social cognition and psychosocial adaptation. Considering socially vulnerable contexts with reduced cultural capital and educational levels, the neural reserve function would be the most relevant and best predictor of aspects related to social cognition and executive functions. We suggest that variables such as fluid and crystallized intelligence influence social cognition and executive functions. This study included a sample of 27 participants over 60 years old from varied contexts of social vulnerability. The procedure included data collection using various cognitive measures. Results show that elderly people with high intelligence—mainly fluid intelligence—have better executive functions, emotional recognition and theory of mind. These results focus on cognitive reserve and its importance because they show that elderly people in vulnerable contexts who strengthen these aspects protect themselves against the deterioration of cognitive skills. This study is the first preliminary research to present a relationship between cognitive reserve and social cognition factors in elderly subjects. Fluid intelligence functions as a highly related factor to protect the performance of executive functions, along with other social-cognitive factors relevant to facilitating the conditions of social adaptation.
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INTRODUCTION

The concept of cognitive reserve –CR– (1, 2) involves two forms of protective actions. The first, known as the neural reserve, states that pre-existing brain networks that are more efficient or have a greater capacity may be less modifiable. On the other hand, it can operate as a neural compensation system where alternative networks can compensate for the disruption of pre-existing pathology networks. Thus, CR has mainly been linked to the protective role of education, occupation, or socio-economic status against cognitive impairment and very little attention has been paid to its moderating role, among other variables like social cognition, since it not only incorporates environmental aspects but also intrinsic body actions [concept differs "brain reserve capacity” - BRC - of (3)]. Epidemiological evidence suggests that individuals with higher fluid intelligence (FI), education, occupational level, or participation in leisure activities have a lower risk of developing Alzheimer's disease (AD) and other neurodegenerative diseases (2). According to the above, we wanted to know which of these components, considered part of the cognitive reserve, better predict social adaptation capabilities. So far, no studies are known to have tested this question. SC and EF refer to the quality of life in terms of social and relational activities, as well as the subjective well-being of an individual in a given context, which, in turn, is a crucial skill for proper development and adaptation in contexts of social vulnerability. This concept includes multiple dimensions such as social behavior, emotional regulation and the development of social habits (4, 5). Psychosocial functioning represents an ecological approach to everyday adaptation and cognitive contexts interrelating cognition and emotion (6). We suggest that variables such as fluid intelligence (FI) and crystallized intelligence (CrI), as part of CR, influence social cognition (SC), emotional recognition (ER), and executive functions (EF) in vulnerable contexts.


Some Aspects on Elderly Chileans and Vulnerable Contexts

Chile has 2.8 million people 60 years of age and older [16.2% of the total Chilean population; (7)]. According to the Chilean National Health Survey 2009–2010 (8), prevalence of cognitive impairment in this group was 10.4% and it rises rapidly with advancing age (12.8% for people 70–79 years old and 20.9% for 80 years and over). Moreover, this prevalence is much higher among older adults living in contexts of social and economic vulnerability and with low educational levels; 39% had some degree of disability. From a socioeconomic standpoint, 44% of disabled people in Chile belong to low socioeconomic sectors. Older adults account for 44.3% of disabled people, with a high percentage having low levels of education [69.6% according to (9)]. The same trend was seen in the educational level, where prevalence of cognitive impairment was 5.6 times higher among less educated adults than among those with higher educational levels (8). Disability to perform in daily life among the elderly has the same distribution by socioeconomic and educational levels; which means that the poorest and least educated have a higher prevalence of disability to perform in everyday life (9). There is also a high prevalence of depression in Chile (17.5% according to the latest National Health Survey ENS Chile from 2009 to 2010), especially so among older adults (10) in vulnerable conditions (11). This is relevant, given the association between depression and development of dementia (12), for example. Among diseases associated with cognitive impairment, in Chile Alzheimer's disease is the leading cause of dementia in older adults. Its incidence increases with age (1–2% of the people aged 60 years, 3–5% of people 70, in 15–20% of people 80 years and one-third or half of those over 85). Its clinical course generally begins with failures in recent memory and ends with total dependence (13). Chilean authorities consider factors such as low education and low levels of culture (low-income patients from vulnerable and rural contexts) to be social determinants of this kind of disease (14). Social vulnerability is understood as a set of social characteristics that put a group of people who live in contexts of lower economic resources and at high risk of falling into poverty in a situation of structural, material and personal inequality (15, 16). Typically, these populations have low cultural and educational capital, limited access to goods and services, lower quality of social benefits (health, education, housing), higher levels of social deprivation, more impoverished social environments, and unsafe neighborhoods, effectively lowering the quality of life of their inhabitants compared to the general population (17, 18). For example, it is known that environments of lower social capital or poverty are more likely to be exposed to higher toxins and pollutants, crime and traffic and have fewer chances to participate in physical activities, less access to healthy food, greater likelihood of living in chaotic homes, more violence and lower parental sensitivity (19). Thus, exposure to multiple stressors, that is, various risk factors, has greater side-effects on cognitive abilities than exposure to a single risk (20, 21).



Cognitive Reserve and Social Cognition as Associated Factors to Psychosocial Adaptation (PSA)

The term psychosocial adaptation (PSA) refers to quality of life in terms of social and relational activities. This concept includes multiple dimensions such as social behavior, emotional regulation, and the development of social habits (4, 5). PSA represents an ecological approach to everyday and cognitive-contextual adaptation, in which cognition and emotion are interrelated (6). Within PSA, social cognition (SC), fluid, and crystalized intelligence (FI; CrI) play a highly significant part, particularly in decision-making, emotional processing, and the way we relate to others (empathy and theory of mind). Research suggests that the prefrontal cortex plays a major role in such adaptability, given its involvement in the flexibility of behavior, executive functions (EF), FI and SC (22, 23). It should be noted that not all EF are related to FI (24–26). Similarly, SC tasks and FI (27, 28) or mental flexibility have been associated with this area (29, 30). Damage or alterations in the frontal lobe have direct implications on these functions, resulting mainly in maladaptive behaviors. SC includes the ability to make decisions, emotional processing, the ability to understand others' intentions and to develop in the social world (31). Studies in this line have shown that the social context exerts a profound influence on SC (32, 33). Meanwhile, FI has been defined as the ability to think logically and solve problems in new situations, regardless of the acquisition of knowledge. This reflects the ability to reason and think abstractly, in contrast to what is called crystallized intelligence (CrI) (34), which depends on cultural and academic learning. From a neuroanatomical viewpoint, FI has been associated with frontal lobe functions (27). Injuries in this area affect the performance of these cognitive abilities (28, 35) and studies that have measured FI with functional neuroimaging have shown activation of frontal areas (36, 37). FI has been linked as a protective factor for mental health, violent conditions and PSA (38). On the other hand, CrI is known as the ability to use skills, knowledge, and experience (39), relying on accessing information from long-term memory. As McGrew (40) establishes, it “is primarily a store of verbal or language-based declarative (knowing what) and procedural (knowing how) knowledge acquired through the investment of other abilities during formal and informal educational and general life experiences” (p. 5). According to this, CrI is indicated by a person's depth and breadth of general knowledge, vocabulary, and the ability to reason using words and numbers. As such it is also viewed as the product of educational and cultural experience in interaction with FI. One relevant element is that it changes with age (41, 42). For example, research on individuals over the age of 60 showed that many abilities indeed show average decline rates (43–45). Thus, given the description of SC, FI and CrI, this gains relevance as protective factors in aging, in addition to cognitive reserve (CR). In this sense, the CR can be defined as “differences in cognitive processes as a function of lifetime intellectual activities and other environmental factors that explain differential susceptibility to functional impairment in the presence of pathology or other neurological insult” [(46) p. 502]. CR acquires importance since it proposes two forms of protective actions (1, 2). Neural reserve refers to pre-existing brain networks that are more efficient or have a greater capacity but are less susceptible to change. It can also operate like an alternative neural network that compensates for the disruption of pre-existing pathology networks. Despite the fact that CR has mainly been linked to the protective role in everyday activities, as well in education, work, or socio-economic status against cognitive impairment (47), literature on SC shows that very little attention has been paid to its moderating role. It has even been suggested that there is no relationship (48, 49). This is interesting, considering that it incorporates environmental aspects as well as intrinsic body actions [concept differs “brain reserve capacity” (BRC) of (3)]. Epidemiological studies have shown that individuals with higher FI, educational and occupational levels or leisure-related activities have a lower risk of developing AD and other neurodegenerative diseases (2). In the same way, SC has been associated with positive outcomes in aging. On the one hand, factors such as positive life events and social support, have proven to influence and increase survival rates in patients with dementia compared to subjects living in poor conditions (50). Similarly, Fratiglioni et al. (51) have found that the construction of social networks with poor or limited support increased the risk of dementia by 60% and that there is a link between variables such as isolation, feelings of social isolation, educational level, among other lifestyles, that accelerate or delay the occurrence dementia (52, 53). These can be seen as protective factors, but with an active role (1) based on neural networks. On the other hand, evidence from epidemiological research suggests that higher FI, high educational and occupational levels (better jobs), being active in leisure activities or larger social networks, have a lower risk of developing, for example, Alzheimer's disease (AD) or dementia (54, 55). Therefore, we understand that people with better social adaptability, given their greater social cognition, will be more resistant to neurodegenerative diseases, either due to the existence of a more functional network or a larger brain capacity to involve alternative networks. There are known risks factors for neurodegenerative diseases such as genetic or medical conditions, other neurological pathologies, or brain injuries. Nevertheless, the role of social variables have been studied less formally and are less understood, especially considering only individual factors (56). One possible hypothesis about the relationship between CR and FI is that other protective social and cultural factors could modulate the adaptation process, benefiting from the social and cognitive conditions that people possess, such as social support and social networks, demographic aspects, educational level, among others. Although the concepts of CR, CrI and FI differ in important respects, they are complementary as opposed to competing. Accordingly, the study of social factors as predictors of the delay or acceleration of neurodegenerative diseases is essential and we sought to fill a gap in previous research by conducting a study to find the relationship between fluid intelligence (FI) and crystallized intelligence (CrI), and as complementary factor with cognitive reserve (CR), as well as their relationship to social cognition (SC), emotional recognition (ER) and executive function (EF) in older adults in socially vulnerable contexts. In addition, we want to go into greater depth and answer the question of which of these two types variables (FI or CrI) better predicts social adaptive capacity. We suggest that FI and CrI, are associated with aspects of SC, such as emotional recognition and theory of mind (ToM), in addition to EF; and could strength cognitive process that are crucial for CR. All these aspects could influence the processes of social adaptation and thus the possibility to the adjustment of the elderly in vulnerable contexts. CR is often estimated using proxy variables for lifetime exposures and cognitive activity: years of education, measures of crystallized intelligence, such as vocabulary or knowledge, literacy level, number of intellectually stimulating leisure activities, degree of occupational complexity, and socioeconomic status are all commonly used to create an estimate of CR (1). According to the above, FI and Crl are variables that we propose to use as a synthetic way to explain a broader construct of CR (since both variables are components of CR).




METHODS


Participants

All twenty-seven participants in this study were in healthy conditions, over 60 years old (M = 66.44, SD = 6.59; 55.6% male) and recruited from contexts of social vulnerability. Given that they come from contexts of high social risk (poverty and insecurity), they are participants who are very difficult access. They come from families currently participating in a Chilean Social Security Program—CSPP—implemented by the Chilean Ministry of Social Development. All participants signed an informed consent, following the protocol of the Declaration of Helsinki. Participation was voluntary, protecting participants' anonymity. The following exclusion criteria were considered: individuals with visual and/or hearing impairment that prevents them from performing the various tasks and measurements in the study; and a psychiatric or neurological background representing an impediment to the evaluation of the protocol, assessed in an initial interview.




MEASURES AND PROCEDURE

The procedure included direct telephone contact, with the help CSPP agencies, and data collection by members of the program, who had been previously trained in the measures taken. A house for neighborhood meetings (local area) was the setting for data collection and the interview considered a research assistant to complete the instruments. The study protocol included: Executive functions (EF), measured with INECO Frontal Screening –IFS- (57, 58), a brief tool that evaluates EF through different domains: programming tasks Motorboat; conflictual instructions, inhibitory verbal control, abstraction, back span of digits for working memory space, and Go / No Go testing. It is a very sensitive instrument and has been tested in patients with frontal and neuropsychiatric disorders and injuries. To measure Fluid and crystallized intelligence (FI and CrI), we used the Wechsler Adult Intelligence Scale III (WAIS-III) (59) and ran two subtests, progressive matrices and vocabulary. We obtained a total score for each subtest from each scale. The progressive matrices represent FI and from vocabulary test, we calculated CrI. Additionally, years of education also was used as a proxy for CrI (as a second variable) and Theory of Mind (ToM) was measured with Reading the Mind in the Eyes Test (60, 61). This battery evaluates ToM, through 28 pictures of faces of people where only the area around the eyes is visible;. Emotional recognition was tested with the Mini-Sea (62). This instrument is built around two subtests: (a) a facial emotion recognition test (from Ekman pictures; scored from 0 to 15) in which participants must identify which emotion is being expressed; and (b) a shortened version of the Faux Pas recognition test (63) to evaluate emotional recognition. Inhibitory verbal control was measured because it could be linked to emotional regulation and adaptation (64, 65). For that purpose, we used the Hayling Test (66), consisting in two parts: (a) concentrated attention, verbal initiation, processing speed and the strategy of a well-succeeded search for automated words; and (b) EF components, such as verbal inhibition and planning (the individual must inhibit the content of the sentence).


Statistical Analysis

We obtained descriptive statistics (central trend and dispersion measurements) and subsequently calculated Pearson's correlation coefficients to evaluate the independency between variables. A Kolgomorov-Smirnov Test was conducted to test for normal distribution. We worked with p level of <0.05 (two-tailed) to confirm bivariate correlations. In addition, we quantified the evidence to support the alternative hypothesis by computing a Bayes factor for the specific effect of crystallized and fluid intelligence on: (a) EF score; (b) total emotional recognition score; (c) ToM; and (d) inhibitory verbal control. Bayes factor analysis for each prediction will yield very strong evidence to support the alternative expected effect on main interest variables when BF10 > 30 and ≤ 100; strong when BF10 > 10 and ≤ 30; and moderate evidence if it is between BF10 > 3 and BF ≤ 10 [assuming a uniform distribution of priors; see (67, 68)].




RESULTS

Descriptive statistics are shown in Table 1, where one can see that almost all the scores for each test are above the median point of the maximum obtained for its scale (with de exception of inhibitory verbal control and CrI). In Figure 1, Cognitive reserve (CR) variables –FI and CrI—show associations with social and cognitive variables. The most important effect found was between FI and ToM (r = 0.56, p < 0.01; BF10 = 34.48, very strong evidence) and next with executive functions (r = 0.42, p < 0.05; BF10 = 4.59, moderate evidence), inhibitory verbal control (r = 0.42, p < 0.05; BF10 = 4.42, moderate evidence) and emotional recognition (r = 0.40, p < 0.05; BF10 = 3.25, moderate evidence). On the other hand, and taking the Bayes factor into account, only crystallized intelligence (vocabulary) was significantly associated with ToM (r = 0.51, p < 0.01; BF10 = 14.61, strong evidence) and executive functions (r = 0.42, p < 0.05; BF10 = 4.26, moderate evidence). On the other hand, it is known that fluid intelligence and age are variables typically that have been inversely associated (15, 41, 69, 70). Before age 50 ability such as processing speed, memory, and reasoning begins to decline (71). To control the effect of the age, we calculate partial correlation for each variable of the interest, adjusting for age. Outcomes show that all correlations remained statistically significant (one-tailed): FI – FE, r = 0.41, p = 0.019; FI – ToM, r = 0.56, p = 0.001; FI – Emotional recognition, r = 0.35, p = 0.043; and inhibitory verbal control, r = −0.40, p = 0.021.


Table 1. Mean, standard deviations, median and minimum-maximum for each interest variable.
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FIGURE 1. Regression lineal, Pearson's r and Bayesian factor between crystallized and fluid intelligence on interest variables. Very strong evidence between fluid intelligence and ToM; moderate evidence with executive functions, inhibitory verbal control and emotional recognition; strong evidence between crystallized intelligence (vocabulary) and ToM; moderate evidence between crystallized intelligence (vocabulary) and executive functions; *p < 0.05; **p < 0.01.




CONCLUSION AND FUTURE DIRECTIONS

This study shows that elderly individuals living in vulnerable contexts in Chile and with high intelligence -mainly fluid intelligence- have better executive functions, emotional recognition and theory of mind (ToM). This is the first preliminary research to present a relationship between cognitive reserve (CR), social cognition (SC) and executive function (EF) in elderly subjects who live in vulnerable contexts. As seen in the results, FI functions as a factor highly related to the improvement of EF shown by the subjects measured, along with other SC factors relevant in the probability of enhanced psychosocial adaptation (PSA). These results focus on cognitive reserve (IF and CrI connected to SC) and their possible protective effects in vulnerable contexts. We can say that older people in vulnerable contexts who strengthen these aspects (through CR) protect the deterioration of some cognitive and social abilities (72–74). Social interactions that promote the resolution of everyday situations (that is, FI) allow the brain to continue with the demands it has become accustomed to since birth. The exercise of cognitive aspects and the use of cognitive functions such as attention, memory and planning to solve day-to-day dilemmas function as protective factors in vulnerable contexts. This could also be because these contexts present multiple challenges that are approached from social and cognitive abilities and which generate greater social adaptation. Furthermore, social contact skills are essential for collaborative work and the joint construction of learning (75). Elderly people who adapt and continue learning use CR as a key element. This study invites us to review social and health policies regarding the promotion of programs for the elderly that favor autonomy and continuity in decision-making by the elderly. Activities that favor the continuity of establishing relationships with others, which allow elderly people to face the resolution of daily dilemmas, seem to be key and should be informed to those health professionals who attend to them.

Further studies that relate cultural and social factors associated with neurodegenerative diseases are needed, but not just as mere descriptors. On the other hand, SC should be increasingly considered in research on neurodegenerative diseases, not only as a potential early marker, but also as a key factor to understanding how it can moderate and slow the disease manifests itself on a day-to-day basis. Fluid intelligence must be revealed in its protective role, especially from its educational potential, in the sense that learning instances in the elderly should be highly promoted. The same way, SC and EF appear to be relevant factors to improving adaptive capacities, particularly in vulnerable contexts. There is a need to methodologically bridge the study of PSA skills between external individual characteristics (social and cultural factors) and internal (genetic or hereditary predisposition) based on the concept of “CR,” upon an active (neural networks) point of view.

Regarding the limitations of the present study, we can mention the small sample and the need for additional measurements to evaluate social adaptation. However, given the difficulty of access, and despite the small number of participants, it was still possible to robustly demonstrate the expected effects. In favor of this argument, other research types have been published with sample sizes similar to the present study (76–78). On the other hand, social adaptation was also considered through the protocol study that considered inclusion criteria associated with a population normally adapted to daily life.

In conclusion, this study has researched the positive effectiveness that CR has on SC and EF from an ecological perspective. Our results show that FI is the most relevant variable for predicting how elderly people adapt and function in their social environments.
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Objectives: Dementia poses one of the greatest global health challenges, affecting 50 million people worldwide. With 10 million new cases each year, dementia is a growing burden, particularly in low- and middle-income countries (LMIC). This study aimed to identify the facilitators and barriers to providing quality dementia assessment and care in LMICs from a global health perspective.

Methods/Design: A qualitative semi-structured interview study with 20 dementia expert healthcare providers from 19 countries. To be included, providers had to: practice dementia assessment or care in LMICs where the population over age 60 is projected to more than double by 2050 and be recognized as a leading dementia expert in the region based on position, research publications, and/or policy leadership. Interviews were analyzed by a multidisciplinary team of researchers using thematic analysis.

Results: Barriers to dementia assessment and care included stigma about dementia, poor patient engagement in and access to healthcare, inadequate linguistic and cultural validation, limited dementia capable workforce, competing healthcare system priorities, and insufficient health financing. Facilitators included the rise in dementia awareness campaigns, dementia training for general practitioners, availability of family support and family caregivers, and national and international collaborations including coordinated policy efforts and involvement in international research initiatives.

Conclusions: Findings from this study provide insights for prioritizing dementia assessment and care capacity-building in LMICs as a global health priority and for tailored public health approaches to strengthen dementia assessment and care at the individual, community, national, and multi-national levels.

Keywords: dementia, global health, dementia experts, qualitative study, cognitive assessment


KEY POINTS

• This study used qualitative semi-structured interviews to understand and characterize the assessment and care of dementia in low- and middle-income countries from the perspective of expert healthcare providers and leaders in dementia research and policy.

• We identified four major thematic domains, and within these domains characterized facilitators and barriers based on a social-ecological model of health.

• While much of the literature focuses on dementia care in high-income countries, these findings demonstrate the challenges and strengths that exist to dementia assessment and care from the perspective of dementia experts from a broader global view.

• Based on these findings, we provide recommendations using a social-ecological model for taking a tailored public health approach to strengthening dementia care at the individual, community, national, and policy levels.



INTRODUCTION

Dementia is a costly disease impacting patients, families, and societies, and is a major and growing global health challenge due to population aging. In 2015, Alzheimer's Disease International (ADI) reported that there were over 9.9 million new cases of dementia each year worldwide, implying one new case every 3.2 seconds (1). Of these cases, 58% of lived in LMIC, and this is expected to rise to 68% in 2050 due to changing demographics and healthcare infrastructure (1, 2). These countries are expected to face major challenges to ensure that their health and social systems are prepared to meet the increasing dementia care needs associated with this demographic shift.

Research has demonstrated that people with dementia and their caregivers are not receiving services of the type and quality that they need and there are wide variations in detecting dementia globally (3). Pragmatic, realistic strategies and policies that address key facilitators and barriers to quality dementia care are crucially needed (4, 5). Within the countries experiencing the most rapid growth in the aging population, dementia care experts who are providing clinical services on the ground as well as leading research and policy initiatives could provide a critical perspective to inform the development of National Dementia Plans and brain health diplomacy initiatives (6).

The purpose of this study was to identify facilitators and barriers to meeting dementia care needs that are common across countries experiencing a rapid increase in the aging population. Our approach was to collect insights from in-depth interviews with leading regional dementia experts who are working to address gaps in dementia care through their clinical work, research, and/or policy work. Knowledge gained in these expert interviews may offer insight for developing national and international strategies and interventions.


Social-Ecological Model

The social-ecological model is a framework that suggests people's experiences are shaped by interactions among individual, interpersonal, institutional, community, and policy factors (7). Following analysis of our data, we identified the social-ecological model as an approach to organizing our findings, as it can be used to provide a way of understanding how both social and structural factors shape dementia assessment and care approaches in global health settings. A social-ecological model has been used in prior studies to understand attitudes about dementia, access to dementia care, and dementia awareness (8–10). The model is dynamic in that some findings may fall into more than one category. We demonstrate ways components of the model can collectively guide efforts to improve dementia care globally by either developing new interventions or building on strengths and approaches that already exist.




METHODS


Design

We conducted a qualitative study based on interviews with dementia experts from different regions of the world, focused primarily on those in LMICs. Interviewers from our multidisciplinary team had expertise in global health, social science, neurology, and neuropsychology. Interviewers were trained as part of their Global Brain Health Institute fellowship by the first author, a medical anthropologist with 15 years of qualitative research experience. The study was conducted in accordance with the Consolidated Criteria for Reporting Qualitative Research (COREQ) reporting guidelines (Supplementary Materials, Appendix 1).



Participants and Setting

We selected experts in dementia diagnosis and care using purposeful sampling (11), which involved identifying and interviewing individuals who are knowledgeable about dementia. Inclusion criteria were: (1) dementia experts in countries with projected growth of the population aged 60 years or older of over 100% between 2017 and 2050 based on United Nations Department of Economic and Social Affairs Population Division estimates (12); (2) established expertise in dementia diagnosis and care, including the following disciplines: geriatric medicine, geriatric psychiatry, neurology, neuropsychology, and psychiatry; (3) currently involved in clinical practice and training; and (4) recognition as a leading national dementia expert based on role, publications, and/or policy leadership. We first identified a list of possible participants based on recommendations from professional networks, local Alzheimer's Associations, and multi-national studies. We then contacted experts by email to invite them to participate in the study. We contacted a total of 26 experts and 20 responded and agreed to participate. We conducted interviews from August 2019 through November 2020. All participants provided oral informed consent. This study was approved by the Institutional Review Board at the University of California, San Francisco.



Data Collection

Our multidisciplinary team developed a pre-interview survey (Supplementary materials, Appendix 2) and a semi-structured interview guide (Supplementary materials, Appendix 3). Study instruments were reviewed by the team, and then piloted with a neurologist. The interview covered the following domains: (1) expert and national context; (2) process for diagnosing dementia; (3) facilitators and barriers to dementia diagnosis and care; (4) needs to improve dementia diagnosis and care. While the interview guide included structured questions, the interviews were open-ended, meaning that interviewers were able to ask follow-up questions, request examples, and expand on topics as long as all key domains of the interview guide were covered. Once an expert was identified, we sent the survey via a password-protected online platform and scheduled an interview. Interviews were conducted in English or the expert's native language, based on their preference, by trained researchers (AS, ET, SE, MP-C, SK, TA-R, LM-M, MdO, MlCP, SZ, AM, and HI) via secure videoconferencing, and lasted approximately 1 h. They were digitally recorded and transcribed. If the interview was not conducted in English, it was translated for analysis.



Data Analysis

We used inductive and deductive thematic analysis to analyze the data and identify key themes through an iterative process using ATLAS.ti. A team of 3–5 coders inductively coded 5/20 transcripts, meeting regularly to review the codes. We discussed and resolved discrepancies in coding and developed a codebook based on consensus. The codebook was reviewed by the first, second, and senior authors. The first author then used this codebook to code the remaining transcripts (15/20). When new codes emerged, they were reviewed by the team during regular meetings and added to the codebook. Disagreements were discussed and resolved. We reached thematic saturation when no new codes emerged, though we continued to code all transcripts. The team then identified themes based on the codes and themes were deductively organized based on the social-ecological framework, our overarching theoretical model. We reviewed the data for each theme and identified the most illustrative quotations to incorporate into the manuscript and tables.




RESULTS


Participants

We provide characteristics of the 19 countries represented by our 20 research participants in Table 1 and demographic and practice characteristics of our sample in Table 2. Ten participants were neurologists, four were neuropsychologists, three were geriatricians, two were psychiatrists, and one was a geriatric psychiatrist.


Table 1. Characteristics of the 19 countries represented by experts in the studya.
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Table 2. Participant demographics and practice characteristics.
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Barriers and Facilitators According to a Social Ecological Model Framework

Respondents identified key barriers and facilitators to dementia assessment and care (Figure 1, Tables 3 and 4). We present these by Social-Ecological (SE) factor. For each barrier and facilitator we provide a description of the theme and one or two exemplary quotations in the text. Additional quotations from a range of participants are presented in the tables. We found more agreement among experts around barriers to dementia diagnosis than we did around facilitators, but indicate in the text when a topic raised was a major theme endorsed by many participants or a minor theme endorsed by fewer participants.


[image: Figure 1]
FIGURE 1. Social ecological model of health.



Table 3. Barriers to dementia assessment and care.
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Table 4. Facilitators to dementia assessment and care.
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Barriers
 
Individual and Interpersonal Factors
 
Theme 1: Stigma and Lack of Awareness and Knowledge About Dementia

Every respondent reported major challenges related to either stigma or a lack of knowledge and awareness about dementia in the general population. Some of the issues related to awareness that they identified included seeing dementia as part of normal aging, denial of the disease, and ageism. Many felt that more education would remedy this lack of awareness. For a few participants, stigma emerged in relationship to cultural beliefs about cognitive impairment, such as beliefs about symptoms of dementia being connected to witchcraft. The issue of stigma and awareness was exemplified by a geriatrician from Latin America who discussed the relationship between stigma and discrimination,

Geriatrician, Latin America: One of the main barriers is that there is stigma in this country. When families find out that their loved one is sick, they do not make it public…discrimination toward people with brain diseases is a serious cultural problem.

Furthermore, while most experts referred to stigma when talking about the general population, representing a major theme, some also noted that there was a lack of awareness about dementia among clinicians, as well, particularly general practitioners. For those that identified this theme among clinicians, the sense of stigma and lack of awareness involved clinicians avoiding fields that focus on dementia, lack of expertise, lack of time or ability to gain expertise, or disinterest. Those that identified this issue related to awareness felt that lack of awareness created barriers to good dementia care.

A geriatrician in Africa articulated this challenge of lack of awareness among healthcare providers.

Geriatrician, Africa: Healthcare providers…are still not interested to know how to diagnose. They are interested to know about [dementia]. They think it is the hot topic they cannot touch. We need to remove this stigma from the healthcare providers themselves.



Theme 2: Late Presentation

Another prominent theme identified in the majority of interviews was the issue of late presentation, where patients show up at the doctor when they already have severe dementia and when it is more challenging to address their needs. In some interviews, late presentation was connected to lack of awareness, while in others, the experts discussed issues such as access to care or the lack of expertise among general practitioners to diagnose dementia until later stages in the disease. In an example where late presentation was connected to a lack of awareness, a neurologist in our study explained.

Neurologist, Africa: By the time patients present, it's rather late…by the time people come, they are often moderately advanced to advanced. There are some problems with that because people have lost the ability now to, say, for example, execute a will.




Organizational and Institutional Factors
 
Theme 3: Competing Health System Priorities

At the organizational and institutional levels, nearly all experts noted the challenge of competing health systems priorities. Some examples provided of competing priorities included the health of younger people or pregnant women. Others suggested that dementia was not a priority because of a focus on infectious and other treatable diseases. In these discussions of competing priorities, many participants noted that these other health issues often take precedent over the aging population, which some explained shaped decisions about resource allocation. Two experts in our study exemplified these challenges:

Psychiatrist, Latin America: In our country these needs are not a priority because there are the needs of children, of pregnant women. There is still no clear recognition of all the emergent needs that we are facing with the population's aging…there are other problems that are a priority, like extreme poverty. When people are worried about what will they have to eat that day, or what their children are going to eat, they do not prioritize memory issues.

Neurologist, Asia: We are grappling with infections and we are grappling with so many other treatable problems that probably dementia would be marginalized when it comes to healthcare.



Theme 4: Limited Dementia Capable Workforce

Many of the challenges raised by participants in our study centered around the healthcare workforce. Respondents from every region noted limited personnel and human resources required to address dementia diagnosis and care, including lack of neuropsychologists and neurologists. Some articulated this issue by providing an estimate of number of neurologists available across the entire population. A psychiatrist articulated a theme that was echoed by many of the experts in our study,

Psychiatrist, Asia: There are practically no specialists who work in this area….there is no prestige in working with dementia, there are no gerontologists in the whole country…in [[largest medical school in the country]] the topic of dementia gets 2 h of teaching.

Most participants also noted a need for more training focused on dementia, especially among general practitioners. Some respondents felt that working in dementia was not a popular choice for clinicians in their setting, which is related to the issues above regarding awareness and stigma among healthcare personnel, while another expert related this to concerns about lack of prestige for those who choose to work with the aging population.




Community Factors
 
Theme 5: Social Determinants of Health

At the community level, barriers identified fell within a framework of social determinants of health, such as lack of access to healthcare and geographic, socioeconomic and educational disparities. Access issues most participants raised included both lack of access and differential access to dementia-specific healthcare. Reasons that emerged across interviews included cost and lack of specialists, as noted above. Nearly every expert reported geographic differences between rural and urban areas, or differential access based on public vs. private healthcare systems. A neurologist illustrated this issue of both urban and rural differences, as well as access to specialty hospitals.

Neurologist, Middle East: Half of the country is in the cities, and the other half are living like [[Bedouins]] and all that, so they're living in the rural areas. They have access to primary care, but not more than that, not secondary or tertiary hospitals.??

Related to dementia specialty care, some experts identified a lack of access to key tools needed to do a diagnostic workup. These included lack of access to neuroimaging, cognitive assessment tools, imaging, and biomarker testing, with most experts reporting a lack of standardized approach to dementia care.

Neurologist, Europe: If you are lucky you will have access to a center that has a memory clinic. The majority of patients do not get this type of attention.

Others noted disparities due to socioeconomic, and educational factors, which included inadequate testing and validation in patients' languages and cultures. For example,

Neuropsychologist, Latin America: For the population that has very low socioeconomic conditions...accessing a specialized diagnosis, like the one we do here in our fourth level hospital, is very difficult. They do not come easily, almost never…the way we diagnose, it does not include illiterate patients. Those with low education do not come to our center.




Public Policy Factors
 
Theme 5: Lack of Policies and Healthcare Financing Emphasizing Dementia

Finally, at the public policy level, most experts identified lack of policy and healthcare financing as significant barriers, particularly regarding implementing new plans. Some experts discussed the lack of financing for training in specialties related to dementia, while others focused on the cost of care or the lack of financing for research related to dementia. In some cases, policies and plans existed on paper with no plan for implementation, as exemplified by a neurologist:

Neurologist, Africa: We have a National Dementia Plan, but, for its implementation, resources and stakeholder support is needed. We need bigger and more global efforts.




Facilitators
 
Individual and Interpersonal Factors
 

Theme 1: Social and Cultural Infrastructure Around Caring for Older Adults and Those With Dementia

Some participants noted strengths of the social and cultural systems in their countries, for example, respect for the elderly, or availability of caregivers and family networks to support people with dementia, though these strengths were not identified by the majority of participants. In some cases they connected the lack of a public care infrastructure with the need for families to be so involved, while in others they spoke of the culture of caring for older adults. A neurologist explained the role of the family structure as a strength in dementia care,

Neurologist, Asia: One thing which is very, very strong in our sector is that our family structure helps us in the management post-diagnosis...we don't have dementia care centers...our dementia care system is the center of the patient's home.




Organizational and Institutional Factors
 
Theme 2: Increase in Diagnostic Abilities

There was wide variation across sites in what is included in the diagnostic workup, which has been explored in a previous paper by our group (16). For a few experts, this involved adopting new guidelines and standardized protocols for diagnostic assessment. Others referred directly to new diagnostic tests in use, the availability of neuropsychological testing, and new technology available such as MRI machines or biomarker testing. One neurologist exemplified these changes,

Neurologist, Europe: Now we have at the hospital a Lumipulse machine and the cerebrospinal fluid biomarker determination is…routinely tested at the hospital. Before, the cost of this biomarkers had to be covered by research. Now, they are covered by the national health care system.



Theme 3: New Personnel Training Initiatives

Related to the above theme, in many of the discussions about the increase in diagnostic abilities, the experts connected these abilities to the more recent increase in personnel able to conduct diagnostic assessments, such as neuropsychologists. In some settings, new training programs were developed to build capacity. Some noted an increase in providers able to do dementia diagnosis over the last 5–10 years. Many of these initiatives were enabling better use of cognitive tests and increased training in dementia.

Neurologist, Latin America: The fact is that in the past there were not even dementia classes in the medical course… today geriatrics has a course in dementia, psychiatry has a course in dementia and in universities there is a course in dementia...It increases visibility…this I think is positive…it is giving more importance to the theme.




Community Factors
 
Theme 4: Increased Community Engagement

Some interview participants noted an increase in community engagement around caring for the elderly and specifically around those with cognitive impairment. Those that articulated this theme shared ways in which members of the community were getting involved to increase community engagement, for example, by participating in creating a dementia care plan, increasing awareness about dementia through neighborhood participation, or becoming involved in implementing assessments. A neurologist explained,

Neurologist, Asia: We are trying to include more people that are in the community into the dementia care plan. So, once this chief in the village should be included when we try to discuss policy to try to increase dementia awareness.

A geriatrician in our study explained the way former caregivers of people with Alzheimer's disease were getting involved in his setting by learning by volunteering and learning how to implement cognitive tests:

Geriatrician, Latin America: We also have other kind of volunteers that are not professionals. They have been caregivers of patients with Alzheimer. We have a very solid group of people whose parents passed away and are now volunteering to teach other caregivers how to take care of patients. At the same time, they are receiving training on how to detect Alzheimer. We have provided them all with a training that I call ABC. This is basic training in which they learn to administer the Minimental or the mini cognitive tests. They can administer them in their neighborhoods, in their families or in their communities. When we make the detection campaigns, they come with us.




Public Policy Factors
 
Theme 5: Rise in Dementia Awareness and Awareness Campaigns

Most respondents noted that there have been changes in awareness over the last 10 years even amidst an atmosphere of stigma around the disease. For example, many participants reported an increase in awareness campaigns and media initiatives. A few reported the increase in awareness among healthcare personnel, for example, primary care physicians who were more aware of when to refer patients, or the development of memory care sites that could accept referrals.

Geriatrician, Latin America: Media is covering this topic. Five years ago, they did not. I think that within the millennium development objectives, the benefit that has been obtained is that the [country's] population is more aware about the disease. People know a little more about alarm symptoms and would be willing to [go] to a center that offers them help.

Others noted the increase in awareness at the population level, which is connected to the theme discussed above about the increase in community engagement.

Psychiatrist, Asia: Normalization used to be the case in the past. Like, in the 90s, everyone used to think that forgetfulness is a part of normal aging, it is expected. But now, particularly in [[region of country]], there are increasing social efforts about awareness of dementia, with the help of primary care physicians, psychiatrists, and neurologists; so other medical professionals are largely aware of what dementia is.



Theme 6: National and International Collaborations

Some experts in our study suggested that there has been an increase in both national and international collaborations around dementia. While these collaboration took different forms depending on the country, some examples that participants provided included coordinated policy efforts, involvement in international research initiatives, international training, and new policy initiatives. Some examples of the approaches to building collaborations both nationally or internationally included the creation of national dementia plans, collaborations with associations or NGOs, international research consortiums, and national health surveys.






DISCUSSION

In this study, we identified facilitators and barriers to dementia assessment and care based on the experiences of dementia experts in global health settings. Prior global health studies in dementia have focused on the epidemiology of dementia (1), emphasizing identifying disease frequencies across regions, and have looked at risk factors such as education, socioeconomic status, and access to healthcare (17). Other work has focused on cognitive testing, and its cultural or linguistic applicability (16, 18). Our findings are confirmatory of many issues raised in prior studies, including the 2021 World Alzheimer's Report (19). These include challenges such as limited access to healthcare resources, including lack of clinicians, the limited primary care infrastructure, and the need for more clinicians skilled in dementia diagnosis; challenges doing diagnostic testing in populations with low education; cultural factors; the role of comorbid conditions; and costs of doing dementia diagnosis. However, we also note that our qualitative approach to interviewing dementia experts in the global health context is unique, and using their voices to illustrate previously-identified issues provide more nuance and gives voice to the on-the-ground perspectives. Furthermore, while other studies have looked primarily at challenges and barriers, we also present facilitators and strengths that emerged in our interviews, though others have noted similar opportunities as we found, such as improving medical education and the need to build more public awareness. Our study used a qualitative approach to gain the global perspective of experts who are on-the-ground in health systems.

In 2013, the G8 summit committed to focus on dementia as a global health priority, and emphasized the importance of a multi-sectorial approach to addressing dementia, particularly in LMICs. Our findings identify challenges that cross multiple sectors, while strengths identified indicate a multi-sectorial approach to addressing the challenge of dementia. We identified the following key areas based on our results: (1) raising dementia awareness while building on social and cultural strengths; (2) building dementia care workforce capacity across the health system, including generalists, given disparities in access to specialty care; and (3) building and strengthening international collaborations to support the integration of new tools, policies, and approaches to address gaps in dementia assessment and care.


Raising Dementia Awareness While Building on Social and Cultural Strengths

Awareness (17, 20, 21), knowledge (22), and stigma are commonly cited barriers to dementia prevention, treatment, and care in the global health context (17, 23, 24). Findings from our study also reinforced these challenges. We similarly identified the need for more dementia awareness to address issues around stigma or seeing dementia as part of normal aging (21) that may result in late presentation, as many research participants suggested. However, we also identified social and cultural strengths, such as approaches to caring for older adults and ways that cultural leaders have been engaged, that may provide a foundation for more effective community-based work building dementia awareness. Supporting this approach, previous work in both epidemiological and clinical research has emphasized the importance of recognizing diversity in sociocultural factors across cultures and societies, and how these shape people's understanding of dementia and prevention and care management interventions (20). Tailored interventions that center the experiences and voices of local communities as well as geopolitical and social contexts are needed to develop awareness and produce a more targeted response in LMICs (9, 25).

Furthermore, we found that the need for dementia awareness extended to generalist healthcare providers. Focusing awareness campaigns on non-expert healthcare personnel is an important next step for improving dementia care globally. However, we also found that experts did identify improvements in dementia awareness over the last 10 years, offering examples of new educational campaigns, media approaches, and community outreach that set the stage for building more widespread understanding of dementia.



Building Dementia Care Workforce Capacity Across the Health System, Including Generalists, Given Disparities in Access to Care

In our study, most participants identified the need for a more robust dementia care workforce and reported challenges that exist around lack of training and capacity to diagnose and care for people with dementia. Although much of the literature on the dementia care workforce focuses on HICs (26), recent work has discussed the need for “task shifting” in the global health setting- the concept of moving dementia-related tasks from expert health providers to health workers with less training, such as community health workers (27, 28). These types of workforce solutions can help to address the need for dementia capable providers (13). Furthermore, much work has emphasized the role of primary care providers in dementia care in HICs, including the barriers faced as well as attitudes about dementia care (14, 15, 29, 30). Given the disparities we identified in access to specialty care, building dementia care capacity among generalist clinicians may improve dementia care more broadly in LMICs. Emphasis is needed on incentives to bring generalists the education and training they need to do dementia-capable work with patients (31). Finally, challenges around training go hand-in-hand with the need for feasible dementia assessment tools (16). Work is needed to develop the healthcare infrastructure related to dementia assessment tools that can be easily used and interpreted by generalists (16).

Building and strengthening international collaborations to support the integration of new approaches, tools, and policies to improve dementia assessment and care globally.

Experts in our study noted deficiencies in national policies around dementia. However, many also identified the development of international collaborations as a strength that can be built on. International collaborations and global coordination is important both for inclusiveness in research to ensure representative research cohorts, as well as to address the unequal impact of dementia across the globe (32). A key example is Alzheimer's Disease International's coordination of the development of national dementia care plans and writing annual reports about dementia in LMIC. Other international consortiums are also working to set research priorities, improve diagnosis and care, and both address and record global challenges related to dementia care (2).



Limitations

This study has several limitations. (1) We were unable to sample from all LMICs meeting the inclusion criteria, though we had regional representation. (2) We relied on interviews with one to two neurology experts from each country sampled, and therefore cannot generalize these results. More work and a larger sample are needed. (3) Participants in our study were not asked specifically about the different levels of the social ecological model, as the model was used as a way to organize inductive findings of our exploratory study. It is possible the experts would have identified additional barriers an facilitators if the interview had been conducted in a systematic way using this model. (4) We limited our interview to dementia experts, though we asked about challenges in non-expert settings. Future work is needed with broader representation of generalists, community health workers, and other informants in these settings to identify whether their perceptions are consistent with expert perspectives and to identify additional facilitators and barriers. (5) Finally, this study was not designed to compare and contrast differences across countries, and particularly did not look at differences between MIC and LICs. Future work would sample from more LICs and conduct a comparative analysis.



Future Directions

Findings from this study provide insights for prioritizing dementia assessment and care capacity-building in LMICs as a global health priority. We also identified ways that tailored public health approaches can strengthen dementia assessment and care at the individual, community, national, and multi-national levels.
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Exemplary Quotes

* Neurologist, Asia: So | think in most areas, [the] care model is a bit like as a
family unit, meaning that ~ one thing to note that in Taiwan, almost 90 percent of
our patients are never institutionalized during the dementia disease process. It's a
very stigmatic thing regarded as the son and daughter failed the parents...in a more
rural area, they might take care as a village...the whole village, all the elders that are
healthy would take care of the elders that are less healthy, or the vilage would take
care of them. So you do not own a particular elder - you own every elder.

o Psychiatrist, Africa: What | can say is working well s care because of the
sculpture of our family system. You know, we tend to care for our own, so we tend
to do — you know, if your grandmother has dementia or your great aunt has
dermentia, chances are that they will never go without care because we care for our
own at home. So, I think that's the good thing.

* Geriatrician, Asia: 20 years ago, physicians who went oversea came back to
adapt and validate various cognitive tests in [Asian country] versions. Most work
were confined in specialized fields [lke neurology). Even among neurologists or
psychiatrists, there were a few who took interest in dementia. Ten years ago, people
grew more interested in dementia. There have been more tests and research which
combine clinical and biomarkers such as CSF biomarker, PET Scan. The past 5
years, | feel that cognitive assessment moved to a larger circle of medicine. It is
talked about and put in the undergraduate curriculum. Family physicians talk about
t. Other disciplines also cares more about it. [The ministry] supports public screen
program and referral track. Systems are linked and have become more supportive.

« Neurologist, Middle East: The number of physician neurologists were less than
10 five years ago. Now we are about 60, so that's a big improvement. Now, patients
are getting much more accessibility to neurologists. They did not have that luxury
before.

* Neurogeriatrician, South America: In these last 5 years, more trained
neuropsychology professionals have arrived. Now there is more knowledge of the
tests.

* Geriatrician, Asia: 20 years ago...most work [was] confined in specialized field
like neurology. Even among neurologists or psychiatrsts, there were a few who
took interest in dementia. 10 years ago, people grew more interest in dementia.
There have been more tests and research...the past 5 years, | feel the cognitive
assessment move to a larger circle of medicine. It is talked about and put in
undergraduate curriculum. Family physicians talk about it. Other disciplines also
care more about . [The ministry] supports public screen program and referral track.
Systems are linked and become more supportive.?

* Neurologist, Latin America: In the past there were not even dementia classes in
the medical course, this appeared later, | was one of the initiators, today the
geriatrics has a course in dementia, psychiatry has a course in dementia and in
universities there is a course in dementia. We have a course on dementia at
congresses. It increases visibility. This occurs at our university and also at other
universites. [This university] is a knowledge generating center, and this is spreading
and all doctors end up knowing more dementia. And this s very important.

« Neurologist, Asia: At least the few areas that | work at, they can approach the
chief of the community center. So you usuall have a chief, like a vilage
Ghief...there would be this person that's like responsible for the community, and
then organize events, like be responsible for the local community center. So
question, and you ask them, right - okay, so who is 65 and above in your
community, and who do you think has a concer of a cognitive kind?

« Neurologist, Africa: | think there has been an attempt from our side, also, as
neurologists, to try and help people to understand this condiition, and ! think that
has helped medical students, newly qualified doctors, residents in training, and
physicians to be more aware of this diagnosis.

« Psychiatrist, Latin America: We collaborate with the national Alzheimer's
Association and the national Alzheimer's Federation. We participated in many of
their activities directed toward family members and the general public. Also, in radio
and television campaigns directed at to general publc, for example, in September.
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Parameter and a Findings
priori evaluation
criteria (if applicable)

Feasibility of study procedures

Eligibilty criteria: Citeria are acceptable
15 participant dyad except: (1) cognitive score
meet study criteria cut-offs may be set too high
and exclude PwD who may
be appropriate; (2) Hear
Check screening cut-off
may not be
stringent enough.

Recruitment: Successful at 11 of 2 sites.

« Total target number Slower than required for a

« Rate larger trial.

Retention: Successful in both sites.

>10% completed all

study procedures

Screening & baseline Appropriate due to the

process: length of assessment
battery.

Outcome battery Outcome rating scales are
administration and generally acceptable.
suitabilty: Some scales were not
sutable for the study
population and
require revision.
Device logistics circuit: Broadly feasible; areas for
improvement identified.
Diary activity was feasible
for both PwD and study
partner.

Participant diary:
2 70% completion

Feasibility of Intervention components and implementation

HSI: It is feasible, although
Was the his delivered, timeline deviations were
received and enacted evident.

as intended?

Acceptability of the intervention
Was the hearing The intervention s
Intervention acceptable

appropriate?

Tolerability of the intervention by participants

Hsl: The intervention is tolerable

Evidence to support finding

15 of those screened met inclusion criteria®.
Two participants who screened positive on hearing impairment using the Hear Check
were deemed not clinically suitable for hearing aids on full audiological assessment>®.

One participant refused to visit audiologist for full assessment
One participant reported an adverse event (not related to study) soon after baseline
assessment (before audiologist visit)

Six at Site A and five at Site B

six completed the study in Sites A; five completed in Site B

13 dyads had one visits for screening, 9 dyads had two visits for baseline assessment

Minimal o no concems were noted on battery duration and level of difficulty, other
than all two sites reporting problems with:
Details of the scales are in the table above.

Al participants® received the prescribed hearing aids®.

Delays in assessment for and receipt of hearing aids affected overal study timelines®.
Out of six participants from site A, five completed their participant diary completely
and one participant completed the diary til 3rd session only as sessions done on
phone due to COVID-19, and participant refused to fil diary®

out of five participants from site B, one participant’s completed the diary for up to 3
session and two participant's completed the diary over the phone with the research
assistant due to COVID®

10 participants received a hearing assessment within 2 weeks of baseline®®.

One participant's hearing assessment got delayed due to operational issues around
audiological assessment

9 participants received their hearing aids within 2-3 weeks and two participants
received these within 5 weeks of their audiological assessment

Al participants completed intervention component of device skills and knowledge
(hearing aids)®

Al 11 participants were willng to use their prescribed aids®
0 participant withdrawals due to lack of acceptability

Al 11 participants were able to complete their hearing assessment®®.
The intervention was completed over a maximurn of 12-13 visits

Key PwD, Person with dementia; SP, Study Partner; HSP, Hearing support practitioner; ®Quantiative data; ®HSP logbook; SParticipant dyad diaries.
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Outcome domain Baseline Post- Post 2nd Time 2nd Follow

(n=15) intervention intervention follow up up
(n=11) difference (n=10) difference
Quality of life
DEM-QoL 499%49 65.0% 10.0 132£92 65.3+ 159 131 £ 18.2
Mean + SD
Median (IQR) 49(5.5) 64(13) 13(65) 61.5(135) 11(19)
(Range) (44-61) (63-84) (-2.30) (41.96) (-14.48)
DEM-QOL-proxy
Mean  SD 617117 78179 162173 811117 148 +17.7
Median (IQR) 64(17) 76(8) 6(28) 85(15) 115 7.5)
(Range) (35-78) (66-94) (-3_42) (68-93) (~1039)
EQ-5D-5L
Mean  SD 14437 135+4.9 —17+44 Not
applicable
Median (IQR) 15(6) 13(4) -3(1.5)
(Range) 819 (7-25) (=5_11)
VAS Score
Mean  SD 427 £172 477185 68242
Median (IQR) 45 (20) 50 (12.6) 15 (15)
(Range) 6-70) (10-75) (-55.25)
EQ-5D-5L-proxy
Mean + SD 138+8.7 126447 —19£32 Not
applicable
Median (IQR) 15(5.5) 12(7) -312.5)
(Range) (719 (6-22) (~6_4)
VAS score
Mean + SD 5334196 482+ 12,9 -55+25.1
Median (IQR) 55(27.5) 50 (17.5) 5(45)
(Range) (20-80) (25-75) (—40_80)
SF-12PCS
Mean £ SD 267 £49 29552 34£6.1 Not
applicable
Median (IQR) 26.4(5.8) 295 (10) 2787)
(Range) (19.6-37.5) (232-36.2) (-6.7_139)
SF-12MCS
Mean £ SD 340£68 400 £10.2 49493 Not
applicable
Median (IQR) 336(5.3) 42.9(14.8) 62(.5)
(Range) (26.4-50.4) (22.3-54.2) (-12.7_215)
Functional measures.
HHIE
Mean + SD 66.7£17.9 1.6+105 5454216 Not
applicable
Median (IQR) 70 (30) 8@ 56 (24)
(Range) (36-92) (00-32) (4-80)
Functional Impairment n (%)
No 0 9(82%)
Mid/moderate 1(6.7%) 2(18%)
Significant 14(93.3%) 0
IADL-EDR
oD 9530 81431 10448 Not
applicable
10(1.6) 9(25) 0(4)
(2-1) (1-11) (-9.9)
PD 2426 37£38 -12£30
Mean  SD 2(4) 30 0(15)
Median (IQR) ©-7) 0-10) (-9.9)
(Range)
NPI-12
Total Score 29.3+ 201 98488 1954113 77485 216+11.6
Mean + SD 22(21) 8(18) 14(25) 8(13) 16 (24)
Median (IQR) (©-87) (0-24) (-570) ©-27) (-8.87)
(Range)
Delusions 17£27 0 17427 00 17427
Hallucinations 0921 0 0921 00 0921
Agitation 23426 05+£07 17419 0507 18£19
Depression 55+38 18£18 37£20 16£18 3920
Anxiety 41£33 11£11 29+23 0810 3323
Elation 0922 0 09£22 00 0922
Apathy 2321 07£10 16+ 1.1 0918 14£03
Disinhibition 15£25 02£06 13£20 0206 13420
Irritability 34+35 09+ 16 25+18 0817 26+18
Aberrant motor 13£22 12417 0.1£04 0511 0711
behavior
Sleep 42+43 27429 15+14 2024 22419
Appetite 12418 0611 06£07 0306 0912
Mean £ SD
Psychological aspects
PHQ-9
Mean £ SD 17638 116+387 60+37 12347 47 +-5.1
Median (IQR) 18(5.5) 11(6) 4(35) 1(68) 35(58)
(Range) (11-29) (7-18) (2-14) (7-21) (-2_14)
n(%)
Mild 0 4(36%) 5 (50%)
Moderate 3(20%) 5 (45%) 2 (20%)
Major 7 (46.7%) 2(18%) 2 (20%)
Severe 5(33.3%) 0 1 (10%)
GAD-7
Mean + SD 142444 69429 74438 84+40 47445
Median (IQR) 15(5) 6(4) 76 9(65) 35(6.5)
(Range) (6-20) @-11) (2-13) (@-14) (113
(%)
None 0 2(18%) 2 (20%)
Mild 3(20%) 6(55%) 3 (30%)
Moderate 2(13.3%) 3(27%) 5 (50%)
Severe 10 (66.7%) 0 0
De Jong Gierveld 49%14 4418 07+-18 Not
loneliness scale applicable
Mean £ SD
Median (IQR) 5@ 5(1.6) 0(1.5)
(Range) (3-6) (1-6) (=14
Process measures
(STTS-R)
Satisfaction Not 29211 Not
therapy applicable 30(15) applicable
(27-30)
Satisfaction 277416
Therapist
Mean + SD 28(2)
Median (IQR) (26-30)
(Range)
MCEQ
Mean + SD Not 17116 Not
Median (IQR) applicable 18 (1) applicable
(Range) (13-18)

Dem-QOL(-F), dementia quality of life (-Proxy) (27); EQ-5D-5L, EuroQol Five Dimensions Five Levels (28); VAS, Visual Analog Scale (28); SF-12 (-F), 12 ltem Short Form Survey (-Proxy)
(29); PCS, physical component score (29); MCS, mental component score (29); HHIE, Hearing Handicap Inventory for the Eiderly Screening tool (30, 31); IADL-EDR, Instrument of
Activities of Daily living in the elderly (32); NPI-12, Neuropsychiatric Inventory 12 (33); PHQ-9, Patient Heaith Questionnaire-9 items (37); GAD-7, Generalized Anxiety Scale-7itmes (38);
STTS-R, Satisfaction with Therapy and Therapist Scale-Revised (40); MCEQ, Modified Credibility and Expectancy Questionnaire (41).
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Care partner assessment-self administered

Outcome domain Baseline Post-intervention Post 2nd Time 2nd Follow
(=15 (n=11) intervention follow up up
difference (n=10) difference

Caregiver-related burden and stress

FCR
Mean £ SD 515+85 529488 16£92 559482 5182
Median (IQR) 50(9) 51(4) 0(10) 54.5(7.5) 25(7.5)
(Range) (40-68) (45-77) (-1717) (@4-71) (-5.21)
Knowledge and awareness of dementia
FAS 389468 440164 69+ 17.3 Not
Mean  SD applicable
Median (IQR) 38(5.5) 40(6.5) -3(65)
(Range) (25-52) (33-92) (-52_14)
Attitude and knowledge of dementia
Mean £ SD 220£32 34546 118446 Not
applicable
Median (IQR) 23(3) 35(85) 14@)
(Range) (14-26) (27-40) (4-18)
Afiiliated stigma scale (39)
Cognitive 25£203 12620 1053111 Not
(8.5)(0-6)2.9 13(1.5) (45) (4-14) applicable
+19 (7-14) 98429
1264 2.2
Afective 3(1.5)(0-7) 142.5) 10 (4) (-14)
25426 (7-14) 130427
15.1 2.4
Behavior 2(25)(0-8) 16(0) 14(25)
Mean £ SD (&-16) (©-16)
Median (IQR)
(Range)
Psychological aspects
PHQ-9 9459 77£70 16470 50£22 4560
Mean £ SD
Median (IQR) 8(0.5) 5(4) 1(75) 5(25) 35(3.4)
(Range) (2-19) (2-27) (-9_14) (1-8) (-3.18)
n(%)
None 2(18.2%) 4(36.4%) 4 (40%)
Miid 5 (45.5%) 5 (45.5%) 6 (60%)
Moderate 2(18.2%) 1(9.1%) 00
Moderately Severe 2(18.2%) 00 00
Severe 0 1(9.1%) 00
GAD-7
Mean £ SD 7257 45£35 31450 35£19 4363
Median (IQR) 6(7.5) 3(25) 2(49) 403 30
(Range) (©-17) (1-14) (-4_13) (1-6) (-4_14)
n(%)
None 3(27.3%) 7 (63.6%) 5 (50%)
Miid 5 (45.5%) 3(27.3%) 5 (50%)
Moderate 1(0.1%) 1(9.1%) 0
Severe 2(18.2%) 0 0
De Jong Gierveld loneliness scale
Mean  SD 3621 4217 06+£23 Not
applicable
Median (IQR) 435 3@ 2(35)
(Rage) ©-6) ©-8) (-3-4)
Process measures
STTS-R Not 282+£22 Not
Satisfaction therapy applicable 29(2) applicable
(24-30)
Satisfaction Therapist 279423
Mean + SD 29 (4)
Median (IQR) (24-30)
(Range)
MCEQ Not 17213 Not
Meanz SD applicable 18(2) applicable
Median (IQR) (14-18)
(Range)

FCR, The Family Care giving Role scale (34); FAS, Family Attitude Scal (35); PHQ-9, Patient Health Questionnaire-9 items (37); GAD-7, Generalized Anxiety Scale-7itmes (38); STTS-R,
Satisfaction with Therapy and Therapist Scale-Revised (40); MCEQ, Modified Credibility and Expectancy Questionnaire (41).
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Nature of
sensory loss
Hearing aids
provided
Intervention
components

Intervention
provider

Duration of
intervention
Location of
intervention

SENSE-Cog Europe
intervention

Hearing and/or vision

Starkey Muse 2400 Mini
BTE

Provision of hearing
aids/glasses

Training and support in
using hearing
aids/glasses

Goal setting
Communication training
Provision of
supplementary sensory
devices (e.g., lamp)
Referral to support
services

Supporting

social inclusion
Sensory support
therapist

Up to 10 home-based
visits

Participant's home

SENSE-Cog Asia
intervention

Hearing only

Make/model not
specified
Provision of hearing aids

Training and support in
using hearing aids

Goal setting
Communication training
Dementia awareness
training for study partner

Hearing support
practitioner

Up to 8 home-based
visits

Participant's home:
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Inclusion Age

Domicillry status

Cognitive
impairment

Stage of cognitive
function

Hearing or vision
impairment or both

Capacity to
consent to the
study

Study partner

Exclusion criteria  Hearing

General status

> 60 years

Living at home
Diagnosed with dementia as per
1CD10 criteria due to the following
conditions: Alzhemier's disease (AD)
(as per NINCDS-ADRDA) or vascular
dementia (VAD), or “Mixed” dementia
(AD + VAD) OR evidence of cognitive
difficulties significant enough to
suggest the presence of dementia
without having been formally
diagnosed as having dementia, both
with and without capacity. This wil
include those with young or
later-onset dementia.

Dementia in the mild to moderate
stage, as indicated by a Montreal
Cognitive Assessment score (MOCA)
(26) of scale score > 1

Adult acquired hearing Impaiment:
defined by a bilateral hearing diffculty,
indicated by fallure of a pure tune
hearing screening test in both ears,
defined by hearing worse than
35dBHL at 1,000 Hz and above in the
better ear, using the Hear Check
devioe;

Has capacity to provide informed
consent to participate in the study
defined by the UK's Mental Capacity
Act (2005)

is aged = 18 years; and an informal
caregiver (where providing care is not
the person's primary paid role), such
as a significant other of the PwD (e.0.
afamily member or close friend), who
i either co-resident o in regular
contact (on at least a weekly basis);
Congenital hearing impairments or
has complete deafness (profound
hearing loss) to prevent them from
following study procedures;

Any unstable, acute physical or
mental condition that would preclude
participation in the study

Is currently participating in any other
trial of a potentially cognitive
enhancing intervention, excluding
marketed cogritive enhancing
medication (cholinesterase inhibitors);

MoCA, Montreal Cognitive Assessment (26).
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Variable

n
Age (Years)

Gender

Duration of cognitive
impairment (months)

Duration of mermory
problems (months)

Level of cognitive
impairment

(MoCA Total score)
Normal (score =26)

Dementia sub-type

Living status of PwD

Co-resident with
participant with

dementia

Hours per week
spent with PwD

MoCA, Montreal Cognitive Assessment (26); SD, ~Standard

Interquartile Range.

Category

Mean (SD)
Median (IQR)
Range
Female
Male
Median (IQR)

Range
Mean (SD)

Median (IQR)
Range

n (%)

Azheimer's disease
Vascular
Undiagnosed
Living with spouse
Living with family
Yes

Median (IQR)
Range

Participants
with
dementia
15
65.2(5.5)
64(8)
60-80
8(53.3%)
7 (46.7%)
24 (24)

4-120 Months
15.53 (2.9)

15.(6)
10-20

1(4.3%)
1(6.7%)
1(6.7%)
13 (86.9%)
9(60%)
6 (40%)
Not Applicable

Not Applicable

Care partner
participants

15
30.8(9.9)
29(10)
19-55
14 (93.3%)
1(6.7%)
Not Applicable

Not Applicable

Not Applicable

Not Applicable

14(93.3%)

168h (24)
15-168 h

Deviation; QR
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Participant with dementia outcomes

Qualty of ife DEM-QolL.
(health-related quality
of lfe of people with
dementia)

DEM-QoL-Proxy

EQ-5D-5L

Short-Form-12 (SF-12)

Functional measures. The Hearing Handicap
Inventory for the Elderly
(HHIE)

Activities of daily living
in the elderly
(IADL-EDR)
Neuropsychiatry
inventory (NPI-12)

Caregiver outcomes.

Caregiver-related The Family Care giving
burden and stress Role scale (FOR)
Knowledge and Family Atttude Scale

awareness of dementia  (FAS)
Affiate Stigma Scale

Participant dyad outcomes.

Psychological aspects  Patient Health
Questionnaire~9
(PHQ-9)
Generalized Anxiety
Scale-7 (GAD-7)

The De Jong Gierveld
6-item scale loneliness
scale

Process measures Satisfaction with
Therapy and Therapist
Scale-Revised
(STTS-R)
Modified Credibility and
Expectancy
Questionnaire (MCEQ)

A 28-item questionnaire with options marked on Likert scale from 1 to 4 (a lot/cite a bit/a lttle/not at al, sum of
allitems give total score from 28 to 112, where higher score show better quality of ife. ltem number 1, 3, 5, 6, and
10 were reversed before final scoring (27).

A 31-item questionnaire with 4 point Likert scale from “1 to 4” (a lot/quite a bit/a little/not at all). Total of all items.
give possible score from 31 to 124, higher overall score indicates better quality of lfe. Item number 1, 4, 6, 8, and
10 were reversed before final scoring. This is answered by carer about PwD (27).

This measures five dimensions of health as mobilty, self-care, usual activities, pain/discomfort and
anxiety/depression) on 5 levels. Five levels of problems (no, slight, modlerate, severe, extreme) are marked from 1
to 5 that summed for total score ranging from 5 to 25. Low score indicates no problem in health dimensions.
Score measured on Visual Analog Scale (VAS) from O to 100, if high indicate the better health state perceived by
the patient. EQ-5D-5L-P is a proxy measure (25).

There are 12 categorical items in this tool. These items measured on liker scale as item 1 from 1 to 5 (excellent,
very good, good, fair, and poor), item 2 and 3 from 1 to 3 (imited a lot, limited a little, or not limited at all), item &
from 1 to 5 (not at all a ltle bit, moderately, quite a bit, and extremely), item 9, 10, 11, and 12 from 1 to 6 all of the
time, most of the time, a good bit of the time, some of the time, a little of the time, and none of the time). Item 4 to
5 had yes and no options. Two summary scores are reported from the SF-12—a mental component score
(MCS-12) and a physical component score (PCS-12). SF-12-P is a proxy measure about PwD answered by
caregiver. Higher score indicate better health status (29).

A 25 item tool with 3 response categories (“Yes” = 4, “Sometimes” = 2, “No” = 0). Response of all items added
to get total score from *0 to 100" that categorized functional impermanent as 0-16: “No functional impermanent,”
*17-42: Mild to Moderate” and =43: Significant. HHIE-P s a proxy measure answered by carer about PwD

(30, 31).

An 11 item with 3-response category. Each item was rated for its applicabilty (yes/no), degree of disabilty (scored
from 0 to 2) and causative impairment (cognitive and/or physical) (32).

A 12 domains tool that assess both severity and frequency of Neuropsychiatric symptoms. Severity ranged as
“mild, moderate and severe” while frequency as “occasional, often, several fimes per week and once or more
day.” Each domain is rated on presence and magnitude of symptoms (frequency x severity). The maximum score
per domain s 12, with ciinically significant symptoms for a given domain occurring at (frequency x severity) scores
4. Total NPI scores range from 0 to 144, higher score for both indicate higher severity and more frequency. Itis
answered by career about participants (33).

Gonsists of 16 items on a five-point scale from 1 to 5, which are divided into three sub-scales: (1) satisfaction with
the caring role, (2) resentment, and (3) anger. A summative score for the items within each sub-scale is calculated
and higher scores indicate higher satisfaction with the caring role and greater feelings of resentment and anger
@4).

A30 item tool with 5 point scale from “0 to 4" as “Never, Very rarely, Some days, Most days, and Every day.” Sum
of allitems score gave the total score. The FAS was assoiated with the reported anger, anger expression and
anxiety of respondents and found higher among caregivers (35).

This instrument has 22 items rated on a 4-point Likert scale with three domains (cognitive = 7 items, affect = 7
items, and behavior = 8 items); a higher score indlcates a higher leve of affiiate stigma (36).

A9-item tool that record responses from 0 to 3 (not at al to nearly every day). Total score of all items categorized
as 0-4 none, 5-9 mild; 10-14 moderate; 15-19 major depression moderately sever and >20 depression severe
(37).

This has seven items to assess severity of generalized anxiety disorder. The items are scored on 4-point
Likert-scale ranging from O “not at all” to 8 “nearly every day.” Scores 5, 10, and 15 signify cut off points for mild,
moderate and severe anxiaty, respectively (38).

A G-item scale with 3 statements about emotional loneliness and 3 about social loneliness. Response categories
for each item are “Yes/More or less/No.” Negatively worded questions are scored “1” for neutral and positive
response while positively worded questions are scored “1” for neutral and negative response. Sum of all items
gave possible score range from 0" least lonely to *6” most lonely (39).

A 12-item tool with responses on a Likert scale from “1" strongly disagree to *5” strongly agree. Sum of the all
even number items indicates patient’s level of Satisfaction With Therapy (ST) and sum of all odd number items
score reflects patient’s level of Satisfaction With Therapist (SWT); higher the score, greater the level of patient
satistaction. Obtained score may range from 5 to 30 for both categories (40).

A modified version with six items each with three responses ranges from “1 to 3” (not at all, somewhat, and very).
Sum of the score of all items add up to the final score with possible outcome ranging from “6 to 18 (41).
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PPA (total) (V=20)  Semantic

PPA(N =8)
Sex (F)—N(%) 10 (50.0) 2(25.0)
Age—mean (SD=) 68.1(7.7) 65.0(8.5)
Age of first symptoms—mean (SD) 63.0(8.6) 50.7 3.1)
Educational level —mean (SD) 185 (4.3) 13.9 (36)
Hand dominance (right-handed)—N (%) 20 (100) 8(100)
Race—N (%)

White 18 (90.0) 7(875)
Mixed 2(10.0) 1(12.5)
Black 0 0(0)
Indigenous 00 0(0)

PPA, primary progressive aphasia; AD, Alzheimer’s disease; F, female; SD, standard deviation.

Logopenic PPA
N=3)

2(66.7)
67.0(9.6)
64.0(6.2)
13.3(4.6)
3(100)

3(100)
0(0)
0(0)
0(0)

Non-fluent PPA
W=7

4(57.1)
724 6.9)
66.43.9)
13.3(5.0)
7(100)

6(85.7)
1(143)
00
0(0)

Non-classifiable
PPA (N =2)

2(100)
67.02.8)
635 (6.2)
130 85)
2(100)

2(100)
00
0(0)
0(0)

AD (N = 16)

10 (62.5)
79.9(9.0)
68.8(8.4)
5.2 (4.0)
16.(100)

10 (62.5)
3(18.8)
2(125)
1(6.3)
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201 eigible subjects
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Clinical diagnosis of possible AD according to NIA-AA criteria due to atypical ciinical presentation, atypical clinical course or coexistence of possible causes.
Clinical diagnosis of persistent or progressive MCI with no clear etiology, especially i the face of coexistence of possible causes.

Early onset progressive dementia (before 65 years of age).

Clinical diagnosis of possible of LBD according to the criteria of the Dementia with Lewy Bodies Consortium.

Differential diagnosis of dementia: to distinguish AD from FTD, LBD, or PD dementia, diagnosis of atypical parkinsonisms, to rule out the association of AD and
vasaular dementia and to differentiate degenerative dementias from psychiatric pathology.

Persistent cogritive impairment or dementia after brain trauma when MRI does not explain the symptoms.

Low incidence causes of dementia: autoimmune systemic diseases with neuropsychiatric involverent (SLE, Behget), immune-mediated limbic or extralimbic
encephalitis, exposure to neurotoxins, Huntington's disease, Creutzfeld-Jacob disease, HIV encephalopathy, etc.
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Subjects

AD, FTD and VD

Probable AD and normal
controls

Probable AD, vascular
dementia and normal
controls

Probable AD

Probable AD and normal
controls

AD, FTD, VD, Mix and
normal controls

Probable AD, MCI due to
AD, LBD, FTD

Mild AD and normal controls.
MCI and dementia

Number of patients

9AD, 3FTD and 5 VD

21 AD, 20NC

20 AD, 12VD, 13NC

14 AD
26 AD, 6 NC

9AD, 1FTD, 1VD, 7 mix
and 6 NC

28 AD, 12 MCI, 10 DLB, 5
FTD

20 AD, 18 NC
126 patients in total

PET sensitivity/
specificity (accuracy)

80/100

86/97

91.7/88.9

77.5-82.5/13.3-40

(68-71%)
75.8%/74.3%

SPECT sensitivity/
specificity (accuracy)

80/65

70/100

64.0/84.2

82.5-87.5/20-33.3

(68-74%)
42.9%/82.9%

Comments

Both SPECT and PET
identified parietal
abnormalities in all AD
patients.

No overall differences
Correlation coefficient
of 0.9 between both
modalities in
temporoparietal and
posterior cingulate
cortices

Nearly identical
diagnostic performance
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Type of cost Median (in USD*)

Aggregated direct costs® 22003
Direct medical® 237.40
Direct non- medical costs® 656
Indirect costs? 3,650.00
Overall costs® 3916.47

®Includes Medical and Non-medical cost.

includes selery of caregiver; special diets; drugs; hospitalization costs; and rehabiltative aids.

®Includes transportation costs to health fecilies.
9Potential earning capacity of unpaid caregivers.
°Aggregate of direct and indirect costs.

25th PCT (in USD*)

62.98
109.08
3.07
3,650.00
1,176.76

75th PCT (in USD*)

546.09
729.93
16.32
3,650.00
4,125.68

Minimum (in USD*)

0.16
0.15
1.16
08

30.45

Maximum (in USD*)

2,999.63
2,999.53
28.07
18,250.00
379.42

Individual costs were computed per component, aggregated for the two major cost themes (direct and indirect) then all samples were summarized using median.

*48.1 Phy

USD (November 2020).
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Baseline characteristics

Age (years, M  SD; min-max)
Years of education (M & SD)
Male (%)

Female (%)

With cognitive impaiment (V, %)
With vascular risks® (N, %)

With hypertension (V, %)

With dyslipicemia (N, %)

With diabetes (N, %)

With smoking history (V, %)
With alcohol abuse history (N, %)
With TBI® (N, %)

With depression history (N, %)
Living alone (N, %)

Stroke (V, %)

Heart disease™ (N, %)

Reported physical difficulty®®® (V, %)

N

748
748
748

748
743
m
600
694
735
77
715
712
748
718
726
748

Incident dementia (N = 81)

73.8 £ 8.0 (60.0-99.0)
6.1£36
21(259)
60 (74.0)
39 (48.1)
62(76.5)
49(62.8)
16 (25.8)
14(18.2)
22(27.2)
14(17.5)

225)
36 (44.4)
5(62)
9(11.9)
26(4.9)
36 (44.4)

No dementia (N = 667)

68.7 2 5.9 (59.0-90.0)
89=38
179 (26.8)
488 (73.2)
155 (23.2)
470 (71.0)
346 (54.7)
189 (35.1)
107 (17.3)
137 20.9)
112(17.6)

10(1.6)
276 (43.7)
31(4.6)
41(6.4)
8(4.2)
151 (22.6)

Total (N = 748)

69.2: 6.4
86+39
200 (26.7)
548 (73.9)
194 (25.9)
532 (71.6)
395 (55.6)
205 (34.2)
121 (17.4)
159 (21.6)
126 (17.6)
12(1.7)
312 (43.8)
36(4.8)
50(7.0)
34(4.7)
187 (25.0)

p-value

<0.001
<0.001
0.884

<0.001
0.296
0171
0.143
0.855
0.200
0985
0.531
0.904
0.545
0.109
1.000
<0.001

OR*

N/A
NA
0.962

3.067
1.333
1.402
0.642
1.059
1.407
0994
1.626
1.029
135
1.849
0.762
2.734

95% ClI

N/A
NA
0.57-1.63

1.91-4.92
0.78-2.29
0.86-2.28
0.35-1.17
0.57-1.96
0.83-2.38
0.54-1.83
0.35-7.56
0.65-1.64
0.51-3.58
0.86-3.96
0.23-2.35
1.70-4.39

Date presented as mean < standard deviation (SD) or frequency of present risk factors with percentege in the parentheses and p-values obtained using t-tests for independent samples
or Pearson's Chi-Square test/Fisher's Exact Test

*Crude associations and odds ratios are presented.

“Heart disease includes at least one of the following conditions: heart attack; atrialfbrilation, enderterectomy, bypass, pacemaker, and congestive heart disease.
SVascular risks include at least one of the following: hypertension, dyslpidemia, dlabetes and smoking history.
T8l means traumatic brain injury which mey include TB! with brief or extended loss consciousness.

#0ne or more reported physical difficulty in activities of daily living requiring assistance from family.
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Diagnosis Total (%)
Alzheimer's disease 64(79.0)
(AD)

Vascular dementia 16 (18.5)
(VaD)

Parkinson's Disease 1(12)
Dementia (PDD)

Dementia syndrome of ~ 1(1.2)
depression

Total 81(100.0)

Male; N (%)

12(67.1)

8(38.1)

0(00)

1(4.8)

21(100.0)

Female; N (%) p-value

52(86.7)

7(11.7)

1(1.7)

0000)

60 (100.0)

p-value obtained using Chi-square test for comparison of proportions.

001
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Age (in years) Total (*95% CI)

60-69 9.13 (5.99-13.38)
70-79 18.78 (13.48-25.52)
80 and above 41.82 (25.92-64.10)
Total 16.86 (12.68-19.62)

Female (95% Cl)

7.67 (4.37-12.56)
19.06 (12.91-27.18)
54.80 (33.5-84.94)
16.56 (12.75-21.17)

*Confidence intervals based on an Exact Poisson Distribution are shown in parentheses.

Male (95% Cl)

12.46 (6.33-22.21)
18.05 (9.17-32.18)
7.94(0.39-39.18)
14.17 (9.00-21.29)

Rate ratio (*95% Cl)

062 (0.25-1.56)
1.06 (0.50-2.44)
6.90 (1.09-287.47)
1.16 (0.70-2.02)
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Variables Total Male Female

Marikina city seniors population (2015)* 21,275 5,684 15,591
Incident cases 81 21 60
Disabilty weights™** 067 067 067
Average (SD) disease duration (in years)”  3.84(0.30) 3.85(0.30) 3.83(0.31)
Number of deaths™* 24 14 10
Life expectancy at 60(years)"*** 17 16 18
Years of lfe lost® 404 224 180
Years lost due to disability®® 208 54 154
DALY 612 278 334
DALY (00000)% 2,876 4,891 2,142

*Total size was obtained from Marikina City records, male/female distribution was
estimated using sample proportions.

‘Obtained from this incidence cohort

'As per World Health Organization Global Burden of Disease.

""" As per Institute of Health Metrics.

SComputed as the product of number of deaths and the standard Ife expectancy at the
age of death.

$Computed as the product of incident cases by duration and disabilty weight of
the condition.

$8DALY ('00000) is [(YLL+YLD)/population size] * 100,000.
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Volumes AD group

N =91)
Ventricle 5.43 (2.48)
Gray matter 4836 (10.99)
White matter 52.71(7.99)
Nucleus accumbens 0.14 (0.24)
Hippocampus 0.34(0.19)
Amygdala 0.19(0.18)
Caudate 0.31(0.19)
Thalamus 056 (0.37)

Normal

controlled group

(N =93)

4.46 (2.01)
5007 (5.39)
50.34 (5.76)
0.16(0.29)
0.41(0.22)
021 (0.28)
035 (0.19)
0.62(0.33)

p-value

0.004*
0.181
0.022*
0523
0.038*
0.431
0.154
0.246

The values below are calculated from “specific brain volume x 100/intracranial volume’.

*p < 0.05

tatistical significant; AD, Alzheimer’s disease.
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Brain volumetry Clinical parameters SVM parameters

a
- £ o
$3.2:.5 10 3 .
§§§§§§§§ﬁ %%igzﬁzef
£ $ 5863238853222 2 2%  seting Trained set Tested set

C Gamma N TPrate FPrate Accuracy ROC N TPrate FPrate Accuracy ROC
1% 10 100 92 0630 0371 63050 0630 91 0626 0340 62637 0575
2 x 10 100 92 0598 0406 59783 0596 91 0571 0431 57143 0579
3 X 10 100 92 0565 0447 56521 0559 O 0538 0462 53846 0541
4 x 10 1 92 0565 0434 56523 0565 O 0549 0454 54945 0526
5 x 10 01 92 0887 0417 58660 0550 O 0495 0609 49451 0.424
6 x 1100 92 0641 03684 64130 0590 O 0571 0432  57.148  0.488
7 x 1100 9 0641 0364 64130 06390 O 0560 0444 56044 0402
8 x 10 10 92 0620 0380 61957 0621 9 0604 0398 60440 0571
9 x x 10 100 92 0587 0416 58696 0585 91 0520 0478 52747 0559
10 x X x 100 100 92 0620 0381 61950 0619 Of 0495 0505 49450 0550
1 CEIEEEE 1100 92 0641 0358 64130 0642 Of 0538 0461 53846 0539
12 R 10 01 92 0598 0406 50783 0506 O 0510 0430  57.143 0560
18 x X 100 001 55 0764 0233 63640 0765 54 0704 0296 70370 0.822
14 x 10 01 42 0786 0267 78571 0500 42 0833 0181 83338 0844
15 x x 10 04 55 0782 0218 78181 0848 55 0741 0250 74074 0804
16 R 10 1 55 0891 0109 89091 0891 54 0907 0098 90741 0955
17 x SRR 10 1 55 0801 0109 89001 0891 54 0889 0111 88889 0927
1+ BRI R Y 10 1 55 0027 0073 92727 0927 54 0807 0098 90741 0925
19 X x x x x 10 10 3 0882 0118 84211 0862 38 0737 0377 73684 0475
20 x 10 1 88 0780 0411 78947 0689 38 0711 0711 71053 0000
21 x 10 1 38 0709 0286 70909 0712 38 0605 0758 60526  0.000
22 x 10 1 38 0780 0411 78947 0689 38 0684 0721 68421 0475

Hippo, hippocampus; LM, learning memory; COWA, controlled oral word association test (animals; and letters K, S, P); clock, clock drawing test; NPI4, depression; NPIS, anxiety; NPI7, apathy; NPIS, irritability; TP rate, true positive
rate; FP rate, false positive rate; ROC, receiver operating characteristic; curve (stands for AUC—area under the curve—in this table). Blue = main flow; Yellow = subjects excluded; Green = action done to the data.
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Age
Sex

Male (N)

Female ()
Education (years)
TMSE

BMI

MAP mmHg
Smoking (V)
Hypertension (N)
DM (V)

AD group (N = 91)

73.00(7.28)

32
59
7.40 (5.69)
21.26 (6.19)
24.47 (5.00)
97.38 (13.47)
7
31
19

Normal
controlled group
N=93)

69.72 6.12)

40
53
963 (5.67)
26.83 (2.32)
24.32 (3.56)
98.95 (1152)
7
36
13

P-value

0.001

0.234

0.008
<0.001
0.906
0.450
0.402
0.942
0.119

AD, Aizheimer’s disease; TMSE, Thai Mental State Examination; BMI, body mass index;

MAPR, mean arterial pressure; DM, diabetes mellitus.
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Demographic data (N = 65)

Gender

Male

Female

Where is the practice located

Big (inner) city

Suburbs

(Small) town

Mixed urban-rural

Rural

Practice setting

Working alone

With other GPs in a shared space

With other medical specialties in a shared space
With GPs and other medical specialies in a shared space
Workload

I stillhave time

I work at my capacity level

| work above my capacity level

N (%)

500.7)
58(80.2)

42(64.6)
1(15)
7(10.8)
3(4.6)
12 (18.5)

30(46.2)

20(30.8)

13 (20.0)
2@3.1)

10 (15.4)
22(338)
33(50.8)
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Variable

=Age 50 years
Female sex

Educational level, secondary
school or less

Hypertension
Hyperlipidemia

Anemia

Depression (self-report)
Depression (PHQ-9 > 5)
Anxiety (self-report)
Current absolute CD4
count <500 (cells/mm?)

Nadir CD4 51-200 (cells/mm?)
Nadir CD4 <50 (cells/mm?)
Plasma VL detectable

HIV duration > 5 years

Past hepatitis B infection

Past TB infection

Past syphilis infection

Any latent HIV coinfection
(hepatitis B, TB, syphilis)

p <0.10; ¥p < 0.05; **GDS = 0.5.

Global neurocognitive impairment**
Yes, n = 41 (28.5%)

Unadjusted
Prevalence Ratio
(95% CI)

1.27 (0.74-2.19)
1.14 (0.58-2.24)
1.21(0.72-2.03)

083 (0.40-1.95)
0.85 (0.48-1.52)
1.24(0.59-2.64)
1.62 (0.91-2.89)
1,54 (0.92-2.59)
091 (0.38-2.20)
1.64(0.96-2.8)"

1.13 (0.64-1.99)
1.68 (0.91-3.09)
0.94 (0.42-2.09)
1.17 (0.65-2.08)
1.03 (0.52-2.05)
1.67 (0.98-3.00)
0.99 (0.56-1.74)
1.72(1.04-2.86)¥

Adjusted
Prevalence Ratio
(95% CI)

1.55 (0.81-2.92)
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Median [IQR], Mean (SD), or n (%)

Functional status screening (PFAG)

PFAQ total score 0.46 (1.10)
Functionally dependent (PFAQ = 9) 0(0%)

Some difficutty with IADLS (PFAQ = 4) 4(2.8%)
Neurocognitive test results by cognitive domain (% cognitively impaired)
Abstraction and executive function 22(15.3%)

Memory (learning and recall) 13 (9.4%)

Attention and working memory 100 (69.9%)

Verbal fluency and language 15 (10.5%)
Visuospatial orientation 9(6.3%)

Speed of information processing 26 (18.1%)

Motor 30 (21.0%)

Global impairment* 41(28.5%)
Asymptomatic neurocognitive impairment 41 (100%)

Mild neurocognitive disorder 0(0%)
HiV-associated dementia 0(0%)

Neurocognitive test results by cognitive domain
(demographically adjusted T-score, mean & SD)

Abstraction and executive function 509 (13.8)
Memory (learning and recal) 50.1(7.9)
Attention and working memory 365 (7.6)
Verbal fluency and language 536 (11.4)
Visuospatial orientation 51.3(7.0)
Speed of information processing 486(14.2)
Motor 47.3(8.8)
Gbs 0.42(0.43)

“Global impairment considered a GDS of 20.5.
IADL, independent activities of daily living; IQR, interquartile range; PFAQ, Pfeffer
Functional Assessment Questionnaire; SD, standard deviation.
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Median [IQR], Mean (SD),

or n (%)
HIV characteristics
Current CD4® 554 [372-723]
Nadir CD4® 179 (83-261)
AIDS history
HIV infection duration (years) 9.9(7.1)
On antiretrovirals 144 (100%)
Detectable plasma viral load (>50 copies/mL) 18/126 (14.3%)
Current antiretroviral use (n = 131)
Nucleoside reverse transcriptase inhibitor (NRTI)
Lamivudine (3TC) 80(61.1%)
Tenofovir (TDF) 80 (61.1%)
Emtricitabine (FTC) 45 (34.4%)
Zidovudine (AZT) 36 (27.5%)
Abacavir (ABC) 12/(9.2%)
Stavudine (D4T) 1(0.7%)
Didanosine 0(0%)
Non-nucleoside reverse transcriptase inhibitors (NNRT))
Efavirenz (EFV) 91(695%)
Nevirapine (NVP) 15(11.5%)
Protease inhibitor
Lopinavir/ritonavir (Lop/r) 10 (7.6%)
Atazanavir (ATZ)/ritonavir 7(5.3%)
Darunavir 2(1.5%)
Integrase inhibitor
Raltegravir 1(0.8%)
Dolutegravir 1(0.8%)
Laboratory analyses (most recent)
Hemoglobin 13.9(152)
Creatinine 0.93(0.17)
Total cholesterol 196.2 (46.0)
Triglycerides 170.7 (98.1)
Positive RPR (ever) 28/105 (26.7%)
Hepatitis B surface antigen (ever) 117100 (11%)
Positive TB sputum test (ever) 8/92 (8.7%)
Any latent HIV coinfection® 45/144 (31.3%)

20f 128 participants; Pof 120 participants; hepatitis B, tuberculosis, or syphiis
prior infections.

IQR, interquartile range; SD, standard deviation.
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Demographic variables
Age

Sex (1, % females)
Education (years)
Unemployed of retired

Median [IQR], Mean (SD), or n (%)

516(7.7)
22(15.2%)
14,0 (3.1)
18 (13.0%)

Past non-infectious medical or psychiatric history®

Hypertension
Hyperlipideria

Diabstes or prediabetes
Anemia

Seizure (ever)

Depression (by self-report)
PHQ-O total score
Depression (PHQ-9 > 4)
Anxiety (by self-report)

Past infectious medical history*
Pulmonary T8

Completed TB treatment
Herpes simplex virus.
Syphiis

Completed syphils treatment
Any hepatits type

Hepatitis A

Hepatitis B

Hepatitis C

CONS infection

CNS amoebiasis
Cryptococeal meningitis
Herpes encephaliis
Neurocysticercosis

CNS toxoplasmosis

Current substance use®
Alcohol use

Cigarette smoking

Marjuana use

Cocaine use

19 (13.7%)
46 (32.6%)
7 (5%)
14.(10%)
6(4.3%)
21(152%)
3.34 (4.10)
35 (25.2%)
15 (10.9%)

21 (15.2%)
21 (100%)
43(309%)
41(205%)
35/37 (97.2%)
50(35.7%)
26(18.1%)
24 (16.7%)
2(1.4%)
5(3.6%)
1 (20%)
1(20%)
1(20%)
1(20%)
1(20%)

68 (47%)
24 (16.7%)
4(2.8%)
2(1.4%)

4by self-report and corroboration with medical chart whenever possible.
IQR, interquartile range; SD, standard deviation; TB, tuberculosis.
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Main theme

Motivation behind participation
The motivation for most participant dyads to
participate in this study was to find a solution of
the difficulties associated with hearing and
memory impairment. However, due to lack of
awareness some participants were initialy
hesitant to join the stucly

Reason for participation

Views regarding Intervention

Hearing intervention was perceived as
acceptable, feasible, easy to understand and
useful by PwD. Dyads took interest in all
sessions and reported improvement in PWD.
There were no adverse event related to the
intervention

Acceptabilty, feasibilty & tolerabilty

Impact of intervention on PWD
Care-partners coded hearing intervention as.
effective, in improving PWD's quality of lfe,
mood, social relationships and self-concept.
Improved quality of Life

Improved Self Concept

Improved social relations

Improved Mood

Impact of intervention on Care partners
Care-partners also coded hearing intervention
as a source for improving/increasing their
knowledge, attituce and practices toward
dementia. Along with overall impact on their
mood, quality of lfe, and care burden.
Improved knowledge, attitude and Practices

Mood

Qualty of Life

Care Burden

Challenges faced due to hearing problem
Hearing problem, highlighted as a main dispute
reason between family member and PwD
effecting everyone's lie with prominent feeling
of loneliness in PWD

Disputes

Loneliness

What is Dementia?
Care partners came up with different examples
which they were observing in their family
member such as forgetting about things, name
of the people in the famil, not being sure if they
had their dinner or not. These were the main
symptoms that their brain was getting weak
and they are having memory problems.
Care-partner's also believed that both memory
and hearing problem are interlinked and
impacting one another.

Knowledge Regarding Dementia

Pathways to care

“Neurosurgeons” and *psychiatrists” were
highlighted as person to contact for memory
issues. Along with lack of family support as
hurdle in accessing this.

Pathways

Barriers in Pathways to Care

Views regarding therapist
According to the care-partners, sensory
support therapist were very cooperative and
empathetic. They guided them in such an
easier way that it was easy to comprehend and
can be understandable to anyone.

Feedback about the therapist

My mother has hearing impairment and she always gets upset about it. When we try to talk to her, she is unable to
hear us. So to make it easier for her we joined the study(PT002)

Atfirst | got worried because | was nable to hear what the doctor was saying to me when he came home but she
was s0 nice and dealt with me in such a nice way that made me feel really good later on (PTO10)

It felt good when | realized that you have solved my mother's problems by coming to our house and talking to us
and giving us hearing aids. It really feels like most of her problems are resclved. It had made us all so happy
(PTO1).

We were not aware that hearing aids can be so useful and they can make the lie of the person with hearing
impairment so much easier. In fact not only for them, for all of us. Like for any other illness there is a cure and
hearing aids are the cure for hearing impairment. It made us feel good and very happy (PTO3).

One session got delayed because my mother-in-law was not well, othenwise it was all good (PT06).

After the intervention she was 100% confident in using them and she used them easily (PT04).

Before getting the hearing aids and the training on how to use them, she used to disturb me l the time even at
nights by calling my name very loudly but now she keeps herself busy in different things such as interacting with
other people in the family and her friends. She also tries to take care of the loved ones around her. | have even
noticed her memory has improved considerably which is making her feel better in herself, The hearing aids you
have given are also very advantageous and she s coming back toward life (PTOS).

She started to have an inferiority complex, along with negative thoughts all the time considering hearing
impairment as a disabilty but now that ts fixed, my mother's mind stays fresh, she s fining it easy to keep herself
busy in doing one thing or another around the house (PTO1).

Due to the hearing impairment she started losing interest in social interaction, because it was very difficult for her
to talk to someone, but now this device helps a lot and she started interacting with the people again. She also
attend different events and gathering in the family now (PT09).

She used to be very initated and angry most of the time but now she stays calm. It makes us happy. | also feel fine
most of the time now (PT03).

Before the death of my father in law, she used to have chickens and their cage but after he passed away, she
removed the cage. The therapist acivised a cage and me to et few chickens again for my mother in law. | cannot
believe how busy she keeps herself to take care of them now. She even help me taking care of my younger child
sometimes (PTOS).

‘The therapist taught us really good communication skills. She advised us to make sure there is enough light so the
PwD can see our face when we talk to them. She also advised us to keep PwD company as much as we can so
theii mind is occupied with the conversation. Yes the therapist gave us really useful tips to deal with the PwD
(PTO1).

I used to think that she was doing everything intentionally but the therapist guided me about her problem and
advised me that in this age group, people have this problem but the machine (hearing aid) you gave is very useful.
I got a lot of relief (PTOS).

Ihink I did not have awareness. But now | have a comprehensive guideline that how these things interlink and
how to deal with all this (PT10).

No no, as | explained before that my mind becomes like that, | get initated sometimes. Otherwise their explaining (
am thankful to God) was very good, there was no problem, and everything was fine (PTO1).

He is much better than before. Both me and my husband were so worried before but now it is much better (PT08).
1 got a lot of knowledge about how to talk with people who have hearing problem and it has given me confidence
that | am able to talk to those people and also help them in day to day lfe (PT09).

The burden of my father's responsibility is less now. Now he takes care of himself and | can focus more on
different chores around the house (PT04).

Stress which | used to have 24 h s refieved (PT10).

Before we had to keep repeating ourselves, and she never really liked anything that | do. Always complaining
about me doing everything wrong. | have a small kid and there are so many chores around the house, if she call
me repeatedy, how am | supposed to finish my work. She always used to call me when | was doing some
important chore and then complaining that | don't respond. This was the main reason of our arguments (PT02).

She used to feel very sad, thinking she is becoming a burden and getting stressed about it. Mostly when we try to
talk to her, she prefers to stay quiet (PTO1).

My mother in law always seem to forget if she had her dinner or not. When we had guests over, she asked who
those people are although it was her own daughter. She doesn't remember when | came even though | stayed
with her 15 days. Like did | come on Wednesday or Thursday, she forgets (PTO3).

Brain becomes weak so they forget where they put things. This causes stress and depression as well (PTO6).
Stress is the biggest cause (PTO1).

I think both things were important and may be if there was no device (hearing aid) we wouldn't come to know
what is affecting him as he used to become angry when he can't hear or remember something. | think both things
are connected (PT10).

People do things like take them to neurosurgeons or psychiatric hospitals because they have a brain problem,
puts things somewhere and forgets. (PTO1)

Theres either stress or a lot of house chores, that is why we forget, that is why family members avoid taking them
to see a doctor. | am talking about myself (PT09).

The therapist guided us properly and listened to us actively and gave us respect (PT0S). She speaks very well, she
was very responsible, | mean she empathized our pain (PT08).
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GPS’ perception of mental health care services
for the elderly in terms of N = 65

Availabity (Number)
Diversity

Continuity

Global quality

Poor and
very poor
N (%)

56(86.2)
58(89.2)
54(83.1)
48 (75.4)

Good and
very good
N (%)

9(138)
6(9.2)
11(16.9)
14(21.5)
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Diagnostic performance Discrimination between controls Discrimination between participants with
and participants with MCI MCl and dementia
Chuquibambilla Santa Clotilde Chuquibambilla Santa Clotilde
Optimal cutof point 22 21 18 17
Sensitiity, % 85.0 81.3 1000 1000
Specificity, % 682 50.0 910 750
Correctly classified, % 76.1 64.7 97.0 90.0
Likelihood ratio + 267 1.63 11.00 400
Likelihood ratio - 022 038 0.00 000
AUC (95% Ci) 083 (0.81-0.84) 0.76 0.74-0.78) 0.99 (0.98-1.00) 0.99 (0.98-1.00)

MCI, mild cognitive impairment; AUC, area under the curve; Cl, confidence interval.
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Rudas, cognitive domains

Visuo-spatial orientation
Praxis

Visuospatial construction
Judgment

Memory

Language

Chugquibambilla
control + MCI
(n=42)

43(0.8)
1.0(0.7)
02(0.4)
1.8(0.9)
70(12)
7.5(0.7)

Santa Clotilde
control + MCI
(=234

4.4(08)
1.0(0.8)
02(0.4)
1.7 (1.1)
67(12)
7.6(0.7)

Ventanilla
control + MCI
(=124

44(058)
1.6(0.5)
0.7(06)
1.9(0.8)
63(1.9)
73008

MCI, mild cognitive impairment; SD, standard deviation. Data presented as mean (SD). Bold values mean p < 0.05.

P-value
chuquibambilla
vs. ventanilla

0.42
0.00
0.00
0.38
0.00
0.09

P-value Santa
Clotilde vs.
ventanil

0.66
0.00
0.00
0.28
0.09
0.10
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Chuquibambilla

Control mel Dem Pvalue  P-value  P-value Control mel Dem
(n=20) (n=22)  (1=11) Controlvs. MClvs. Controlvs.  (n=16) (=18 (n=42)
mcl Dem Dem
Female (%) 10(60.0)  12(62.4) 6(54.5) 051 0.64 055 7(3.7) 10 (55.6) 6(50.0)
Age in years, mean (SD) 692(65)  676(47)  71.9(4.6) 0,60 0.00 009 713(75) 676033  738(5)
RUDAS-PE score, mean (D) 23.0(1.9)  208(16)  149(1.8) 0.00 0.00 0.00 2263(268) 20.72(1.74) 15.17 (1.64)

MCI, mild cognitive impairment; Dem, Dementia; SD, standard deviation; RUDAS-PE, rowland universal dementia assessment scale, Peruvian version. Bold values mean p < 0.05.

Santa Clotilde

P-value
Control vs.
mci

0.37
0.16
0.01

P-value
MCl vs.
Dem

053
0.00
0.00

P-value
Control vs.

0.62
031
0.00
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Model 1 (n = 1,243) Model 2 (n = 1,243)
OR*(95%CI) p-value OR*(95% CI*) p-value
Dementiarelative ~ 0.81(0.64,102) 005  082(063,1.04 008
risk

Amnestic mild 100082, 1.21) 097  102(084,124) 080
cognitive impairment

*Cl, confidence interval: OR, odds ratio.
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Model 1 (n = 1,243)

Coefficient
(95% CI*)
Global cognitive 030
function (~2.90,3.50)
Immediate memory 002
(-001,0.05)
Verbal fluency -0.02
(-0.10,0.07)

*Cl, confidence interval.

p-value

0.90

020

0.60

Model 2 (n = 1,243)

Coefficient  p-value
(95% CI*)

060 0.70
(~2.60,3.80)

0.01 0.40
(~0.02,0.05)

-002 070
(<0.10,0.07)
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Baseline Follow-up

Global cognitive function (CSI-D) 27.7+34 271£43
Immediate memory (10 words list-CERAD) 30+13 32+13
Verbal fluency (animal naming-CERAD) 129443 12845

CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; CSI-D, Community
Screening Instrument for Dementia.
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Baseline characteristics

Age (years), mean  SD* M.7£68
Gender (female), n (%) 763 (61.4)
Schooling (years), n (%)
None 401 (32.9)
18 701 (56.4)
4and over 141 (11.9)
Marital status (married), n (%) 574 (46.2)
Occupation (employment), n (%)
None 910 (73.2)
Partial time 221(17.8)
Full time. 112(9.0)
Personal income, 1 (%)
upto 1 MW 276 (22.2)
>1-1.6 MW 251 (20.2)
>15-3 MW 346 (27.8)
>3 MW 370 (29.8)
Functional status (WHODASII), median (QR) 28(0-72.2)
Watching TV, median (IQR) 2(0-12)

*IQR, interquartile range; MW, minimum wage; SD, standard deviation.
At the time of the study, the Brazilian monthly minimum wage was US$85.
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Categories

Anxiety disorders
Depression

Personality disorders
Schizophrenia

Parkinson disease
Aizheimer disease

Other neurodegenerative
disorders

Current context
YES [N (%)]

57(87.7)
46 (70.8)
6(92)
5(1.7)
20(308)
22(338)
14 (21.5)

Ideal Context
YES [N (%)]

62(95.4)
58(89.2)
20(30.8)
15(23.1)
37 (66.9)
40 (61.5)
30(46.2)

Increase %

7.7
18.4
21.6
15.4
26.1
277
24.7
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Areas of mental health care Mean (SD)
(elderly population)

Early recognition and prevention® 4.30 (1)
Self-management and e-health interventions. 3.68(1.07)
Diagnosis and treatment® 3.80(.85)
Disease management and collaborative care® 4.03(1.00)
Relapse prevention, rehabilitation and participation® 3.80(1.05)

“Correlates with F2 (0.05 level); ®Correlates with F3 (.05 level); °Correlates with F2 (.01
level) and with F1, F3, and F5 (0.05 level); “Correlates with F2 and F3 (0.05 level).
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Categories of factor that represent barriers to
mental health care

(F1) Access to specialized services

(F2) Communication with mental health care providers.
(F3) Personal and professional resources

(F4) Patient related factors

(F5) Financial related factors

(F6) Competencies

Mean (SD)

3.75(94)
3.85(80)
3.40 (1.06)
350 (1.03)
372(1.04)
356 (.80)
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Current involvement for the following categories

Anxiety disorders
Depression

Personality disorders.
Schizophrenia

Parkinson disease

Aizheimer disease

Other neurodegenerative disorders

Rarely
N (%)

17 (262)
31(47.7)
53(81.5)
58 (89.2)
51(78.5)
49 (75.4)
49 (75.4)

Frequently
N (%)

48(73.8)
34(52.3)
12(185)

7(108)
14(215)
16 (24.6)
16 (24.6)





OPS/images/fneur-12-641217/fneur-12-641217-t004.jpg
First option (contact for N = 65) Rarely  Frequently
N (%) N (%)

Man aged 28 with a first convulsion 4467.7)  21(328)
Anxious man aged 45 9(138)  56(862)
Woman aged 50 with psychosocial problems 12(185)  53(81.5)
Woman aged 70 with anxiety and depression problems 1 (1.6) 64 (98.5)
Man aged 52 with alcohol addiction problems 32(492) 33(50.8)
Woman aged 75 with moderate memory problerms 462) 61938
Man aged 68 with neurocognitive problems 7(10.8)  58(89.2)

(e.g., dementia)
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How well are the following
services responding to the
mental health care needs of
the elderly (N = 65)

General practitioners
Outpatient psychiatric services
Outpatient neurologic services
Outpatient geriatric services
Community mental health center
Day centers

Psychiatric hospitals.

Psychiatric departments in
general hospitals

Geriatric departments in general
hospitals

Neurologic departments in
general hospitals

Residential centers
Nursing homes
Memory centers
Home care services

Pallative care services

Not atall or
toalow
degree

N (%)

6(92)

10 (15.4)
14(215)
23(35.4)
25(38.5)
34(523)
26 (40.0)
23(35.4)

28.(43.1)
27 (41.5)

28.43.1)
32 49.2)
22(33.8)
30 (46.2)
27 (41.5)

Some
degree
N (%)

29(44.6)
22(338)
27 (@41.5)
12 (18.5)
22(338)
14(21.5)
19(29.2)
22(33.8)

15(23.1)

23(35.4)

19(29.2)
17 (26.2)
16 (24.6)
18(27.7)
20(30.8)

High or very
high degree
N (%)

30(46.2)
33(508)
24(36.9)
7(10.8)
15 (23.1)
9(138)
18(27.7)
15 (23.1)

14(21.5)

13 (20.0)

4@
10 (15.4)
10 (15.4)
10 (15.4)
8(12.3)
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Total Js AS p-value

N % N % N %

irst visit All patients 398 199 199 0.000
Normal cognition 21 5% 18 9% 3 2%
MCI 64 16% 41 21% 23 12%
Alzheimer dementia 109 27% 46 23% 63 32%
Vascular dementia 44 1% 15 8% 29 15%
Mixed dementia 77 19% 40 20% 37 19%
Frontotemporal dementia 7 2% 6 3% 1 05%
Extrapyramidal disease 9 2% 4 2% 5 25%
Pseudo-dementia 14 35% 1 05% 13 6.5%
Other 10 25% 5 25% 5 25%
UNKNOWN 43 1% 23 12% 20 10%

Last visit All patients 188 96 90 0.000
Normal cognition 4 2% 4 4% 0 0%
MCI 18 10% 16 16% 3 3%
Alzheimer dementia 92 50% 39 41% 53 59%
Vascular dementia 6 3% 3 3% 3 3%
Mixed dementia 39 21% 22 23% 17 19%
Frontotemporal dementia 5 3% 5 5% 0 0%
Extrapyramidal disease 6 3% 4 4% 2 2%
Pseudo-dementia 5 3% 0 0% 5 6%
Other 4 2% 2 2% 2 2%
UNKNOWN 5 3% 1 1% 4 4%

AS, Arab subjects; JS, Jew subjects.
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Parameter

Age at first visit (years + mean)
Gender: Female, N (%)
Marital status: Married, N (%)
Nursing home care, N (%)
Education (years & mear)
Family history of memory disorders, N
(%)
Duration of symptoms prior to st visit
(years  mean)
Complaints on initial presentation
Cognitive, N (%)
Behavioral, N (%)
Functional, N (%)
MMSE (1st visit)
Compliance
Repeated visits: more than one, N (%)
Adherence to prescribed treatment (%)

AS, Arab subjects; JS, Jew subjects.

As

N=199

68488
95 (48)
150 (75)

2(1)
77448
56(28)

25+3

196 (98)

125 (63)

118 (59)
192£69

90 (45)
%

Js

N=199

743+£93
100 (50)
116 (58)
3(1.5)

11348
40 (20)

24x27

190 (95)
109 (55)
90 (45)

23159

96 (49)
%

<0.0001
0.689
<0.0001
1
<0.0001
0.391

0.618

0.062

0.103

0.005
<0.0001

09
1
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Parameter

Diabetes Melitus
Hyperlipidemia
Hypertension

Vascular disease”

/p stroke™

Other intracranial disease™**
History of head trauma
Family history of dementia
History of malignancy

Extrapyramidal disease/
Essential tremor

Recurrent falls

Vision problerms

Hearing problems

Sleep apnea

Depression

Medication list
Dementia medication
Cardiovascular medication
Diabetes

Antidepressants

Anticonvulsants including
Benzodiazepines

Opiates
Steroids
Antipsychotic

B12 treatment
Thyroid medication

Total

135
261
252
106
100
30
39
96
66
52

27
101

17
114

54
331
118
116
20

4
5

21
65
38

AS, Arab subjocts; JS, Jew subjects.
“Heart disease/peripheral vascular disease.

%

34.0
65.6

26.4
25.1

75

9.8
241
166
13.1

6.8
25.4
249

43
286

13.6
83.2
206
289

1.0
13
53
16.5
96

TIA, hemorrhagic and ischemic stroke.
“Benign brain tumor, s/p brain hemorrhage, normal pressure hydrocephalus, white

Js

134
138
52
54
16
23
40
45
29

21
171
52

10

28
26

%

82.7
67.3
69
26.1
271
8.0
1.6
201
226
14.6

9.0
291
276

55
32.7

10.5
85.9
26.1
34.2

1.0
1.5
46
14.2
13.1

AS

70
127
114

53

46

14

16
56
21
23

43
44

49

33
160
66
47
10

12
37
12

352
63.8

58
266
23.1

70

8.0
28.1
10.6
116

45
216
201

3.0
246

166
80.4
332
236

10
10
6.1
189
6.1

matter disease, s/p encephalitis or meningitis, brain aneurism and AVM.

Chi-square

0597
0527
0.017
1.000
0.419
0.85
0.312
0.391
0.002
0.457

0.100
0.107
0.246
0.322
0.096

0.081
0.169
0.124
0.026

0511
0.224
0.026
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Age (M = SD)
Sex (1, %)
Female
Male
Education (1, % level completed)
Tertiary/college
Secondary
None/primary
Marital status (n, %)
Married/cohabiting
Widowed/divorced/separated
Never married
Occupational class (1, %)
Professional (1-3)
Trade (4,5)
Skilled laborer (6,7)
Laborer (8,9)
Hypertension (, %)
Obesity (n, %)
High total cholesterol (1, %)
High LDL cholesterol (n, %)
Diabstes (1, %)
Depression (n, %)
Stroke (1, %)
Ischemic heart problem (1, %)
Head Trauma (1, %)
Hearing problem (1, %)
Eye problem (n, %)
Current high-risk alcohol use (1, %)
Past high-risk alcohol use (n, %)
Smoking (, % current smoker)
Physical activity (n, %)
Highly active
Somewhat active
Not (very) active
Fish consumption (n, % never)
Meat consumption (v, % never/some days)
Fruit & vegetable servings
9or more in last 3 days
4-8in last 3 days
Bor fewer in last 3 days
Sleep complaints (n, %)
Family history (n, %)
Cognitive function (Md [QR])

IQR, interquartie range; M, mean; Md, medlan; n, numer of participants with avaiable date; SD, stendard devation.

1,846
1,846

1,843

1,843

1,753

1,842
1,838
1,482
1,126
1,840
1,827
1,842
1,844
1,839
1,843
1,840
1,822
1,824
1,842
1,840

1,842
1,842
1,843

1,842
1,842
1,846

No
Dementia
(n=1677)

731+59

1,103 (65.8)
576/(34.2)

310 (18.5)
473 (283)
891(53.2)

787 (47.0)
738 (44.1)
149 8.9)

675 (42.9)
206 (12.9)
452 (28.3)
264 (16.5)
960 (57.4)
694 (41.6)
374(28.0)
239 (23.6)
299 (17.9)
458 27.6)
80(4.8)
225 (13.4)
916.4)
182 (7.9)
436 (26.1)
48(29)
107 (6.5)
313(18.7)

515 (30.8)
777 (46.5)
380 (22.7)

129 (7.7)

1,077 (64.4)

322(19.2)
683 (40.8)
669 (40.0)
567 (33.9)
291 (17.4)

31.2(30.0-32.1)

Incident
dementia
(n=169)

778+65

120 (71.0)
49 (20.0)

15 (89)
43(25.4)
111 (65.7)

54(32.0)
102 (60.4)
13(7.7)

48 (308)
28(180)
55(35.3)
25(16.0)
109 (64.5)
53(31.6)
40 (27.0)
33(28.7)
28(16.6)
61(368)
17 (10.1)
18 (10.7)
8(4.8)
22(130)
62(36.7)
7.1
13(7.7)
30(17.8)

27 (16.1)
81(482)
60 (35.7)
23(13.6)
112 (66.3)

19(11.2)
58(34.3)
92 (54.4)
50 (20.6)
38 (225)
29.8(27.7-31.2)

p-value

< 0.001
017

0.002

< 0.001

0.02

0.07
0.01
0.80
023
0.67
001
0.003
031
0.72
0.02
0.003
037
054
0.76
< 0.001

0.008
0.62
0.001

0.26
0.10
< 0.001

Normally distributed continuous variables were described as means and standrd deviation and groups were compared using the t-test. Not-normally distributed continuous variables
were described as medlan and interquartile range and groups were compared using the Wilcoxon singed rank test. Categorical variables were described as numbers and percentages,

and groups were compared using the Chi-squared test.
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Total sample 65-74 years 275 years

OR 95% CI* OR 95% CI* OR 95% CI*
_
65-74 years
275 years 2.87 2.05-4.02
_
Women
Men 059-1.21 088 0.50-1.54 083 053-1.32
_
Tertiary
Secondary 1.62 0.83-2.99 210 0.87-5.07 118 050-2.78
None/primary 1.85 1.05-3.27 257 1.12-5.88 1.30 059-2.83
Maried/cohabiting 1 1 1
Widowed/divorced/separated 1.70 1.16-2.48 1.79 1.00-3.19 163 0.99-2.69
Never married 1.43 0.60-2.15 162 0.64-4.10 084 0.35-2.08
Professional (1-3) 1 1 1
Trade (4.5) 1.48 0.88-2.50 143 0.63-3.28 155 077-3.11
Skiled laborer (6,7) 1.26 0.79-2.00 1.41 0.69-2.88 119 065-2.18
Laborer (8,9) 098 0.56-1.69 085 0.34-2.15 1.06 053-2.12
Hypertension 1.25 0.89-1.74 130 0.77-2.22 1.21 0.79-1.86
Obesity 0.62 0.44-089 056 0.32-099 067 0.42-1.05
Total cholesterol 098 0.67-1.43 1238 0.69-2.18 083 050-1.37
LDL cholesterol 131 086-197 1.64 091-2.95 1.00 062-1.92
Diabetes 091 059-1.40 124 0.67-2.32 071 0.38-1.29
Head Trauma 096 0.45-2.04 087 0.26-2.86 103 039-2.74
Stroke 2.16 1.23-8.79 338 1.61-7.61 155 0.72-8.35
Ischemic heart problems. 0.70 0.42-1.47 022 0.05-0.90 1.00 056-1.79
Depression 1.49 1.06-2.09 1.90 1.11-8.27 127 081-1.98
Hearing problem 1.2 0.80-2.16 098 0.30-3.26 1.41 081-2.44
Eye problem 1.39 0.99-1.95 1.02 0.56-1.86 164 1.08-2.50
Current high-risk alcohol use 224 0.96-5.26 253 0.91-7.00 1.71 0.34-854
Past high-risk alcohol use 1.60 0.83-3.07 247 0.92-5.10 1.11 0.40-3.07
Smoking status 1.29 083-201 077 0.40-1.50 217 1.19-3.96
Highly active 1 1 1
Somewhat active 1.76 1.41-2.77 2.80 1.33-5.92 1.26 0.70-2.26
Not (very) active 2.47 1.62-4.01 277 1.20-6.42 247 1.19-395
Never eating fish 177 1.09-2.87 1.01 0.39-2.59 230 1.27-4.15
Never/some days eating meat 0.94 0.67-1.32 084 0.48-1.46 1.01 0.66-1.56
Frit&vegetablosevings
9 ormore in last 3 days 1 1 1
4-8inlast 3 days 1.34 0.78-2.30 1.80 0.72-4.54 110 056-2.17
3 or fewer in last 3 days 2.16 1.28-3.62 288 1.19-7.00 177 0.92-3.39
Sleep complaints. 074 052-1.05 070 0.39-1.26 075 0.48-1.18
Family history 1.53 1.03-2.26 167 0.92-3038 1.41 083-2.37

OR odd ratio; 95%Cl 95% confidence interval.
*Associations were adjusted for sex and education.
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Men 0.84 054-1.20 078 0.39-1.56 0.88 0.50-1.56
Tertiary
Secondary 1.72 0.90-3.31 229 0.89-5.87 1.16 0.45-2.99
None/primary 1.74 0.90-3.38 2.44 0.91-6.55 115 0.45-2.93
Married/cohabiting
Widowed/divorced/separated 1.63 1.10-2.41 1.81 0.98-335 1.56 092-2.65
Never married 0.87 0.45-1.70 1.51 0.56-4.05 061 024154
Professional (1-3)
Trade (4,5) 1.47 0.86-2.53 133 056-3.13 1.59 0.76-3.30
Skiled laborer (6,7) 1.44 0.70-1.85 145 0.53-2.48 141 058-2.11
Laborer (8,9) 077 0.43-1.40 067 0.25-1.79 0.82 038-1.75
Obesity 063 0.43-0.91 058 0.32-1.05 064 0.39-1.03
LDL cholesterol 166 0.89-3.08
Diabetes
Stroke 1.81 1.00-8.28 3.08 1.25-7.58 1.41 062-3.22
Ischemic heart problems. 071 0.42-1.21 023 0.05-0.99
Depression 1.39 096-2.00 1.80 1.02-3.19
Hearing problem 1.04 056-1.91
Eye problem 148 094-2.82
Current high-risk alcohol use 2.10 068-6.49 152 0.34-6.67 1.44 026-7.84
Past high-risk alcohol use 1.27 054-2.99 1.86 0.56-6.17
Smoking status. 221 1.47-4.16
Highly active
Somewhat active 1.81 1.18-2.90 274 1.27-4.36 1.24 067-2.28
Not (very) active 229 1.49-4.16 267 1.08-6.59 2,05 1.06-3.94
Never eating fish 177 1.06-2.95 244 1.28-4.66

9 ormore in last 3 days

4-8in last 3 days 1.26 0.72-2.21 1.68 0.65-4.36 1.07 0.53-2.16
3 or fewer in last 3 days 1.96 1.15-3.35 222 0.88-5.59 1.81 0.92-3.57
Sleep complaints 0.62 0.42-0.90 0.57 0.30-1.06
Family history 1.47 0.98-2.22 1.70 0.91-3.19 1.42 0.82-2.48

OR Odds ratio, Cl 95% confidence interval.
Multivariable models include age, sex, education, plus all risk factors with ORs <0.75 or >1.40 in the univariable models (Table 2).
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Pooled prevalence (CI 95%)

Number of PWD in LAC from our estimates (thousands)

Age Prince and Wimo Our estimates 2020 2030 2050

)
60-69 0.02 0.02 (0.01-0.04) 942 (471-1,884) 1,239 (620-2,478) 1,729 (864-3,457)
70-79 0.07 0.09 (0.05-0.13) 2,266 (1,269-3,273) 3,399 (1,889-4,910) 5,591 (3,106-8,076)
>80 021 0.29 (0.20-0.37) 3,647 (2,615-4,653) 5,299 (3,664-6,761) 12,014 (8,286-16,329)
=60 0.08 0.08 (0.05-0.115) 6,855 (4,245-9,811) 9,938 (6,163-14,149) 19,334 (12,256-26,862)

ADI (2015) provided prevalence estimates in 5-year age groupings. In this study, the mean of two age groups were taken to represent the prevalence estimates in 10-year age groupings
(e.g., the prevalence was 0.015 for people aged 60-64 and 0.026 for people aged 6569, therefore the prevalence of people aged between 60-69 was determined to be the mean of
the two estimates, 0.0205,). The ADI 2015 estimates were used as a comparison for our Bayesian estimation.

Pooled prevalence from ADI (2015) are provided here for comparison.
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Study design

Single-phase
cross-sectional
survey

2-stage design
cross-sectional

study®

2-stage design
cross-sectional

study*

Single-phase
cross-sectional
survey

2-stage design
cross-sectional

study®

2-stage design
cross-sectional
study*

2-stage design
cross-sectional
study*

Screening tools

10/66 Community
Screening
Instrument for
Dementia

MMSE

MMSE
SMCQ
MoCA

MMSE

BCSB

MMSE

MMSE

MMSE

‘Outcome
ascertainment

10/66 short
dementia
diagnostic
algorithm

DSM-IV/

MRI classification

DSM-IV

NIA-AA

DSM-IV/

DSM-IV/

DSM-V, ICD-10,
NINCDS-ADRDA,
NINDS-AIREN

*Two-stage cross-sectional study involving: 1. Screening (MMSE) by trained fieldworkers; and 2. Case confirnation by psychiatrists.
Mini-Mentel State Examination (MMSE); Montreal Cognitive Assessment (MoCA); Subjective memory compleints questionnaire (SMCQ); Brief Cognitive Screening Battery (BCSB); the
International Classification of Diseases (ICD); the Diagnostic and Statistical Manual of Mental Disorders (DSM); National Institute on Aging and Alzheimer's Association also published
diagnostic guidelines (NIA-AA); Netional Institute of Neurological Disorders and Stroke Association criteria for vascular dementia (NINDS-AIREN); National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association criteria for Alzheimer's disease (NINCDS-ADRDA).
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References

Dana consortium

Sacktor et al. (35)

Letendre et al. (36)

Sacktor et al. (37)

RAVLT, Rey Auditory Verbal Learning Test; Cal Cap, California Computerized Assessment Package reaction time test.

Study design
Randomized

double-blind

Randomized
double-blind

Single-arm,
open-label

Randomized
double-blind

Number of
participants

36

14

22

Intervention

Oral deprenyl
monoamine
oxidase
inhibitor
(MAO))

Transdermal
selegiine
MACI

Oral Lithium

Oral paroxetin

Duration

10 weeks

10 weeks

12 weeks

24 weeks

Control Outcome
intervention measures
Placebo Neuropsychological
battery test
scores
Placebo Neuropsychological
battery test
scores
Not applicable Neuropsychological
test battery
Placebo Neuropsychological
test battery

Measure of
effect

Analyses of
variance

Analyses of
covariance

Paired t-test

Generalized
linear
regression
models

Effect

1. RAVLT delayed recall

2. Cal CaP reaction time

Authors’ conclusion: deprenyl
treatment is associated with cogritive
improvement in subjects with mild
HiV-associated cognitive impairment

1. RAVLT delayed recall
2. Grooved Pegboard test
Authors’ conclusion: Selegline
resulted in improved performance in
two neuropsychological tests

Global deficit scores

Authors’ conclusion: Lithium
resulted in improved
neuropsychological performance
1.Summary score

2. Cal CAP reaction time,

2. Timed Gait

Authors’ conclusion: Paroxetine
was associated with improvement in
a summary neuropsychological test
measure and in several
neuropsychological tests





OPS/images/fneur-12-658705/crossmark.jpg
©

2

i

|





OPS/images/fpubh-08-00342/fpubh-08-00342-t002.jpg
)

Country

Brazil

India

Tanzania

Phase 1

Question asked (CFIR
construct)

What training/support will
staff need to implement
CST e.g., time off regular
duties/travel for training?
(implementation climate)

What
organizations/charities/
government bodes are
available to you to help
support implementation?
(cosmopoltanism)

What are the known
barriers people
encounter when
accessing services?
(patient needs and
resources)

Barrier/Facilitator
identified

Healthcare professionals,
who might be expected
to run CST work long
hours, with competing
demands. This means
they may not have time
to faciltate CST groups.

There is a lack of
awareness of CST as a
treatment option.
Networking with other
organizations may
improve awareness.

Some older adults have
visual impairments but no
access to eye care.
Visual impairments that
cannot be compensated
for wil limit engagerment
with CST.

Phase 2

Implementation
activity developed

Venues offering CST

groups will be required to

guarantee staff are
granted protected time
for running groups and
attending training

Research team to
advertise CST through
media and form a
network of organizations
that are interested in
including CST in their
service

Screening for ST
suitability should include
abrief eye test

Rating of activity by
stakeholders

Essential and of
Intermediate difficulty

Essential and of
Intermediate difficulty

Desirable and of
Intermediate difficulty

Phase 3

Refinement and inclusion in
Implementation Plan

Essential; CST faciltators will
need protected time allocated for
CST (training and running
sessions). The research team
should inform site management
that protected time for staf is a
requirement of the project when
approaching/recruiting sites and
ensure that site managers agree
to this.

Essential: Researchers to
advertise CST and create a
network of organizations that
show interest in CST who are
reguiarly updated with local
resources and use of the
intervention

Further Consider: As part of
screening procedures,
participants can be referred to an
ophthalmologist to address any
visual impairments prior to
commencing CST.
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CFIR construct

Action point Due by

Completed on

E: Al
Patient needs and
resources

Patient needs and
resources

Relative advantage

External policy and
incentives

GST-nvestigators should approach leaders in community settings as possible sites offering CST 31.07.2020

CST-nvestigators should approach managers of hospital outpatient clinics as possible sites offering GST  81.07.2020

CST-nvestigators will explain the evidence-based benefits and the cost-effectiveness analysis indicating ~ 81.07.2020
CSTis a cheaper alternative to sites managers when approaching/recruiting sites

Contact with government stakeholders to discuss the possibilty of implement CST at a policy level 31.08.2021

Adapt GST material for iliterate people, people with disabilties and people with severe dementia 31.08.2021
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CFIR domain

Intervention Characteristics

Outer Setting

Inner setting

Characteristics of individuals

Process

Construct

* Intervention source
Evidence strength and quality

* Relative advantage

+ Adaptabilty

* Tiialabilty

* Complexity

« Design quality and packaging

* Cost

* Patient needs and resources

* Cosmopoltanism

* Peer pressure

« External policies and incentives

.

* Structural characteristics

* Networks and communications

* Culture

* Implementation climate

« Knowledge and beliefs about the intervention
* Self-efficacy

« Individual stage of change

« Individual identification with organization
 Other personal attributes.

« Planning

Engaging

Executing

Reflecting and evaluation

.
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CFIR construct  Action point Due by Completed on

Knowledge/beliefs  Local advertising about CST in collaboration with NGOs and local media. Contact details should be 1/6/2020
about intervention  provided if people want to get more information
Knowledge/beliefs  Adding information about global effects of GST, advantages of group therapy to the Dementia Completed

about intervention  Awareness Course (DAC) delivered to carers
Design quality and  All CST faciitators should be given alocal checkiist and asked to complete this checkiist prior to running ~ Completed
packaging their first CST group.

Network and Supervision of GST Faciltators and online mentoring 1/6/2020 On-going

communication

Complexity Include information about defayed results/prolonged duration of CST (7 weeks, 14 days) in Dementia Completed
Awareness Course (DAC) and advantages of group therapy, respite for caregivers, global effects of CST.

Structural Deliver GST faciltator training course to potential paramedical staff and hiring these personnel exclusively  1/6/2021
characteristics for CST delivery

TABLE 5 | Example action plan for Tanzania researcher.

CFIR Construct Action Point Due by ‘Completed on

Knowledge/beliefs  Oversee the contacting of higher education institutes (focusing on nursing, occupational therapy, 30,08.2020
about intervention  psychology) to discuss including CST in taught programmes, with reference to resources needed by
institute.
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CFIR Construct Action Point Due by Completed on

Knowledge/beliefs  Oversee the contacting of higher education institutes (focusing on nursing, occupational therapy, 30,08.2020
about intervention  psychology) to discuss including GST in taught programmes, with reference to resources needed by
institute.
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Age
60-74 years
275 years
Sex
Male
Female
Education
7 years of education
0-6 years of education
Living area
Suburban
Rural
Income
=Minimum wage
<Minimum wage
No income
Marital status
Still married
Single (never married/divorced)
Occupational class
Professional
Not working
Laborer
Housewife
Hypertension
Stroke
Diabetes
Triglyceride > 200 mg/d
HDL < 40 mgy/dl
BMI characteristics.
Normal
Underweight
Overweight
Obese
Smoking status
Depression
Leisure activitios
Intellectually less active
Socially less active
Recreationally less active
Physically less active
Less active (total leisure activity)
Dietary intake
Non-frequent carbohydrate intake
Non-frequent protein intake
Non-frequent fruit intake
Non-frequent vegetable intake

Multivariable modefs include age, sex, and education, plus all risk factors with ORs < 0.75 or >1.40 in the univariable models (Table 2).

OR

1.30
0.39
0.87
1.39
152

285
1.38
219
206
221

1.13
0.80
2.02
0.96

Total sample

95% CI*

1.70-4.46

0.84-2.51

0.27-1.00

1.20-2.97

0.46-2.01
0.54-3.39

1.03-2.84

1.03-4.60
0.94-6.10
0.64-5.56
0.73-1.73
0.63-17.65
0.63-2.86
0.48-3.93
0.21-1.18

0.78-2.19
0.18-0.82
0.26-2.93
0.60-3.19
0.64-357

1.60-5.08
0.89-2.13
1.39-3.46
0.99-4.25
1.42-3.44

0.74-1.74
0.52-1.25
1.10-3.72
0.62-1.50

OR

114

0.45

1.65

0.93
1.38

153

298
365
243
1.10
1.88
161
1.09
0.64

1
1.49
0.40
0.80
114
254

266
153
211
1.87
220

1.30
0.94
174
0.62

OR, odds ratio; 95% ClI, 95% confidence interval; HDL, high-density lipoprotein; BMI, body mass index.

60-74 years

95% CI*

0.61-2.14

0.22-0.91

0.97-2.83

0.38-2.28
0.44-4.27

0.85-2.276

1.21-7.31
1.29-10.30
0.68-8.71
0.66-1.81
0.29-12.15
0.68-4.49
0.36-3.29
0.26-1.60

0.80-2.80
0.17-091
0.21-3.09
0.45-2.88
0.90-7.15

1.42-4.10
0.92-2.53
1.26-3.56
0.83-4.20
1.32-3.66

0.78-2.15
0.56-1.57
0.88-3.47
0.57-1.62

OR

233

1.81

252

0.98
128

2.80

1.02
0.23
0.87
129

0.67

0.30

125
0.38
0.49
2.04
0.69

3.73
1.06
244
257
221

1.03
0.56
4.62
1.03

275 years

95% CI*

0.73-7.42

0.26-12.72

1.032-6.16

0.22-4.36
0.21-7.69

0.89-8.877

0.22-4.65
0.03-1.93
0.06-12.43
0.52-3.20

0.15-3.05

0.02-4.15

0.48-3.26

0.06-2.43
0.02-11.44
0.20-20.16

0.16-2.90

0.81-17.08
0.41-2.74
0.87-6.79
0.45-14.65
0.84-5.80

0.43-2.45
0.23-1.39
1.18-18.02
0.43-2.45
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Total sample 60-74 years 275 years
OR 95% CI* OR 95% CI* OR 95% CI*

Age

60-74 years 1

275 years 376 2.54-557
Sex

Male 1 1 1

Female 152 0.93-2.50 1.34 086-2.08 5.04 2.48-1025
Education

7 years of education 1 1 1

0-6 years of education 1.80 1.11-2.92 1.11 0.64-1.91 228 054-9.64
Living area

Suburban 1 1 1

Rural 226 1.58-3.24 222 1.42-3.46 2.10 1.00-4.37
Income

=Minimum wage 1 1 1

<Minimum wage 124 0.65-2.36 213 1.07-4.23 1.39 0.39-4.93

No income 1.69 0.97-2.94 213 1.07-4.23 1.40 050-3.92
Marital status

Still married 1 1 1

Single (never married/divorced) 231 1.54-3.45 1.75 1.06-2.90 1.72 0.69-4.27
Occupational class

Professional 1 1 1

Not working 243 1.83-4.45 2.87 1.83-6.21 1.01 0.28-3.66

Laborer 1.97 0.97-4.02 291 1.20-7.06 0,63 0.15-2.60

Housewife 157 0.68-3.64 215 0.69-6.67 1.41 0.20-9.86
Hypertension 1.26 0.88-1.79 1.08 0.71-1.67 1.38 0.66-2.91
Stroke 377 1.20-11.84 3.07 0.80-11.74 8.18 0.71-93.37
Diabetes 095 2.71-7.86 1.16 050-2.80 054 0.14-2.01
Triglyceride > 200 mg/di (1, %) 081 0.33-2.02 067 0.25-1.86 1.93 0.10-35.88
HDL < 40 mg/di (n, %) 060 029-1.23 078 0.36-1.70 0.44 007-2.78
BMI characteristics.

Normal 1 1 1

Underweight 1.87 1.21-2.86 207 1.21-355 1.36 059-3.14

Overweight 033 0.17-0.63 0.46 0.23-0.93 0.20 0.03-1.11

Obese 046 0.15-1.40 054 0.15-1.94 1.04 0.05-2038
Smoking status 1.30 0.66-2.54 1.01 0.46-2.20 5.17 0.62-43.86
Depression 253 1.25-5.11 375 1.63-8.66 1.09 0.33-3.61
Leisure activitios

Intellectually less active 350 261-5.68 2.96 1.70-5.16 3.09 1.01-0.46

Socially less active 204 1.43-2.91 1.79 1.16-2.77 1.52 0.71-3.28

Recreationally less active 299 2.06-4.34 2.43 1.56-8.79 238 1.05-5.41

Physically less active 326 1.63-6.49 2.40 1.11-6.18 370 0.70-19.57

Less active (total leisure activity) 3.16 219-4.58 267 1.71-4.16 275 1.26-6.01
Dietary intake

Non-frequent Carbohydate intake 1.32 0.92-1.90 1.55 098-2.45 081 0.38-1.71

Non-frequent protein intake 1.16 0.81-1.67 1.24 0.79-1.94 0.69 0.32-1.44

Non-frequent fruit intake 247 1.31-3.59 2,02 1.09-3.74 255 091-7.21

Non-frequent vegetable intake 1.02 0.70-1.47 099 0.62-1.57 1.03 050-2.16

OR, odds ratio; 95% Cl, 95% confidence interval; HDL, high-density lipoprotein; BMI, body mass index.

*Associations were adjusted for sex and education.
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n  Nodementia  Dementia  p-value

(n = 486) (n =200)
Age (M  SD) 686 68.20+£657 7299%7.21 <0001
Sex (1, %) 686 <0001

Male 232 47.7) 64(32.0)

Female 254 (52.3) 136 (68.0)

Education (M + SD) 661 6070+£308 3605+£336 <0.001
Living area (1, %) 686 <0001

Suburban 317 (65.2) 90 (45.0)

Rural area 169 (34.8) 110 (85.0)

Income (n, %) 598 <0.001

=Monthly minimum 125 (25.7) 29(14.5)

wage

<Monthly minimum 99 (20.4) 30(15.0)

wage

No income 205 (42.2) 110 (85.0)

Marital status (7, %) 629 <0001

Stil married 327 (67.3) 93(46.5)

Single (never 120 (24.7) 89 (44.5)

married/divorced)

Occupational class (1, %) 590 <0001

Professional 134 (27.6) 28(14.0)

Not working 94(19.3) 66(330)  <0.001

Laborer 67(13.8) 24(12.0)

Housewife 128 (26.9) 49(24.5)
Hypertension (1, %) 665 265(54.5) 124(620) 044
Stroke (1, %) 686 8(1.6) 9(45) 005
Diabetes (1, %) 391 34(7.0) 16(8.0) 074
Triglyceride > 200 mg/dl 301 27 (5.6) 8(4.0) 0.44
(n, %)

HDL < 40 mg/dl (n, %) 391 53(109 12(6.0) 004
BMI characteristics (0, %)~ 648 0.000

Normal 276 (56.8) 106 (53.0)

Underweight 74 (15.2) 56 (28.0)

Overweight 98(20.2) 14.7.0)

Obese 20 (4.1) 4(2.0)
Smoking status (0, % active 506 169 (34.8) 52(26.0) 002
smoker)
Depression (1, %) 676 18(3.7) 22(110)  <0.001
Cognitive score AMT 638 8264134 453174 <0001
(M£SD)
Leisure activities (1, %) 684

Intellectually less active 312(64.2) 174(87.0)  <0.001

Socially less active 208 (46.9) 131(655)  <0.001

Recreationally less active 235 (48.4) 188(69.0)  <0.001

Physically less active 411 (84.6) 188(940)  <0.001

Less active (total leisure <0.001

activity)

Dietary Intake (n, %
non-frequent)

Carbohydrateintake 602 209 (43.0) 99 (49.5) 007

Protein intake 602 191(39.3) 87 (43.5) 024

Vegetable intake 597 214(44.0) 89(44.5) 072

Fruit intake 579 302(62.1) 143(71.5) 0001

Salted fish intake 523 100(22.4) 42(21.0) 075

Instant noodle intake 537 177 (36.4) 80 (40.0) 025

Tempe (fermented 58  177(36.4) 65325 050

soybean) intake

Non-parametric variables were compared using the Mann-Whitney test. Categorical
variables are described as numbers and percentages, and groups were compared using
the chi-squared test and Cramer's V fest.

M, mean; n, number of particioants with availeble data; SD, standard deviation; HDL,
high-density lipoprotein; BMI, body mass index: AMT, Abbreviated Mental Test.





OPS/images/fneur-12-643480/fneur-12-643480-g001.gif





OPS/images/fneur-12-643480/crossmark.jpg
©

2

i

|





OPS/images/fneur-12-651826/fneur-12-651826-t003.jpg
D>
Not complete
Complete
Correct
Wrong
Clock drawing test
Not complete
Complete
Correct
Wrong
Referral suggestions
Not complete
Complete
Correct
Wrong
Total
Not complete
Complete
Correct
Wrong

Standard training
group
(n =661)

272(41.1)

380 (58.9)

383 (98.5)
6(15)

144.21.8)
517 (78.2)
391 (75.6)
126 (24.4)

318 (48.1)
343 (51.9)
160 (63.7)
91(36.3)

440 (66.6)
221(33.4)
13(51.1)
108 (48.9)

aData are expressed as counts (percentages).
bAD8: Eight-item Interview to Differentiate Aging and Dementia.

Enhanced training
group
(n=1184)

216(18.2)

968 (81.8)

958 (99.0)
10(1.0)

287 (24.2)
897 (75.8)
760 (84.7)
137 (15.3)

396 (33.4)
788 (66.6)
586 (82.8)
122 (17.2)

583 (49.2)
601 (50.8)
452 (75.2)
149 (24.8)

<0.001

0.432

0.232

<0.001

<0.001

<0.001

<0.001

<0.001
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Baseline End of the intervention Difference between baseline ‘Comparison of the

and the end of change between two
the intervention groups
Standard  Enhanced  Standard Enhanced  Standard Enhanced P P
training  training  training  training training training
group group group group group group
=58 (=48

Knowledge score, points® 32(29,35) 31(28,34) 37(32,38) 36(33,38) 85(-03,7.3)  40(20,7.0) 0293 0218

Theoretical knowledge 21(18,23) 21(18,23) 24(23,25) 25(23,27) 30(10,50)  40(23,50 0.085 0.098

Practical knowledge 11(10,12)  11(10,12) 189,14 11(10,12) 10(-23,30) 00(-1.0,1.0) 0.845 0.847
Attitude score, points® 8(8,9) 8(7,9 9(7,9 86,9  00(-10,1.0) 00(-10,10) 0872 0.675
Self-reported dementia screening or 0028 0.045
referral service in the past month®

No 44(759)  41(854)  40(69.0)  26(54.2) - -

Yes 14(41)  7(146  18(81.0)  22(458) - -
Proportion of participants submitting 0.129 0.028
dementia screening records at the end of
the study®

No - - 34(586)  21(43.7) - -

Yes - - 24(41.4)  27(563) - -
Number of submitted records® - - 15(6,46) 27 (11,55) - - 0.138 0.088

Period using records® - -

1st—rd month - - 22(01.7)  27(100.0) - - 0216 0.196
4th~6th month - - 3(125)  14(619) - - 0.003 0.002

%Data are expressed as median (25th~75th percentie).
®Data are expressed as counts (percentages)
“Unadjusted.

dAdjusted for age.
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Number of clusters (community healthcare centers)
Average cluster size, persons, median (25th, 75th percentie)
Location®
Fangshan District
Fengtai District
Age®, years, mean (standard deviation)
Sex®
Male
Female
Occupation®
Physician
Nurse
Education®®
Junior college or lower
Bachelor or above
Years of work?, median (25th, 75th percentie)

%Data are expressed as counts (percentages).

bSix participants (4 from the standard and 2 from the enhanced training group) did not report.
“Seven participants (2 from the standard and 5 from the enhanced training group) did not report.
9Ten participants (4 from the standard and 6 from the enhanced training group) did not report.

Total
(n =106)

36
3@, 4

58(54.7)
48(45.3)
375(7.6)

35(33.0)
71(67.0)

78(73.6)
28(26.4)

33(33.3)
66 (66.6)
10(6, 16)

Standard training group
(n=58)

20
3(1,4)

28(48.3)
30(51.7)
355(69)

17(293)
41(70.7)

42 (72.4)
16(27.6)

17 (30.4)
39(69.6)
85(6,15)

Enhanced training group
(n=48)

16
3(2,4)

30 (62.5)
18 (37.5)
39.8(7.8)

18 (37.5)
30 (62.5)

36 (75.0)
12 (25.0)

16 (37.2)
27 (62.8)
105, 18)

0.845
0.143

0.004
0.372

0.764

0473

0519
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Characteristic Hypothyroidism Subclinical Normal thyroid Subclinical P-value*

(n=18) hypothyroidism function hyperthyroidism
(n=23) (n=670) (=9
SCD, n (%) 5(27.8%) 5@1.7%) 176 (26.3%) 111 0875
MCl, n (%) 3(16.7%) 5(21.7%) 145 (21.6%) 5(55.5%) 0956
Dementia, n (%) 10 (65.5%) 13 (56.5%) 349 (52.1%) 3(33.3%) 0862
Age, years (mean = SD) 656+ 88 63.4£9.1 62283 64.1%89 0068
Education, years (mean & SD) 1.7£35 108+36 1.1£29 10229 0456
Female, n (%) 9(50%) 13 (66.5%) 352 (52.5%) 5(55.5%) 0.403
BMI, kg/m? (mean s SD) 281 £23 232+3.1 229+29 283+26 0856
MMSE score (mean = SD) 21345 20881 209£76 22151 0435
IFS score (mean  SD) 22723 20219 28.1+13 208+ 22 0.135

BMI, body mass index; IFS, INECO frontal screening; MCI, mild cognitive impaiment; SCD, subjective cognitive decline; MMSE, Mini Mental State Examination.
*One-way ANOVA (continuous variables) or Chi-Square (categorical variables) performed between normal thyroid function and thyroid disfunction groups (hypothyroidism + subcliical
hypothyroidism + subclinical hyperthyroicism).

Instituto Peruano de Neurociencias, 2014-2020.
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Characteristics

Age, years (mean  SD)
Female, n (%)

Education, years (mean  SD)
BMI, kg/m? (mean + SD)
MMSE, score (mean  SD)
IFS, score (mean = SD)
PFAQ, score (mean  SD)
CDR, score (mean = SD)
NPI, score (mean = SD)

B12 pg/ml (mean  SD)

Folic Acid ng/dl (mean % SD)
Free T3 pmol/L (mean  SD)
Free T4 pmol/L (mean  SD)
TSH mU/L (mean  SD)

scp
(n=330)

69.65 4 4.13
171 (61.8%)
1271 £3.11
2259465
256115
267313
2.41+£1.33
0.47 £0.19
714029

364.25 +65.4

9344
44£06
163+ 1.2
20£10

mcl Dementia
(n=154) (n = 236)
70.26 % 351 72.42 £ 366
74 (48%) 121 (51.3%)
11.68+3.16 116227
282454 224849
221821 1779422
21.12:£12 15.12£1.9
421£1.18 15.19.+ 263
0.81+£027 1.68 % 0.69
82+1.41 138+ 4.37
40420 £123.6 356.46 + 36.4
9437 82428
47£06 4403
15.1£0.9 149422
21£13 19+13

P-value
(SCD vs.

Mc))

0.416
0.078
0.087
0.142
0.000*
0.000*
0.003
0.015
0.001

0.162
0.621

0.032
0.296
0.359

P-value
(MClvs. D)

0.021

0.129
0217
0.235
0.000%
0.000*
0.000*
0.011

0.003
0.092
0.072
0117
0.158
0.084

P-value (SCD vs. D)

0.000
0.563
0.061

0.636
0.000*
0.000*
0.000*
0.002
0.000*
0.813
0.024
0.472
0.172
0.168

BMI, body mass index; CDR, Clinical Dementia Rating scale; D, dementia; IFS, INECO Frontal Screening; NP, Neuropsychological Inventory; MCI, mild cognitive impairment; MMSE,

Mini Mental State Examination; PFAQ, Peffer Activities of Daily Living Questionnaire; SCD, subjective cognitive decline.

'p<0.001.

Instituto Peruano de Neurociencias, 2014-2020.
**One-way ANOVA (continuous variables) or Chi-square (categorical variables) were performed.
The bold values mean that the p-value < 0.05.
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Model Predictors

Education (years)

Multivariable Age
Processing speed

WAT

usce

—0.002
-0.024
0.233
0.065

SE

0.032
0014
0.116
0.023

SC beta

—0.009

-0.191
0.229
0.301

tvalue

—-0.069

-1.770
2014
2.826

WAT, word accentuation test; Cl, Confidence Interval; USC B, Unstandardized beta; SE, Standard error; SC, Standardized.
R2

260.

0.945
0.080
0.047
0.006

95% Cl for B

Lower

—-0.066
-0.052
0.003
0.019

Upper

0.062
0.003
0.463
0.112
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Model Predictors
Multivariable Education (years)
Age
Processing speed
WAT

usce

0.029
-0.085
0.357
0070

SE

0.022
0010
0.080
0016

SC beta

0.121
-0.283
0.360
0.330

t value

1.314
-3.695
4.461
4.349

WAT, word accentuation test; Cl, Confidence Interval; USC B, Unstandardized beta; SE, Standard error; SC, Standardized.
R2

623,

0.192
<0.001
<0.001
<0.001

95% Cl for B

Lower

-0.0156
—0.054
0.198
0.038

Upper

0.073
-0.016

0515

0.102
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Model Predictors

Multivariable Education (years)
Age
Processing speed
WAT

UsCc B

0.038
0.003
0.465
0.068

SE

0.024
0010
0.086
0017

SC beta

0.154
0025
0.469
0318

t value

1.547
0.309
5.401
3.927

WAT, word accentuation test; Cl, Confidence Interval; USC B, Unstandarized beta; SE, Standard error; SC, Standardized.

I:3

527,

0.125
0.758
<0.001
<0.001

95% Cl for B

Lower

—-0011
-0017
0.294
0.034

Upper

0.086
0.023
0.635
0.103
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Age, mean (SD)
Education (years), mean (SD)
Sex
Meale, n (%)
Female, n (%)
MMSE, M (0S)
Geriatric Depression Scale M (SD)
Global Dementia Staging M (OS)
Executive control
Working memory M (DS)
Cognitive Flexibility M (0S)
Inhibitory Control M (DS)

<24 points N = 52

73.42 (8.20)
10.41(3.84)

6(5.45)
31(47.69%)
25.20 (4.43)

539 (2.95)
1.43 (0.48).

~0.40 (0.94)
-052(0.73)
~051(0.89)

'WAT scores

WAT, word accentuation test; MMSE, Mini Mental State Examination; M, Media; SD, Standard Deviation.

P < 0.05.
“p < 0.001.
AChi2.

“t student,

>24 points N = 41

70(7.38)
13.82 (3.45)

12(7.13)
34 (52.03%)
28.10(1.62)
5.13(2.93)

1.17 (0.47)

0.41(0.84)
047 (0.91)
033(0.92)

P value

0.084
0.000"

0.422n

0.001*
0.075
0.091

<0.000"*
<0.000"
<0.000"
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Independently associated factors Standard errors Weight %

Age 002 958
Low formal education 0.19 11
Poor predementia cognitive 024 07
functioning

Apolipoprotein E4 homozygosity 029 05
Rural place of residence 035 03
Female gender 037 03
Systemic hypertension 038 03
Cholesterol 038 03
Poor social engagement 042 02
Low density lipoprotein 045 02
History of smoking 045 02
Low occupational attainment 0.46 02

Low economic status 0.67 0.1
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Name, country of
study participants
and year

Bialystok et al. (53)
Canada

Craik et al. (57)
Canada

Gollan et al. (58)
USA

Bialystok et al. (59)
Canada

Woumans et al. (60)
Belgium

Mendez et al. (61)
USA

de Leon et al. (62)
USA

Zahodne et al. (63)
UsA

Lawton et al. 2014
(64) USA

Yeung etal. (65)
Canada

Clare et al. (66)
Wales

Akhlaghipour et al.
©7)
USA

Description of
study design

This study examined whether bilingualism

was associated with delay of onset of
dementia.

Retrospective analysis of 184 patients
attending Baycrest in Toronto mermory
clinic

93 were bilinguals and 91 were
monolinguals with dementia.

Onset of cogniive impairment reports, and

age of diagnosis of cognitive symptoms
noted.

Biinguals defined as those who spent the

majority of their lives, at least from early
adulthood, regularly using at least
two languages.

211 consecutive patients attending clinic:

in Toronto with AD. 102 bilinguals and 109

monolinguals were selected.
Age of onset of cognitive impairment and

demographic information, such as factors

including ocoupation, education, and

linguistic history taken out of 102 biingual

participants and 109 monolingual
participants tested.
Biinguals defined as individuals having

spent the majority of fe, at least from early

adulthood, regularly using at least
two languages

This study examined the impact of
increasing bilingual proficiency in Spanish
speaking AD bilngual patients in terms of
age of onset of diagnosis.

Biingualism proficiency and age of
diagnosis of Alzheimer's disease and age
of diagnosis assessed in 44 participants.
Spanish and English-speaking biinguals.
Degree of bilingualism was measured
using the Boston narming test, and
bilngual indiex.

These were participants attending the
UCSD Alzheimer's research Center.

Study investigating the relationship
between bilingualism and age of onset of

cognitive symptoms of dementia and rate

of deterioration of cognitive symptoms in
monolinguals and biinguals with
dementia

Participants were selected from the Sam
and Ida Ross Memory Clinic at Baycrest,
Toronto, Canada.

74 patients with MCl and 75 patients with

AD (35 monolinguals) and (40 biingual)
and participants were followed up over a
year. Al patients were interviewed to

obtain details of their language use, onset

of their condition, and lifestyle habits.

Biinguals were defined as those who had
spent most of their lives beginning at least

in early adulthood, speaking two or more
languages fluently on a daly or at least
weekly basis.

The study aim was to evaluate the age of
onset of dementia in monolinguals or
bilnguals in a sample in Belgium.

69 monolinguals with AD and 65 bilinguals

with AD were identified from 2 university
hospitals in Ghent and Brussels.
Non-immigrant sample of biingual
participants were recruited.

Participants were considered bilngual if

they rated themselves as "good” or higher

for all four L2 skills and spoke this L2 at
least weekly before and now were
obtained from patient and

caregiver interviews.

Multiple linear regression performed

The study aim was to evaluate the effects

of bilingualism on the age of diagnosis of
dementia.

In clinics in California USA with a large
immigration population 253 patients with
probable early onset AD identified and
investigated for demographic variables,
native language nature of presentation,
ages of onset and presentation.
Mini-Mental State Examination, digital
spans, word fluencies, naming, and
memory were measured.

This retrospective study explored the
difference in age of onset of dementia in
bilnguals and monolinguals in 287
well-characterized participants with either
amnestic Alzheimer's dementia or
logopenic variant primary progressive
aphasia (VPPA)

Individuals were selected from those seen

at the University of California, San
Francisco Memory and Aging
Center (MAC)

Large prospective USA study investigating

the Spanish speaking community of
initially non-cemented individuals fving in
Manhattan. 1,067 participants from the
Washington/Hamilton Heights Inwood
Columbia Aging Project (WHICAP) who
were tested in Spanish and followed at
18-24 month intervals for up to 23 years.
Secondary analysis of 81 (65 Alzheimer's
Disease 26 Vascular Dementia)
participants who developed dementia

Study sample taken from the Sacramento

Area Latino Study on Aging cohort study.
1,789 Hispanic Americans were enrolled
for this study and the participants were
self-identified Hispanics and none of the
participants had dementia at the start of
the study.

These 81 community dwelling participants.

performed cognitive tests, and the age of
diagnosis were determined.

Cognitive tests performed included the
MMSE English Neuropsychological
Assessment Scale.

Study explored whether bilingualism is
associated with dementia in cross

sectional or prospective analyses of older

adults.

1,616 community living older adults were
assessed and followed 5 years later.
Measures included subjective memory

loss, modified MMSE Dementia defined as

cut off on modified MMSE.

Language status defined as first language

English, bilingual English, English as.
second language.

Welsh cross sectional cohort study
compared the time of diagnosis of
Aizheimer's disease in 49 monolingual
English speakers and biingual 37 and
English and Welsh speakers.

These participants were then requested to

perform executive function and
neuropsychological testing.

Language questionnaire was created to
explore the level of language proficiency.
Cognitive reserve info ascertained by
lifetime of experience of questionnaire.

Variety of executive function tests given to

participants.
Al participants had a screening MMSE
score of 18/30.

Participants selected from the neurodem
research register.

Power calculations revealed that there
needed to be 42 participants in both
groups in order to show a significant
statistical different in the age of the onset
of dementia

Structured interview was given in the
language of choice.

This retrospective study examined the
relationship between speaking more than
one language and the age of onset of the
clinical symptoms of Alzheimer’s disease,
and (2) to investigate if there is
‘asymmetrical language impairment with
reversion to L 1(dominant language) once
there is ciinical dementia.

This identified 74 biingual and 179

monolingual patients. Dependent variables

were age of onset and presentation.

Key study findings

The difference between monolinguals.
and biinguals of 4.1 years in age of
onset of symptoms fs,17g = 9.16, p
< 0,003, with no difference between
men and women, F < 1. The power
of this effect with « = 0.05 is 0.87
Bilinguals were 3.2 years older than
monolinguals at the time of the initial
ciinic appointment, a difference that
was also significant, F. 10 = 5.93,p
<002

Biinguals were diagnosed 4.1 years
later than monolinguals

Fy, 207 = 12,02, p < 0.0006, and the
report of onset of symptoms was 5.3
years later than monolinguals.

F1, 205 = 16.25, p < 0.0001

Later age of diagnosis on more
bilnguall proficient participants.
Greatest difference found in those
with low levels of education and those
with Spanish dominant linguistic
proficiency

Being more bilingualy proficient may
delay the onset of cognitive
symptoms of dementia.

Significant detay in the onset of
cognitive symptoms in patients with
MCland AD (3.2 and 7.2 years,
respectively).

Mean age of onset of dementia
monolinguals was 70.9 vs. 78.2

in bilinguals.

The rate of executive function decline
was approximately the same in both
bilinguals and monolinguals with
Azheimer's disease.

Biinguals were oider than
monolinguals for both onset of
symptoms [Fi1as) = 10.75, p =.001]
and age of first clinic visit (F 145 =
935, p =.003).

Adelay of 4.6 years in dlinical
manifestation and 4.8 years in
diagnosis of dementia in biinguals
compared to monolinguals.

Group [Fi1109 = 6.18, p =014, Beta
= 4.64 years),

Average age of manifestation of
dementia in monolinguals was 71.5
and biinguals was 76.1

74 bilinguals (29%) and 179
monolinguals were recruited in the
study.

There was a variety of L1s

Biinguals had significant delays in
age of onset of dementia (p = 0003)
and age of presentation

(t=-3.08; df 251, p = 0.003)
Bilinguals had worse MMSE scores
on presentation.

Of the 287 participants, 247 were
monolinguals and 40 participants.
were monolingual.

Of the 246 monolinguals 179 had
amnesic AD and 63 monolinguals had
WVPPA.

Amongst the bilinguals 28 had
Amnesic AD and 16 had IVPPA.
Participants who spoke two or more
languages were classed as bilinguals.
If charts did not state information
regarding exposure to or experience
with a second language, they are
monolingual.

IVPPA cohort, bilingual speakers were
significantly older than monolinguals
atthe time of diagnosis Biinguals(M
= 68.2) Monolingual(M = 62.8) for the
monolingual

This finding was ot found in
Amnesic AD

282 of the participants converted to
dementia. Biingualism was not
associated with a reduced conversion
or reduced rates of cognitive deciine.
Bilingualism was associated with
better performance in memory tasks.
and executive function.

Mean age of diagnosis was 81.1in
monolingual group and 79.9 in
bilngual group.

ANOVA revealed that the mean age of
dementia diagnosis of the biingual
participants (79.31 years) was not
significantly different from that of the
monolingual participants (81.10),
Fuzm = 1.27,p = 0.26, 2p = 0.02.

No association between speaking
more than one language and
dementia.

English as a second language
participants had poorer education,
and more likely to be diagnosed with
dementia compared to those
speaking English as a first language.

Biinguals did not show significant
advantages in executive function
compared to monolinguals, but there
was some increased abity in
inhibition and conflict resolution in
bilinguals.

Biinguals were diagnosed not
significantly 3 years later than
monolinguals, but were also more
significantly cognitively impaired
than monolinguals.

Biingualism was associated with
statistically significant delay in ages of
onset and presentation of clinical
dementia (p = 0.003). MMSE score
was significantly lower in monolingual
compared to biinguals (p = 0.004).
Improved scores in F word fluency,
category fluency, and delayed verbal
recall among biinguals compared to
monolingual patients.

Methodological limitations

Subject to recal bias.
38 patients unaccounted.

Biingual participants were mainly
francophone and immigrants 81/93.

Majority of bilingual participants were
immigrants.

21 different first languages were spoken
amongst b Yiddish (¢ = 24), Polish (1 =
12), ltalian (1 = 11), Hungarian (0 = 9),
and French (1 = 7).

Questionnaires about fluency of
languages given to participants but was.
not formally assessed.

Only biinguals studied in this project.
Retrospective analysis

Prospective assessment of the rate of
decline of symptoms in biingual and
monolingual groups.

Retrospective analysis of the date of
diagnosis of dementia.

Al subjects were proficient in English,
but bilnguals additionally spoke other
languages such as Farsi, French, ltalian,
Russian, and Yiddish.

Retrospective study

Retrospective study design
Logistic regression performed for
bilingual and monolingual groups.

Retrospective design

No objective rating of bilingual
proficiency.

Biinguals were more likely to be
immigrants to USA.

No objective measure of Spanish
proficiency taken.

Biingualism not associated with delay of

onset of dementia.

Biingualism is not associated with a
delayed onset of dementia.

Anon-significant delay in cognitive
impairment diagnosed in bilinguals with
dementia compared to monolinguals.

Bilingualism is associated with delayed
onset of dementia

Conclusions

Blingualism may delay
the age of onset of
ciinical features of
dementia.

Biingualism delays the
onset cognitive
symptoms.

There may be an upper
limit to the level of
protection conveyed by
bilnguals, as greatest
delay in cognitive
symptoms observed
was most pronounced
in the least educated
participants.

Blingualism delays the
age of onset of AD

Biingualism delays the
clinical manifestation of
dementia.

Blingualism delays the
onset of dementia

Biingualism was
associated with a
significant delay in
onset of dementia in
IWPPA patients.

This difference was not
observed in

Amnesic AD.

Biingualism may not be
associated with
delayed impairment of
cognitive function.

Over 50% of the
population were
immigrants to USA.
57% of the bilngual
group were multiingual
and were not analyzed
separately to bilngual
group.

Small study sample.
Language proficiency in
each language not
objectively measured.
Small study sample

Original sample had
2,890. Over 1,200
participants lost to
follow up, 443 refused,
131 participants had
missing data,
Self-reported
measurement of
education and
multiingualism were
documented.

No independent
measure of
bilngualism.

9.6% cognitive
impairment in English
as second language
group.

Differences in
participant numbers.
between English as first
language and English
as second language
group.

Modified MMSE poor
indicator of cognitive
dysfunction

No neuroimaging
information provided.
3MS- is highly English
specific and therefore
ESL group may find it
dificult to perform.
Only 24 of 37 bilingual
Welsh and English
participants were
selected for performing
executive function
cogritive tasks.

Underpowered study
particularly with small
bilingual population
may have contributed
toward the
inconclusive reslts.

Only supplementary
information provided
No information
provided on the
proficiency of
languages or
assessment of
proficiency

of languages.

Additional commentary
covariables

Immigration may propagate healthy
worker effect in the bilngual
population. Retrospective sample
Relatively small bilngual population.
Study controlled for gendr,
occupation and level of education.
The bilinguals included speakers of
25 different languages

No effect from immigration, and
monolinguals achieved more formal
education.

Groups were very simiar on
occupational and cognitive
attainment.

Immigration status was analyzed as
an independent factor.

Objective measures of bilingual
proficiency using Boston naming test.

47% of the patients from the Craik et
al. (57) study was also used in this
study.

The delayed onset of cognitive
symptoms i the biingual group were
independent of lifestyle factors.
Language and Social Background
Questionnaire (LSBQ) assessed
immigration history, education, and
language use.

Onset of symptoms interview
explored when next of kin noticed the
symptoms of dementia.

Age of language 2 acaquisition did not
affect the findings.

Biinguals consisted of a combination
of French and Dutch.

Linguistic history and social
background information

Proficiency measured by Likert scale
and frequency of use of language
assessed.

No objective measurement of
bilingual proficiency.

Most of the bilinguals were from
immigrant population who spoke a
variety of Lis (Farsi, Spanish,
Chinese, Tagalog, Arabic etc)
Meajority of bilinguals regressed back
to their native L1.

Amongst bilinguals language use in
the first years of lfe, the later
acquisition of English, immigrant
status, the proficiency in using both
languages on a daly basis, and
change in language used.

Study excluded participants who
enrolled in second language classes
for only a few years without ongoing
experience.

Study excluded individuals that had
immigrated to a country which have a
majority different primary language
but it was not evident whether they
were in formal school or employed in
their adopted country or participants
expressed minimal proficiency in a
second language.

Two raters independently determined
morolingual or bilngual status for
each patient.

Analyses of covariance (ANCOVAS)
were sed to assess the effects of
bilingualism and ciinical diagnosis on
age at symptom onset.

Biingualism was tested by self-rating
and objective test in reading abiity in
English was conducted.

Large study sample taken

Hispanic bilinguals only targeted.
Biinguals were significantly better
educated than monolinguals with
dementia.

No significant difference in education
levels in US bon biinguals or
monolinguals.

Likert scales used to identify
frequency of language use.

Overall poorly designed study and big
losses to follow up

Self-reporting of language proficiency
leading to bias.

Large losses to follow up.

Different sample sizes in different
groups.

Community based study.

Large disparity in the levels of
education between the groups which
may have resulted in bias.

Genetic factors not measured.
Measures of cognitive abilty were
poor.

Study did not have specific age of
onset of dementia information.

Blinguals came in touch of medical
care later than monolinguals with
dementia.

Biinguals shared a common societal
and cultural milieu.

Blinguals were found to be
significantly less educated, and more
likely 1o be on cholinesterase
inhibitors.

Participants were assessed 1.5-2
years post-diagnosis.

Higher dropout rate in bilnguals with
Alzheimer's compared to
monolinguals. Difficult o recruit
bilinguals to the study.

No documented measurement of the
average number of years of delay of
onset of dementia in bilinguals
compared to monolinguals.
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References Country Setting Definition of
dementia

Hospital or nursing home studies

Ogunniyi et al. (22) Nigeria General hospital medical  1CD 9 criteria
In-patients

Osuntokun et al. (23) Nigeria Autopsy Histological hallmarks

Baiyewu et al. (30) Nigeria Nursing homes DSM IIl-R criteria

Napon et al. (27) Burkina Faso General hospital In-and ~ DSM IV
outpatient

Siddiqi et al. (25) Zambia General hospital Ciinician best
Ou/inpatient judgment

Toure et al. (31) Senegal Primary care center for the  Clinician best
elderly judgment

Amoo etal. (29) Nigeria Neuropsychiatric hospital  ICD 10 criteria
In- and out-patient

Ramlall et al. (32) South Africa Residential homes for the DSM IV-TR
elderly

Ouango et al. (24) Burkina Faso General hospital In-and ~~ Clinician best
outpatients judgment

Calixte et al. (26) Cameroun Neurology Outpatient 10D 10 criteria

Paddick et al. (26) Tanzania General hospital medical ~ DSM IV
In-patients

References Country/Location Definition of dementia Sample size

Community based cross-sectional surveys

Clinically diagnosed dementia

Osuntokun et al. (33) Nigeria (Idikan) DSM II-R 930

Hendrie et al. (6 Nigeria (ldiikan) ICD 10/DSM lI-R 2,494

Guerchet et al. (34) Benin (Djicje) DSM-V 502

Yusuf et al. (35) Nigeria (Zaria) ICD 10/DSM IV 322

Guerchet et al. (36)° CAR (Bangui) DSM IV/Alzheimer's 496
Association

Guerchet et al. (36)° Congo (Brazzaville) DSM IV/Alzheimer's 520
Association

Paddick et al. (37)° Tanzania (Hai) DSM IV 1,198

Ogunniyi et al. (38) Nigeria (Lalupon) DSM IV/Alzheimer's 613
Association

Guerchet et al. (4)* CAR (Nola) DSM IV 475

Guerchet et al. (4)* Congo (Gamboma) DSM IV 529

Rating scales defined dementia
Ochayi et al. (39) Nigeria (Jos) csip 280
Gureje et al. (40) Nigeria 10 Words list 2,152
(West/Central regions) learning/Delayed recall test

Paraiso et al. (41) Benin CSID/Five word test 1,139

Van der Poel and Heyns  South Africa (Muangang) ~ CSID, Geriatric mental 200

(42) state, 10 words list

de Jager et al. (43) South Africa csib 1,382

(Easter Cape)
References Country/location Definition of dementia  Years of observation

Community-based longitudinal observation for incident dementia

Hendrie et al. (6) Nigeria (Idikan) CERAD
Neuropsychological
battery/ICD 10 and DSM
lII-R criteria

Gureje et al. (7) Nigeria (West and 10-word listing, delayed

North-central regions) recall tests and CHIF

Samba et . (8) Rural and Urban Congo DSM IV

Ojagbemi et al. (5) West and North-central 10-word listing, Delayed

Nigeria recall tests and CHIF
Gaoetal. (9) Western Nigeria CERAD
Neuropsychological
battery/ICD 10 and DSM
IR criteria

(Cohort risk)

5 (2459)

3(1225)

2(847)
5(1894)

N/A (1895)

Sample
size
37

198
23
15,817

811

507

240,294

140

7,974

912
507

Female%

243

46.0

478

333

522

<50

528

69.3

40.2

508
444

Female (%)

61.2
714
57.0
60.2
55.6

40.9

56.2
69.7

NA
N/A

89.0
53.8

54.1
N/A

68.6

Female %

58.9

40.4

~60.7
40.2

67

Age, mean
(SD)
67(9.0)
40-85
787(8.6)
62.2'
39' (15-80)°
72.4(5.25)
70.1(9.8)
752(8.9)
49-90°
68.8(7.2)

75° (67-81)°

Age, mean
(SD)

40-85
81.0(9.9)
76.1(9.4)
75.5(9.4)
77403

74.76.7)

270°
72.98.9)

N/A
N/A

77207)
745 (8.4)

784(7.2)
N/A

71389

Age, mean
(sD)

77.9(8.0)

745 8.4)

73.0(66)
74.488)

757 (5.4)

Frequency
(%)
06
0
48
05
29/40
Out/Inpatient
8.87
005
79
1.9
12.4

18.7

Prevalence
(%)

229
26
28
8.1

6.7

6.4
29

84
5.7

6.4
10.1

37

Annual
Incidence (%)

22

238
21

Not included i the table are thirteen duplicate publications from six major research programs (indlenapolis Ibadan Dementia Project, Epidemiology of Dementia in Central Africa-EDAC-,
Epidemiology of Dementia in Central Africa-EPIDEMCA-, EPIDEMCA Follow-up, lbadan Stucy of Aging, Kilinmejaro cohort from the Hi District of ural Tanzanie); SD, Standard deviation;
DSM, Diagnostic and Statistical Manual of Mental cisorders; Il-R, Text revision of 3rd edition; IV, 4th Ecition; DR, Incianapolis Ibadan Dementia Project; ICD 10, 10th Revision of the
International Classification of Diseases; EDAC, Epideriology of Dementia in Central Africa; CAR, Central African Republic; EPIDEMCA, Epidemiology of Dementia in Central Africa; CSID,

Community Screening Instrument for Dementia.

Reported in four studies with 21.6% also meeting 10/66 dementia research group criteria.
©Reported in five studes.

©Reported in three studls.

9Reported in four studies.

°All participants were 70 years or older.

fMedian.

9Range.
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Project name, main role,
objective

MIRAGE (participant)

Genetic markers

“A multi-institutional research in
Azheimer's

genetic epidemiology”

ENIR (participant)
Biomarkers in MRI
“Foresight studly for the
development of a European
neuroimage repository”

ICTUS (participant)
Management of AD

“The impact of treatment with
anticholinesterase inhibitors
(ACHE 1) on Europeans with AD"

DESCRIPA (participant)
Biomarkers in MC patients
“DEvelopment of Screening
guidelines and clinical CRiteria
for Predementia

Alzheimer's disease”

InnoMed /AddNeuroMed
Biomarkers of AD

“Innovative medicines in Europe”

EDAR (participant)
Biomarkers of AD
“Cerebrospinal flid (CSF)
differences in different types
of dementia”

En-NOHSHS (primary
investigator)

Management of cognitive
impairment via new technologies
“An ambient inteligence system
for the monitoring,
empowerment, and disease
evolution prediction for patients
with MCI"

LLM (participant)

Management of AD via new
technologies

“Long-lasting memories”

PHARMACOG (participant)
Multiple biomarkers of AD
“Prediction of cognitive
properties of new drug
candidates for
neurodegenerative diseases in
early clinical development”

Dem@Care (participant)
Management of cognitive
impairment via new technologies
“Dementia ambient care
multi-sensing monitoring for
intelligent remote management
and decision support”

ASPAD (principal investigator)
Management of MCI patients
and support care givers via new
technologies

“Exploring the potential of
programming tasks to benefit
patients with MCI"
BIOMARK-APD (participant)
Biomarkers for AD and PD

OBP (participant)

Diagnosis of cognitive
impairment via new technologies
(EEG)

“Cognitive brain signal
processing lab”

HARG (participant)
Education of European
physicians

“Healthy aging research centers”

ARCHIMIDIS (participant)
* MCl and diabetes.
mellitus (DM)"

ehcoBUTLER (participant)
Management of MCI patients via
new technologies

*A global ecosystem for the
independent and healthy living of
elder people with mild

cognitive impaiment”

Serious Games-AD GAMING
(participant)

Management of cognitive
impairment via new technologies.
“Development of a training
program for the improvement of
the quality of lfe of PwD"
ALTOIDA (participant)
Management of cognitive
impairment via new technologies
“A revolutionary assessment test
for cognitive impairment.
Cognitive biomarker for AD”

iCONNECT
Education of students via new
technologies
“Intergenerational CONtact
between studeNts and people
with dementia through
CreaTive education”

RECage (participant)
Management of BPSDs
“Special medical care unit for
patients with BPSD (SCU-B)"

STORY2REMEMBER
(participant)

Education of

healthcare professionals
“Drama and storyteling in
dementia care”

BRIDGE (participant)
Management of AD via new
technologies

“An intergenerational approach
using serious games for PwD"

E.LSOM.C.I (participant)
Management of MCl via teaching
“A European intervention with
English lessons using songs for
people with MCI"

RADAR-AD (participant)
Management of AD via new
technologies

*Remote assessment of disease
and

relapse—Alzheimer's disease”

VRADA (participant)
Management of MCI via new
technologies and physical
exercise

“A virtual reality (VR) app for
physical and cognitive training of
older people with MCI: mixed
methods feasibilty study”

attpi//cbp.itigr.

Aims

‘The goal was to identify genetic and
non-genetic risk factors for AD. There
were collected data on medical and family
history and demographic and lfestyle
information, drawing of blood for DNA and
analysis, and capturing of data from MRI
to evaluate the association between
vascular and genetic risk factors and AD in
families including Caucasians, Afican
Americans, and Japanese Americans

The goal was to investigate the scientific
needs in relation to the development of a
large and shared European
multidimensional repository of MRl images
of normal brains and brains with different
neurodegenerative disorders [AD,
Parkinson's disease (PD), etc.) completed
by clinical, genetic, and
neuropsychological data

The goals were to find clinical evidence for
the global efficacy of AChE | and to
develop a picture of the natural history of
AD. These outcomes would provide a
fundamental insight into the progression
and treatment of AD, aiding in the
formulation of European guidelines

The goals were to develop the diagnostic
criteria for pre-dementia AD in a clinical
setting and the development of screening
quidelines for pre-dementia AD in the
general population

AddNeuromed is part of InnoMed, being a
cross-European study, designed to find
biomarkers or tests for AD. The AD
biomarkers are useful for accurate and
earlier diagnosis, for prediiotion of
progressing to disease or for more rapid
deterioration, and for monitoring the
progression of disease

Its goal was to develop and validate new
biomarkers for AD and to develop an
assay for the measurement of beta
amyloid oligomers in CSF and plasma

Its goal is the exploration and integration
of environmental factors as well as the
effect of activities of daily ving with
medical and biological factors in order to
monitor and predict AD/MCI disease
progression and evolution

Its goal is the development of an
integrated ICT platform which combines
state-of-the-art cognitive exercises with
physical activity in the framework of an
advanced ambient assisted lving
environment

Its goal is to provide the tools needed to
define more precisely the potential of a
drug candidate, redice the development
time of new medicines, and thus
accelerate the approvals of promising new
medicines

Using biosensors, it contributes to the
timely diagnosis, assessment,
maintenance, and promotion of
sel-independence of PwD by deepening
the understanding of how the disease
affects their everyday lfe and behavior

Its goals were the computerized exercises
and support groups through the Internet.
Exploration of the potential of robot
programming tasks to benefit patients with
MCl when implemented as a form of
cognitive training with the use of
user-friendly tangible interface

Its goal was to improve the clinical use of
body fluid markers for the diagnosis and
prognosis of AD and PD. The objective
was to standardize the assessment of
existing assays and to validate novel fluid
biomarkers for AD and PD

Its goal was to advance the state of the art
in vector field tomography (VFT) by
exploiting the new methodology in 2D and
extending its theory to 3D. Subsequently,
the goal was to apply 3D-VFT to
high-density EEG data to solve the inverse
EEG problem and determine the active
states of the brain to understand the
cognitive process

Its goal was the development of research
focusing on major areas relevant to active
and healthy aging: novel approaches to
improve well-being in the elderly;
pathogenesis and prevention of
neurodegenerative, respiratory,
cardiovascular and kidney diseases; and
molecular basis of aging

Its goal was to assess the cognitive
function of DM and MCI patients with
neurophysiological and
neuropsychological measures and seek
for possible correlations.

Itis a mulicisciplinary study approach,
designed to test the socio-economic
benefits from the deployment of an
innovative and user-led ICT platform with
both leisure and care apps to promote the
independence and quality of ife and good
health of elderly people.

Its aim s to improve the technological
skills of PwD, their families and caregivers,
thus allowing them to use Serious Games
(SGs) with the purpose of improving their
quality of fe

It was designed to evaluate the
performance of the ALTOIDA™ System
as a tool to assist physicians in diagnosing
AD in real-world clinical settings. It tests
the functional and cognitive aptitude of a
patient, via a self-learing (ML) algorithm

Its goal is the development of innovative
practices in supporting the social
engagement of higher educational
institutions in promoting via intercultural
and intergenerational support the social
inclusion of clder people with dementia

Its goal is to assess the short- and
long-term effectiveness of the SCU for
people with dementia and BPSD toward
alleviating BPSD and improving the quality
of lie of patients with dementia and their
caregivers

Its goal is to improve the quality of lfe of
both PwD and their caregivers and to
improve the skills of healthcare
professionals skils through training with
methodology of drama and storyteling

Its goal s to develop a set of prototypes
Serious Games (physical, digital, and
phygital) acting on cognitive and
behavioral symptoms of dementia,
involving also younger and older people

Its goal is to teach English language to
people with MCl using songs as the main
tool of the teaching process. It is based on
innovative teaching approaches, places
great emphasis on verbal communication,
creates a positive environment in class,
reduces stress, and encourages learners
to leam step by step naturally and
pleasantly

Its main aim is to explore how mobile and
digital technologies—such as smart
phones, wearables, and home-based
sensors —can be used in AD assessment
and care and to measure disability
progression associated with AD

Its goal is to design and test the
acceptabilty, usabilty, and tolerability of an
immersive VR platiorm that allows older
people with MCl symptoms to
simultaneously practice physical and
cognitive skils on a dual task

bhttps://adgaming.ibv.org/en/training-content.
https://altoida.com/.
https://www.iconnectdementia.eu/.
ehttps://projectbridge.eu/the-serious-game!.

' http://bridgecourses.uowm.gr/.
Ihttp://ikee.lib.auth.gr/record/329332.

Main results

It has been shown that the E4 variant of
apolipoprotein E (APOE) is the strongest AD risk
factor identiied thus far. Moreover, some vascular
tisk factors are more prevalent in African American
and Japanese American populations than in
Caucasians (108)

Identification of standardized procedures and
practical implications and processing and storage of
neuroimages by means of a coordinated approach to
the setting up of a devoted research infrastructure,
making the best use of the already existing
repositories, in view of their increased integration
toward the development of the future European
infrastructure (109)

It was a prospective 2-year observational study
which coordinates the centralization of patient data
available within the individual centers of the study.
The primary outcome measure was a deterioration of
one level on the clinical dementia rating scale (110)

Screening guidelines and ciinical criteria for AD were
developed. The clinical criteria were based on a
prospective cohort study of non-demented subjects
from a memory clinic. The screening guidelines were
based on a meta-analysis of prospective
population-based cohort studies in Europe (111)
Development of plasma markers. Identification of a
range of markers including CFH and A2M, both of
which have been independently replicated.
Conclusions: (1) collaboration is essential; (2) design
is paramount and combining modalites, such as
imaging and proteomics, may be informative; (&)
animal models are valuable in biomarker research;
and (4) plasma markers are feasible (112)

Uttra-sensitive assays were developed to measure
oligomers in vivo. To validate the assay for beta
amyloid oligomers, CSF and plasma were repeatedly
collected in subjects with AD, other types of
dementia, and MCl and in control subjects (113)

The system used IT-based tools (including also 3D
gaming environments) in order to address specific
cognitive and physical/motor parameters and ADL
factors within AD and MCI domain to improve their
diagnosis, evaluating their variations along the
progress of the AD and its different steps and
supporting the stimulation/training of the patient
affected by the disease (114)

By combining cognitive exercises and physical
activity, LLM delivers an effective countermeasure
against age-related cognitive decline, thus actively
improving the quality of ife of the elderly and
significantly prolonging the time that they can remin
independent at home while respecting ethical and
legal boundaries (115)

It developed a matrix of biomarkers which can be
used to study the effect of a drug candidate both in
animals and humans and has the potential to prediict
the success of future drugs more accurately in the
early stages of drug development. It also found a
better way to stratify patients with early signs of AD,
which may lead to more definitive clinical trials. At
least one biotech company is already using the
results of Pharma-Cog to test a promising new drug
candidate (116)

Positive impact regarding the implementation of a
multi-parametric closed-loop remote management
solution that affords adaptive feedback to the PwD
while including clinicians into the remote follow-up,
enabling them to maintain a comprehensive view of
the health status and progress of the affected person
(17

Available evidence encourages further investigation
of the impact of programming tasks on MCI patients,
as a cognitive training and assessment tool, in
relation to important mental skills (such as analysis
and planning) and cognitive processes such as
attention (118)

(1) New and better assays to test the new and better
biomarker candidates; (2) certified reference
materials that can be used to harmonize assays that
are used to measure the different biomarkers were
developed. A virtual biobank with 8,600 subjects and
varying diagnoses from 21 local biobanks was also
created. A website has been launched to enable
sample requests from the central biobank and virtual
biobank and standardized assays (119, 120)

The project not only advanced the state of the art in
VFT onits own but also served as a tool to
understanding cognitive processes in the brain and,
in particular, cognitive vision through different
experimental scenarios and among different
experimental groups®

It allowed for the enhanced integration of research
consortium and extended collaboration with
international partners, resulting in achieving
significant progress in research (121)

No difference in the AERP characteristics and the
neuropsychological performance between the
groups. The higher cognitive functions of DM
patients as assessed with ERPs and
neuropsychological tests are affected in a similar way
with that of MCI patients; this supports the existence

of common pathophysiological mechanisms.
between the two diseases (122)

The outcomes of this ongoing project will determine
any relevant changes in cognition, mood, quality of
life, activities of daily living, and quality of
patient-carer relationship after 4 months and 1-year
follow up of intervention in a cross-sectional group
comparison (123)

The practitioners and care partners found the SG
training platform useful and were excited about the.
prospect of using it to support the well-being of
PWD®

Accurate assessment in <10min; higly validated
cognitive assessment for patients over 62 years old.
Report on brain patterns of certain neurclogic
conditions such as cognitive impairment and AD.
These data should only be used as additional
information to add to the diagnostic impression of
the primary physician® (124)

The only published output is regarding the needs
analysis?

This is a 3-year ongoing prospective study where
500 persons will be enrolled (125)

Atraining handbook was produced as a final product
for professionals to deliver the experiential
workshops to PwD based on storytelling and
creative drama techniques. The program had a
positive impact to the well-being of PwD and their
caregivers as well as positively benefiting
professionals working in dementia care settings (126)

Prototype games entitled: next destination, flea
market, find the word, bird-watching, emotions, the
directors, blooming flowers, speciatite—tested
during a series of workshops. The web platform
containing massive open online courses on the
methodology of the game-creation workshops and
the final eight selected serious games is the final
result®!

Itis an ongoing program; thus, so far it has prepared
amethodological guide that provides trainers with a
lesson plan for each lesson and many teaching aids,
such as songs, images, flashcards, Powerpoint
presentations, and videos as well as interactive
activities such as role playing, chain dills, and games

Itis an ongoing program with no results published
yet. Technological techniques might help to detect
AD earlier. Mobile technology also allows a more
personalized approach to AD treatment and care so
that PwD can live independently for longer. It will also
identify “cigital biomarkers® (electronic signals that
give information about a person's health status) for
AD, creating new perspectives for the development
of treatments against this progressive condition

(127, 128)

The findings suggest that VRADA is an acceptable,
usable, and tolerable system for physical and
cognitive training of older people with MCI and
university students. Randomized controlled trial
studies are needed to assess the efficacy of VRADA
as a tool to promote physical and cognitive health in
patients with MCI. The program is ongoing®
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Clinical trial name

Rivastigmine [Alzheimer's
disease (AD) treatment]

SB-742457 (AD treatment)

AVA105640 (AD treatment)

Memantine [treatrment for
dementia, Parkinson’s disease
(PD), Lewy bodiies (LBD)]

Donepezi (AD treatment)

Galantamine (AD treatment)

Ladder (ireatment for AD)

NCT01549834 (treatment for AD)

Niivad (AD treatment)

Measitinib (AD treatment)

81425809 (treatment for AD)

Micoil (treatment for MCI)

Oiive oil leaves —golden
(treatment for MC)

Teamentia (treatment for MCI)

NEURO-TTRansform

Main objectives

Identifying clinical efficacy and safety of rivastigmine
for patients with dementia of Alzheimer's type

A Double-blind, controlled phase Il study of a
5-HT6 receptor antagonist, SB-742457, in patients
with mild to moderate AD to identify ts safety and
efficacy

A 24-week, double-blind, randomized,
parallel-group study to investigate the effects of
rosigiitazone (extended release tablets), donepez,
and placebo as monotherapy on cognition and
overall ciinical response in APOE sd-stratified
subjects with mild to moderate AD

An international double-blind study of memantine
in patients with dementia, PD and LBD

Efficacy and safety of donepezil. A multicenter
double-blind study about the effectiveness and
side effects of donepezlin patients with mild to
moderate AD (DON-1-97-001)

Effects and safety of galantamine. A multicenter
2-year, randormized, placebo-controlled study in
mild to moderate AD change to galantamine. An
international outcome survey in
dementia—GAL-ALZ-401 (OSID)

The effect on cognitive performance of Lu
AE58054 (idalopirdine), a selective 5-HT6 receptor
antagonist, was assessed in donepeziktreated
patients with moderate AD

Arandomized, double-bind, placebo-controlled
multicenter study investigated the efficacy and
safety of ABT-126 in subjects with mild to
moderate AD who were taking stable doses of
acetylcholinesterase inhibitors (AChES)

A European multicenter double-blind
placebo-controlled phase Il trial of nilvadipine in
mild to moderate AD

Amulticenter, double-blind, placebo-controlled,
randomized, parallel-group phase Il study to
evaluate the safety and efiicacy of masitinib in
patients with mild to moderate Alzheimer's disease

A multicenter, double-blind, parallel-group,
randomized controlled study to investigate the
efficacy and safety of orally administered BI
425809 during a 12-week treatment period
compared to placebo in patients with cognitive
impairment due to AD

Arandomized clinical trial of Greek high phenolic
early harvest extra virgin olive ol in mild cogritive
impairment

Asingle-blind, Randomized Clinical study designed
toinvestigate the Olive Oil Leaves’ efficacy to
modiiy treatment and prevention for MCI patients
(2019-2021)

Management of mild cognitive impairment patients
with Greek mountain tea—Teamentia. A
double-blind, randornized clinical studly designed
toinvestigate the efficacy of Greek mountain tea as
a disease course-modifying treatment for MCI
Astudy to evaluate the efficacy and safety of
AKCEA-TTR-LRx in participants with hereditary
transthyretin-mediated amyloid polyneuropathy

Results

Rivastigmine was found to be beneficial in

patients with mild and moderate AD,
mainly in cognitive function and ADL
However, further research should shed
light on how to minimize its adverse
effects (92)

SB-742457 was generally safe and
well-tolerated and may be efficacious in
AD (93)

APOE epsilon 4 non-carriers exhibited
cognitive and functional improvement in
response to rosigltazone, whereas APOE
epsilon 4 allele carriers showed no
improvement, and some decline was
noted (94)

Merantine seems to improve the global

ciinical status and behavioral symptoms of

patients with mild to moderate LBD and
might be an option for the treatment of
these patients (95)

Donepeziltreatment is effective in
everyday ciinical practice, showing
significantly improved cognition, social
behavior, and activity in patients with mild
to moderate AD (96)

Galantamine slowed the functional as well

as cogritive deciine in patients with
Alzheimer's disease (97)

Idalopircine significantly improved
cognition in donepeziltreated patients
with AD in moderate stage (98)

The efficacy profile of ABT-126 did not
warrant further development as add-on
therapy to AChEIs to treat mild to
moderate Alzheimer's disease (99)

Pharmacological intervention in AD. The
results do not suggest the benefit of
nilvadipine as a treatment in a population
spanning mild to moderate Alzheimer
disease. Future clinical trals of nilvadipine
should be restricted to mild and very mid
AD patients (100)

The drug appeared to halt cognitive
decline, with the treatment group, on

average, notching slight improvements on

the ADAS-Cog and ADGS-ADL. In
addition, fewer patients on the drug, than
on placebo, progressed to severe
dementia (101)

No results available; ongoing study (102)

Long-term intervention with extra virgin

olive oil or MP-EVOO was associated with

a significant improvement in cognitive
function compared to MeDi, independent
of the presence of APOE ¢4 (103, 104)

No result available; ongoing study (105)

No result available; ongoing study (106)

No result available; ongoing study (107)

Sponsors

Department of Clinical Geratology
Radcliffe Infirmary, Oxford 6HE,
UK/1999-2000

GlaxoSmithKline, Uxbridge,
Middlesex, UK. Gareth.C.Maher-
Edwards@gsk.com/2005-2007

GlaxoSmithKiine R8D Ltc/2006-2008
(+extensions)

Lundbeck/2007-2009

Not available/2008-2010

Janssen Research Foundation,
Beerse, Belgium/2008-2014

Lundbeck/2009-2011

AbbVie Inc., North Chicago,
llincis/2012-2013 (+extensions)

FP7/2012-2017

AB Science/2013-2020

Boehringer Ingelhein/2018-2021

GAADRD, World Olive Center for
Health (WOGH)-Yanni's Olive Grove
Company providing the Early Harvest
EVOO, Potidea Chalkidiki, Greece
2018-2020

Yanni's Olive Grove
Company/2019-2021

Avistotle University of
Thessaloniki/2019-2021

lonis Pharmaceuticals, Inc.
Akcea Therapeutics 2020/2024
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Domain Greek cut off score Cut off scores

Laboratory examinations

Regular blood test examination®® Medical view of patient 1)
Cerebrospinal fluid examination®® Identify markers for AD/other dementias, MCI, or healthy 2 (652-54)
Neurophysiological and neuroimaging markers

Auditory event-related potentials (AERPs)* Identity markers for AD/other dementias, MCI, or healthy (65, 56)

Electroencephalography (EEG)® Identify markers for AD/other dementias, MCI, or healthy (57-60) (54, 61)
HD-EEG recordings (GES 300-256 HCGSNP®  Identify markers for AD/other dementias, MCI, or healthy (62-66)

MRie> Identity markers for AD/other dementias, MCI, or healthy ©7-70)
Genetic markers

APOE gerotyping® Identity markers for AD/other dementias, MCI, or healthy 71.72)

Other genes® Identify mutation for early AD 73 (74,75)
ADRA2B

TPEM2 (RATH)

ABCA1

“Diagnosis procedures followed in outpatient memory clinics.
PDiagnosis procedures followed in day care centers.
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Neuropsychological
assessment

Rivermead behavioral memory
test (RBMT)* (22)

Rey auditory-verbal learning
test (RAVLTP (24)

Boston naming test (BNT)® (26)
Boston diagnostic aphasia
examination (BDAE; subtests of
narrative writing, repetition,
phonemic correlation, and
reading comprehension of
sentences® (26)

Verbal fluency test®

Rey figure complex test (copy,
immediate, and free delayed
recall and recognition trial)® (31)

Stroop test® (33)

Trail making test A and B
(TMT-B)° (35)

Wechsler adult inteligence scale
(WAIS-FSIQ) digit span (forward
and backward digit span)® (37)
Digit symbol substitution
(DSSTP (37)

Instrumental activities of daily
living (IADL)® (39)

Functional rating scale for
symptoms of dementia
(FRSSD)® (41)

Functional cognitive
assessment scale (FUCAS)*®
(42)

Neuropsychiatric inventory
(NPIP® (43)

Geriatric depression scale
(GDS)™* (45)

Short anxiety screening test
(SAST?® (47)

Perceived Stress Scale (PSS)®
(49)

Domain

Memory
Verbal learing

Language
Language

Language

Visuospatial
abilty

Executive
function,
processing speed
and attention
functions
Executive
function,
processing speed
and attention
functions.
Short-term
memory and
working memory
Working mermory,
learning
Independent
living capacity
Independent
living capacity

Independent
living capacity

Behavioral
disorders
Depression

Aniety

Aniety

Greek cutoff scores

(29)
(25)

(@7)
(29)

(30)
(32

Greek cutoff scores
derived from Tsolaki et al.
(18), Zalonis et al. (34)

@)

Translation and adaption
to Greek (study under
preparation)

(38)

(40)

Translation and adaption
to Greek (study under
preparation)

(42)

(44)

(46)

(48)

(50)

#Tools included in the neuropsychological assessment of memory clinic.
b Tools included in the neuropsychological assessment of day care centers.
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Screening tools

Cinical dementia rating
(CDR)® (9)

Global deterioration scale
(GDS) (10)

Mini mental state
examination MMSE
(MMSE)™® (12)

Montreal cognitive
assessment (MoCAP® (14)
Hindi mental state
examination (HMSE)*

Alzheimers disease
assessment scale cognitive
subscale [ADAS-Cog, (10)°
17

Confusion assessment
method (CAM)® (19)

Cognitive decline
questionnaire (SCDQ)*® (20)

Memory alternation test
(MATI* (21)

Domain

Global cognition

Global cognition

Global cognition

Global cognition

Global cognition
for iliterates

Global cognition

Delirium

SCl

SCl

Greek cutoff scores

Translation and adaptation
to Greek (study under
preparation)

(1)

(13)

(15)

Translation and adaption
to Greek (study under
preparation) (16)

(18)

Translation and adaption
to Greek (study under
preparation)

Translation and adaption
to Greek (study under
preparation)

(Lazarou et al.

under revision)

#Tools included in the neuropsychological assessment of memory ciinic.
b Tools included in the neuropsychological assessment of day care centers.
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Test stati

N 2Cochran’s df P
42 56,609 7 #0.000
#p < 0.001.

aCochran'’s test.
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Values
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£
%
30
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*Q, Question; **0, difficulties of managements; *1 is considered as without difficulties.
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All patients (n = 248)

Age (mean = SD; range) 702
Gender (% female) 142
Patients with follow-up (n = 70)
Age (mean = SD; range) 67.29
Gender (% fenale) 42
Formal education (mean  SD; range) 11.69
MMSE (mean  SD; range) 2384
Disease duration in years (mean = SD; range) ~ 3.04
Baseline diagnosis (n, %)
AD 61
Non-AD 9

+0.62
57.3%

+10.22
60%
455
5.66
3.10

87.1%
12.8%

50-87

48-86

0-23

0.5-20

AD, Alzheimer’s Disease; MMSE, Mini-Mental State Examination; SD, Standard Deviation.
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N (%)

Age

Female

Income: 1200RMB/month
College education or more
BMI

Current smoking

Alcohol drinking

Physical activity
Depression symptoms
Hypertension

Heart disease

Diabetes

APOE e4

Sleep duration

Sleep efficiency

PSQl score

MMSE

MMSE at follow-up*
Incident of dementia®

At or before 9 p.m.

238 (22.8%)
75.6(SD8.0)
139 (68.7%)
231 (97.0%)
32 (13.5%)
255(SD3.8)
14 (5.9%)
23(9.8%)
83(35.6%)
31 (12.9%)
161 (67.9%)
44.(18.6%)
49 (20.7%)
45 (216%)
69(SD1.9)
85.0(SD 13.6)
4.48 (SD 3.07)
27.6(SD2.9)
238(SD7.1)
26 (24.5%)

911 pm.

675 (64.5%)
70.7(SD 7.9)
392 (68.9)
663 (98.2%)
234 (34.8%)
24.9(SD33)
54 (8.1%)
44 (6.6%)
202 (30.4%)
84 (12.4%)
368 (54.7%)
97 (14.5%)
113 (16.8%)
89 (14.4%)
69(sD1.2)
83.1(SD 14.4)
4.87 (SD 3.45)
28.1(8D2.2)
27.3(sD2.9)
20(5.0%)

After 11 p.m.

133 (12.7%)
68.8(SD7.5)
64 (48.1%)
128 (96.1%)
53 (39.9%)
24.7(3.6)
26 (19.6%)
16 (12.0%)
54 (40.9%)
17 (12.6%)
68 (51.1%)
17 (12.9%)
12 (9.0%)
19 (14.6%)
6.7(SD 1.1)
857 (SD 12.6)
4.91(SD 3.14)
28.6(SD2.0)
27.4(SD38)
1(1.2%)

P-value

071
0.08
0.380
<0.001
0.186
<0.001
0.05
0.04
0.990
0.001
0.23
0.02
0.04
0.245
01471
0538
0.01
<0.001
<0.001

*Among the 584 participants who completed the follow-up interview. Bold values indicate statistically significant.
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Beditime Atorbefore9pm.  9-11p.m.  After11p.m.
Incident of 26 (24.5%) 20 (5.0%) 1(1.2%)
dementia, N (%)

Unadjusted HR 5.31(2.96-9.51) 1 0.24(0.03-1.80)
HR adjusted in 272 (1.60-4.96) 1 0.24(0.03-1.81)
model 1

HR adjusted in 2.16 (1.06-4.40) 1 0.15 (0.02-1.29)
model 2

HR adjusted in 2.00(0.94-4.29) 1 0.12 (0.01-1.05)
model 3

Rise time Atorbefore 6am.  6-8am. After 8a.m.
Incident of 26(9.1%) 21 (7.6%) o
dementia, N (%)

Unadjusted HR 1.25(0.71-2.22) 1 -

HR adjusted in 1.17 (0.65-2.09) 1 -

model 1

HR adjusted in 1.49 (0.72-3.10) 1 -

model 2

HR adjusted in 2.10(0.93-4.74) 1 -

model 3

Model 1: adjusted for age, sex, education.
Model 2: adjusted for age, sex, education, income, body mass index (BM)), depressive
symptoms, smoking, alcohol use, physical activity, comorbidities, APOE4 genotype, and

baseline MMSE.

Model 3: adjusted for age, sex, education, income, body mass index (BM), depressive
symptoms, smoking, alcohol use, physical activity, comorbidities, APOE4 genotype,
baseline MMSE, sleep duration, and efficiency.
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Name, country
of study
participants and
year

Alaci et al. (68)
India

Alladi et al. (69)
India

Ellajosyula et al.
70
India

Zheng Y etal. (71)
China

Description of study design

Case records of 648 patients with dementia

(891 biingual) diagnosed at a specialized
memory ciinic in Hyderabad India were
appraised.

The subjects had AD, n = 240FTD, n = 116

vascular dementia N= 189
Lewy Body Dementia n= 55
Mixed dementia N = 48

This study examines whether biingualism
delays the age of onset of frontotemporal
dementia FTD.

Dermentia patients were spit into aphasic

and behavioral groups. Case recordings of
193 patients presenting with FTD of which
121 were bilingual and age of onset of first

‘symptoms were compared between
bilnguals and monolinguals.

Participants were selected from those
attending dementia clinics in Hyderabad
Case records of patients diagnosed with
dementia in a South Indian clinic were
selected.

There were 183 patients diagnosed with
dementia 109 AD and 74 FTD. 55 30.1%
were monolinguals and 128 69.9 %
bilnguals or multiinguals.

Age of onset of dementia ascertained.
Retrospective study exploring whether
Cantonese /Mandarin biingualism is
associated with a delayed onset of
dementia.

29 patients diagnosed with probable AD,
including 48 Cantonese monolinguals, 20
Mandarin monolinguals, and 61
Cantonese/Mandarin biiinguals

were analyzed

Key study findings

Univariate GLM analysis showed that
bilngualism was significantly
associated with delay of dementia
[Fir,4s8) = 4.89, p = 0.027)

This finding was independent of
casemix factors

Biinguals with dementia presented on
average 4.5 years later than the
monolinguals.

3.2 year delay in bilinguals with AD
3.7 year delay in bilinguals with
Vascular dementia

6 year delay in bilinguals with
Frontotemporal dementia.

Amongst literate bilinguals delay of
onset of dementia was 6 years (65.0
vs. 59.0 years, p = 0.03)

These findings were independent of
confounding variables

No additional benefit in speaking
more than two languages

The age of dementia in bilingual
behavioral FTD (62.6) was over 6
years delayed than monolinguals
(66.6, p = 0.008). No difference was
found in aphasic groups.

This delay was independent of
rural/urban dwelling, literacy, and
education, gender and family history
of dementia.

No significant difference between
bilnguals/multiinguals and the age of
onset of dementia.

Cantonese/Mandarin bilnguals were
found to be an older age at AD onset,
and were 5.5 years older at the first
ciinic visit than Mandarin
monolinguals and Cantonese
monolinguals

Multiple inear regression analysis
performed on study participants.
which revealed that bilngualism was
statistically significantly associated
vith dementia delay. (P = 5.497, p
=0.017)

al limitations

Retrospective analysis of case records
Spoken fluency in languages not
formally assessed

Retrospective design
Monolingual and bilnguals were
compared using independent samples
t-tests. One-way test of variance.

Bilingualism may ot delay the onset of
cognitive symptoms of dementia

Biingualism associated with delayed
onset of dementia

Conclusions

Biingualism may delay
the onset of cognitive
symptoms associated
with dementia
independent of other
tisk factors.

Protection was also
found in iliterate
bilnguals; therefore,
results may be
independent of the
level of

educational attainment.

Biingualism delays the
onset of dementia in
only behavioral variants
and not aphasic
groups.

Relatively small
monolingual

population.
Retrospective analysis

Small study sample
Retrospective analysis

Additional commentary
covariables

Diverse linguistic groups in study
sample including speakers of Telugu-,
Dakkhini-, and the Hindi

Case mix factors measured

literacy, years of education, sex,
dementia subtype, vascular risk
factors, stroke, occupational status,
rural/urban dweling, family history of
dementia, and dementia severity

Avarlety of different dementias
including behavioral variant of FTD,
semantic dementia, corticobasal
dementia, progressive supranuclear
palsy, and FTD-motor neuron
disease.

‘The languages combinations included
Telugu and Hindi, Telegu, English and
Hindi and Telugu and Dakkani.
Spoken fluency was not

formally assessed.

Biinguals and multiinguals were
analyzed together.
Case records were analyzed
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World region Country Projected  Literacy rate (%) Meanyearsof Ruralresidence GDPPC (USD)  Gini

dex  Linguistic diversity

growth (%) (2)° (13 school (13) (%) (13)° (13)° (14 index (15)9

Africa Botswana 264 40 ND 31 $8,259 53.3 0.444
Africa Kenya 247 57 ND 73 $1,711 408 0901
Afica Ghana 185 51 ND 44 $2,002 435 0805
Americas  Brazil 235 79 80 13 $8,921 539 0032
Americas  Colombia 237 83 85 19 $6,651 50.4 0080
Americas  Ecuador 208 73 88 36 $6,345 45.4 0264
Americas  Mexico 244 81 89 20 9,608 454 0135
Americas  Nicaragua 276 56 ND 41 $2,020 462 0081
Americas  Peru 219 79 97 22 6,947 428 0376
Asia India 203 45 ND 66 $2,016 378 0930
Asia Indonesia 228 74 8.2 45 $3,804 390 0848
Asia Kyrgyzstan 220 o7 ND 64 $1,281 277 0670
Asia Taiwan 204 ND ND ND ND ND ND

Asia Thailand 208 79 85 50 §7,274 36.4 0753
Europe Greece 157 95 103 21 $20,324 34.4 0.175
Europe Spain 166 % 103 20 $30,524 347 0433
Middle East  Egypt 195 33 20 57 52,549 315 0509
Middle East  Jordan 270 91 ND 9 $4,248 33.7 0.484
Middle East ~ UAE 779 69 125 13 43,005 325 0777

GDPPC, gross domestic product per capita; ND, no data; UAE, United Arab Emirates. *Adapted from Tsoy et al. (16). ®Projected growth of population aged 60 and above between 2017
and 2050. ©Literacy rate among population aged 65 and above; reference year: 2013 (Botswana), 2015 (Nicaragua, Thailand, UAE), 2017 (Ecuador, Egypt, 2018 (Brezi, Colombia,
Greece, India, Indonesia, Jordan, Kenya, Kyrgyzstan, Mexico, Peru, Spain). Mean years of formel schooling among adults aged 25 and above; reference year: 2016 (Greece), 2017
(Ecuador, Egypt), 2018 (Brzi, Colombia, Indonesia, Mexico, Peru, Spain, Thailand, UAE).  Rural residence among adults aged 25 and above; reference year: 2018 (al). Gini index
measures the deviation of the actual income distrbution from a hypothetical perfectly equal distribution with values ranging from O (perfect equality) to 100 (perfect inequalty): reference
year: 2010 (Jordan), 2011 (indie), 2014 (Nicaragua, UAE, 2015 (Botswana, Keny), 2017 (Egypt, Greece, Spain), 2018 (Brazi, Colombia, Ecuador, Indonesia, Kyrgyzstan, Mexico, Peru,
Thailand). 9Linguistic diversity index is based on the population of each language spoken in the country as a proportion of the total population with values ranging from 0 (no diversity,
everyone has the same primary language) o 1 (total diversity, no two people have the same primary language); reference year: 2009 (al).
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Mean

Std. deviation
Median
Minimum

Maximum

Executive
function

17.72
4.163
18.00
9.00
25.00

Emotional
recog.

19.656
5.321
20.50

9.00
29.00

ToM

7.503
2.808
8.00
2.00
12.00

Inhibitory
verbal control

16.44
11.28
14.00
1.00
41.00

Crystallized
intell (years
education)

6.852
3.870
6.00
0.00
16.00

Crystallized
intell (vocab.)

21.00
7514
20.00
9.00
35.00

Fluid
intelli.

8.503
3.163
8.00
4.00
16.00
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Test Hindi

Attention and executive functions

Trail Making Test (TMT) A Cutoff: > 95
(seconds) Sensitivity: 71.43
Specificity: 81.48
Trail Making Test (TMT) B Cutoff: > 204
(seconds) Sensitivty: 90.00
Specificity: 77.80
Category Fluency (animals) Cutoff: <8
Sensitivity: 89.50

Specificity: 73.70
Episodic memory

Verbal Learning Test Cutoff: < 3

Delayed Recall Sensitivity: 89.50
Specificity: 84.20

Verbal Learning Test Total Cutoff: < 11

Recal Sensitiity: 78.90
Specificity: 94.70

Language

Picture Naming Test (PNT) Cutoff: < 81
Sensitivty: 93.70

Specificity: 97.40

Bengali

Cutoff: > 105
Sensitivity: 92.30
Specificity: 88.40
Cutoff: > 298
Sensitivity: 88.20
Specificity: 82.90
Cutoff: < 11
Sensitivity: 65.52
Specificity: 82.50

Cutoff: < 2
Sensitivty: 82.80
Specd'c!'y 90.70

Specificity: 83.70

Cutoff: < 77
Sensitivity: 86.20
Specificity: 73.70

Telugu

Cutoff: > 74
Sensitiity: 75.00
Specificity: 85.40
Cutoff: > 180
Sensitiity: 70.00
Specmcny 70.70

Specificity: 97.50

Cutoff: <3
Sensitivity: 71.00
Specificiy: 84.40
Cutoff: < 16
Sensitiity: 87.10
Specificity: 80.00

Cutoff: < 73
Sensithvity: 71.40
Specificity: 73.30

Kannada

Cutoff: > 144

Specificity: 89.20
Cutoff: <8
100.00
Specificity: 80.70

Cutoff: < 2
Sensitivity: 73.30

Specificity: 87.70

Cutoff: = 69
Sensitivity: 100.00
Specificty: 100.00

Malayalam

Cutoff: > 115
Sensitivity: 75.76
Specificity: 83.87

Cutoff: > 290
Sensitvity: 90.30
Specificity: 87.10

Cutoff: < 11
Sensitvity: 86.70
Specificity: 94.30

Cutoff: < 2
Sensitivity: 82.86
Specificity: 88.57

Cutoff: < 13
Sensitivity: 71.40
Specificity: 94.30

Cutoff: < 74
Sensitvity: 88.60
Specificity: 82.90
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Test

Hindi

Attention and executive functions

Trail Making
Test (TMT) A
(seconds)

Trail Making

Test (TMT) B (seconds)
Category fluency
(animals)

Episodic memory
Verbal Learning

Test Delayed

Recall

Verbal Learning

Test Total Recall
Language

Picture Naming

Tost (PNT)

AUC =079
C1:0.69, 0.98]

AUC =087
C:[0.72, 1.00]
AUC=0.77
C1: 058, 0.95]

AUC =092
Ci: 081, 1.00]

AUC =090
C1:(0.76, 1.00)

AUC =0.98
C1: 095, 1.00]

AUC, area under curve; Cl, confidence interval.

Bengali

AUC =092
CI:(0.85,0.99]

AUC =088
C1:0.79,0.97)
AUC =086
CI:0.76,0.97)

AUC =087
CI:0.76,0.98]

AUC =089
C1:(081,0.98]

AUC =092
Cl: (082, 0.99]

Telugu

AUC = 0.82
C1:0.69,0.94]

AUC = 0.74
CI: 060, 0.87)
AUC =089
CI:(0.81,0.98]

AUC =079
CI:(0.67,0.93]

AUC =086
C1:0.75,0.97)

AUC =0.81
CI: 069, 0.92)

Kannada

AUC =099
C1:0.98, 1.00]

AUC =098
CI1:(0.95, 1.00]
AUC =099
C1:0.97, 1.00]

AUC =083
C1:(0.72,091)

AUC =0.98
Cl: [0.95, 1.00)

AU

1.00
.00, 1.00]

Malayalam

AUC =089
CI:[0.81,097)

AUC =095
CI: [0.89, 1.00]
AUC =0.93
CI: [0.87,099)

AUC = 0.94
CI: [0.88,0.99)

AUC = 0.90
CI: [0.83,098)

AUC =093
CI: [0.87,099)






OPS/images/fneur-12-661269/fneur-12-661269-t002.jpg
Language and Attention and executive functions Episodic memory Language Visuospatial

functions
Trail Making Test  Trail Making Test  Category Verbal Learning Verbal Learning Modified Taylor Picture Naming Modified Taylor
(TMT) A (TMT) Bin Fluency (animals)  Test Delayed Test Complex Figure Test (PNT) Complex Figure
in seconds seconds Mean (SD) Recall Total Learning Test (MTCF)— Mean (SD) Test  (MTCF)-
Median [IQR] Median [IQR] Mean (SD) Mean (SD) Delayed Copy
Recall Mean (SD)
Mean (SD)
Hindi—controls 68.00 [41.00] 162.00 [62.00] 953 (2.75) 5.05(1.93) 17.21 (4.06) 15.42 (6.74) 8351 (4.09) 34.88(1.82)
Hindi—dementia 89.50 (121.00) 180.00 (300.00] 5.58 (3.85) 1.11(1.66) 8.68 (6.33) 4.70 (6.95) 49.31 (25.35) 19.57 (13.46)
Bengali—controls 71.00 [(41.00] 203.00 [139.00) 15,65 (4.02) 4.72(1.93) 19.49 (4.56) 15.39(6.38) 81.55(7.28) 33.85 (2.19)
Bengali—dementia 151.00 [83.00) 300.00 [300.00) 9.90 (4.95) 1.65 (1.88) 13.24 (6.12) 2.45 (3.46) 65.07 (14.5) 12.86 (12.77)
Telugu—controls 60.51(25.00] 160.00[77.00] 14.38 (3.79) 535 (2.14) 18.85 (3.86) 18.61(6.78) 86.07 (3.94) 34.95 (1.71)
Telugu—dementia 90.5(38.8] 200.00[93.00] 8.75 (3.58) 2.65 (2.84) 8.39 (8.24) 9.33 (8.84) 63.80 (27.03) 33.97 (38.16)
Kannada—controls 7000 (31.00] 157.00 (91.00] 1211 (4.09) 4.23(1.91) 17.02 (2.48) 20,03 (8.06) 83.80 (5.18) 34.69(1.89)
Kannada—dementia 350,00 [240.5) 618,00 [310.00) 220 (1.61) 1.6 (1.87) 733(5.12) 271(4.79) 35.07 (24.59) 9.14(11.55)
Malayalam—controls 79.00 (39.00] 205.00 (69.00] 14.43 (2.27) 460 (1.79) 18.09 (3.00) 17.40 (6.59) 7931 (5.89) 35.16 (1.55)
Malayalam—dementia 175.00 [154.00] 413.00 [288.00] 8.11 (3.43) 0.97 (1.93) 11.26 (4.31) 2.74(3.72) 61.68 (13.93) 20.15 (13.74)

IQR, interquertie range; SD, standerd deviation.
Missing values.

Hindi: TMT A and B: controls: 13, patients: 10; category fluency (animals): controls: 1, patients: 1; VLT: controls: 0, patients: 4; PNT: controls: 2, patients: 3; MTCF: controls: 5, patients: 9.
Bengali: TMT A and B: controls: 4, patients: 12; category fluency (animals): controls: 5, patients: 0; VLT: controls: 2, patients: 0; PNT: controls: 7, patients: 0; MTCF: controls: 21, patients: 0.
Telugu: TMT A and B: controls: 14, patients: 12; category fluency (animais): controls: 1, patients: 1; VLT: controls: 0, patients: 2; PNT: controls: 15, patients: 5; MTCF: controls: 5, patients: 9.
Kannada: TMT A and B: controls: 19, patients: 1; PNT: controls: 17, patients: 15; MTCF: controls: 21, patients: 8.

Malayalam: TMT A and B: Controls: 4, Patients: 4; MTCF: Controls: 4, Patients: 2.
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Variable

Educational Attainment

Less than primary school
Completed primary school
More than high school
Literacy (Witing)

Literacy (Reacing)

Leisure Activities

Cognitive Impairment
OR
(Confidence Interval)

10.18 (7.33-14.15)"*
3.95 (2.80-5.56)""
REF
457 (4.16-5.02)
470 (4.28-5.17)"
056 (0.54-0.59)"*

> < 0.001. Statistical Significance.

Dementia

OR
(Confidence Interval)

854 (6.52-11.17)"*
2.42 (1.81-3.22)*
REF
6.48 (5.95-7.07)"*
6.43 (5.90-7.02)"
0.36 (0.34-0.38)"**
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Theme by social-ecological
domain

Individual and interpersonal factors

Stigma and lack of awareness  Dementia being seen as normal aging,
and knowledge about dementia  denial of the disease, ageism, stigma around
in the population and among ~ dementia

healthcare providers

Late presentation Underdiagnosis, misdiagnosis, delayed

diagnosis

Organizational/institutional factors

Competing health systems
priorities

Communicable diseases, maternal health,
infant health, hunger, poverty

Limited dementia capable
workforce

Lack of providers, lack of training
(particularly for general practitioners/primary
care), lack of focus on dementia in the
healthcare workforce

Community factors

Social determinants of health

Lack of access or differential

access to healthcare

* Geographic, socioeconomic, and
educational disparities

Access to healthcare in general, speciatty
care, o affordable care Geographic,
socioeconomic, education, literacy,
culture, language

Public policy
Lack of policies and healthcare ~ Financing, policies
financing emphasizing dementia

Exemplary quotes

« Geriatrician, Africa: | think the most important issue relating to the stigma in the
Arabic word for dementia. This is a major bartier. The Arabic word for dementia is
Kharal, okay? Kharaf means losing your mind. So stil, physicians and some of the
official translating groups, they use the word kharaf, which is like insane.

« Psychiatrist, Central America: | believe that we need education for both the
general population and health personnel. | believe that these are the two main
barriers and that education would be the way to address this lack of awareness
of the probem both in the population and in health personnel.

« Neurologist, Middle East: People are in denial. They resist being sick. It's part of
the culture. They deny, they resist it with ail their power until everything falls down.

« Neurologist, Asia: The problem s [they] come when they are in the late onsat...the.
family just thinks it's normal for the elderly to forget. But, ifthe patient has a behavioral
problem, s the problem for the family....So, when come to the doctor, usually, you
know, the patient hopes that the doctor will give ther one pill to fix everything, you
know, a potion.

* Neurologist, Middle East: | see that the famil takes their family member late to
the doctor... They deny that they have any problems.

* Neurologist, Africa: Our health-seeking behaviors for most things, and especially
things that have to do with cognition, we wait until the problem is a glaring one
before we think, Oh, maybe I should go see the doctor. So, itis coming to the
hospital late. It's even by, again, | mentioned this earlier, the health professional
identifying the problem late, when it's already full-blown, and then thinking, Oh,
maybe | should refer now

 Neurologist, Africa: The healthcare system is not set up in a way to take into
account these kinds of non-communicable diseases. We are still too basic. We are
stillin the communicable disease phase. That's where all our focus, public health
and so on, it is based. We are moving slightly toward non-communicable diseases,
but it's stil extremely basic. So hypertension, diabetes, heart disease. Diseases of
the nervous system are very, very low down on the priority st of the government,
the policy makers, and so on. 27

 Psychiatrist, Asia: Psychiatric and mental health areas are financed in this country
based on the leftover principle. In other words, if there is some money left in the
healthcare budget, it would rather be spent on gynecology, obstetrics, or cardiology
services...Recently, our [[Vinister of Health]] even expressed a wish to release
patients with psychiatric disorders from acute wards to free up beds for observation
of patients with infectious diseases, for example.

* Neurologist, India: Dementia affects the geriairic group. Now we are grappling
with infections and we are grappling with so many other treatable problems that
probably dementia would be marginalized when it comes to healthcare.

« Neuropsychologist, Africa: So, it there's one neurologist who's based in the north
of the country, another who's based in the south of the country, and then myself
who's the only neuropsychologist. So, there's really a lack of personnel and human
resources. There’s a lack of training. For example, even nurses, you know, they have
very little training about how to identify dementia, how to treat dementia or anything
like that

« Neuropsychologist, Europe: Across [[European country]] I do not think there
are well-trained professionals...there are no professionals ~ neuropsychologists in
[these] places unfortunately. They are not aware of these techniques. It's something
unknown to them.

« Neurologist, South America: Psychiatrists in [[South American country]] have no
training, they only assess behavioral symptoms.

* Neurologist, Middle East: The general neurologist, there were like maybe two in
the government hospital, two or three total more than 5 years ago. Maybe two o
three at most. And you have about five or six million people population, with
absence] of access to the government hospital. So there was no way they can
treat these patients. There is no way. Maybe the one who has certain connections,
the one that has powerful friendss, there is no way you can treat that whole amount
of patients

* Neurologist, Europe: It will all depend on the resources that the referral center
that you were assigned to has... If you are lucky you will have access to a center
that has a memory clinic, and | insist, the majority of the patients o not get this
type of attention. Regarding memory clinics, there are a lot of inequities regarding
neuropsychological testing and biomarker access.

* Geriatrician, Latin America: Another barrier is the economical one, and there is
where we come into the game. As we know, this is a disease for which the treatment
s extremely expensive. At least here in [[country]] the cost can be around $150 to
8300 dollars per month if patches or any type of drug for Alzheimer is used.

* Neurologist, Africa: Is there a national policy to try and help with dementia? | do
not think we have reached that point yet.

« Neurologist, Europe: A major reason for these inequities s that the capacity of
getting funding that each center has is tremendously unequal.

* Geriatrician, Africa: MSPKR: Financing research for elderly health care like
dementa s stil, unfortunately, not of the priorities of the finance of research...!
think it should be part of the local and international communities to put dementia
care at the priorities of the financing.
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Variable

Educational Attainment

Less than primary school
Completed primary school

More than high school
Literacy (Reading)
No

Yes
Leisure Activities

*Adjusted for age, area, marital status, living partners, health afiation, displacement, country region, race, occupation, salary, and physicl assets.

Women

Cognitive impairment

without dementia
Model 1# Model 2*
OR CI95% OR CI95%
727 370"
(4.19-12.61) (2.12-6.47)
302t 265"
(1.73-5.30) (1.51-4.64)
REF REF
228
(1.90-2.73)
REF
073"
(0.68-0.78)

Cl, Confidence Interval.

Dementia
Model 1# Model 2*
ORCI®5%  ORCI®S%
330" 1.28
(2.06-5.28) 0.74-2.03)
1.15 098
(©.71-187) (0.59-1.64)
REF REF
277
(2.29 -334)
REF
052
(0.48-0.58)

Cognitive impairment
without dementia

Model 1*
OR CI95%

457
@71-7.70)
247
(1.45-4.21)

REF

Model 2¢
OR Cl 95%

242+
(1.41-4.14)

220
(1.28-8.77)

REF

1.4
(1.57-2.41)
REF
072
(0.66-0.78)

Dementia
Model 1 Model 2"
OR C195% OR CI 95%
346" 153
(1.97-607)  (0.83-2.89)
1.52 1.31
(0.84-2.73) (0.70-2.45)
REF REF
168
(1.84-2.11)
REF
048"
(0.43-0.53)
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Region n

Demographic information (n = 20)

Africa 4
Asia 6
Europe 2
Central/South America 6
Middle East 2
Gender
Female 9
Male 1
Primary specialty
Geriatric medicine 3
Geriatric psychiatry 1
Neurology 10
Neuropsychology 4
Psychiatry 2
Years in clinical practice Mean (SD)

21.3(108)
Practice Characteristics*
Expert Practice Setting** n
Public institution 8
Private institution 9
Teaching hospital 13
Research institution or university 8
Day Care Center 1
% time dedicated to the following activities Mean % (SD)
Patient care 39 (20)
Research 25(18)
Teaching & mentoring 22 (14)
Administration 11(9)
Other 2()
Number of patients newly diagnosed with MCI or Mean (SD)
Dementia per month at expert’s practice

25 (19)

* One provider did not provide responses to all non-demographic questions. " Some.
providers indicated working in multiple practice settings.
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Population Size, (No) millons
Over age 65, (%)

Life expectancy at birth (years)
Fertity rate (birth per woman)
10/66 baseline characteristics
Participants, No

Response Rate (%)

Age (years), No (%)

65-69

7074

7579

>79

Gender (F), No (%)

Dementia, No (%)

Mid Cognitive Impairment, No (%)
Stroke, No (%)

Hypertension, No (%)

Cuba

1.1
15
80
17

2813
9

715 (25.5)
747(26.6)
618 22.0)
726 (25.9)

1836 (65.3)
292 (10.4)

42(1.5)
216(7.7)
1624 (57.9)

Dominican

Republic

106
7
74

24

2011
95

533 (26.5)
520 (25.9)
396 (19.7)
561 (27.9)
1325 (66)
285(11.7)
26(1.9)
175 8.7)
968 (48.6)

Puerto Rico

32
15
80
1.1

2008
]

414 (20.6)
456 (22.7)
483 (24.0)
656 (12.0)
1347 (67.9)
233(11.6)
68(3.4)
168 (8.4)
518(32.1)
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Variable n %

Cognition
Normal 19.004 802
Cogitive Impairment Without Dementia (CIWD) 2109 89
Dementia 2581 108
Residence Area
Urban 17.189 725
Rural 6505 27.4
Country Region
Aftantic 6.202 26.4
Oriental 3583 15.4
Orinoquia and Amazonia 1.304 58
Bogota 2003 8.45
Central 6351 268
Pacific 4161 175
Sex
Men 10.112 426
Women 13.582 57.3
Marriage Status
Married/With a Partner 12.557 53
Separated/Widower 8.456 357
Single 2671 112
Living Alone
Yes 2201 9.2
No 21.493 90.7
Health Affiliation
Subsidized 14.160 50.82
Contribute 8.998 38.01
No affiation 512 2.16
Skin Color
Light 11.465 483
Medium 8706 367
Dark 3523 148
Pension
Yes 1.589 67
No 2197 932
Lifetime Occupation
Manual or dependent worker 15.061 64.89
Boss or independent worker 5.181 22.11
None 3018 13
Income
<1 minimum wage 13.468 687
Between 1 and 2 minimum wage 5074 258
More than 2 minimum wage 1.061 5.4
Physical Capital Tercile
1 10.062 425
2 7.482 316
3 6.15 259
Educational Attainment
Less than primary school 14.778 626
Completed primary school 6325 268
More than high school 2.498 105
Literacy (Writing)
18.523 782
5.149 217
18.264 771

5.407 228
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Program Objective

Diagnostic Making a diagnosis

Biopsychosocial Comprehensive treatment
to manage symptoms
related to the dementia
syndrome

Communicationand  Evaluation and treatment

swallowing of alterations in
communication and/or
swallowing.

Components

Complete multidisciplinary

evaluation:

* Medical history

* Neuropsychological
assessment

* Occupational therapist
assessment

* Blood samples

« Neuroimaging

* Others (as requirec)
Post diagnosis, there are
several sessions with a clinical
psychologist and social worker
to help to cope with
the diagnosis

Mulidiscipiinary intervention

based on the DICE (describe,

investigate, create, and evaluate)

model (41)

« Psychopharmacological
interventions

« Psychological interventions for
the caregiver

* Occupational therapy
interventions

* Social worker interventions

Evaluation and treatment by a

speech-language therapist

Professionals

Al

Neurologist (ieader)
Neuropsychologist
Clinical psychologist

« Social worker

Per request
 Psychiatrist
 Occupational therapist
« Speech and

language therapist

Al

Psychiatrist (ieader)

Clinical psychologist

 Occupational therapist

 Social worker

Per request

« Speech and language
therapist

© Nurse

Speech and language
therapist

Referral criteria

« Diagnostic evaluation
« Early-onset dementia.

o Patients with severe neuropsychiatric
symptoms

« Caregivers with severe
caregiver burden

« Primary Progressive aphasia
* Communications and/or swallowing
issues”

*Most of the existing care networks do not have access to a speech therapist; the majority of patients that need a service are referred to this program.
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Criteria

Rapid evaluation
needed

Convuisions
. Rapid onset of
cognitive impairment
3. History of recent falls,
after emergency
department evaluation

o=

Diagnosis problems

1.- Cognitive impairment
including the following:

1.1.- Behavioral symptoms as
an early symptom

1.2 Late onset psychiatric
disorders

1.3.- Motor impairment as an
early symptom

1.4.- Hallucinations and
delirium as an early symptom
1.5 Cognitive fluctuations
1.6- Communication
problems as an early
symptom

1.7.- Neurological focal signs
2.- Rapid onset dementia (<6
months)

3.- Young onset dementia
(<65 years)

4.- Subjective cognitive
impairment with normal

impaired function

Treatment problems

1.- Behavioral and
psychological symptoms
of dementia, after primary
care interventions

Communication or
swallow problems

1.- Swallow disorder

2.- Nasogastric tube
complications

3.- Young onset dementia
with communication
disorders

Caregiver burden

1.- Caregiver with
significant burden, after
primary care and mental
health interventions
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Knowledge items
Questions

1 am aware of brief hearing tests
that could be used with PwD

I have the training and expertise
to administer and interpret the
results of a brief hearing test

1 am aware of, and would be able
to use, appropriate referral
pathways for PwD who failed a
brief hearing screen

| am confident in helping PwD
with use of assistive hearing
devices

N

13

12

1

Strongly disagree

%
232%

29.1%

21.4%

20.0%

Attitude toward hearing support for PWD

Questions

Abrief hearing screen would be
acceptable to PwD

1 would find ciinical guidelines for
assessing and managing hearing
impairment in PwD care useful
Most PwD who need a hearing
aid (or other assistive hearing
device) use one effectively

N

Strongly disagree

%
1.8%

7.3%

19.6%

Practice related to hearing support for PWD

Questions

Do you carry out testing or
checking of hearing aids?

Does your facility have
specifically designated staff that
are responsible for the care of
hearing impairments (e.g..
putting a hearing aid in, changing
batteries)?

1 have training and support to
use hearing aids, ampliiers etc.,

No

36

44

50

Disagree
N %
5 8.9%
13 23.6%
7 12.5%
3 55%
Disagree
N %
10 182%
5 9.1%
12 21.4%
%
65.5%
83.0%
92.6%

Neutral

%

12.5%

14.5%

16.1%

34.5%

Neutral

%

10.9%

10.9%

18.1%

26

22

23

23

Yes

Agree
%
46.4%

27.3%

39.3%

30.9%

Agree

%
41.8%

41.8%

30.4%

%
34.5%

17.0%

7.4%

Strongly agree
N %
5 8.9%
3 5.5%
6 10.7%
5 9.1%
Strongly agree
N %
15 27.3%
17 30.9%
7 12.5%
Total (N)
55
53
54

Total

56

55

56

55

Total

55

55

56
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Variable* MCI + D SCD Prevalence of cognitive impairment

Crude model Adjusted model®
N=390N=330 OR  P-value® OR  P-value®
(95% CI) (95% CI)
Folic 0.021 0.008
acid
(ng/dL)
at 128 56 1.00 (reference) 1.00 (reference)
Q2 90 89 049(021-1.02) 051(0.17-1.23)
a3 90 89 0.34(0.16-096) 036 (0.15-1.16)
Q4 82 9 033(014-0.79)
Bi2° 0.113
(pg/mL)
at 109 68 1.00 eference) 1.00 (reference)
Q2 98 77 0.66(031-159) 077 (0.33-1.98)
Q3 101 77 0.71(0.31-1.73) 0.95 (0.37-2.35)
Q4 74 95 049(022-1.17) 058 (0.24-1.43)

Cl, conficencenterval; Q, Quintie; D, dementia; MCI, mild cognitive impairment; OR, odds
ratio; SCD, subjective cognitive decine.

Linearity test: Pearsons correlation coefficient, r = 0.7; p = 0.027; coefficient of
determination, R? = 0.69.

“Fifth quintile is the reference group; Quinties: Folic acid: Q1: 0.7-9.5 ng/dl; Q2: 9.6-
18.4ng/alL; Q3: 18.5-27.3 ng/dL; Q4: 27.4-36.2 ng/alL; Q5: 36.3-45.1 ng/dL; Vitamin
B12: Q1:43-210 pg/mL; Q2: 211-378 pg/mL.; Q3: 379-546pg/mL; Qd: 547-714pg/mL;
Q5: 715-879 pg/mL..

9p-values for linear trend; conditional logistic regression analysis.

PAdjusted model was adjusted for regular exercise by conditional multiple logistic
regression analysis.

¢Removed 13 outliers with serum vitamin B12 levels > 2,000 pg/mL.
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Characteristic

SCD, n (%)
MCl, n (%)

Dementia, n (%)

Age, years (mean = SD)
Education, years (mean & SD)
Female, n (%)

BMI, kg/m? (mean s SD)
MMSE score (mean = SD)

IFS score (mean  SD)

BMI, body mass index; IFS, INECO Frontal Screening; MCI, mid cognitive impairment; MMSE, Mini Mental State Examination; SCD, subjective cognitive decline.

Vitamin B12
deficiency
(N =151)

28 (18.5%)
49 (32.5%)
74 (49%)
64872
10.5+32
78 (51.7%)
225431
215£43
229+2.1

Intermediate
Vitamin B12 status
(N =96)

15 (15.6%)
37 (38.5%)
44 (45.8%)
66.3% 6.4
10.9:+29
52 (54.2%)
229+27
23.4%39
21683

Vitamin B12
normal
N =473)

236 (49.9%)
156 (32.9%)
81(17.2%)
65.4 % 5.1
113£29
239 (50.5%)
28.4+382
212£56
206+ 3.1

“Vitamin B12 deficiency (<80 pg/mL); indeterminate Vitamin B12 status (81-200 pg/mL); normal Vitamin B12 (>200 pg/mL).

**One-way ANOVA (continuous variables) or Chi-square (categorical variables) for normal vitamin B12 group vs vitamin B12 deficiency group.
*+*One-way ANOVA (continuous variables) or Chi-square (categorical veriabies) for normal vitamin B12 group vs. intermediate vitemin B12 group.

Instituto Peruano de Neurociencias, 2014-2020.

0.079
0.863
0.066
0.143
0.633
0.625
0.726
0.628
0.319

prax

0.064
0.091
0.072
0.317
0.734
0.691
0811
0.158
0.097
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Variable** Dementia Mmcl SCcD

B(SE) P-value OR(f) 95% ClforOR(f) B(SE) P-value OR(B) 95%ClforOR(8) B(SE) P-value OR(8) 95% Cl for OR ()

TSH (1) 1.03(0.46) 0.021 291 1.15-6.86 0.81 0.069 1.47 (0.83-3.21) 0.66(0.41) 0.128 1.39 0.59-4.18
TSH(2)  089(037) 0032 263 1.09-6.31 063 0072 123 056-341)  059(0.71) 0073 133 051-4.93
TSH(3)  056(037) 0271 162 0.60-3.87 061 0456  1.12 (082-451)  049(037) 0.124 128 046-4.17
TSH(4) 0450042 0319 156 0.65-2.97 026 0092 1.83 074-347)  051(036) 0092 115 05310871

5, beta; OR, odds ratio; CI, confidence interval; SE, standard error; TSH, thyroid stimulating hormone.

Linearity test: Pearsons correlation coeffcient, r = 0.7; p = 0.016; coefficient of determination, 2 = 0.74.

*Logistic regression models adjusted for age, sex, years of education, and body mss index.

“*Fifth quintile s the reference group.

Quintiles: Q1: 0.26-1.12 mIU/L; 1.13-1.33 miU/L; Q3: 1.34~1.86 miU/L; Qd: 1.87-4.25 miU/L; Q5: 4.26-28.5 mIU/L.
Instituto Peruano de Neurociencias, 2014-2020.

The bold values mean that the p-value < 0.05.
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Variable Dementia group Ml group SCD group

MMSE IFS MMSE IFS MMSE IFs

B(SE) P-value 95% Clforp  B(SE) P-value 95%Clforp  B(SE) P-value 95%Clforp §(SE) P-value 95% Clforp  (SE) P-value 95% Clforp  §(SE) P-value 95% Clforp

Free T3 -0.23(0.19) 0072 -0.65100.35 —0.15(0.88) 0.089 -0.56100.29 ~0.09(0.23) 0085 -0.03100.11 -006 0082 -00210021 0.17(061) 0071 00610031 0.11(029) 0091 0.07100.57
FreeT4  -0.15(0.37) 0.145 -0.46100.25 —0.21(0.71) 0.092 -043t00.16 010 0071 -007t0021 -0.10  0.127 -0.06100.35 ~0.06(0.81) 0.164 00210024 -0.21(0.17) 0.252 0.07100.49
TSH ~032(024) 0.010 —1.49100.16 ~037 097) 0.004 -3.26100.73 ~0.37(0.19) 0.081 -0.92t00.58 ~0.32(0.72) 0.086 -0.13100.62 ~027 (0.19) 0.092 —149100.52 ~0.23(0.48) 0.082 —1.26100.49

Vitamin  003(0.16) 0062 001t00.21 009(0.32) 0074 005t0042 007(0.22) 0095 00210015 010(0.27) 0.146 00410033 0.12(0.23) 0.213 00410069 0.19(061) 0084 0.06t00.61
B12

Folcacid 005(038) 0060 00310052 0.12(021) 0082 00710034 008(0.44) 0083 00210041 021019 0077 00910042 0.13(056) 0087 00710046 021(049) 0273 009100.49

IFS, INECO Frontal Screening; MCI, mild cognitive impaiment; MMSE, Mini Mental State Examination; SE, standard error; SCD, subjective cognitive decline; TSH, thyroid stimulating hormone.
Linearity test: Pearson corrolation coefficient, r = 0.8; p = 0.033; coefficient of determination, F2 = 0.66.

*Linear regression models adjusted for age, sex, years of education, and body mass index.

**Normal serum free T3, 3.50-6.50 pmol; normal serum free T4 11.50-22.70 pmoll; normal serum TSH, 0.55-4.78 iU/ vitamin B12 deficiency <80 pg/mL; normel folc acid levels, >3 ng/ dl..
Instituto Peruano de Neurociencias, 2014-2020.

The bold values mean that the p-value < 0.05,





OPS/images/fneur-12-637000/fneur-12-637000-t001.jpg
Public engagement
onion spectrum

Collaborating

Consulting

Informing

Activity type

Making decisions

Informing
decision-making

Understanding thinking

Stimulating thinking

Information

PPl activities

PPI groups set-up

Recruitment material and flyers,
information docurnents for dementia
research

Combined a public engagement and
awareness-raising event with a survey of
professional stakeholders

Dementia care skils event for professionals

Assessment of hearing screening for older
adults

Discussion group panel with professionals

Dementia awareness role-play in
residential care homes
Dementia awareness event for public

Dementia awareness radio programme

Dementia information sheets

Dementia awareness community walk
World Alzheimer's day poster competition

Dementia newsletter

Impact

Endorsed research relevance.
Validated intervention.

Contributed to intervention development.
Identified awareness and education needs on the
research topic.

Documents reworded and inappropriate English
words were translated.

Ascertained knowledge, awareness and practice
on the research topic.

Survey data guided study design and recruitment.
Planned event and identified key topics.
Inter-professional collaboration and dialogues
engaged professionals normally ot involved

in decision-making.

Questions re-phrased to make it

relevant culturally.

Reviewed and suggested amendments 1o topic
guides.

Developed questions for discussion.

Planned role-play and highlighted issues on carer
burden issues and tell-tale signs of dementia.
Contributed toward reducing stigma in

the community.

Reviewed topics for the radio programme.

Invited to plan for future dementia

awareness sessions.

Reviewed ease of understanding, readabilty,
altenative wording and images.

Contributed to raising of awareness.

Contribute toward reducing stigma in

the community.

Reviewed wording and topics relevant to

public members.
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Language and diagnosis

Hindi—controls
Hindi—dementia
Bengali—controls
Bengali—dementia
Telugu—controls
Telugu—dementia
Kannada—controls
Kannada—dementia
Malayalam—controls
Malayalam—dementia

40
20
45
29
45
33
57
15
35
35

Age (years)
mean (SD)

57.10 (6.25)
61.00 (2.06)
66.27 (6.18)
67.03(10.47)
66.29 (3.98)
65.55 (8.56)
64.47 (3.10)
67.20 (9.11)
68.91(5.39)
70.11 (5.91)

SD, standard deviation; ACE-l, Addenbrooke’s Cognitive Examination.

Missing values: ACE-lil (controls, patients)—Hindii (2, 5), Bengali (8, 0), Telugu (6, 0), Kannada (0, 0), Malayalam (1, 0).

Gender

(male, female) %

675,325
56.0,45.0
711,289
66.5,34.5
66.7,33.3
545,455
40.4,59.6
46.7,533
66.7, 343
771,229

Years of education
mean (SD)

14.03(3.40)
13.15(2.98)
11.62(4.28)
12.21(3.74)
14.20(4.14)
18.03(5.32)
12.00(3.49)
11.67(4.25)
12.74(2.56)
11.50(2.59)

ACE-IIl
mean (SD)

86.37 (7.53)
56.33 (19.45)
88.62 (7.24)
57.69(16.11)
93.62 (4.13)
7052 (19.02)
87.77 (7.59)
37.20(2151)
92.00 (4.08)
66.43 (13.15)
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Case Study 1: Mysuru, India site

The Mysuru PPl achisory group acvised on the development of a dementia awareness-training event for members of the public during Alzheimer's Awareness
month in September 2019,

The Mysuru PPl achvisory group attended a series of 2-hour meetings. The group consisted of carers and volunteers. The meeting was held on days agreed
amongst the group that would be the most convenient.

The aim of the mesting was to gather views on dementia awareness training at a very early stage of the planning. Three contributors participated in the mesting to
help develop the dementia awareness training and one mernber provided input remotely via telephone. Face to face, group meetings enabled the PPI contributors,
to discuss their views and providing the opportunity to all the contributors to put forward their ideas. The PPI group provided feedback about each of the three:
components:

* Where and how the training should be advertised.

* The key topics to be covered by the training.

« The agenda

The research team and the PPI coordinator worked with the PPI group to develop plans for awareness training. They focused on whether the language used to

introduce the subject of dementia in the training was appropriate. There was agreement that the word “dementia” raises concerns. So the suggestion was that the

word “memory loss” should be used and as more sympathetically worded, and embraced varying features of the condition. The group also highlighted the need

for more information about local support available to persons with dementia, and the need for awareness materials to be provided in Kannada (local language). The

feedback from the PPI contributors resulted in the following changes:

* The traiining focussed on preventative measures and signposting resources for care partners.

« Training included activities to keep the person with dementia busy and engaged.

* The training included lists of do's and don'ts for care partners.

o Training included prompts for care partners to discuss that ‘it is Ok to have a nurse to help” and issues on stigma on receiving care from nurses, to overcome
high levels of stigma and discrimination in the community.

« Training content used layman’s terms as suggested by PPI contributors e.g., to use the terms “memory loss” instead of dementia.

Case Study 2: Bengaluru, India site

The Bengaluru site consisted of a "virtual PPl advisory group” with eight public contributors. PP activities were organized via  virtual discussion group. To ensure

equality of involvement, those who could not attend the virtual sessions or did not have sevices to participate, PPI coordinators arranged a consultation with them

using telephone or face-to-face mesting dependent on the PPI contributor's preference. The approach taken by the Bengaluru PPI coordinator was firstly to set

up a series of discussion topics for the groups to discuss issues and challenges faced by PwD and care partners, to set the context. Thereafter, discussions led

1o the introdiuction of the dementia study and the relevance of P! input. Consecutive discussions consisted of items about the study intervention design, Hearing

Support Practitioner’s communications manual and patient information sheet to receiving feedback that could help the research team improve its documentation

for the trial.

* Feedback highlighted that care partners, due to various reasons, sometimes limit the participation of the PwD but the Hearing Support Practitioner's should
ensure that the PwD is encouraged to talk during sessions.

+ Suggestion for re-wording recommended for the participant information sheet and informed consent sheet, emphasizing that both the PwD and care partners
are warned about what the research study entails, and commitments involved.

* The relevance of the intervention was recognized and approved by the group.

The group recommended the benefits of wearing the hearing aid and how it could reduce the burden on care partniers to be shared with everyone, and not just as.
part of the research activity. The issues relating to equality between researchers and study participants highlighted as important factors by ensuring accessibllty
for all, and not the selected few.

The feedback from the PPI advisory groups resulted in the following changes:

* Hearing Support Practitioner's communications manual reworded and notes included to ensure that the participation of the PwD is encouraged during the
intervention, which could be limited sometimes by care partners.

Patient information sheet and consent forms reworded using the simple local language.

Researchers assured through PP! advisory groups validation that PwD and care partners would benefit from the intervention.

Researcher's notes as part of the intervention delivery emphasized the need to explain to the care partners and patients about their role in dementia research, to
ensure equality by promoting the study widely to provide the opportunity for all to participate in the research study.

Bengaluru research site promoted volunteers led outreach activities for promoting the rights and dignity of people living with dementia and promoting the
benefits of using a hearing aid for PwD.

Other issues identified by the group highiighted:

« The need for general awareness and education about the research topic.

« Researchers to explore options of providing virtual session as part of the intervention.

The research team addressed the transport-related issues for PPl acvisory group members by the use of smartphones in urban and suburban settings with a view
o enabiing many care partners to participate with the online group without affecting the caregiving responsibilties and increasing digital lteracy.
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Theme
Unique experience of ness and
insights into the needs and

priorities of a PwD and care
partners

Improved understanding of PPI

Challenges of PPI

Quotes

“Involvement in this project help me to interact more with the patients this was the experience in understanding the family befter” (ID9)
“Working with the public contributors made it a dilferent experience, it gave us insights into what are the real challenges for people
ke the cost of traveling into the hospitals, particularly from the villages, it's far and for some it means having to arrange overnight
‘accommodation, which is additional cost for them. So it's useful to get that insight.” (ID8)

“PPIis very helpful to getting understand your targeted population and their problems when you involve them in group discussions.”
(ID4)

“Throughout the Sense Cog Asia project | have learned a lot. It was one of the best opportunity to learn purely about the challenges
of patients and their care partners. Involvement of public in this project was quite challenging task. True representation and
involverent of public in project is only can achieved if they are given opportunity to give us their valuable opinion about project design
and implementation.” (D7)

“Gves insight into people’s lives and how they are dealing with the conditions, it helps us s researchers to understand some of the
changes they would face i refation to dementia research and what the intervention means to them” (ID7)

“Co-creation helps us to understand ground reality. It also helps to frame need based research problems.” (ID5)
“You get to now (sic) how you can you improve research design and strategies.” (ID4)

“Yes. PP learn me research differently.” (ID9)

“Because it improves the relevance of the study and more practical goals or research questions can be taken up” (ID3)

“Yes, definitely | will do that because this is the best way to evaluate your project connection with your participants moreover it helps
in any trial to investigate the progress of your project outcome.” (ID1)

“Time consuming. Conflict of opinion and level of interest of public makes it difficult to achieve the outcome of this project” (ID1)

“It's new idea. | need to give more time in research project” (ID2)

“Patients getting more involved and trying to rule over the researcher. Coordinating timing for meeting” (ID3)

“Most of the carers are daughters-in-law and | think they are hindered from talking openly about certain things because if they were
todo i, itis seen as disrespecting the elder member. May be we need to think about it for the intervention too; that might be an
issue” (ID8)

“It's time consuming, | think because it's new thing for us, it has taken us longer to understand it fully and also to adapt to a new way
of working” (ID7)
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Number Percentage

Gender (N = 55)
Female 21 38.2%
male 34 61.8%
Years in profession (N = 55)

<2 5 9.1%
25 11 20.0%
5-10 18 32.7%
>10 21 38.2%
Highest qualification (N = 55)

Postgrad 19 34.5%
Degree or equivalent 22 40.0%
Dip or equivalent 10 18.2%
Alevel or equivalent 2 36%
GCSE or equivalent 1 1.8%
Other qualifications 1 1.8%
Job title (N = 55)

Service manager 10 18.2%
Registered nurse etc., 1 1.8%
Care worker 6 10.9%
Allied health 34 61.8%
Other 6 7.3%
Received training in dementia (N = 56)

No 51 91.1%

Yes 5 8.9%
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Author Journal Year Type Methods Pathology Reference

Balthazar et al. JInt Neuropsych Soc 2010 T Morph AD, MCI (12)

Balthazar et al. J Int Neuropsych Soc 2010 T Morph AD, MCI (13)

Porto et al. Dement Neuropsychol 2010 CR Quali PCA (14)

Chaves et al. J Neuroinflamm 2010 T Morph AD (15)

Oliveira et al. J Aizheimers Dis 2010 T Morph AD (16)

de Toledo Ferraz Alves et al. Curr Opin Psychiatr 2010 R 7

Baldagara et al. Rev Bras Psiquiatr 2011 L Morph AD, MCI (18)

Caramell et al. Dement Neuropsychol 2011 P (19)

Avila et al. Neurobiol Aging 2011 T Morph Depressed Eld. (20)

de Oiveira et al. Am J Neuroradiol 2011 T Morph, Other AD, MCI @1)

Balthazar et al. Dement Neuropsychol 2011 T Morph AD, MCI ©2)

Ferreira ot al. Clinics 2011 R ©3)

Ferreira ot al. Neurobiol Aging 2011 R %)

de Souza et al. Lancet 2011 CR Quali HAND (25)

Caixeta et al. Clinics 2011 CcR Quali, SPECT PPA (6)

Oliveira et al. Arq Neuro-Psiquiat 2011 T Morph, DT PPA @7

de Toledo Ferraz Alves et al. J Aizheimers Dis 2011 T Morph HE ©9)

Vasconcelos et al. Clinics 2011 T Morph AD ©9)

Tiel etal. Dement Neuropsychol 2012 T Quali Vasc (30)

Lanna et al. J Nerol Sci 2012 T Quali, SPECT Vase @1)

Simon et al. Neurosci Biobehav R 2012 R (32)

Alves et al. PLoS ONE 2012 T Morph, DTI AD, MCI @3)

Alves et al. Dement Neuropsychol 2012 R @84

Sudoetal. Dement Neuropsychol 2012 R (35)

Borgio et al. Arq Neuro-Psiquiat 2012 L Morph vl @6)

Squarzoni et al. J Alzheimers Dis 2012 T Morph HE 37

Podro et al. Dement Geriatr Cogn 2012 T Morph AD, MCI [}

Foss etal. Clinics 2013 T Morph, Other HE 39

Menezes et al. Arq Neuro-Psiquiat 2013 T Morph, Other AD, MCI (40)

Radanovic et al. Expert Rev Neurother 2013 R @1)

Sudoetal. Arq Neuro-Psiquiat 2013 T Quali Mcl “2)

Dubois et al. Lancet Neurol 2014 P @3)

Lee etal. Brain 2014 T MR, Morph FTD (@4)

Teipel et al. Psychiat Res Neuroim 2014 T Morph PPA (@5)

Weiler et al. Curr Alzheimer Res 2014 T MRI AD (@6)

Andrade de Oliveira et al. J Aizheimers Dis 2014 T Morph AD, MCI @7

Weiler et al. Brain Connectivity 2014 T MRI AD, MCI (“8)

Rondina et al. Front Aging Neurosci 2014 T Morph HE 49

Balthazar et al. Hum Brain Mapp 2014 T MRI AD 50)

Prezzi et al. Arq Neuro-Psiquiat 2014 CR Quali D-EPS 1)

Weiler et al. Psychiat Res Neuroim 2014 T DTl AD, MCI 52)

Kilimann et al. J Aizheimers Dis 2014 L Morph AD, MCI 3

Ferreira ot al. Rev Bras Psiquialr 2014 R (64)

Vasconcelos et al. Clinics 2014 T Morph AD (%)

Tovar-Moll et al. PLoS ONE 2014 T ot D-EPS, FOT (56)

Balthazar et al. Psychiat Res Neuroim 2014 T fMRI AD 67)

de Oiveira et al. Acta Neurol Belg 2015 cR Quali, SPECT FTD 9

Yokoyama et al. PLOS ONE 2015 T Morph HE 59)

Prado et al. Dement Neuropsychol 2015 R (60)

Caixeta et al. CP & EMH 2015 T Morph D-EPS, FTD (61)

Forner et al. Neurology 2015 T Qual co ©)

Hayata et al. Arg Neuro-Psiquiat 2015 T Morph AD (63)

da Rocha et al. Dement Neuropsychol 2015 R ©4)

Balardin et al. Front Aging Neurosci 2015 T fMRI MCI (65)

Weilr et al. J Aizheimers Dis 2015 L Morph, DTI AD (66)

Coutinho et al. Int Psychogeriatr 2016 T Quali AD, MCI 67)

Alves et al. BioMed Res Int 2015 R ©3)

Promteangtrong et al. Dement Neuropsychol 2015 R (©9)

Promteangtrong et al. Dement Neuropsychol 2015 R (70)

Haziot et al. Dement Neuropsychol 2015 R 1)

Boots et al. Arch Clin Neuropsych 2015 T Morph HE 72

Diniz et al. Mol Psychiatr 2015 T Morph, Ami MCI (73)

Agostaetal. CNS Neurosci Ther 2015 R (74)

Hamelin et al. Neurob] 2015 T Morph, Ami AD (75)

Grothe et al. Cereb Cortex 2016 T Morph, FDG vl (76)

Leuzy et al. Brain Struct Funct 2016 T Morph, FDG, Other  FTD (@)

Resende et al. eNeurologicalSci 2016 T Qual AD, MCI 79

Coréaetal. J Mag Reson Im 2016 L Morph, DTI HAND 79

MoAleese ot al. BMC Med 2016 R 0)

Corréaetal. J Neuroimaging 2016 T Morph HAND @®1)

Teixeira ot AGE 2016 T Morph, DTI vl ©)

Weiler et al. Neurosci Biobehav R 2016 R 83)

Wang et al. P Natl Acad Sci 2016 T Morph AD ©)

Ribeiro et al. Dement Neuropsychol 2016 R (85)

Alves et al. Dement Neuropsychol 2017 R ©6)

Pascoal et al. Mol Psychiatr 2017 T Morph, FDG, Ami HE @7

Lajoie et al. Neurolmage Clin 2017 T MR, Morph AD ©3)

Vasconcellos et al. Parkinson’s Disease 2017 T Quali PD (©9)

Tascone et al. PLOS ONE 2017 T Morph D (©0)

Ebadi et al. Front Neurosci 2017 T om AD, MCI ©1)

De Souza et al Prion 2017 cR Qual cp ©2)

Shigaeff et al. Arch Gerontol Geriat 2017 L MRI EMS ©3)

Squarzoni et al. Clinics 2017 L Quali HE ©4)

Fragoso et al. RadioGraphics 2017 R (95)

Radanovic et al. Dement Neuropsychol 2017 T Quali AD, MCI (96)

Resende et al. Arg Neuro-Psiquiat 2017 T oTl MCl ©7)

Weiler ot al. J Psychiatr Neurosci 2017 T MRI AD, MCI ©9)

Rabelo et al. Neuroradiol J 2017 T Qual AD, MO ©9)

Coréaetal. Neuroradiol J 2017 L MR, Morph, DTI HAND (100)
Ramos Bernardes da Siva Filho Neurolmage Clin 2017 T Morph AD (101)
etal.

Swardfager et al. Azheimers Dement 2017 T ot AD (102)
Swardfager et al. Neurobiol Aging 2017 T Morph D (103)
Ferreira et al. Rev Bras Psiquiatr 2017 T Morph, FDG, AD (104)

SPECT
Maia da Silva et al. Front Neurol 2017 R (105)
Smagula et al. Am J Geriatr Psychiat 2018 T fMRI, Morph HE (106)
Branco et al. Psychiat Res Neuroim 2018 T Morph, DTI MND (107)
Simon et al. Front Aging Neurosci 2018 CcT fMRI, Morph MCI (108)
Teixeira et al Alzheimers Dement 2018 cr Morph vl (109)
Weiler et al. Front Aging Neurosci 2018 T fMRI AD, MCI (110)
Bertrand et al. Neuropsychology 2018 T Morph AD (111)
Ventura et al Neuroradiol J 2018 T MRI HAND (112)
Neale et al. Neurolmage Ciin 2018 R (113)
Miotto et al. Neural Plast 2018 R (114)
Axelrud et al. Am J Psychiat 2018 T Morph Infants (115)
Resende et al. Front Aging Neurosci 2018 T Morph AD, MCI (116)
Martins et al. Dement Neuropsychol 2018 cR Quali, SPECT FTD (117
Jaswal et al. Neurobiol Aging 2018 T Morph AD (118)
Rondina et al. Neurolmage Clin 2018 T Morph, FDG, AD (119)
SPECT

Magalhées et al. Mol Neurobiol 2018 T fMRI, Morph AD, MCI (120)
Swardfager et al. Neurology 2018 T Morph AD, Vase (121)
Resende et al. Cogn Behav Neurol 2018 T ol mel (122)
Foss et al. Dement Neuropsychol 2019 T Morph HE (123)
Axelrud et al. Neurobiol Aging 2019 T MRI AD Relatives (124)
Wang et al. Commun Biol 2019 T Morph AD (125)
Betts et al. Brain 2019 R (126)
Staffaroni et al Brain 2019 T MR, Morph FTD (127)
Drummond et al. Aging 2019 T oTl AD, MCI (128)
Olivera ot al. Dement Neuropsychol 2019 R (129)
Schilling et al. Mol Psychiatr 2019 T DTI, FDG, Ami AD, MCI (130)
Batista et al. Cortex 2019 T MRI Vase (181)
Therriault et al. Mol Neurobiol 2019 T fMRI, Morph, Ami AD, MCI (132)
Ferrari et al. Medicine 2019 L Morph, FDG AD (133)
Yamashita et al. Neuroinformatics 2019 L Morph, FDG AD (134)
De Carvalho Neto et al. Prion 2019 cR Quali cio (135)
Gongalves et al. Brain Res 2020 T Morph FTD (136)
Martins-Fiho et al. Dement Geriatr Cogn 2020 R (187)
Blevins et al. Acta Neuropathol 2020 R (138)
Rossini et al. Ciin Neurophysiol 2020 R (139)
Dalboni da Rocha et al. Sci Rep 2020 T oTl AD, MCI (140)
Busatto Fiho et al. J Neurosci Res 2020 T Morph, FDG, Ami AD, MCI (141)
Dalboni da Rocha et al. Brain Imaging Behav 2020 T DTl AD, MCI (142)
Freitas et al. Arq Neuro-Psiquiat 2020 CR Qual Vo) (143)
Ducharme et al. Brain 2020 R (144)
Ehrenberg et al. Alzheimers Res Ther 2020 R (145)
Simon et al. Int J Psychophysiol 2020 L MRI mel (146)

R, Review; CR, Case Report; P Perspective; T, Transversal; L, Longitudinal; CT, Clinical Trial; AD, Alzheimer's Disease; FTD, Frontotemporal Dementia; HE, Healthy Elders; Vasc, Vasculer
Cognitive Impairment; MCI, Mid Cognitive Impaiment; D-EPS, Dementia with extrapyramidal symptoms; CJD, Creutzfela-Jacob Disease; EMS, Eiders with metabolic syndrome; HAND,
HIV Associated Neurocognitive Disorder; PPA, Primary Progressive Aphasia; PCA, Posterior Cortical Atrophy; Quali, Qualitative MR evaluation/scales; Morph, Morphometric methods;
DTI, Diffusion Tensor Imaging; MR, Functional MRI: FDG, [18-FIDG PET Scan; Ami, Amiloid PET Scan.





