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1 | BACKGROUND

Global population aging is driving a surge in dementia, now a leading
cause of disability in older adults and a major societal burden.! More
than 50 million people currently have dementia, with 10 million new
cases diagnosed yearly,2 predominantly in low- and middle-income
countries (LMICs).2 World Health Organization (WHO) projections
indicate the prevalence could triple to 150 million by 2050, especially
impacting rapidly aging societies like those in Africa.2 Within the next
two decades, cases in the African region are projected to surge by up to
357%.1

Alzheimer’s disease (AD) and mixed dementias are prevalent
among individuals of African ancestry® who also face a heightened
prevalence of cerebrovascular disease.®> Given that brain pathol-
ogy manifests early, beginning ~ 15 to 25 years before dementia
onset,* implementing preventive measures in African populations is
imperative.

Encouraging reports from the Lancet Commission on Dementia Pre-
vention, Intervention, and Care estimates that as much as 40% of AD
and related dementias (ADRD) cases could be prevented,® primarily by
addressing modifiable risk factors such as physical activity, cognitive

across the continent.

prevention. This groundbreaking initiative highlights the potential for scalableand

sustainable interventions, thus is poised to transform dementia risk reduction efforts

Alzheimer’s disease, brain banking, community-based participatory research, dementia preven-
tion trials, fluid and neuroimaging biomarkers, health economics, implementation science, retinal

* Dementiarates are escalating in Africa, largely due to longer life spans and increased
prevalence of modifiable risk factors. Yet, few regional interventions have directly
targeted lifestyle factors to reduce dementia risk.

* The multinational Africa-FINGERS study will address this gap by adapting the
successful FINGERS lifestyle intervention to African populations.

* Africa-FINGERS will pioneer a culturally informed, multidomain dementia risk
reduction intervention in the African region through feasibility dementia prevention
trials in rural and urban sites across Kenya and Nigeria in the first instance, enrolling
600 at-risk adults (> 50 years). The program adopts participatory research methods
to develop culturally appropriate interventions and build infrastructure to evaluate
dementia biomarkers from ante and post mortem samples. A cost-effectiveness anal-
ysis will be conducted to guide the strategic implementation of Africa-FINGERS into
regional health systems.

* The Africa-FINGERS strategy aligns with the Worldwide-FINGERS framework
and integrates the global Alzheimer’s Disease Neuroimaging Initiative approach,

emphasizing multimodal analysis.

engagement, smoking, diet, and vascular/metabolic health.>~8 Compre-
hensive risk reduction strategies simultaneously targeting multiple risk
factors have been recommended by the WHO as optimal approaches,’
recognizing the limitations of single-domain interventions.” Outside
of Africa, successful implementation of such multimodal approaches
has been demonstrated,’ ! including in remote-based intervention
trials.12

Pioneering these studies is the landmark Finnish Geriatric Interven-
tion Study to Prevent Cognitive Impairment and Disability (FINGER,
ClinicalTrials.gov: NCT01041989) multidomain lifestyle modification
trial, which demonstrated significant improvements in cognitive, brain,
and physical health outcomes 2 years after the intervention.'® The
FINGER intervention also enhanced quality of life, reduced disabil-
ity development, and was deemed cost effective.l~1¢ Researchers
globally are applying and advancing this collaborative, novel approach
within the Worldwide-FINGERS (WW-FINGERS) network,!” with
promising reports on intervention effectiveness emerging.14-16.18
However, to ensure the effectiveness of dementia prevention strate-
gies, particularly in LMIC contexts, it is essential to consider contextual
factors such as socio-cultural beliefs and perceptions, knowledge, and

economic influences.
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FIGURE 1 Conceptual diagram of the Africa-FINGERS Project. Multideterminant framework for dementia risk reduction in Africa via

pioneering precision prevention approach.

Multiple studies from Africa report high prevalence of modifiable
factors for ADRD including physical inactivity, low formal educa-
tion, inadequate social interaction, unhealthy diet, tobacco use, and
increasing alcohol consumption contributing to higher rates of non-
communicable diseases (NCDs) related to vascular and metabolic
disorders (see Akineymi et al.,% Bassil et al.,»? Ogunniyi et al.,2° Gureje
et al.2!, and Appendix SB). Despite these epidemiological insights,
interventions evaluating the effectiveness of culturally sensitive and
scalable approaches for reducing dementia risk in Africa are unavail-
able. While dementia risk factors have been identified in high-income
countries (HIC), there has been insufficient evaluation of their hetero-
geneity in LMICs and the disparities that may influence these factors.
Additionally, integrating these efforts within community-based health
system enhancement programs is lacking. Another related issue
is the necessity to build the capacity of researchers in LMICs to
address these emerging challenges and play a key role in leading such
initiatives.

To address these gaps, we have developed the Africa-FINGERS

program,?2

a multi-country initiative to promote brain health in Africa
(Figure 1). Africa-FINGERS marks the inaugural effort to coordi-
nate and implement culturally informed multidomain interventions to
reduce AD/ADRD risk across the continent, with a strong empha-
sis on sustainability of these interventional and novel strategies for
assessment, management, and prevention. The regional brain health
promotion initiative, part of the WW-FINGERS network, collaborates
with local stakeholders to conduct culturally informed risk reduction
trials and health systems programs to prevent cognitive impairment
and promote healthy aging in Africa.

The project will address modifiable risk factors described by the

Lancet Commission and WHO policies on addressing NCDs, with active

involvement from indigenous community members, and guided by

expert frameworks”23 to:

1. Co-design a contextual multimodal lifestyle modification protocol
with local stakeholders and collect data on intervention efficacy,
biomechanisms, and cost effectiveness; and

2. Promote sustained intervention scalability through community-
wide implementation, while harmonizing methods for adoption

across partner countries and similar demographics.

Here, we describe the innovative strategy used in the Africa-
FINGERS project, and its integration within the WW-FINGERS
framework.2> We further discuss how the multimodal analyses
detailed within the research protocol align with the core princi-
ples of landmark global initiatives such as the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) program.?*

2 | METHODOLOGICAL APPROACH

The Africa-FINGERS project is a 5-year initiative, set across vanguard
sites in Kenya and Nigeria. It will include the first dementia risk reduc-
tion implementation randomized control trial (RCT) in these regions,
adopting a mixed methods analytical approach and incorporating the
RE-AIM (Reach, Effectiveness, Adoption, Implementation, and Main-
tenance) framework for equitable implementation.2> The RCT will
leverage established cohorts for efficient recruitment, and is registered
with Pan African Clinical Trial Registry under unique identification
number for the registry (PACTR202407499314703). Africa-FINGERS

is culturally informed, and the trial protocol will be co-designed with
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local stakeholders, aiming for translatable interventions, and serving as
amodel for prevention research in LMIC settings.

2.1 | RCT protocol development via co-design
methods

Using a range of participatory methodologies, beginning with a
community-based participatory research (CBPR) approach, the team
is developing a multimodal intervention protocol for dementia preven-
tion in African populations that uses participatory methods, co-design
workshops, and collaborative stances combining diverse disciplines,
expertise, research-policy-practice partnerships. Integrating CBPR
principles, the involvement of local stakeholders from the outset
ensures that community values and priorities shape the intervention
and promote sustainability. We further leverage insights from WW-
FINGERS studies. A diverse team from the Africa-FINGERS Executive
Steering Committee, proficient in national languages (Swabhili, Yoruba,
Igbo, Hausa) and cultures, will oversee the design process. This team
includes WW-FINGERS Senior investigators, alongside local and inter-
national domain experts. Following necessary ethical approvals from
each research site, six focus group discussions in Kenya and Nigeria will
explore culturally suitable lifestyle interventions, adapting elements
from prior studies and identifying locally significant risk factors. Prior
to engaging the community stakeholders in the co-design workshops,
we will obtain national and local ethical approvals for all arms of the
project, including the co-design phase, trial, and evaluation of interven-
tion sustainability. Only individuals who provide informed consent will
be invited to participate.

Building on close collaborations with community advisory boards
(CABs), the project will consider additional risk factors such as smok-
ing cessation, access to health aids, and family support structures,
that are pertinent to the local context. These factors will inform
customization of the Africa-FINGERS protocol to align with global
dementia prevention research, while being locally relevant. Our ongo-
ing efforts uniquely leverage expertise of anthropologists, sociologists,
cultural psychologists and leaders within the two countries to develop
these participatory research processes. In-depth interviews (IDls) with
expert stakeholders in each country will further refine the cultural
suitability of intervention strategies. Feedback from these interviews
will help tailor monitoring forms to local contexts and identify key
intervention themes. Through convening structured workshops across
urban and rural sites in both countries, the team will engage stake-
holders such as village chiefs, health-care providers, and policymakers
in a sequence designed to minimize power differentials and foster
robust discussion. These workshops focus on contextualizing the inter-
vention modalities, such as integrating traditional dance routines and
nutritional guidance, and assessing trial feasibility, including local adap-
tations of outcome measures like the Intervention for Dementia in
Elderly Africans Instrumental Activities of Daily Living (IDEA-IADL)%¢
and the African Neuropsychological Test Battery (A-NTB).2” The even-
tual components of the multidomain intervention (physical, cognitive,

and health) are subject to community review and ongoing focus groups.

Therefore, the perceived vagueness or diversity in these descrip-
tions reflects this stage of the study pending outcomes of stakeholder
engagement activities. Evidence from a RCT of a multidomain inter-
vention in at-risk older adults, affiliated with the FINGERS network,
suggests that 15 to 20 multidomain sessions are optimally sufficient
for cognitive benefit.28 Nevertheless, recommendations from commu-
nity review and focus groups will better inform culturally appropriate
interventions, frequency, and dosage. Through rapid thematic analysis
of workshop outcomes, the team purports to create a theory of change
framework?® that will guide and evolve the questions around barri-
ers and intervention development. The final workshops will harmonize
perspectives and prioritize interventions, ensuring the development of
a culturally informed, community-upheld intervention protocol. This
approach ensures compliance, and respects and upholds community

values throughout the research process.

2.1.1 | Overall inclusion/engagement and schedule
of events

Potential participants identified from existing cohorts as “at risk” of
dementia will undergo a screening visit to assess eligibility based on
inclusion criteria including age (50-85 years), Cardiovascular Risk Fac-
tors, Aging, and Dementia (CAIDE) Dementia Risk Score > 6 points,
cognitive performance, language proficiency, capacity to consent, and
stable medication use. Exclusion criteria will include for example,
dementia, impaired decision making, neurological diseases, and health
conditions hindering safe trial participation. Eligible participants will
proceed to a baseline visit, at which randomization to a structured or
self-guided (control) multimodal intervention occurs. Assessments will
occur at 6, 12, and 24 months, covering primary/secondary outcomes,
cardiovascular/metabolic risk factors, and safety parameters. The RCT
lasts 24 months. llliterate participants will not be excluded. llliteracy
rates are high in the study settings and are commonly associated with
risk factors for age-related cognitive decline, such as multi-dimensional
poverty.?? Therefore, it is essential to use tools and materials with
very low to no literacy demands. Consent procedures will allow for
oral explanations and thumbprints in lieu of written signatures. Indeed,
study assessments such as the neuropsychological tests were selected
based on their low literacy demands and are currently being pilot
tested across several funded studies in Kenya and Nigeria to model lit-
eracy effects. This will inform refinement strategies by selecting tools
with the lowest literacy effects. Similarly, intervention materials will be
designed to cater toilliteracy by including illustrations and explanatory
visual schemas. This approach ensures that the study selection phase
does not unfairly exclude individuals who may be at greatest risk for

dementia.

2.1.2 | Enrollment strategy in participating sites

Participants (300 from Kenya and 300 from Nigeria) will be recruited

from pre-phenotyped observational cohorts, enabling swift enrollment
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Monitoring and Management of vascular and metabolic risk factors

Group-based physical exercises (60 - 90mins):
1-2 X/week resistance/muscle strengthening AND 1-2 X/week aerobics (African traditional dance)

Nutritional counselling:
2 group sessions,
1 individual session

Nutritional counselling: 1 group
session, 1 individual session

Cognitive training:

Cognitive training break: 2 group sessions,
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SELF-GUIDED MULTIMODAL INTERVENTION
Healthy lifestyle advice based on national guidelines (every 6 months)

N = Nurse; Ph = Physician

Lab = Total cholesterol, HDL, LDL, triglycerides, HbA1c, CRP, fasting glucose, creatinine, ASAT, ALAT, GGT;

Blood, saliva, urine, hair for biobanking
Bio = Imaging/CSF; COA = Clinical Outcome

its [Culturally pted har

FIGURE 2

of at-risk individuals based on dementia risk factors, including family
history, and limited social engagement. Specifically in Nigeria, the PER-
ODEM and ADIPRES-N studies led by Africa-FINGERS co-Is (DO and
VU), which have detailed dementia risk data, will be leveraged. This
prior work facilitates streamlined recruitment through pre-existing
databases and established relationships, ensuring a diverse partici-
pant pool and simplified informed consent. In Nairobi, Kenya, four
AD-related cohorts that are led by the Africa-FINGERS Chief Investiga-
tor will be targeted, including FemBER Africa, Brain Resilience Kenya,
AD-Detect Kenya, and the Brain health Assessment Protocol Kenya
project, totaling up to 1200 potential participants. Further, established
collaborations with local organizations such as Nivishe Foundation,
Futboll Mass, and the Ismail community, will support rapid recruitment
for the co-design workshops. At the Kilifi site in Kenya, we will augment
potential recruits from the LOSHAK study, led by Africa-FINGERS co-
I (AN), with participants from the KRHDSS cohort, a comprehensive
demographic and health registry managed by Aga Khan University and
local health teams. Recruitment will be door to door, using the estab-
lished network of community health unit (CHU) leaders and volunteers.
Additional recruitment methods will involve distributing flyers in clin-
ics, religious venues, and community centers, as well as collaborating
with non-governmental organizations (NGOs) serving older popula-
tions. Purposive sampling will ensure balanced representation across
various demographic factors such as sex, ethnicity, age, and socio-
economic status. Enrichment strategies will target socio-economically
deprived areas and specific community groups, collaborating with gov-
ernmental and NGOs to ensure a diverse and representative sample
reflective of Kenya and Nigeria’s multi-ethnic population. After enroll-

ment and consent, the 600 participants will be randomized 1:1 to either

test battery of study outcomes]

Proposed plan of the Africa-FINGERS randomized control trial.

the self-guided (control) or the structured (active) multimodal group

receiving the FINGER-based intervention.

2.1.3 | Intervention delivery

The structured multimodal lifestyle intervention includes distinct
components: diet, physical activity, cognitive enrichment, and vascu-
lar/metabolic risk management, all integrated within a social engage-
ment framework®° and co-designed with community stakeholders (see
Figure 2 for RCT schedule).

Aligning with WHO nutrition guidelines, the dietary intervention
includes individual and group counseling sessions led by a trained nutri-
tionist that will provide training on accessible and cost-effective local
food products, to promote healthy dietary habits. In LMICs, globaliza-
tion has introduced high-sugar, high-salt, and processed foods, leading
to obesity and type 2 diabetes. Rural communities often rely on starchy
staple foods lacking in essential nutrients like omega-3, vitamin B12,
and vitamin C & E, crucial for brain function. Thus, personalized dietary
advice will recommend fruit, vegetables, and protein sources like fish,
chicken, dairy, and vitamin-fortified cereals, while reducing sugar,
salt, saturated fats, and alcohol. We will also adapt the African-based
Positive Deviance/Hearth approach®! for elderly nutrition education
and food preparation. The physical activity intervention incorporates
traditional dance routines, culturally significant in Africa, supervised
by a physiotherapist or professional trainer, occurring at least once
a week. For participants with mobility issues, alternative exercises
will be recommended. Small group sessions promote social engage-

ment and physical activity that will be objectively assessed using
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pedometers or actigraphy. For cognitive enrichment, accessible meth-
ods such as learning a new language, arts/skill-based interventions,
traditional games, and personalized goal-setting and problem-solving
tasks based around financial literacy and well being will be used.®2
These methods are culturally adaptable and aim to enhance neuroplas-
ticity. Cardiovascular and metabolic risk monitoring and management
involves five individual appointments with the study physician or
nurse, including assessments, feedback, medical advice, and motiva-
tional discussions. Focus areas include smoking cessation and reduced
alcohol consumption, stress, diabetes, and hypertension management.
Study physicians will monitor fasting blood glucose, HbA1c levels, and
blood pressure, using new technologies like mobile-delivered ecolog-
ical interventions to support smoking/alcohol cessation. Appropriate
medications will be prescribed as needed, via, for example, centralized
and digitized pharmacy solutions. Social engagement will be facilitated
through group meetings within the intervention programs.

Participants in the self-guided multimodal intervention (compara-
tor/control) group will receive health advice during assessment visits
(baseline, 6, 12, and 24 months) to encourage independent lifestyle
changes. Given the extremely limited access to health care for instance
in rural areas, a wait-list approach may be used regarding potential
medications, if needed as part of the cardiovascular monitoring and
management intervention.

Outcome assessors will be blinded to group allocation, and partic-
ipants will be instructed not to discuss intervention activities during
outcome assessment visits. Intervention compliance/adherence will
be measured via attendance records at group intervention meetings
(e.g., for physical, social, and cognitive activities), questionnaires on
dietary changes/intake, subjective reports of satisfaction with progress
to monitor skills/brain training, and regular vascular and metabolic
risk monitoring (blood pressure, body mass index, and blood work).
This strategy will ensure that we accurately interpret the trial find-
ings by collecting robust data on intervention fidelity from both the
investigators’ and participants’ perspectives.

To support a sustainable research infrastructure, we have included
regionally validated scales to evaluate dementia risk factors and
established biomarkers (e.g., neuroimaging, cerebrospinal fluid [CSF]),
along with cost-effective non-invasive innovations (e.g., retinal imag-
ing, blood, tear samples, saliva, digitized cognitive tests, wearable
devices) that show great promise as tools for earlier ADRD detec-
tion. The following techniques, assessments, and methods will be used,
albeit subject to co-design.

For biomarkers, we will collect the following: (1) Genetic analyses
will involve whole genome sequencing of genomic DNA extracted from
whole blood. Polygenic risk score (PRS) analysis will be conducted
using multi-ancestry approaches. Further investigations will focus on
ADRD-related genes, including amyloid precursor protein/amyloid
beta cleavage pathways, with emphasis on African-specific risk vari-
ants (e.g., apolipoprotein E [APOE] {E3:R145C}; TREM2; ABCA7, BDNF
{Val66Met}). (2) In a subset of participants (n = 150) age/sex-matched,
structural and functional brain magnetic resonance imaging (MRI)
as well as fluorodeoxyglucose (FDG) positron emission tomography
(PET) will be performed using scan protocols optimized from ADNI24
(Table 1/Appendix SC). CSF AD biomarkers are also planned for

consenting participants. (3) Retinal imaging®® will involve modified
scanning laser ophthalmoscope and ultrawide-field laser scanning
ophthalmoscope to detect retinal amyloid deposition and monitor
ophthalmological changes. (4) Urine, blood (whole: serum, plasma,
peripheral blood mononuclear cells and RNA; finger prick-derived),
tears using Schirmer strips,3? hair, and saliva samples will be collected
and processed for genotyping, clinical lab assessments, and AD-related
biomarkers, among others. (5) Physiology assessments involve digital
phenotyping using wearable consumer sensors (FitBit Inspire 3) to
monitor physical activity, sleep, and autonomic function and stress
over a 14-day period.

Cognitive and functional outcomes are assessed using tools adapted
for the region.1%27:34 These tests were chosen to align with other
WW-FINGERS sites, following consensus discussions among African
neuropsychologists and the WW-FINGERS Global Scientific Coordi-
nating Center. All participants are screened for cognitive impairment
using the locally validated IDEA cognitive screen and IADL, which
together have an area under the receiver operating characteristic
curve of 0.94 for Diagnostic and Statistical Manual of Mental Disor-
ders Fourth edition dementia diagnosis.>* The full A-NTB includes
measures from the domains of memory, language, attention/speed,
sensorimotor, and executive functions. Consistent with the WW-
FINGERS approach, a global composite score will be generated from all
neuropsychological measures as the primary outcome variable, with
rigorous examination of specific test psychometrics prior to inclusion.
Additionally, domain-specific composite scores will be generated as
secondary outcome measures, and an actuarial approach adopted,
using local normative data, to classify mild cognitive impairment (MCI),
following the Jak/Bondi criteria.®® This flexible, data-driven approach
to generating primary and secondary neuropsychological outcome
measures will result in locally valid and globally harmonized outcome
measures.

Social determinants of health, such as socio-demographics (age, bio-
logical sex at birth, identified gender, socio-economic class [childhood
and current], income, quantity, quality, and nature of education, occu-
pational attainment/complexity, neighborhood characteristics [rural,
urban, semi-rural areas], social network and support, lifetime stress
and resilience), will be assessed via culturally adapted measures
recently demonstrating construct validity in African samples (e.g.,
Connor-Davidson Resilience Scale and Life Events Scale). Adapted
items from the Social and Structural Life-Courses Influencing Aging
and Dementia (SS-DIAD) battery will characterize social and environ-
mental conditions across the life course relevant for health and quality
of life. Questionnaires will be designed in close collaboration with com-
munity stakeholders and regional experts to capture the ethnic and
linguistic diversity of the participating countries (e.g., in Nigeria: Igbo,
Yoruba, Hausa, ljaw, Edo, Efik, Tiv, Asian Nigerians, etc.; and Kenya:
Kikuyu, Luhya, Luo, Kalenjin, Kamba, Kisii, Maasai, and Meru peoples as
well as other minorities, such as those of Asian and European ancestry).

Clinical/health/lifestyle-related factors will be captured via struc-
tured interviews to probe medical history and medication -use, history
of traumatic brain injury, current smoking status and history, diet,
physical activity, social engagement, and sleep, using culture-specific

questionnaires, co-developed with the stakeholder team.
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TABLE 1 Africadementiaimaging protocol modalities and alignment with Alzheimer’s Disease Neuroimaging Initiative.

Sequence Acquisition mode Resolution (mm)  TR/TE/TI (ms)

Core

Tiw 3D—sagittal 1x1x1 7.3/3.3/935

T2w 2D—sagittal 0.94%x0.94x 3 3000/100

T2-FLAIR 3D—sagittal 1x1x1.2 4800/275/1650

T2 Star 2D—axial 0.8x08x4 650/20

DWI* (30 2D—axial 2x2%2 9916/86

directions)

rsfMRI (BOLD) 2D—axial 35%x35x%x35 3000/30

PASL** 2D—axial 3x3x4 5000/16 (PLD =
2000)

Advanced

CVR-rsfMRI 2D—axial 3.5%x35x%x3.5 3000/30

(BOLD)

TA (min) ADNI aligned

6:50 Same

5:24 Same

5:07 Slightly increased spatial resolution to 1 mm isotropic

4:29 Same

6:53 Increase in the number of directions to 64 on 3T and
sameon 1.5T.

10:00 Same

5:10 Similar with addition of 2 MO calibration images in
opposing phase-encoding directions

5:00 New and introduced here for low-cost assessment of

cerebrovascular risks

Note: Summary of ADIP MRI modalities and alignment with ADNI. Parameters shown based on ADNI3-Philips R3 protocol with an eight-channel phased-array

head coil (https://adni.loni.usc.edu/methods/documents/mri-protocols/).

Abbreviations: 2D, two-dimensional; 3D, three-dimensional; ADIP, Africa Dementia Imaging Protocol; ADNI, Alzheimer’s Disease Neuroimaging Initiative;
BOLD, blood-oxygenation level dependent (300 volumes) using EPI imaging acquired with fixated eyes-open conditions; CVR, cerebrovascular reactivity
using breath-hold maneuvers; DWI, diffusion weighted imaging using single-shot echo-planar (EPI) sequence; FLAIR, fluid-attenuated inversion recovery;
MRI, magnetic resonance imaging; PASL, pulsed arterial spin labeling with 30 labels and controls; PLD, post-labeling delay; rsfMRI, resting state functional
magnetic resonance imaging; TA, time of acquisition; TE, echo time; Tl, inversion time; TR, repetition time.

*b-value = 0 and 1000 with two spin-echo images acquired in opposing phase-encoding directions (b-value = 0 s/mm? & 6 directions).

**MO = proton density calibration scan acquired using ASL sequence with longer TR (> 7 seconds) and no label or background suppression. Two MO images
will be acquired in opposing phase-encoding directions with five repetitions/averages. All sequences except for are accelerated at a factor of 2.

Previous work in Africa has revealed significantly lower risk for
incident dementia in men versus women.?® For the sub-study inves-
tigating biological sex and gender influences on dementia prevention
mechanisms, data on sex-specific reproductive health factors will
be collected. These include history and age at time of reproductive
surgical procedures (e.g., males: vasectomy; females: hysterectomy,
ovariectomy) and hormone use (such as fertility treatments, acne
medication, birth control, hormone replacement therapy [HRT] use:
current use, past use, age at first use, duration in months, HRT type);
puberty onset, number of children, fertility issues, and history of sex-
ually transmitted diseases. For female participants, data on current
menopausal status if known (pre-, peri-, post-menopause) and symp-
toms, menopause transition history (if applicable); age of menarche
onset and termination (if applicable), recent menstrual cycle history (if
applicable), number of pregnancies and births (including fields for abor-
tions, miscarriages, stillbirths), and age of pregnancies and births are
collected.

The Community Health Promoters and Community leaders have
already established trust within the community, and will assist in main-
taining contact and motivating participants throughout the study. We
offer flexible appointment times and accessible locations to accom-
modate participants’ schedules, provide transportation assistance,
and reimburse travel expenses to reduce barriers to participation.
Additionally, participants receive regular updates about their health
progress and any preliminary findings of interest. Collaborating with
established CABs, who reside in the communities where our stud-
ies will be conducted, will further ensure sustained relationships and

participation. All enrolled participants are invited to join the Africa-
FINGERS brain health register, which serves as a preparedness cohort
for individuals consenting to future brain aging-related studies. Con-
tinuous engagement with members of the Africa-FINGERS register
is ensured through retention activities, including bi-annual newslet-
ters and annual participant engagement seminars. Additionally, study
teams organize virtual educational seminar series on brain health.
Long-term goals include establishing new diasporic cohorts in the
UK/EU and United States, complementing our Africa-based cohorts,
and enhancing Western ones. Through these initiatives, our partic-
ipants will join a global brain health movement, collaborating on

research and engaging in public outreach.

2.2 | Data management and statistical analysis

The Africa-FINGERS RCT pioneers exploring dementia prevention
mechanisms in African populations. It aims to link intervention benefits
on biomarkers with cognitive and functional improvements, thereby
offering a comprehensive approach to dementia prevention research
in Africa. All data management will be performed in accordance with
the International Conference for Harmonisation of Technical Require-
ments for Pharmaceuticals for Human Use guidelines. Data files and
biological samples will be stored and managed in compliance with
relevant national regulations and laws regarding data protection and
privacy. Specifically, all data will be stored using the Research Elec-
tronic Data Capture (REDCap) platform, a secure system developed
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TABLE 2 Experimental outcomes of the Africa-FINGERS randomized control trial.

Primary outcome: The primary neurocognitive outcome focuses on the composite score of the extended African Neuropsychology Battery
(A-NTB), adapted from the FINGER trial. Memory, executive function, and processing speed domains will have separate composite scores
derived from individual tests harmonized with other FINGER projects and cohorts like ADNI. These tests, validated or under validation in
African populations, accommodate low education and literacy levels, and are translated into local languages. The composite A-NTB score will
standardize 12 test components to their baseline mean and standard deviation to obtain Z-scores, averaging these to form domain-specific and
overall scores. Included tests are the Word List-Learning Test, Brave Man Story Recall, Relational/Associative Memory, Animal Category Fluency,
Multilingual Naming Test, Nigerian Matchstick Task, Four Mountains Test, Tab CAT Match Test, Tab CAT Flanker Test, Tab CAT Set-Shifting, and
Digit Span Test. The effectiveness of the FINGER-based multimodal lifestyle intervention compared to a self-guided intervention will be
evaluated over 24 months.

Secondary outcomes: (i) Multi-domain Cognition: Changes in individual cognitive domains using the A-NTB. Composite scores will be calculated
if at least three of five subtest summary scores for executive function, two of three for processing speed, and three of six for memory are
available. (i) Functioning Level: Assessed with the Intervention for Dementia in Elderly Africans Instrumental Activities of Daily Living scales and
the Clinical Dementia Rating Sum of Boxes tool. (iii) Healthy Lifestyle Changes: Assessed via a Healthy Lifestyle Index covering physical activity,
diet, cardiovascular risk factors, and social and cognitive activity. (iv) Cardiovascular and Metabolic Risk Factors: Monitored changes in BMI,
waist/hip ratios, blood pressure, blood lipids, and glucose levels. (v) Diet: Evaluated through a composite adherence score based on the FINGER

trial, focusing on local and cost-effective foods. (vi) Physical Activity: Assessed through self-reports, accelerometers, and anthropometric
measurements. (vii) Physical Functioning: Measured with culturally appropriate tests. (viii) Other Outcomes include depressive and anxiety
symptoms, stress-related symptoms, sleep problems, quality of life, resilience, and flourishing, along with health resource use.

Exploratory outcomes: Investigation of dementia/AD biomarkers such as CSF and blood biomarkers (AB42/40 ratio, phosphorylated tau,
brain-derived tau, neurofilament light chain, and glial fibrillary acidic protein) is planned. Brain MRI outcomes (volumetry, cortical thickness,
white matter lesions) and FDG PET will assess cerebral glucose metabolism. Further, amyloid and tau accumulation via CSF biomarkers and
AD-related blood markers are explored. Although the APOE ¢4 variant does not increase AD risk in Africans, molecular signatures predicting
cognitive/functional response to interventions will be studied. Integrating GWAS data with pQTLs will identify genetic variants associated with
circulatory AD biomarkers, characterizing pQTL variants related to ADRD. Mendelian randomization will determine causality, thus identifying

targets for disease prevention and treatment.

Note: Summary of primary, secondary, and exploratory outcomes in the Africa-FINGERS RCT.

Abbreviations: Af, amyloid beta; AD, Alzheimer’s disease; ADNI, Alzheimer’s Disease Neuroimaging Initiative; ADRD, Alzheimer’s disease and related
dementias; APOE, apolipoprotein E; BMI, body mass index; CSF, cerebrospinal fluid; FDG PET, fluorodeoxyglucose positron emission tomography; GWAS,
genome-wide association study; MRI, magnetic resonance imaging; pQTL, protein quantitative trait loci; RCT, randomized controlled trial.

by Vanderbilt University and the National Institutes of Health. The
REDCap platform ensures data security and is maintained on the uni-
versity IT server, which is equipped with robust security measures to
safeguard data integrity and confidentiality.

Power calculations for Africa-FINGERS are based on findings from
the FINGER study and other WW-FINGERS trials. The minimum sam-
ple size required was determined using the sample size formula for
comparing two means, focusing on the mean change in cognition for
persons with APOE ¢4 carrier status from the FINGER trials (control
mean change 0.01 [standard deviation (SD) = 0.38] vs. intervention
mean change 0.19 [SD = 0.34]). The calculated minimum sample size is
253 participants per group, resulting in a total of 506 participants. With
an estimated sample size of N = 600, we anticipate adequate power for
our study, as the minimum of 506 participants ensures 80% power at a
5% significance level.

This sample size accounts for the heightened dementia risk
observed in individuals of African ancestry compared to Caucasians,
as well as the expected increased adoption and adherence to the
ethnocultural intervention, as demonstrated in the SINGER trial.3¢

A summary of the Africa-FINGERS primary, secondary, and
exploratory outcomes is provided in Table 2. The primary neurocogni-
tive outcome measures the composite score of the extended A-NTB,
adapted from the FINGER trial, focusing on memory, executive
function, and processing speed. Tests are tailored for African popu-
lations and translated into local languages. The effectiveness of the

FINGER-based multimodal lifestyle intervention versus a self-guided
intervention will be evaluated over 24 months. Secondary outcomes
include changes in cognitive domains, functioning levels, healthy
lifestyle changes, cardiovascular and metabolic risk factors, diet,
physical activity, physical functioning, and other measures such as
depressive symptoms and quality of life. Exploratory outcomes investi-
gate dementia/AD biomarkers using CSF, blood, saliva, retinal imaging,
brain MRI outcomes, and FDG-PET assessments. Subgroup analyses
will examine geographical and sex/gender differences, particularly
higher dementia risk in women.

Mixed-effects regression models with maximum likelihood estima-
tion will analyze cognition change based on randomization group, time,
and group x time interaction, adjusting for the trial site. Models with
a quadratic term will also be explored. Primary efficacy analysis will
focus on the modified intention-to-treat (mITT) population (all random-
ized participants with at least one follow-up). Secondary and sensitivity
analyses will involve the intention-to-treat (ITT) population (all ran-
domized participants) with multiple imputations. For binary outcomes,
either a discrete-time hazard regression model or a logistic regres-
sion model will be applied. Linear regression will assess continuous
outcomes with baseline and 24-month visit measurements. Subgroup
analyses by factors like age, sex, baseline cognitive and functional level,
and intervention adherence will be conducted. Dementia as an out-
come is not feasible after 24 months as evidenced from FINGER;!®
however, extended follow-ups will be conducted through national
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|« Whatfactors contributed to participation/non-participation?
+ Focus groups, interviews

What factors contributed to the outcomes?

EffeCtlveness Ethnography, key informant interviews.

E
I :
i\ \_

Adoption :

I

Implementation

I

Maintenance [

I

What barriers prevented adoption?
Key informant interviews.

*  How was the intervention implemented over time?
. Photovoice, observation, critical incident analysis.

What is sustained, discontinued, or adapted—and why?
Interviews, observation.

FIGURE 3 Africa-FINGERS implementation plan adopting RE-AIM framework. RE-AIM, Reach, Effectiveness, Adoption, Implementation, and

Maintenance.

registers and brain banking consents. Qualitative research, such as
post-intervention IDIs, will explore participant experiences, aiding in
refining the intervention strategy.

The RCT will also evaluate the feasibility and acceptability of the
culturally validated FINGER intervention in sub-Saharan Africa (SSA),
including adherence metrics. Feasibility of innovative technologies will
be assessed, addressing in-country capacity development goals, includ-
ing digitized cognitive assessments, non-invasive biosample collection,
high-throughput biomarker evaluations, and advanced biorepository

development.

2.3 | Cost-effectiveness evaluation

A two-stage Bayesian framework will assess the cost effectiveness of
the Africa-FINGERS intervention. The first stage develops a simulation
model based on country-specific data to estimate cost effectiveness
relative to local “willingness-to-pay” thresholds.?” An extended cost-
effectiveness analysis considers health financing and equity.3® The
second stage designs a within-trial cost-effectiveness analysis, collect-
ing real-world data on quality-adjusted life years, resource use, and
costing methodologies. This comprehensive approach informs decision
making and budgeting for dementia prevention services.

2.4 | Health and community systems
implementation

Africa-FINGERS will integrate a health promotion strategy into local
and national networks, disseminating project lessons widely and
continuously throughout the study period and beyond (Figure 1).
This involves various academic and public outreach methods like
peer-reviewed articles, workshops, seminars, radio shows, and digi-
tal media (e.g., dedicated webpages, social media platforms, webinars,
and online forums). Collaboration with regional partners will sustain
momentum and empower health-care practitioners and patients to
manage dementia risks. Brain health literacy campaigns and stake-

holder engagement aim for community empowerment, measured by

pre- and post-campaign surveys (Figure 3).2° Continuous dissemina-

|39

tion and support from regional®” and global partners ensure project

sustainability.

3 | DISCUSSION

The Africa-FINGERS Project aims to develop and test strategies to
reduce risk of ADRD in Africa using a culturally informed, multi-
modal precision prevention framework. As part of the WW-FINGERS
network,2® the project leverages established global partnerships and
resources to build and sustain neuroepidemiology research and clin-
ical trials in Kenya and Nigeria, with plans to extend to partner
African countries (Figure 4), thereby fostering academic and research

infrastructure development in the region.

3.1 | Africa’s first culturally tailored dementia risk
reduction initiative

Adopting a CBPR framework, Africa-FINGERS is the first cultur-
ally sensitive dementia risk reduction intervention developed within
Africa, with a strategy informed by the landmark FINGER model. The
multimodal lifestyle intervention will be tailored to fit the local cultural
context and population. The project tests the hypothesis that effective
and sustained prevention of cognitive impairment (Cl) and dementia
is most likely achieved via a multimodal precision prevention model
within pre-established risk groups. Furthermore, we anticipate that
addressing the complexity and heterogeneity of ADRD, by targeting
multiple risk factors affecting disease mechanisms and aging-related
processes, will expedite the development of suitable strategies for
ADRD prevention among Africans.

While these objectives are distinctive within African demen-
tia research, international studies have explored similar goals, and
adapted FINGER interventions to local cultures successfully,18:36:4041
Comparisons between trials replicating the original FINGER model and
those using adapted protocols have shown similar adherence rates.

Notably, trials with culturally adapted protocols showed significant
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FIGURE 4 Participating countries in the Africa-FINGERS program. African countries currently involved in the first Worldwide-FINGERS
program in Africa adopting CBPR approach toward culturally informed multimodal interventions with bespoke implementation and integration

strategy. CBPR, community-based participatory research.

differences between the intervention and control groups, including
in some cognitive domains similar to those studied in the FINGER
trial. 183640 Africa-FINGERS enhances existing models by integrating
targeted management of both FINGER-recommended and contex-
tual risk factors, using a semi-flexible intervention delivery approach
that empowers participants to choose additional behaviors to mod-
ify. This model also involves decentralized trial methods, incorporating

co-design mechanisms from CABs and engaging the support and

involvement of community health workers (CHWSs) in the research pro-
cess. Similar approaches have been undertaken in NCD management
initiatives in the region. For example, the Scaling-up Packages of Inter-
ventions for Cardiovascular Disease Prevention in Selected Sites in
Europe and SSA: Implementation Research (SPICES Project) in rural
and semi-urban African settings reported the acceptability of lifestyle
recommendations for NCD prevention when delivered via CHWSs.4°

Several considerations for the long-term adoption of healthy behaviors
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were identified, which have been integrated into the Africa-FINGERS
program, including concerns regarding the implications of risk identifi-
cation. Consequently, the project’s control group may adopt a wait-list
design, allowing for potential extension of the protocol to control
group participants should significant risk reduction be achieved in the
intervention group. Additionally, the control arm will be examined to
assess the impact of self-guided health and risk factor management
for dementia prevention. Future efforts will monitor and evaluate both
groups, with particular focus on the sustainability of behavioral mod-
ifications by evaluating the continued adoption of health-promoting
behaviors.

3.2 | Biophenotyping in African populations:
Alignment of Africa-FINGERS with global dementia
research initiatives

Biological risk factors for identifying ADRD risk have traditionally been
informed almost exclusively from HIC cohorts, necessitating valida-
tion in other populations.® Indeed, biomarker-access inequities pose
a significant challenge in Africa, potentially contributing to under- or
misdiagnosis of ADRD.® Despite high dementia risk among African
populations,® there are limited studies on AD-related biomarkers
in these groups. This gap persists despite advancements in imag-
ing and biofluid-based biomarkers that could revolutionize dementia
risk assessment in LMICs. There is a clear need to bolster diagnostic
capacity in Africa and discover novel multimodal preventive therapies
that combine pharmacological and non-pharmacological approaches.
Africa-FINGERS tackles these knowledge gaps by exploring biological
causes and the impact of behavioral changes on cognitive health. The
project will pioneer global efforts by linking lifestyle interventions to
AD biomarkers in indigenous Africans.

Africa-FINGERS will involve enhanced capture and analysis of
biospecimens and neuroimaging modalities using advanced tools and
techniques, which is poised to identify unique genetic and biological
determinants of Cl. The biospecimen capture protocol of Africa-
FINGERS uses comprehensive biophenotyping of study participants,
carefully considering culture and context. To improve accessibility,
we will also establish capillary finger-prick sampling for dried plasma
spots, enabling room-temperature storage and broader application,
particularly in remote areas. This will democratize access and examine
the impact of FINGER interventions on ADRD biomarkers. However,
given that many assessments may be unfamiliar, community sensiti-
zation before implementation will be essential. Therefore, the initial
phase of the study will entail focus groups with CABs to gauge
attitudes, perceptions, and the acceptability of planned sampling pro-
cedures (including brain donations for standardized neuropathologic
assessments*2), analytical processes, as well as material and data-
sharing plans—all aligned with the National Centralized Repository
for Alzheimer’s Disease and Related Dementias Alzheimer’s Disease
Center Fluid Biomarkers (ADCFB) and ADNI-Neuropathology Core

4344

protocols. These protocols, featuring best practice methods, are

used by several AD research centers and global studies, including the
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longitudinal multisite ADNI program.?* Africa-FINGERS similarly con-
ducts enhanced biosampling,2* which will yield etiologic insights into
disease biomechanisms to help unravel the complexity and hetero-
geneity of the AD syndrome.*”

The Africa-FINGERS project will develop a brain imaging
protocol adapted from ADNI PET and MRI Core protocols

(https://adni.loni.usc.edu/) that is suitable for the scarcely avail-

able technologies in Africa (i.e.,, 1.5T MRI scanners; Table 1). This
will facilitate comparable dementia biomarker imaging in resource-
constrained settings. The Africa Dementia Imaging Protocol (ADIP;
Appendix SC) provides comprehensive neuroimage acquisition and
analysis procedures to characterize dementia risks in African pop-
ulations, addressing these groups’ unique needs and vascular risk
profiles. Research on retinal pathologies suggests that retinal imaging
could be a non-invasive, cost-effective surrogate for AD-related brain
pathologies.*® Modern imaging techniques measuring retinal features
(vascular parameters, layer thickness) and tear biofluid analysis show
promise as ADRD biomarkers.334¢ These methods could enhance
specificity and selectivity through artificial intelligence-based analysis
and complement global AD studies.*’

In these ways, Africa-FINGERS culturally adapts fluid and imaging
biomarker harmonization strategies from global studies toward multi-
modal assessments of Cl and ADRD risk in diverse populations.2324

Apart from inequitable access to fluid and imaging biomarkers, the
availability of valid cognitive assessment tools that suit the region’s
vast socio-cultural, educational, and linguistic diversity remains a sig-
nificant challenge. Neuropsychological science and professional prac-
tice in Africa are still in their infancy, grappling with unique public
health barriers such as limited health-care resources, food insecu-
rity, and prevalent traditional beliefs about disease.*® Although recent
developments have been promising,'?2649-51 the integration of these
measures in multiple assessments over time, complemented with rich
phenotypic data to substantiate disease diagnosis, remains scarce.
Furthermore, existing measures often lack alternative versions for
longitudinal follow-up, which are necessary to avoid practice and
familiarity effects. Similarly, evidence of their efficacy in detecting
interventional effects is still elusive. The Africa-FINGERS cognitive
battery was strategically harmonized with established ADRD cohorts,
such as the ADNI initiative, for neuropsychological domains of inter-
est, with composite indices created that may be comparable across
studies. Our methodology ensures that tests are culturally appro-
priate and/or adapted through extensive stakeholder review. This
includes developing local test adaptations where necessary, training
local researchers and professionals, and actively engaging with com-
munities to ensure the relevance and acceptance of these tools. Our
cognitive test protocol is designed to address issues related to prac-
tice effects by using tasks with alternative versions. We will rely on
composite indices and endpoints, rather than specific measures, to
ensure robustness to cross-cultural variation and harmonization with
WW-FINGERS. By prioritizing these strategies, we foster a more equi-
table and effective implementation of neuropsychological assessments
across diverse African contexts, ultimately enhancing diagnosis and

treatment outcomes.
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Similarly, the Africa-FINGERS multi-modal lifestyle intervention, an
adaptation of the successful FINGER program, is tailored to align with
local culture and context across the African settings. This customiza-
tion will promote a culturally sensitive, practical, and sustainable
intervention. Engaging local leaders and health-care providersin tailor-
ingthe interventions, boosts legitimacy and acceptance of the program,
ensuring it respects local knowledge and practices. This approach is
poised to make Africa-FINGERS both a health-improvement initiative
and culturally enriching experience.

3.3 | Strengths and limitations

The Africa-FINGERS program has several strengths, such as its cultural
adaptation to local contexts, enhanced biophenotyping, a comprehen-
sive approach targeting multiple risk factors, and strong community
involvement, ultimately enhancing participant engagement and pro-
gram acceptance. Additionally, it supports local capacity building—a
key focus of the initiative—in a neglected area within dementia
research in Africa and the cost-effectiveness evaluations offer scala-
bility of the program to different regions. To ensure effective capacity
and infrastructure building and development, the Africa-FINGERS
Academy will be established, offering comprehensive training for early-
stage researchers and staff on clinical research design, implementation,
and analysis, including data, sample collection, intervention delivery
and monitoring, aligned with Good Clinical Practice, alongside effec-
tive use of sample and data analytical platforms. Furthermore, to foster
long-term collaboration and capacity building, international collabo-
rators, including industry partners, alongside senior in-country teams
will support and lead training and capacity-building activities, aiming
to empower local researchers and promote their independence. This
approach will build and sustain research capacity in the participating
African countries, ensuring that local researchers are well equipped to
conduct and lead future studies.

However, the program will likely face several challenges including its
dependency on variable local resources, challenges in collecting con-
sistent and reliable data, and variability in efficacy due to the diverse
socio-economic, linguistic, and cultural backgrounds of the populations
under study. Further, sustainability could be an issue without long-term
funding and integration into national health systems. Addressing these
challenges is crucial for enhancing the program’s effectiveness and sus-
tainability, ensuring it delivers lasting benefits across diverse African

communities.

4 | CONCLUSION

In summary, the proposed goals of Africa-FINGERS hold significant
promise for enhancing research development and welfare across
Kenya, Nigeria, and affiliated nations.

Through targeted impact areas encompassing novel risk identifica-
tion/reduction strategies, sustainable health initiatives, and inclusive

education, the program will culturally adapt and expand upon broader

global initiatives on dementia risk identification and prevention like
ADNI and FINGER to suit regional contexts.

The program addresses cognitive and physical health concerns and
has significant potential to alleviate the effects of other age-related
chronic conditions at both the community and societal levels, through
the co-designed comprehensive multimodal lifestyle-based prevention
protocol tailored for individuals at elevated risk of dementia in an
African setting. Moreover, the inclusive engagement of stakeholders,
with a deliberate focus on empowering female candidates in science,
technology, engineering, and mathematics roles and offering health
education on Cl and dementia, is poised to catalyze future collabo-
rations in research and public health among the UK/Europe, United
States, and African nations, thereby delivering tangible benefits to

policymakers both within and beyond the region.
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