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Establishing Multi-Ethnic, Globally Representative Biomarker Cohorts to Improve Early Detection and Diagnosis of Dementia
Abstract
Global disparities in dementia diagnosis remain substantial, driven by unequal access to diagnostic tools, limited research infrastructure in low- and middle-income countries, and the persistent underrepresentation of non-European populations in dementia research. Drawing on evidence from major longitudinal cohorts, systematic reviews, population-based studies, and international research initiatives, this review examines how advances in cerebrospinal fluid, imaging, plasma, and digital biomarkers have reshaped early dementia detection. However, the validation of these biomarkers has relied predominantly on cohorts from high-income settings, limiting their generalizability and clinical accuracy in diverse populations. We synthesize evidence demonstrating that interacting genetic, metabolic, vascular, environmental, and sociocultural factors influence dementia risk at multiple biological levels from cellular and molecular pathways to systemic and cognitive phenotypes resulting in population-specific biomarker expression. These differences have direct clinical implications, including misclassification, delayed diagnosis, and inequitable access to biomarker-dependent therapies. The review highlights critical representation gaps in existing biomarker cohorts and discusses methodological challenges in global validation. Finally, we propose a framework for developing multi-ethnic, globally representative dementia biomarker cohorts through ethical governance, infrastructure investment in low- and middle-income countries, and the adoption of scalable plasma and digital biomarkers. Advancing biomarker equity is essential for improving diagnostic validity and building a globally inclusive dementia research and care ecosystem.
1. Introduction
1.1. Global burden of dementia
Dementia is one of the fastest-growing public health challenges worldwide, with current estimates exceeding 55 million affected individuals and projections expected to nearly triple by 2050. Much of this increase will occur in low- and middle-income countries (LMICs), where rapid population ageing, limited healthcare infrastructure, and high prevalence of vascular and metabolic risk factors converge to amplify disease burden. Despite carrying the majority of global cases, LMICs remain underrepresented in dementia research, leading to major gaps in epidemiological understanding, diagnostic accuracy, and access to emerging disease-modifying therapies[1,2].
1.2. Importance of early detection for prevention and treatment readiness
The shift toward biological definitions of Alzheimer’s disease and related dementias, coupled with advances in fluid biomarkers and neuroimaging, has created unprecedented opportunities for early detection even before clinical symptoms emerge. Early and accurate diagnosis is essential for several reasons: enabling timely therapeutic intervention and risk reduction strategies, improving care planning, facilitating access to clinical trials, and advancing health system preparedness as new pharmacological treatments require biomarker confirmation. However, the benefits of early detection can only be realized if biomarker tools perform reliably and equitably across all populations[3].
1.3. Limitations of current dementia biomarker validation
Despite significant scientific progress, the evidence base underpinning most dementia biomarkers including amyloid and tau PET, cerebrospinal fluid markers, and plasma-derived assays remains heavily skewed toward participants from high-income countries, predominantly individuals of European ancestry. This lack of diversity constrains understanding of how biomarkers behave across different genetic backgrounds, environmental exposures, and sociocultural contexts[4]. For example, APOE allele frequencies, vascular risk profiles, and baseline biomarker values vary substantially across populations, potentially altering biomarker trajectories and optimal diagnostic thresholds. Applying criteria developed in homogenous cohorts to globally diverse populations risks inaccurate classification, delayed diagnosis, and widening disparities in access to biomarker-dependent treatments[5].
1.4. Aim and scope of the review
This review aims to address the critical gap between global dementia burden and the narrow demographic range of current biomarker research. Specifically, we:
· synthesize evidence on population diversity gaps in existing dementia cohorts;
· evaluate how underrepresentation affects biomarker validity, thresholds, and clinical performance across diverse populations; and
· propose a comprehensive framework for developing multi-ethnic, globally representative biomarker cohorts that better capture the biological, environmental, and sociocultural diversity of dementia worldwide.
By outlining scientific, methodological, and ethical principles for global cohort development, this review seeks to guide future efforts toward equitable, precision-based dementia diagnosis and early detection. As shown in Figure 1, a globally representative biomarker ecosystem requires alignment across diversity domains, methodological principles, and clinical priorities.
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Figure 1: a conceptual framework for developing multi-ethnic, globally representative dementia biomarker cohorts
Figure 1 presents a conceptual framework for developing multi-ethnic, globally representative dementia biomarker cohorts. It illustrates how current evidence is disproportionately derived from high-income, predominantly European-ancestry populations, and how this limits diagnostic validity and policy translation. The framework integrates biological, environmental, and sociocultural sources of population diversity with harmonized biomarker methodologies, ethical governance, and scalable technologies. By linking representative research design to clinical accuracy and policy relevance, the figure underscores how inclusive biomarker ecosystems can support equitable diagnosis, inform health policy, and improve global dementia care.
2. Current Dementia Biomarkers and Their Limitations in Diverse Populations
2.1. Established biomarkers
Biomarker-based definitions of Alzheimer’s disease and related dementias increasingly rely on the detection of core pathological processes amyloid deposition, tau neurofibrillary pathology, and neurodegeneration. Cerebrospinal fluid (CSF) assays and positron emission tomography (PET) imaging remain the gold standard for measuring amyloid-β (Aβ42, Aβ42/40 ratio) and phosphorylated tau (p-tau181, p-tau217, p-tau231). In parallel, structural MRI, FDG-PET, and CSF total tau or neurofilament light chain (NfL) serve as indicators of neurodegeneration[6].
More recently, blood-based biomarkers have emerged as scalable and less invasive tools with increasing diagnostic and prognostic utility. Plasma Aβ42/40, multiple p-tau isoforms, NfL, and glial fibrillary acidic protein (GFAP) demonstrate strong associations with AD pathology and have shown potential as screening or triage tools for both clinical and research settings. Although these biomarkers promise global applicability due to lower cost and easier accessibility, their validation has occurred almost entirely within homogenous cohorts[7].
2.2. Emerging modalities
Beyond established markers, multiple novel modalities are expanding the biomarker landscape. Metabolomic, lipidomic, proteomic, and epigenetic signatures are providing deeper insights into systemic and brain-specific pathways implicated in dementia. These approaches may help capture population-specific disease mechanisms shaped by diet, environmental exposures, and genetic background.
In addition, digital and speech biomarkers including passive gait measurements, acoustic features of voice, smartphone-based cognitive assessments, and wearable sensor outputs—offer low-cost, scalable solutions particularly relevant for resource-constrained settings. Yet, these tools are also in early stages of development and require extensive cross-cultural validation to ensure fair performance across diverse linguistic, educational, and sociocultural contexts[8].
2.3. Diagnostic performance issues across populations
Despite their promise, the diagnostic accuracy of dementia biomarkers varies across populations due to multiple sources of biological and contextual heterogeneity.
· Baseline biomarker levels differ by ancestry. Studies show variation in CSF tau, NfL, and plasma biomarker concentrations across African, Asian, Latin American, and European ancestry groups, even after adjusting for age and clinical status. These differences may reflect ancestry-related biological pathways, differential risk factor profiles, or environmental exposures[6].
· APOE genotype distribution differs substantially between populations. The APOE ε4 allele, a major risk factor for AD, varies widely in both prevalence and penetrance. Populations of African ancestry, for example, may carry ε4 at similar or higher frequencies but show weaker clinical associations with AD pathology, suggesting modifier effects that influence biomarker trajectories[9].
· Education, cognitive reserve, and vascular comorbidities influence biomarker interpretation. Lower educational attainment or cultural differences in test familiarity can affect cognitive assessments used alongside biomarkers, while the higher burden of vascular risk in many regions can alter neurodegeneration markers and brain imaging signatures. These factors complicate the establishment of universal biomarker thresholds[10].
2.4. Why current biomarkers may not generalize globally
Several methodological and biological factors limit the global applicability of current biomarker tools:
· Assay calibration and pre-analytical conditions differ across laboratories and regions, leading to variation in biomarker values that may disproportionately affect sites with constrained resources or limited access to standardized equipment.
· Ethnic variation in pathophysiological pathways including amyloid processing, tau phosphorylation dynamics, neuroinflammation, and vascular contributions may alter biomarker expression and trajectories. Without diverse validation cohorts, these mechanisms remain poorly understood.
· Sociocultural factors influence cognitive testing and clinical diagnosis, which are often used as reference standards when validating biomarkers. Differences in language, literacy, cultural norms, and stigma around dementia may lead to misclassification, thereby biasing biomarker performance metrics[11].
Together, these challenges highlight the pressing need for dementia biomarkers to be validated within cohorts that appropriately reflect the genetic, environmental, and sociocultural diversity of the global population.
3. Evidence for Population Differences in Dementia Biology
3.1. Genetic variability
Substantial genetic heterogeneity exists across global populations, influencing both dementia risk and biomarker expression. The APOE ε4 allele, the strongest common genetic risk factor for Alzheimer’s disease, shows striking variation in both prevalence and penetrance by ancestry. While ε4 frequencies are relatively high in some African and Indigenous populations, its association with amyloid deposition, cognitive decline, and downstream tau pathology appears attenuated compared with individuals of European ancestry. This suggests the presence of ancestry-specific modifier loci, environmental interactions, or protective biological factors that alter the impact of ε4 on disease pathways[12].
Beyond APOE, ancestry-specific risk variants have been identified that may shape dementia susceptibility and biomarker profiles. For example, protective haplotypes observed in individuals of African ancestry may mitigate APOE-related risk, while population-enriched variants in genes involved in lipid metabolism, immune response, or vascular integrity may modify pathophysiological trajectories. The lack of diverse genomic datasets limits the identification of such variants and impedes understanding of their interaction with established biomarkers[13]. Identifying ancestry- and population-specific genetic modifiers can help prioritize mechanistic studies, reduce misdirected research efforts, and accelerate precision-oriented dementia research[14].
3.2. Vascular and metabolic risk variation
Vascular and metabolic diseases hypertension, diabetes, obesity, dyslipidemia are well-established contributors to cognitive decline and mixed dementia pathology. These conditions show disproportionately higher prevalence in many African, Asian, and Indigenous populations due to structural inequities, limited preventive care, and varying lifestyle patterns. As a result, the relative contribution of vascular injury to cognitive impairment differs across populations, influencing neurodegeneration markers such as NfL, structural MRI patterns, and measures of white matter integrity.
Because many dementia biomarkers do not distinguish between neurodegeneration driven by Alzheimer’s pathology versus vascular injury, population-specific risk factor profiles can complicate interpretation and reduce diagnostic specificity[15].
Contrary to assumptions that undernutrition is the dominant risk in low- and middle-income countries, evidence increasingly implicates chronic psychosocial stress, diets high in refined carbohydrates and saturated fats, and metabolic dysfunction as major contributors to dementia risk[16].
3.3. Environmental and lifestyle influences
Environmental exposures and lifestyle factors vary widely across regions and may alter dementia risk as well as biomarker trajectories. Diets high in refined carbohydrates or saturated fats, chronic air pollution, and exposure to environmental toxins can influence metabolic and inflammatory pathways. In many LMIC settings, infectious diseases, early-life undernutrition, and repeated inflammatory insults may shape lifelong brain health in ways not captured by biomarker models derived from high-income populations.
Psychosocial exposures including chronic stress, trauma, and socioeconomic adversity also affect neuroendocrine and inflammatory systems, potentially modifying cognitive aging trajectories and biomarker signatures. These contextual factors are rarely accounted for in biomarker validation studies, despite their varying prevalence across populations[17].

3.4. Social determinants of health and diagnostic disparities
Differences in education, literacy, occupation, socioeconomic status, and access to healthcare interact with biological factors to shape dementia risk and diagnostic outcomes. Lower educational attainment or limited access to culturally appropriate cognitive assessments can lead to underdiagnosis or misclassification, affecting the reference standards used to validate biomarkers. Health system disparities also delay diagnosis, resulting in biomarker sampling later in the disease course, which may distort perceived biomarker trajectories. These social determinants introduce systematic bias into biomarker research when diverse populations are not adequately represented[18].
The lower reported prevalence of dementia in some African and Asian regions suggests that factors beyond formal education such as occupational complexity, sustained social interaction, and lifestyle patterns may confer cognitive resilience[19].

3.5. Implications for biomarker discovery and cut-off thresholds
Taken together, genetic, vascular, environmental, and social differences across populations have direct implications for biomarker discovery and interpretation. Variability in baseline levels, differential pathological pathways, and region-specific comorbidity profiles may necessitate population-specific cut-off thresholds to achieve accurate classification. Without diverse validation cohorts, universal thresholds risk overestimating pathology in some populations and underestimating it in others. Similarly, biomarker algorithms or machine learning models trained in homogeneous datasets may embed structural biases that worsen diagnostic inequities when applied globally.
Understanding population differences in dementia biology is therefore essential for advancing biomarker equity and ensuring that emerging diagnostic tools perform reliably across the full spectrum of global diversity[20].
Table 1 summarizes the key sources of global variation that influence biomarker expression and their implications for cohort design.
Table 1. Key Sources of Global Variation Influencing Dementia Biomarkers and Their Implications for Cohort Design
	Domain of Variation
	Examples of Global Differences
	Impact on Biomarker Expression
	Implications for Cohort Design

	Biological / Genetic
	Variation in APOE ε4 prevalence and penetrance across populations; differences in ancestry-specific genetic modifiers; heterogeneous admixture patterns
	Differences in baseline levels and trajectories of amyloid, tau, NfL, and GFAP; variation in susceptibility to pathology and biomarker sensitivity
	Need for ancestry-informed thresholds, inclusion of genomic and multi-omic profiling, and stratified analyses based on genetic ancestry[21]

	Vascular & Metabolic
	Regional differences in hypertension, diabetes, obesity, and dyslipidemia prevalence
	Neurodegeneration markers may reflect vascular injury rather than Alzheimer-specific pathology; altered MRI and white matter signatures
	Inclusion of real-world comorbidity profiles, integration of vascular assessments, and biomarker calibration that accounts for metabolic and vascular burden[22]

	Environmental / Exposome
	Variation in diet, air quality, toxin exposure, infectious disease burden, and rural versus urban living environments
	Modification of inflammatory, metabolic, and neurodegenerative biomarker signatures; altered baseline biomarker values across regions
	Incorporation of environmental metadata, multi-omics approaches that capture exposome effects, and region-sensitive analytical models[23]

	Sociocultural Factors
	Differences in education, literacy, language, cultural norms, and health-seeking behaviors
	Variable performance of cognitive assessments used as reference standards; delayed or atypical diagnostic presentation
	Use of culturally validated cognitive tools, adjustment for education and literacy, and community-tailored recruitment strategies

	Health System Context
	Variability in diagnostic capacity, workforce training, access to imaging, and laboratory infrastructure
	Later-stage diagnosis that shifts biomarker distributions; inconsistent sample handling or data quality
	Prioritization of scalable biomarkers such as plasma and digital tools, standardized training, and harmonized quality assurance protocols[24]

	Technical / Laboratory Factors
	Differences in assay calibration procedures and biospecimen processing conditions across sites
	Increased measurement variability and reduced comparability of biomarker values
	Implementation of cross-site calibration programs, adoption of shared reference standards, and rigorous quality control[25]


4. Global Representation Gaps in Existing Dementia Cohorts
4.1. Review of major biomarker cohorts
Over the past two decades, large longitudinal biomarker cohorts have transformed dementia research by enabling rigorous evaluation of amyloid, tau, neurodegeneration, and emerging plasma-based markers. Key initiatives include the Alzheimer’s Disease Neuroimaging Initiative (ADNI), the A4 Study, the Dominantly Inherited Alzheimer Network (DIAN), EPAD, and multiple Mayo Clinic cohorts. These efforts have generated invaluable insights into disease staging, biomarker trajectories, and early pathophysiological changes.
However, these foundational cohorts share substantial demographic limitations. Participants are overwhelmingly drawn from high-income countries, primarily the United States and Europe, with disproportionate representation of highly educated, non-Hispanic White individuals. Enrollment of individuals from African, Asian, Latin American, Indigenous, or mixed-ancestry backgrounds remains very limited. Furthermore, many of these cohorts exclude individuals with significant comorbidities or lower educational attainment features that are common globally and integral to understanding real-world dementia biology. As a result, our current biomarker models are derived from a narrow segment of the global population[26].
4.2. Emerging diverse cohorts
Recognizing these gaps, several initiatives have begun to prioritize population diversity. For example, H3Africa neurological cohorts have expanded genetic and clinical research in sub-Saharan Africa, while efforts such as LATAM, ReDLat, and the 10/66 studies have significantly advanced understanding of dementia in Latin American populations. These cohorts incorporate individuals with varying ancestry backgrounds, socioeconomic contexts, and comorbidity profiles, offering unique insights into disease heterogeneity[27].
In Asia, substantial progress has come from J-ADNI, the Singapore Longitudinal Lifecourse Study (LLI), and multiple Korean research consortia, which together have begun to map biomarker patterns across East and Southeast Asian populations. Although these initiatives provide critical regional data, many remain limited by sample size, restricted biomarker platforms, or varying methodological frameworks, underscoring the need for harmonized, large-scale global cohorts[28].
4.3. Strengths, gaps, and lessons learned
These diverse initiatives collectively demonstrate the feasibility and scientific value of studying dementia in underrepresented populations. They have revealed ancestry-dependent biomarker differences, distinct clinical presentations, and heterogeneous contributions of vascular and metabolic risk. They also highlight the importance of community engagement, culturally adapted assessment tools, and sustainable local infrastructure.
Yet, gaps remain. Many emerging cohorts lack the multi-modal biomarker depth particularly PET imaging and plasma assay standardization available in traditional Western cohorts. Differences in study design, diagnostic criteria, and sample handling protocols complicate cross-cohort comparisons. Importantly, relatively few cohorts integrate multi-omics data or long-term follow-up at the scale needed to robustly characterize preclinical trajectories. These limitations point to the need for coordinated global frameworks rather than isolated regional initiatives.
4.4. Consequences of underrepresentation
Persistent underrepresentation in biomarker cohorts has several profound implications:
· Reduced diagnostic accuracy. Biomarkers calibrated in homogeneous populations may over- or under-estimate pathology when applied to groups with different baseline levels, comorbidity patterns, or genetic backgrounds.
· Limited generalizability of clinical trial results. Many ongoing and past therapeutic trials rely on biomarker-based inclusion criteria or outcome measures derived largely from European-ancestry cohorts. This raises concerns about whether trial findings and treatment efficacy apply equitably across global populations.
· Barriers to global clinical implementation. Biomarker-dependent diagnostic pathways, including those required for new disease-modifying therapies, may perform suboptimally in settings where validation data are lacking. Without representative evidence, healthcare systems risk misclassification, inequitable access, and widening disparities[29].
Together, these challenges underscore the urgent need to build multi-ethnic, globally representative dementia biomarker cohorts that reflect real-world population diversity and support equitable translation of biomarker science into clinical practice.
5. Principles for Designing Multi-Ethnic, Globally Representative Biomarker Cohorts
5.1. Conceptual framework
Designing globally representative dementia biomarker cohorts requires a framework that explicitly incorporates the full spectrum of human diversity. Biological diversity including ancestry-related genetic variation, differing comorbidity burdens, and heterogeneous biomarker trajectories must be captured to ensure diagnostic tools reflect true population differences rather than artifacts of limited sampling. Equally important is sociocultural diversity, encompassing education, language, health literacy, cultural perceptions of aging, and help-seeking behaviors, all of which influence diagnosis and cognitive assessment. Finally, environmental and contextual diversity dietary patterns, pollution exposure, infectious disease burden, socioeconomic adversity, and access to healthcare shapes brain aging and biomarker expression in region-specific ways. A global cohort must therefore be intentionally designed to reflect these biological, sociocultural, and environmental domains rather than treat them as confounding variables to be minimized[30].
5.2. Standardized biomarker collection across settings
To ensure comparability, cohorts must adopt harmonized protocols for collecting cerebrospinal fluid, blood-based biomarkers, neuroimaging, and digital phenotyping data. Achieving standardization across highly variable clinical and laboratory environments ranging from tertiary centers to community clinics essential to reduce analytic variability. CSF and PET imaging will remain important reference standards, but global scalability requires shifting emphasis toward blood-based and digital biomarkers, which can be deployed more uniformly across resource settings. Rigorous pre-analytical handling procedures, assay standardization, and shared reference materials are critical to maintaining high data quality across sites[31].
5.3. Multi-omics integration
Global cohorts present an opportunity to integrate genomic, transcriptomic, proteomic, metabolomic, and microbiome datasets on a scale rarely achieved in dementia research. Such multi-omics integration can illuminate biological pathways that differ by ancestry, identify population-specific risk modifiers, and improve mechanistic understanding of disease heterogeneity[32]. When combined with imaging and clinical phenotypes, multi-omics data can generate richer biomarker models and more accurate early detection algorithms. Importantly, the inclusion of diverse populations ensures that these models do not overfit to a narrow genetic or environmental background[33].
5.4. Harmonization and data interoperability
Cohorts distributed across regions and health systems require robust harmonization strategies. Protocol alignment for biospecimen collection, cognitive assessments, imaging acquisition, and digital data capture is essential to preserve comparability. Equally important are centralized quality assurance processes and interoperable data platforms that allow secure sharing, joint analyses, and cross-cohort comparisons. Interoperability should extend to metadata, annotation standards, and common data models, enabling integration with existing global initiatives. Without such harmonization, diversity in sampling risks being overshadowed by variability in methods.
5.5. Data governance and ethical issues
Ethical frameworks must ensure that diverse populations particularly those historically excluded from research benefit equitably from global biomarker science. Respect for data sovereignty, especially for Indigenous communities, requires governance models that support local control over data access, use, and sharing. Collaborative partnerships should emphasize capacity building, infrastructure development, and fair distribution of scientific and clinical benefits[34]. Consent processes must be culturally adapted and transparent about data use, future research, and cross-border sharing. Ethical stewardship is central to building trust and sustaining long-term participation[35].
5.6. Leveraging low-cost technologies
Achieving global representation requires technologies that are scalable across low-resource settings. Plasma biomarkers offer a promising pathway due to their relative affordability, minimal invasiveness, and growing diagnostic accuracy. Emerging portable or low-cost imaging strategies, such as compact MRI systems or alternative neuroimaging modalities, may further expand accessibility where conventional PET or high-field MRI are unavailable. Additionally, digital biomarkers, derived from smartphones, speech analysis, wearables, and remote cognitive testing, provide an opportunity to reach rural populations and reduce dependence on clinic-based assessments. When validated across cultures and languages, these tools can dramatically expand the reach of global biomarker research[36].
6. Methodological Considerations in Diverse Cohorts
6.1. Adjusting for ancestry and population structure
Accurate interpretation of biomarker data in diverse populations requires thoughtful modeling of ancestry and population structure. Genetic ancestry, rather than self-reported race or ethnicity, offers a more precise framework for understanding biological variability. Incorporating ancestry-informative markers into analytical pipelines can help disentangle true disease-related signals from background variation driven by population genetics. Failure to adjust for population structure risks misinterpreting biomarker differences as pathological rather than reflecting benign ancestral variation. Moreover, ancestry-aware analyses are essential for ensuring that biomarker algorithms trained in heterogeneous datasets remain robust across demographic subgroups[37].
6.2. Developing ancestry-informed diagnostic thresholds
Biomarker thresholds derived almost exclusively from European-ancestry cohorts may not generalize to global populations. Baseline levels of amyloid, tau, NfL, GFAP, and other biomarkers can vary by ancestry, age distribution, comorbidities, and environmental exposures. Establishing ancestry-informed or population-specific thresholds may improve diagnostic accuracy and reduce misclassification[38]. Approaches include stratified modeling, hierarchical frameworks that borrow strength across populations, and dynamic thresholds that incorporate individual-level risk factors. Ultimately, diagnostic criteria must shift from one-size-fits-all cutoffs to context-sensitive interpretations that reflect true global biological diversity[39].
6.3. Avoiding algorithmic bias in machine learning discovery
Machine learning has the potential to identify complex biomarker signatures, but models trained on demographically narrow datasets may encode and amplify existing biases. This can result in poor performance when deployed in underrepresented populations. Mitigating algorithmic bias requires deliberate sampling strategies, balanced training datasets, and regular evaluation of model performance across subgroups. Transparency in feature selection and interpretability tools can help determine whether models rely on spurious correlates of ancestry or socioeconomic status. Ethical machine learning frameworks should be embedded into cohort design from the outset to ensure responsible development of global biomarker tools[40].
6.4. Longitudinal designs for tracking preclinical trajectories
Longitudinal follow-up is crucial to understanding how biomarker trajectories unfold across diverse ancestry and environmental contexts. Cohorts must capture transitions from preclinical to prodromal and symptomatic stages, allowing researchers to identify population-specific inflection points, progression rates, and risk modifiers. Long follow-up periods and repeated biomarker assessments also support the development of predictive models that can be externally validated across regions[41,42]. Importantly, longitudinal retention strategies must address barriers common in low-resource settings, such as transportation challenges, health system fragmentation, and cultural perceptions of research participation[43].
6.5. Analytical challenges in low-resource settings
Cohorts operating in environments with limited infrastructure face unique methodological challenges. Variability in laboratory equipment, storage conditions, assay availability, and trained personnel can introduce measurement noise and bias. Statistical models must therefore account for site-level heterogeneity through random effects, Bayesian hierarchical frameworks, or calibration algorithms. Data collection may also be influenced by inconsistent internet connectivity, variations in cognitive assessment tools, or difficulties maintaining long-term follow-up. Addressing these issues requires both methodological adaptations and investment in capacity building, training, and infrastructure support.
6.6. Strategies for cross-regional assay calibration
To enable meaningful comparisons across global cohorts, robust cross-regional calibration strategies are essential. Harmonization approaches include the use of shared reference standards, centralized assay validation, exchange of blinded quality-control samples, and adoption of international measurement units. Platforms such as round-robin testing and inter-laboratory proficiency programs can reduce variability and ensure that biomarker values are comparable across sites. Calibration also extends to digital biomarkers, requiring synchronized software versions, culturally adapted testing protocols, and consistent device specifications. Strong calibration frameworks help ensure that biological diversity not technical variability drives observed differences in biomarker patterns[44].
7. Case Studies: What Works and What Doesn’t
Although global dementia biomarker research remains uneven, several initiatives offer valuable insights into how diversity can be expanded effectively and where current efforts fall short. These case studies demonstrate both the feasibility of multi-ethnic cohort development and the persistent structural barriers that must be addressed to achieve global representativeness.
7.1. Example successes
H3Africa (Human Heredity and Health in Africa) represents one of the most significant advances in diversifying biomedical research. While not exclusively focused on dementia, its neurological sub-cohorts have expanded genomic datasets from African populations and established regional biobanking and informatics infrastructure. H3Africa illustrates the power of locally led, capacity-building models that emphasize data sovereignty, sustainable training, and equitable partnerships[45].
The Singapore Longitudinal Life course Study (LLI) provides an example of successful integration of multi-modal biomarkers including neuroimaging, genetics, and digital phenotyping within a diverse Asian population. The cohort has demonstrated unique patterns of vascular and metabolic risk in East and Southeast Asian groups, underscoring the necessity of population-specific biomarker trajectories[46].
Across Latin America, Brazilian and regional initiatives such as ReDLat and the Brazilian Aging Brain Study Group have combined clinical, neuroimaging, and genomic data in populations with high admixture and diverse socio-economic contexts. These cohorts have led to insights into ancestry-related modifiers of cognitive decline and revealed how social determinants of health influence biomarker variability. Their community-engaged approaches provide models for culturally grounded research design[47].
Collectively, these successful initiatives show that with appropriate investment, local leadership, and culturally tailored recruitment strategies, diverse populations can be effectively integrated into high-quality biomarker research.
7.2. Example shortcomings
Despite these advances, global dementia research remains dominated by large Western cohorts such as ADNI, A4, and DIAN. Their deep phenotyping and methodological rigor have provided enormous scientific value, but heavy reliance on these datasets limits the field’s ability to generalize findings to other populations. In addition, PET-based studies which have been foundational for defining amyloid and tau trajectories are largely inaccessible in low- and middle-income countries due to cost, limited imaging infrastructure, and shortages of radiotracer production facilities. As a result, many LMIC populations lack locally generated reference data, and imaging thresholds derived from Western cohorts may not translate to regions with different genetic or environmental profiles[48].
Similarly, most large-scale plasma biomarker validation efforts continue to rely on samples from high-income populations, delaying the adoption of these low-cost tools in the settings where they are most needed. These gaps highlight the structural imbalance in global research investments and the barriers that continue to reinforce Western-centric evidence bases.
7.3. Lessons learned: feasibility, scalability, and community partnership
First, these case studies show that feasibility is not the limiting factor; meaningful biomarker research can be conducted in diverse settings when local expertise is supported and when infrastructure is developed through equitable partnerships. Second, scalability depends on technological choices. Cohorts built around PET or high-cost MRI will remain geographically constrained, whereas plasma biomarkers, portable imaging, and digital assessments offer more realistic paths to global adoption. Third, successful cohorts consistently invest in community engagement, cultural adaptation of study materials, and transparent communication about data use. These efforts build trust, support recruitment and retention, and ensure that research aligns with local priorities[49].
Taken together, the strengths and limitations illustrated by existing cohorts reinforce a clear message: achieving global representativeness requires intentional design, equitable investment, and long-term collaboration with the communities that have been historically excluded from dementia research.
8. Pathway to a Global Dementia Biomarker Consortium
Building a truly multi-ethnic, globally representative dementia biomarker ecosystem requires coordinated international action. A global consortium would provide the structural backbone needed to harmonize protocols, share data responsibly, build capacity in under-resourced regions, and ensure that the scientific benefits of biomarker research extend to all populations. Below is a proposed pathway for establishing such an initiative[50].
8.1. Proposed governance structure
A global dementia biomarker consortium should adopt a federated governance model that balances centralized coordination with regional autonomy. A central steering body would guide scientific priorities, ensure methodological harmonization, manage quality assurance processes, and oversee equitable data-sharing policies. Regional hubs in Africa, Asia, Latin America, Oceania, Europe, and North America would tailor protocols to local contexts, coordinate participating sites, and ensure representation of cultural and scientific priorities unique to each region. Importantly, governance must include meaningful leadership from LMIC institutions and diverse community stakeholders to prevent perpetuation of historic power imbalances.
8.2. Embedding community engagement and trust-building
Sustained participation in longitudinal biomarker studies requires trust built through transparency, cultural respect, and community partnership. Community advisory boards, co-created materials in local languages, and culturally tailored consent processes can help demystify biomarker research and address concerns about data privacy and exploitation. Engagement should extend beyond recruitment, including regular feedback of results, involvement in scientific priorities, and tangible benefits such as health education or screening services. These practices strengthen retention, improve data quality, and ensure that communities perceive the consortium as a collaborative endeavor rather than an extractive project[51].
8.3. Training and infrastructure development in LMICs
A central goal of a global consortium must be to build sustainable local capacity. Training programs in laboratory methods, data science, biomarker assays, neuroimaging analysis, and clinical assessment can cultivate local expertise and reduce dependence on external institutions. Infrastructure development biobanks, laboratory equipment, digital platforms, portable imaging tools should be integrated into long-term planning rather than funded as short-term project components. Successful examples from H3Africa and Latin American initiatives demonstrate that locally led research capacity not only improves scientific output but also strengthens regional health systems and fosters scientific autonomy[52].
8.4. Partnerships with WHO, Alzheimer’s associations, and ministries of health
Strategic partnerships are essential for global coordination and policy impact. The World Health Organization can provide normative guidance, promote standardization, and support integration of biomarker frameworks into national dementia plans. Alzheimer’s associations bring expertise in community engagement, advocacy, and public education. Ministries of health are critical for aligning research with national priorities, facilitating regulatory approvals, and preparing health systems for biomarker-based diagnostic pathways. Together, these actors can ensure that research is translated into policy and practice rather than confined to academic settings[53].
8.5. Sustainable funding models
A lasting global consortium requires funding mechanisms that extend beyond traditional grant cycles. Blended models including public investment, philanthropic support, international development funds, and responsible industry partnerships can provide financial stability. Importantly, funding should be distributed equitably across regions, with dedicated streams for capacity building in LMICs. Long-term sustainability is enhanced by adopting open-access tools, shared infrastructure, and collaborative networks that reduce duplication and maximize scientific return on investment.
8.6. Technology transfer and open-science principles
Ensuring equitable access to biomarker technologies necessitates robust technology transfer platforms. These may include local production of assay reagents, shared protocols for plasma biomarker testing, training in imaging acquisition and interpretation, and implementation of open-source digital biomarker tools. Open-science principles such as standard data formats, FAIR (Findable, Accessible, Interoperable, Reusable) data practices, and transparent analytical frameworks foster global participation and accelerate discovery. Equally important is responsible data governance that balances openness with respect for sovereignty, privacy, and ethical obligations[54].
A global dementia biomarker consortium built on these principles would not only broaden scientific understanding of dementia across populations, but also lay the foundation for diagnostic equity as biomarker-guided therapies emerge. It represents a critical step toward ensuring that the future of dementia diagnosis is inclusive, accessible, and globally informed[55].
9. Clinical and Scientific Impact of Globally Representative Biomarker Cohorts
Globally representative biomarker cohorts have the potential to transform dementia research and care by ensuring that diagnostic tools, therapeutic strategies, and scientific models reflect the full diversity of the world’s populations. Expanding biomarker discovery and validation across ancestry, geography, and socioeconomic contexts is not merely a matter of equity it is essential for achieving scientific accuracy and broad clinical utility.
9.1. Improved accuracy and fairness in early diagnosis
Global cohorts allow researchers to define biomarker thresholds and trajectories that account for ancestry-specific biology, regional comorbidity profiles, and environmental exposures. This leads to more precise interpretation of plasma, CSF, imaging, and digital biomarkers across populations. By reducing misclassification whether through false positives in groups with high vascular burden or false negatives in populations with differing baseline biomarker levels globally validated tools promote fairness in diagnostic decision-making. Ultimately, this enhances clinicians’ ability to identify individuals in the earliest disease stages, regardless of where they live or their genetic background[56].
9.2. Better understanding of diverse Alzheimer’s and non-Alzheimer dementias
Dementia is not a uniform entity, and population diversity can reveal variations in disease subtypes, mechanisms, and progression patterns that would remain invisible in homogeneous cohorts. Representative cohorts enable deeper exploration of mixed dementia, Lewy body disease, frontotemporal lobar degeneration, vascular cognitive impairment, and regionally prevalent etiologies such as infectious or toxin-related neurodegeneration. Diverse datasets support identification of ancestry-specific genetic modifiers, regionally unique biological pathways, and context-dependent interactions among metabolic, inflammatory, and vascular factors. This expanded scientific landscape challenges existing models of dementia and enriches our understanding of global brain aging[57].
9.3. Enhanced trial diversity and therapeutic responsiveness
Clinical trials for disease-modifying therapies increasingly rely on biomarkers for participant selection, stratification, and monitoring. Without diverse cohorts, biomarker cutoffs used for trial eligibility may systematically exclude certain populations, while therapeutic effects may differ across groups with distinct biological profiles. Globally representative biomarker datasets facilitate more equitable recruitment, enable ancestry-informed stratification, and improve detection of differential treatment responses. This enhances both the external validity of trials and the probability that emerging therapies will benefit populations worldwide[58].
9.4. Evidence to inform national dementia policies
Many countries, particularly in low- and middle-income regions, lack local data on dementia epidemiology and biomarker validity. Globally representative cohorts can provide critical evidence to guide national dementia plans, including decisions about screening strategies, diagnostic pathways, and resource allocation. Data on region-specific risk factors, biomarker performance, and care gaps can support the development of culturally appropriate clinical guidelines and strengthen health-system preparedness as biomarker-informed therapies become more widely available. In this way, global cohorts serve not only scientific goals but also important public health and policy functions[59].
9.5. A future where plasma biomarkers enable global screening
As plasma biomarkers mature, they hold promise for accessible, scalable early detection tools capable of reaching underserved populations. However, their global implementation depends on robust validation across diverse communities to ensure consistent performance. A fully representative biomarker evidence base will enable plasma-based testing to become a true global screening strategy, reducing reliance on expensive imaging and invasive procedures, particularly in regions where such technologies are scarce. This future vision low-cost blood tests integrated into primary care, supported by culturally adapted digital tools can only be realized if diversity is embedded at every stage of biomarker development[60].
10. Key Challenges and Future Directions
Even as momentum grows toward building globally representative dementia biomarker cohorts, several challenges must be addressed to ensure their scientific rigor, sustainability, and equitable impact. These obstacles span ethical, logistical, technological, and biological domains. Addressing them proactively will shape the next generation of dementia research and help ensure that biomarker-driven diagnosis benefits populations worldwide.
10.1. Ethical and sociocultural considerations
Ethical challenges arise when conducting biomarker research across diverse regions with different histories, cultural contexts, and levels of trust in scientific institutions. Concerns regarding data privacy, stigmatization, and potential misuse of genetic or biomarker information may disproportionately affect marginalized and Indigenous communities. Culturally relevant consent processes, community involvement in governance, and transparent communication about risks and benefits are essential. Researchers must also navigate sociocultural differences in perceptions of aging, memory loss, and medical testing, which influence participation and retention. Ethical frameworks must therefore be adaptable, community-centered, and grounded in principles of reciprocity and respect[51].
10.2. Resource limitations and sustainability
Many low- and middle-income regions face limited access to laboratory infrastructure, neuroimaging facilities, trained personnel, and stable funding streams. These constraints challenge the consistent collection, processing, and storage of biospecimens and high-quality data. Building sustainable research environments requires long-term investment in equipment, training, and maintenance not short-term, project-based support. Partnerships with regional institutions, industry collaborators, and multilateral organizations can help offset costs, but sustainability depends on locally anchored leadership, continuous capacity building, and integration with existing health systems[61].
10.3. Complexities of long-term follow-up
Longitudinal cohorts are essential for characterizing biomarker trajectories, yet maintaining participant engagement over many years is difficult, especially in communities with high mobility, limited transportation access, or competing life priorities. Attrition can bias results and reduce statistical power, particularly if drop-out rates differ across demographic groups. Developing culturally tailored retention strategies, flexible follow-up options (including mobile clinics and remote assessments), and community-based engagement models will be key. Consistency in personnel and clear communication about the value of long-term participation can also strengthen cohort stability[62].
10.4. Standardizing digital tools across cultures
Digital biomarkers speech, gait metrics, smartphone-based cognitive assessments, and wearable sensors offer scalable solutions but introduce new challenges. Linguistic diversity, cultural norms, literacy levels, and differential access to technology can all affect digital biomarker validity. Algorithms trained on Western speech patterns or device usage behaviors may not generalize to other populations. Standardizing digital tools requires culturally adapted protocols, diverse training datasets, and robust validation across language groups and contexts. Access disparities must also be addressed to avoid reinforcing existing inequities in digital health.
10.5. Next-generation biomarkers adaptable to diverse populations
Future biomarker development must prioritize tools that are inherently scalable and sensitive to biological and environmental diversity. This includes plasma-based markers with minimal pre-analytical complexity, portable imaging modalities, multiplex assays capturing both AD and non-AD pathology, and multi-omics signatures that reflect region-specific exposures. Biomarkers that can function reliably across varying levels of comorbidity, educational attainment, and healthcare access will be particularly valuable. Integrating machine learning methods that are explicitly designed to mitigate bias and incorporate population heterogeneity will help ensure that next-generation biomarkers support global diagnostic equity[63].
11. Conclusion
Dementia research is at a pivotal moment. Advances in fluid, imaging, and digital biomarkers offer unprecedented opportunities for early detection and personalized care, yet these innovations risk reinforcing global inequities if they continue to be developed and validated primarily in narrow, homogeneous populations. The urgent need for multi-ethnic, globally representative dementia biomarker cohorts is therefore both a scientific and ethical imperative. Only by capturing the full spectrum of human biological, environmental, and sociocultural diversity can we build diagnostic tools that achieve true accuracy and fairness.
Ensuring biomarker equity is foundational to achieving diagnostic equity. Biomarkers that do not perform consistently across populations cannot support global screening, inform equitable access to emerging therapies, or reflect the diverse mechanisms underlying dementia worldwide. Representative cohorts will allow researchers to define ancestry-informed thresholds, elucidate population-specific disease pathways, and reduce misclassification in underrepresented groups ultimately strengthening the evidence base that informs both clinical care and policy.
This review highlights a clear call to action for international collaboration. Building globally representative cohorts will require coordinated governance structures, long-term partnerships with communities, investment in research capacity across low- and middle-income regions, and the adoption of open-science and technology-sharing principles. Such efforts must be guided by ethical frameworks that respect local autonomy, promote data sovereignty, and ensure that all populations benefit from the scientific advances they help generate.
The vision ahead is compelling: an inclusive, globally informed dementia biomarker ecosystem in which plasma-based assays, culturally adapted digital tools, and harmonized multi-omics platforms are accessible across diverse clinical settings. By embracing global representation as a scientific priority, the field can move toward a future where early diagnosis and precision care are not limited to a privileged few, but extended equitably to populations around the world.
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