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How do socioeconomic disparities shape brain health and disease? We address current scientific shortcom
ings, highlight the biological ripple effects of socioeconomic inequalities, and propose more globally inclusive 
brain health research.

Socioeconomic disparities (SED) significantly impact brain health 
and contribute to the development of dementia.1,2 The conse
quences of SED are evident across various aspects of brain health, 
such as clinical severity, biomarkers, neurodegeneration, altered 
brain dynamics, heightened proteinopathy and allostatic over
load1–6 (Fig. 1A). Two fundamental approaches to examining SED 
at the individual level involve the social determinants of health 
(SDH) and socioeconomic status (SES). SDH, defined by the WHO 
as non-medical factors influencing health outcomes, encompasses 
various aspects of daily living SED. On the other hand, SES refers to 
an individual or group’s standing within the socioeconomic spec
trum, determined by factors like income, education and occupation. 
Also, country-level measurements of SED capture aggregated data 
and indices related to brain health outcomes.7 Thus, their disparate 
measures include income inequality, poverty rates, educational at
tainment and employment (Fig. 1B).

Critical scientific flaws currently hinder our understanding of 
the integration between socioeconomic and biological factors in 
brain health and disease. Despite the acknowledged role of SED in 
brain health and dementia, most research across various biological 
domains adopts universal models,1–4 overlooking the distinct im
pact of socioeconomic environments (Santamaria-Garcia et al., ac
cepted for publication). Likewise, most research in this field has 
predominantly originated from high-income countries like the 
USA and European countries. Current scientific findings fail to suf
ficiently address the pressing need to assess regional diversity and 
provide tailored evidence for under-represented samples concern
ing SED across multiple areas, including genetics, epigenetics, en
vironmental factors, brain-phenotype associations and risk 
factors for ageing and dementia.2–6

Data deficiency, granularity limitations and 
disconnection with biomedical research

The development of diversity-oriented global approaches to brain 
health and SED faces three main critical gaps (Fig. 1C).

A first and crucial gap is the systematic lack of available evi
dence concerning SED beyond measures of educational level. 
Most publicly accessible large datasets on brain health and demen
tia (Table 1 and Supplementary Table 1) do not provide information 

on SED, and most of these datasets come from high-income set
tings. Similarly, large-scale volunteer databanks in ageing have 
biased participant demographics such as white ethnicity, high- 
education biases, and a lack of detailed and variable information 
on socioeconomic metrics. This hinders a comprehensive under
standing of SED’s impact on brain health and dementia.

Second, there is inadequate granularity in assessing SED. Broad 
demographic categories such as income or SES do not adequately 
account for other SED factors. Furthermore, disparate measures 
are not harmonized or systematically compared. For instance, 
country-level indices (e.g. World Bank country classifications, 
Gini, index of human development, human capital index, multidi
mensional poverty measures, etc.) are not harmonized. The ab
sence of convergent definitions increases discrepancies and 
inconsistencies in research findings. Although SDH measures ap
pear to partially overcome this barrier by providing individual-level 
data on different dimensions, their current assessments in brain 
health research are extremely limited in scope and application.

Similarly, there is a lack of convergent measures, dimensions 
and hierarchies of categories for SDH. For example, the specific 
measures and inclusion of economic and occupational status, so
cial and community context, neighbourhood and physical environ
ment, health behaviours, and healthcare access and quality are not 
harmonized nor systematically assessed. SES research presents 
similar controversies. It is unclear which specific factor or combin
ation best represents SES, including income, education, occupation 
and wealth. SES is not a static construct, and individuals can ex
perience upward or downward mobility over their lifetime. 
Finally, other indirect measures of SED (e.g. ZIP/postcode) are rarely 
included in standard protocols or are differently operationalized 
(e.g. area of deprivation, different geographical segregation indi
ces). Including these measures require de-identification, and this 
is not frequently assessed. Thus, various SED measures involve in
terrelated but not integrated dimensions, encompassing inad
equate granularity, lack of harmonization, inconsistencies in 
indicators, and under-utilization of indirect measurements.

Previous gaps contribute to the third gap, which involves limited 
research on SED interactions with biological biomarkers and patho
physiological pathways. Research on SED has been primarily con
fined to sociological studies and health economics. Only a few 
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approaches assess SED in domains such as biomarkers or patho
physiological processes,2,4,5 leaving significant gaps in our under
standing of the biological processes underlying these disparities. 
The socioeconomic-related exposome4 has considerable effects 
on various biological processes, including inflammation, oxidative 
stress, microbiome, stress-related pathways, allostatic overload 
and epigenetics. However, these domains have been sporadically 
assessed, and consequently, direct actionable recommendations 
for research and policymakers are scarce.

A call for increasing socioeconomic diversity and 
actionable initiatives

Urgent initiatives aimed at bridging the three main gaps are required. 

Datasets must include relevant SED variables beyond the classical as

sessment of formal education. For instance, parental education (pa

ternal/maternal years of formal education), income (household 

income from all sources), employment (current status, lifetime job), 

birthplace (city, country), home location (neighbourhood, city, 

Figure 1 SED and brain health. An overview of the multilevel impact of socioeconomic disparities (SED) on brain health. (A) Multilevel impact of SED 
and their effects on various aspects of brain health, including cognitive (clinical severity, daily-life functioning and cognitive dysfunction), cerebral 
(brain dynamics and neurodegeneration), and peripheral factors (inflammatory and immunological dysregulation, microbiome alterations, stress- 
related pathways, physiological dysregulations, cellular alterations and epigenetic modifications). (B) Direct and indirect measures of SED. 
Differentiation between direct and indirect measures of SED, with direct measures including social determinants of health (SDH) and socioeconomic 
status (SES), and indirect measures encompassing factors such as postcode (ZIP code), income, education, race, gender, employment, type of residence, 
living situation and healthcare access. (C) Barriers and suggested solutions. Identification of barriers and suggested solutions for addressing challenges 
in future research aimed at developing equitable global approaches to brain health that consider the impact of SED. HCI = human capital index; IHD = 
index of human development; MPI = multidimensional poverty measures.
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country, de-identified postcode), household (access to drinking water, 
gas, electricity, number of people in the house, social isolation, type of 
residence, ownership or rent, number of vehicles), and healthcare ac
cess should be included.8 Systematic harmonization and normaliza
tion procedures3 are critically needed to assess comparability in 
multicentric research. Using heterogeneity and dimensionality re
duction techniques can help identify reduced and shared critical indi
cators. Access to this harmonized information can help develop 
global comparative measures and improve granularity across SED 
indices.

Second, future studies should thoroughly target the relationships 
between SED (with harmonized and granular measures) and biological 
markers. For instance, country-level disparities assess with 
meta-regressions7 and SDH/SES individual predictors2,3 can provide 
important insights across levels, including metabolic processes, plas
ma biomarkers, epigenetic influences, neurocognitive measures and 
clinical assessments.8,9 Global initiatives for brain health research 
should be extended, considering the heterogeneity from under- 
represented low-income and middle-income countries.

Establishing a global consortium dedicated to collecting, har
monizing and standardizing SED measures and systematic data 
in brain health research could significantly address current gaps 
in this field. Recent brain research collaboration models have pro
ven successful in this regard. Projects such as the Lifepath research 
consortium 2020 started to investigate the effects of SED on bio
logical ageing in cohorts from Europe, USA and Australia. Also, 
the new WHO Intersectoral Global Action Plan on Epilepsy and 
other Neurological Disorders 2022–2031 may help to overcome the 
lack of evidence between SED and brain health in low- and 
middle-income countries. Programs like the WHO Mental Health 
Gap Action Programme (mhGAP) or the National Institutes of 
Health’s (NIH) Fogarty International Center could devote specific ef
forts to support research on global SED impact on brain health. 
Current calls for diversity in global approaches to dementia re
search should also encompass a comprehensive inclusion of SED.

Here, we have considered the importance of understanding the 
complex interactions between socioeconomic factors and brain 
health by providing basic recommendations for overcoming the 
identified gaps. Such an in-depth framework should be developed 
at different levels, from risk factors to biomarkers, disease hetero
geneity and pharmacological and non-pharmacological interven
tions. A multilevel, systematic shift towards diversity through the 
lens of SED might be relevant for developing more effective, inclu
sive and tailored research, interventions and therapies for brain- 
related disorders.8
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