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Abstract

Health disparities in rheumatic disease are well established and urgently need addressing. 

Obstacles to precision medicine equity span both the clinical and the research domains, with a 

focus placed on structural barriers limiting equitable health care access and inclusivity in research. 

Less articulated factors include the use of inaccurate population descriptors and the existence of 

research silos in rheumatology research, which creates a knowledge gap that precludes addressing 

the health disparities and fulfilling the goals of precision medicine to understand the ‘full patient’. 

The biopsychosocial model is a research framework that intertwines layers of biological and 

environmental effects to understand disease. However, very limited rheumatology research bridges 

across molecular and epidemiological studies of environmental exposures, such as physical and 

social determinants of health. In this Review, we discuss clinical obstacles to health care equity, 

including access to health care and the use of inaccurate language when labelling population 

groups. We explore the goals and data needed for research under the biopsychosocial model. 

We describe results from a rheumatic disease literature search that highlights the paucity of 

studies investigating the molecular influences of systemic exposures. We conclude with a list of 

considerations and recommendations to help achieve equitable precision medicine.

✉ paula.sofia.ramos@emory.edu .
Author contributions
P.S.R. and H.C.A. contributed to all aspects of this manuscript. D.B.F. and S.S.L. made a substantial contribution to discussion of 
content, and wrote, reviewed and edited the manuscript before submission.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary material available at https://doi.org/10.1038/
s41584-024-01204-7.

HHS Public Access
Author manuscript
Nat Rev Rheumatol. Author manuscript; available in PMC 2025 March 15.

Published in final edited form as:
Nat Rev Rheumatol. 2025 February ; 21(2): 98–110. doi:10.1038/s41584-024-01204-7.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

The goal of precision medicine is to provide a more precise approach to the prevention, 

diagnosis and treatment of disease1. To achieve this goal, precision medicine must be 

equitable; that is, it must be fairly applicable, available and accessible to all2. Unbiased and 

accessible precision medicine can contribute to reducing avoidable and systemic inequalities 

in health status, that is, it can contribute to health equity, the state in which everyone has a 

fair and just opportunity to attain their highest level of health3.

Disparities in prevalence, incidence, clinical and serological manifestations, and outcomes of 

rheumatic conditions and rheumatological manifestations are well established, with some 

examples highlighted in Box 1. These disparities are pronounced in under-represented 

populations, namely racial minority and ethnic groups, medically underserved urban and 

rural communities, the uninsured and underinsured, older adults, and those with lower 

education and income4. Despite the disproportionate impact of many rheumatic diseases on 

these communities, the causes of these disparities remain elusive. Identifying the factors that 

promote disparities is a critical step towards equitable care and precision medicine5–7.

Developing successful precision medicine initiatives necessitates addressing health 

disparities. Although precision medicine is meant to focus on individual variability (such 

as genes, environment and lifestyle), these initiatives are predominantly informed by 

population-level research8. The consequence is that if health disparities are not properly 

identified and addressed in research, precision medicine is poised to worsen health 

disparities for groups already disadvantaged by current practices and interventions8–10. 

Frameworks for studying health disparities emphasize the need for ecological models that 

consider biology and environment, including social factors. In theory, this sounds akin to the 

needs of precision medicine research but in reality there is substantial isolation of biological 

research from epidemiological studies on environmental determinants of health.

Despite the recognized influence that social and physical environmental experiences have 

on rheumatic disease, it is not known how these experiences and exposures interact with 

biology to influence disease outcomes. To date, rheumatic disease research has largely 

focused on biological mechanisms without inclusion of effects by environmental exposures. 

Furthermore, genetic studies frequently fail to acknowledge the fact that non-genetic factors 

are substantial contributors to the disparities. In addition, the persistent use of vague and 

arbitrary categories of population differences continues to hamper rigorous and reproducible 

research11. These issues have resulted in a knowledge gap regarding the interactions 

between genetic and environmental factors that contribute to disparities in disease outcomes. 

We explored the extent of this knowledge gap in rheumatic diseases by conducting a 

literature review of studies that intersected both molecular biology and social determinants 

of health (SDOH), including racism and discrimination. We identified a striking shortage 

of literature spanning both molecular and epidemiological disciplines. Further, we identified 

a strong bias in the amount of research focusing on molecular biology in comparison with 

epidemiological SDOH. This finding highlights the ‘siloing’ of research entities and the 

general challenges (such as data availability and research infrastructure) in implementing 

a true precision medicine paradigm that considers the full biological and environmental 
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experiences of a patient; this phenomenon has been identified in other disease categories and 

has been presented as a cause of hampered progress in alleviating health disparities12,13.

In this Review, we start by discussing clinical obstacles to health care equity, including 

access to health care and the use of inaccurate language when labelling population groups. 

We describe the biopsychosocial model and necessary data towards studying health care 

disparities, followed by a description of existing barriers in research, focusing on limitations 

in available data, research silos and the subsequent knowledge gap created in rheumatic 

disease studies. We then propose solutions and considerations, working towards a better 

understanding of the biology of rheumatic disease in the context of health disparities. 

Addressing this knowledge gap is expected to improve precision medicine diagnostics and 

therapeutics for underserved patients, thus working towards a more equitable paradigm in 

research and clinical practice.

Disparities in health care access

In addition to disparities in disease susceptibility, prevalence and incidence, another source 

of health disparities occurs in the health care setting. Health care disparities can manifest 

in different capacities, leading to delayed or deficient patient care and education and poor 

patient outcomes. Travel distance to receive specialized care is often a deterrent and a 

major source of delayed patient care. When examining patients in the Medicaid beneficiary 

cohort (a government health insurance program that provides health care to some of the 

most vulnerable populations in the USA), poor access to specialized care for patients with 

systemic lupus erythematosus (SLE) occurred more often in those enrolled in Medicaid 

than in those with other health insurance14. Patients only enrolled in Medicaid travelled 

11.5 more miles than those with additional or other health insurance and on average 

more than 19.8 miles to see a rheumatologist15. Consequently, patients need to use the 

emergency department not only for acute care but also as their primary source of medication 

prescriptions14. In patients with rheumatoid arthritis (RA) in the Canadian universal public 

health care system, those who lived >100 km from a rheumatologist were 50% less likely 

to be seen by a rheumatologist within 3 months of a suspected RA diagnosis by a primary 

care physician and had decreased continuity of care within the first year of diagnosis16, both 

of which are important for early initiation of therapy to prevent disability and damage. As a 

result of these delays, patients have an accumulation of joint damage requiring surgeries17. 

Not only is access to specialized clinical care and medications a source of unequal outcomes 

but it also contributes to a deficiency in patient education, specifically in addressing disease 

comorbidities, which further promotes health disparities.

These structural barriers to health care access are also deterrents to the achievement of the 

goals of precision medicine. Access to health care is not guaranteed in many countries. A 

comparison of health care models in the USA, Austria and Denmark showed that the effects 

of precision medicine depend on the structure of the local health care system; in contrast 

to the Austrian and Danish health care systems, the USA for-profit and insurance-based 

structure increases the risk that precision medicine will exacerbate existing health disparities 

and structural injustice18–20. In addition to health care coverage, the current high costs of 

precision medicine therapies also preclude equity by excluding those who cannot access 
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them. Changes are needed to prevent health care structures and pharmaceutical business 

models from supporting existing structural injustices and destabilizing egalitarian health 

policies18. Such changes include revisiting, monitoring, and regulating drug pricing models, 

to encompass the values of social equity and solidarity18.

Describing population groups

Low representation in clinical trials and genomic studies is known to be perpetuated 

by multiple factors, including geographical distance, mistrust of the health care system, 

language barriers and fear of encountering implicit bias and stereotyping during care. 

Under-represented communities are often at a greater risk of poor health outcomes21. The 

confusion about population descriptors and lack of rigorous language when describing 

population categories continue to stigmatize many communities. Addressing individual 

biases and using clear and respectful population labels are paramount to realizing the 

promise of precision medicine22.

Many studies, especially in the USA, describe the epidemiology of rheumatic disease in 

terms of socially defined, discrete racial categories. Similarly, health disparities research 

traditionally focuses on self-reported race. However, this methodology poses challenges and 

limitations. First, race and ethnicity are imperfect proxies for important epidemiological 

information, including SDOH, such as racism and discrimination, economic stability, 

health care access and quality, education access, and physical and/or built environmental 

exposures23. These social and physical environmental determinants are differentially 

experienced across racial and ethnic groups owing to historical and contemporary 

discriminatory policies and practices, resulting in health disparities across groups and 

geography. Hence, it is not race and ethnicity, but the lifetime of exposures, that contributes 

to health disparities. Consequently, discrete racial categories are unable to appropriately 

capture the variability of risks one person might be exposed to in their lifetime. As 

such, limiting health disparities research to racial categories can impose harm through 

ascribing risk to arbitrary groupings of heterogenous individuals while also obscuring 

the causal exposures facilitating risk24. Another weakness of limiting research to racial 

categories is that many identities intersect, and thus, risk factors might impose differential 

or compounded effects. For instance, although increased socioeconomic status (SES) is 

protective, increased exposure to discrimination has the potential to offset these benefits25–

27. In addition, the concept of race is dynamic and changes over time in the wake of 

administrative decisions and cultural shifts; for example, the list of racial groups on the US 

Census has changed nearly every decade since the first enumeration in 1790 (ref. 28). Race 

is also a complex population descriptor because it can be interpreted and measured in many 

ways (for example, racial identity, racial self-classification, observed race, reflected race)29. 

Although it may be a useful population descriptor for researchers who wish to measure a 

consequential form of social status and affiliation, the concept of discrete populations that 

are static in place and time does not apply to humans.

Another issue is the frequent conflation between race and genetic similarity groups22, often 

referred to as genetic ancestry groups. Genetic ancestry is a statistical estimate inferred 

from measures of genetic similarity across individuals using available data, thus without any 
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relationship to the concept of race. The epidemiological literature reveals rheumatic disease 

disparities based on ascribed race, and as discussed below, the genetics literature has found 

rheumatic disease disparities based on genetically inferred groups. However, equating these 

population descriptors is a fallacy, as race is an imperfect proxy for SDOH, and the other 

captures genetic risk factors. Altogether, this issue highlights the necessity of a multi-faceted 

approach to studying health disparities, one that includes both genetic and non-genetic, 

individual-level and population-level stressors and exposures30. Moving forward, it is 

critical for researchers to utilize accurate and appropriate population descriptions, such as 

those described by the National Academies of Science, Engineering, and Medicine28 and by 

Feero et al.31

The biopsychosocial model

The biopsychosocial model was proposed in response to the reductionist paradigm of 

viewing diseases through a strict ‘biomedicine’ lens. Instead of viewing the full scope 

of phenotype and symptoms as explainable by molecular processes (biomedicine model), 

the biopsychosocial model asserts that health and disease result from an interplay 

between biological, psychological and social factors32 (Fig. 1a). The biopsychosocial 

model emphasizes the importance of integrating different domains (such as biological, 

behavioural, physical and/or built, sociocultural, health care system) and levels (for 

example, individual, family, community, society). In the context of health disparities, 

this conceptual framework posits that individuals who perceive certain circumstances as 

stressful experience a physiological stress response that can be modulated by adverse 

or protective sociodemographic factors (such as SES), psychological characteristics (for 

example, depression), behavioural factors (smoking, alcohol use), and coping responses (for 

example, ability to mobilize social support) to such experiences30,33. Expansions of this 

model also include physical environmental exposures (for example, air and water quality)34. 

Such environmental exposures can enact effects independent of individual perception 

and/or awareness and can be disproportionately distributed among neighbourhoods and by 

geographic region35,36.

Successful implementation of the biopsychosocial model requires availability of appropriate 

data, measurements, and instruments for the multiple domains contributing towards 

health disparities (Fig. 1b). Physical environmental exposures are increasingly available 

at varying geographic granularity. For example, studies of air quality, ranging from local 

or regional measures37 to national measures38, highlight the increased prevalence of 

detrimental environmental exposures among minority and low-income populations. Broadly, 

environmental factors or determinants to health are usually classified into biological, 

chemical, physical and social environments. As defined by the WHO, other SDOH include 

economic security and equality, health behaviours and health care resources39,40. There 

are many indicators for capturing environmental determinants of health; methodologically, 

these can be measured via self-reporting (for example, surveys) and/or aggregated data 

from population statistics with varying granularity41,42. Given the broad domains of 

environmental determinants of health, it is critical to recognize that any single indicator 

will be unable to capture the full complexity of an individual’s environmental determinants 

of health, including SDOH40. For instance, subjective social status instruments in which 

Ainsworth et al. Page 5

Nat Rev Rheumatol. Author manuscript; available in PMC 2025 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



participants rank their circumstances (such as, income) relative to others in their community 

(for example, social ladders), have been found to capture perceived well-being43, and thus 

might capture aspects such as perceived discrimination and social stress, whereas multiple 

deprivation measures might be better suited to capturing material and/or resource-based 

socioeconomic factors. Given the intersectionality of identities, and thus experiences and 

exposures, SDOH measures that are multi-faceted (including more than one indicator) and 

multi-level (that is, individual, community) are more likely to appropriately capture the 

complexity of these effects40,44,45. In rheumatic diseases, data from each of these broad 

categories (biological, SDOH) are abundantly available. However, these fields are rarely 

intertwined to investigate disease outcomes under an ecological, combined molecular and 

SDOH model, severely hindering progress in health disparities research.

Epidemiological research silo

Decades of epidemiological research of health disparities in rheumatic diseases have 

highlighted the existence of systemic issues that drive poor outcomes for patients from 

under-represented and underserved communities (Table 1). For example, multiple social 

stressors, such as low household income, poverty, unemployment and racial discrimination, 

are associated with increased risk and severity of SLE46,47 and RA48,49. A marked 

socioeconomic gradient was reported for these diseases, with individuals in the most 

deprived group being up to 70% more likely to develop the disease than the least 

deprived group49. Low income was associated with greater odds of osteoarthritis50 and 

gout51, and worse outcomes for systemic sclerosis (SSc)52 and sarcoidosis53,54. Social 

deprivation and social vulnerability were associated with osteoarthritis, RA, ankylosing 

spondylitis, sarcoidosis, and SSc50,55,56. In countries with lower GDP, patients with psoriatic 

arthritis had higher levels of disease activity and more patient-reported impact of disease57. 

Also, women, in particular women of understudied and under-represented populations, are 

disproportionately affected by rheumatic disease; and women, especially African American 

women, disproportionally experience psychosocial stressors55.

Despite stressors co-existing in areas of concentrated poverty and with other environmental 

factors, protective factors might buffer the negative impacts of stressors58. For example, 

social support decreased depression and anxiety in African American women with SLE59–

62, perceived social support improved depression, anxiety and quality of life in patients with 

RA63–65, and social support and spiritual well-being were associated with life satisfaction 

in patients with SSc66. Additionally, alleviation of stressors can influence disease. For 

instance, for patients with SLE, exiting poverty can mitigate the strong effect of living in 

concentrated poverty on disease damage67. Most epidemiological research has focused on 

the identification of risk factors, but understanding the mechanisms and extent to which 

protective factors can offset risk factors is essential to address health inequities (Table 1).

Although critical, the historical focus on epidemiological issues in rheumatic disparities 

research has sustained an epidemiological research silo (Fig. 2 and Supplementary Table 

1, Supplementary Fig. 1) through its failure to intertwine molecular and biological effects. 

That is, the molecular and physiological mechanisms through which social and physical 

and/or built environment exposures affect disparities are unknown. For example, air quality 
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and particulate exposures have been associated with disease activity and drug response in 

rheumatic diseases68–70, but the biological mechanisms require more exploration. Similarly, 

epigenetic marks affect gene expression and can govern cell function and physiological 

response to environmental factors, including SDOH such as SES71,72 and general perceived 

stress73. Yet, despite the growing awareness of the effect of social stressors on the 

epigenome, research aimed at identifying and quantifying the regulatory mechanisms 

through which social exposures influence rheumatic outcomes is only just emerging74. 

Understanding the interplay and underlying mechanisms by which various positive and 

negative determinants of health influence epigenomic variation, and how the resulting 

biological changes might contribute to rheumatic health disparities, will enable biomedical 

research to directly address outcome disparities.

Biological research silo

Large-scale studies into the biological aetiology of rheumatic diseases most commonly focus 

on genetic variation associated with disease. This line of research has been productive and 

important. Genome-wide association studies (GWAS) have identified hundreds of genomic 

loci associated with rheumatic diseases, providing important insights into the biological 

pathways contributing towards disease. Given the potential to facilitate disease diagnosis, 

support risk prediction, improve cost and efficiency of trials, and accelerate personalized 

care, results from these GWAS have been used to construct genetic risk scores (GRS)75,76. 

Given that many of these risk factors have been reported to vary among populations (for 

example, along geographic gradients), genetic variation has been proposed as a partial 

contributor towards disparities77,78. In fact, the 2006–2009 strategic plan of the US National 

Institute of Arthritis and Musculoskeletal and Skin Diseases prioritized the identification 

of genetic contributions to health disparities, citing as a rationale that rheumatological 

conditions, including SSc, SLE and osteoarthritis, cluster in populations targeted by health 

disparities initiatives79. However, to date, few genetic risk factors for rheumatic diseases 

have been linked to health disparities, which is due, in part, to limitations of genetic 

data, current data availability and the general siloing of genetic research from pertinent 

environmental and exposure data.

First, it is crucial to understand the general limitations of genetic data, especially in 

the context of health disparities research. In genetic studies, individuals are categorized 

into groups on the basis of genetic similarity to genomic reference groups, such as the 

1000 Genomes Project populations80. Importantly, however, these genetically assigned 

categories, often labelled continental ‘ancestry’ groups, are not equivalent to self-identified 

and socially defined categories of race and ethnicity81,82. Thus, risk allele differences 

among these genetically defined groups cannot be equated to explaining observed racial 

health disparities. Furthermore, mapping differences in genetic risk variants among 

populations requires careful interpretation. Genetic studies disproportionately comprise 

European-ancestry populations. Even studies including under-represented populations are 

often more limited in total sample size. Hence, comparison and portability of identified 

risk variants should always be considered in the context of potential differences in 

statistical power83,84. Another complicating factor is linkage disequilibrium, which refers 

to the tendency of linked alleles to be co-inherited. Most GWAS-reported associations 
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are not causal variants, but instead, ‘tagging’ variants that are highly correlated with the 

functional variant. Linkage disequilibrium varies by geographically or ancestrally distinct 

populations. Thus, a genetic association (tagging the causal variant) in one population 

might not reproduce in another. In studies comprising samples from multiple distinct study 

populations, linkage disequilibrium can be a powerful fine-mapping tool, as illustrated 

by SLE studies85–87. Unfortunately, the availability of large, multi-population cohorts 

remains limited for most rheumatic diseases. The consequence is that, to date, GRS 

are built upon associated, tagging variants, which frequently show poor predictability in 

diverse populations88. Thus, as they are currently built, these genetic prediction tools do 

not equally benefit all patients (particularly patients from populations not used to build 

these tools), precluding health equity in precision medicine88. A potential solution is to 

move towards GRS that are built upon causal versus tagging variants, which requires 

extensive functional studies to disentangle linkage disequilibrium in associated regions. 

As reviewed elsewhere89, ongoing research aimed at unveiling the aetiology of rheumatic 

diseases includes individual molecular profiling, incorporating genetic risk, cell-specific 

transcriptional signatures, epigenomics, mass spectrometry, tissue and in vitro molecular 

signatures, and environmental factors. However, the majority of current molecular omics 

research still focuses on individuals with two copies of chromosome X and of genetic 

European ancestry89, and so the results from this progress are not necessarily translatable or 

applicable to diverse groups.

The second challenge of applying genetics data to health disparities research is that it 

must be studied within the context of complex disease aetiology, and not in isolation from 

influencing environmental and gene–environment factors. Importantly, inherited genetic 

variants, which are fixed within the genome, do not directly capture alterations imposed 

by environmental and gene–environment factors. Inclusion of additional omics such as 

transcriptomics (RNA level), proteomics (protein level) and/or epigenomics (for example, 

cytosine methylation) offers the potential to capture biological changes caused by stress 

attributable to systemic racism, diet or other lifestyle factors or exposures that more often 

affect underprivileged patients. Hence, applying genetics and/or omics knowledge also 

requires comprehensive and high-quality environmental data to control for environmental 

confounding, to identify gene–environment associations, and to identify the molecular 

mechanisms through which environmental exposures affect disease outcomes90,91. Genes 

and environmental exposures are inherited together; individuals with more genetic similarity, 

such as families or groups from the same region, are also exposed to more environmental 

similarity90,91. Yet, despite this shared environment, molecular research often negates these 

factors from studies, contributing to the siloing of biological research. For example, a review 

of sarcoidosis prevalence emphasized that most family studies focus solely on genetics, 

without leveraging the opportunity to explore shared environment effects92.

Epigenetic studies are well poised to elucidate the relationships between genetics, biology 

and environmental exposures. Epigenome-wide association studies (EWAS) have identified 

cell-type-specific DNA methylation changes associated with multiple rheumatic diseases78. 

As reviewed, although DNA methylation varies among population groups, and this variation 

is partially explained by their distinct genetic ancestry, environmental factors not captured 

by genetic ancestry are important contributors to variation in DNA methylation. This fact 

Ainsworth et al. Page 8

Nat Rev Rheumatol. Author manuscript; available in PMC 2025 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



supports the notion that an interaction between environmental, genetic and epigenetic 

factors underlies health disparities in rheumatic conditions. Mounting evidence suggests 

that environmental exposures influence epigenetic modifications and trigger alterations 

in multiple regulatory mechanisms that interact to create a systemic response93,94. 

For example, air pollution exposure downregulates hsa-miR-137, which leads to a pro-

inflammatory state that contributes to the pathogenesis of RA95. In rheumatic diseases, 

EWAS have largely focused on epigenetic associations with disease, without incorporation 

of environmental factors linked to determinants of health.

Our review of the literature shows a considerable bias in the number of studies on biological 

outcomes compared with epidemiological, SDOH research (Supplementary Table 1). On 

average, the amount of published biological research was 106:1 compared with SDOH 

research across ten rheumatic diseases (range: 35–271 times). As explored below (in 

The knowledge gap from research silos), overlap between biological and SDOH research 

is minimal (<1% for each of the rheumatic diseases explored) (Fig. 2). Despite the 

accepted influence of environmental factors on cell processes, including the role of stress in 

inflammation96,97 and diseases such as SLE, RA and Sjögren’s syndrome98, exploration of 

the biological mechanisms that these exposures enact within the context of health disparities 

research is limited.

The knowledge gap from research silos

In our review of ten major rheumatic diseases, we identified 71 unique manuscripts that 

spanned both molecular biology and SDOH topics in the manuscript (Supplementary Table 

2). The majority (60.5%) of the 71 manuscripts were classified as reviews, perspectives or 

protocol papers (Supplementary Fig. 2). Of manuscripts classified as original research, most 

were genetic studies stratified by race or that adjusted for SDOH in their analytic models. 

Notably, none reported on the mechanistic links between SDOH and molecular biology 

outcomes. We recognize that some biologically centred studies that included factors such as 

income or poverty, but not specific terms such as SDOH or SES, might have been excluded 

from our search. However, we note that including such factors in the absence of common 

SDOH or SES identifiers fails to acknowledge their context within a biopsychosocial 

model and their potential relevance to health disparities. Hence, we limited our intersection 

search to those that explicitly denoted health disparities, racism, SES and/or SDOH in the 

manuscript. Altogether, the scarcity of articles identified emphasizes the current knowledge 

gap of biological–SDOH mechanisms within rheumatic diseases.

After reviews and commentaries, the majority of identified rheumatological research that 

included biological and epidemiological factures could be classified as genetic risk studies 

that adjusted for SDOH, primarily using measures of SES. Of note, Cui et al. studied 

risk prediction for incident SLE among women in the Nurse’s health study cohorts and 

found that prediction models that included genetics, family history and lifestyle (including 

income and US geographic region) yielded better performance than models built solely on 

genetics99. This finding highlights the value of incorporating variables beyond biology in 

prediction models. Other studies focused on assessing genetic risk while adjusting for an 

SES factor, including single variables (for example, income and education level), social 
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ladders and indices of multiple deprivation. Although multiple deprivation indices and 

social ladder surveys are more multi-faceted than single variables, we note that these are 

not without limitations45,100 and cannot be considered to fully capture the complexity 

of SDOH. That is, the absence of SDOH effects in a biological model should not be 

concluded when only a limited measure (such as income) was considered. In our search, 

we identified several examples in which potential influences of SDOH were downplayed 

because genetic associations remained after adjustment for single-faceted SDOH variables, 

further illustrating the siloing of SDOH and molecular research.

Breaking research silos

The results of this literature search highlight the need for growth in the field. Here, we 

outline some key considerations and potential solutions towards enabling biopsychosocial 

research in rheumatic diseases and offering paths towards identifying and alleviating health 

disparities (Box 2).

Structural barriers

So far, and across disciplines, addressing equity in precision medicine has focused on 

increasing inclusivity in research. Two leading precision medicine initiatives, the All of Us 

research program (USA) and Genomics England (UK), placed diversity and inclusion at 

the core of their efforts to promote equity. However, as argued by Galasso101, efforts at 

inclusion upstream (by removing barriers to participation in research) do not correspond 

with efforts for inclusion downstream (by facilitating access to the benefits deriving from 

precision medicine), and this imbalance jeopardizes the equitable goals of the programmes. 

For example, to address the objective upstream barriers (such as time, technological literacy, 

language fluency) and subjective upstream barriers to participation (including mistrust, 

fear and stigma), All of Us implemented a comprehensive series of strategies to facilitate 

inclusive participation by addressing communities’ mistrust, mobility, language and tech-

literacy barriers102, such as including educational content in several languages, assistance 

via telephone, arranging home visits and providing dedicated informative material prepared 

in collaboration with community members. Legal barriers, such as inadequate privacy 

and anti-discrimination protections for research participants, and practices by research 

sponsors that tolerate and entrench disparities, also limit diversity and inclusion in genomic 

research103.

Despite efforts on inclusion upstream, downstream inclusion has remained challenging. 

Structural barriers preventing the affordability and availability of precision medicine outputs 

are the chief downstream obstacle, most notably poverty. Access to biomedical benefits 

are constrained by the costs of private structures and by the long waiting lists and under-

resourcing of publicly funded health care101. For example, the costs of CAR-T therapies 

make them unavailable to individuals or countries who cannot afford them. Legal barriers 

can also limit the implementation of equitable precision medicine, including lack of health 

coverage and funding for follow-up care, and failure to use law to ensure access to genomic 

medicine103. Structural factors can also prevent behavioural or lifestyle changes. Because 

the rheumatology community is acutely aware that health disparities and lifestyle choices 
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negatively impact disease outcomes, our discipline is uniquely positioned to advocate for 

positive, broad change. However, owing to the mistrust that exists towards the health 

care and research communities, academic professionals need to form relationships with 

trusted community members who understand the needs of patients and can influence 

their lifestyle choices, thereby creating lasting change. Consequently, the formation of 

community–academic partnerships is a solution that helps engage the community in medical 

care, education and research, while highlighting the social resources needed for a holistic 

approach to patient care104. These partnerships are also positioned to examine the effect of 

specific SDOH in rheumatic diseases within a community105.

Another issue is the current focus on individualized risk scores and preventive strategies at 

the cost of structural drivers of health, including racism, and prevention of disease. This 

focus on the individual might increase responsibilization and stigmatization of individuals, 

while neglecting how health outcomes are inseparable from environmental and structural 

factors beyond the individual’s control18. This issue is particularly relevant in societies 

in which historical and contemporary discrimination not only cause health disparities but 

continuously prohibit opportunities for lifestyle changes for those at highest risk owing to 

a lack of basic resources and environmental opportunities for making healthier choices18. 

Recommendations can guide researchers on how to address the impacts of structural drivers 

of health, including racism, at all stages of the research process5. Precision medicine can 

catalyse knowledge and attention to inform and incentivize sociopolitical reforms to reduce 

social inequalities and inequities101. Specifically, All of Us and Genomics England can 

generate important information on social and environmental determinants of health, which 

might not be actionable for research participants, but would be actionable for institutions and 

policy makers101. This is the goal of precision public health.

Multidisciplinary teams

Diversity in backgrounds and expertise is crucial to break the current research silos 

and address health disparities in precision medicine. Transdisciplinary collaboration is 

also needed between biological and epidemiological scientists, academics and clinicians, 

and partnerships with institutions, community groups and patients that represent diverse 

perspectives. Diverse and transdisciplinary teams are needed at all stages, from study 

design (what biological and SDOH measures to collect, what communities to include), 

to action (how to analyse and interpret results), writing and dissemination of results (how 

to communicate results to benefit instead of discriminate against vulnerable groups), and 

implementation of strategies to mitigate health disparities. A study focused on precision 

medicine research teams found the following points: one, existing hierarchies and power 

structures in the research ecosystem compound challenges for equitable diversification of 

teams; two, tokenism and instrumental diversity (to advance corporate interests) jeopardize 

goals to diversify research teams and risk merely transient and superficial diversification; 

and three, the siloing of the expertise of under-represented team members to frontline and 

diversity-only activities might perpetuate a turnstile effect, in which these team members 

move from study to study laterally, or altogether leave the field because of the lack of 

advancement opportunities106. Without considering the power structure within research 

teams, tokenism can be misrecognized as inclusion106.

Ainsworth et al. Page 11

Nat Rev Rheumatol. Author manuscript; available in PMC 2025 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Furthermore, to address health disparities in precision medicine, commitment from 

biotechnology and pharma industries, health care systems, and governments is also 

needed21. The inclusion of legal experts is needed to address legal barriers that limit broad 

inclusion in genomic research and the development of precision medicine to advance health 

equity103. Policymakers are essential to assess and address the effects of the sociopolitical, 

economic and structural contexts of health care implementation18. Without concerted public 

health action, health disparities could widen in the next decade4.

Diversity in data resources

Identifying and addressing health disparities in rheumatic diseases requires greater sample 

diversity in datasets107. There has been a growing push to make GWAS analyses more 

equitable through sample diversity and using genotyping platforms better suited to 

capturing global variation. One such example is the MEGAchip, which is a consortium 

effort that developed a genotyping array to better capture genetic diversity across global 

populations84,108. For sequencing studies, reference genomes have been developed that 

are more appropriate for capturing rare sequencing variants in diverse populations109,110. 

Importantly, diversity in biological data is also needed beyond studies strictly identifying 

genetic risk variants. As described above, it is essential to pinpoint the functional variants 

contributing to disease, requiring extensive functional annotations and tissue-specific data. 

Repositories used for these goals have not been representative of global diversity. Long 

et al. explored this issue among datasets used to link genetic variants to gene expression 

(expression quantitative trait loci) and found that three major resources overwhelmingly 

comprised European ancestry samples (82–95% of samples)111. The lack of diversity in 

large datasets is even more apparent for cohorts containing environmental and lifestyle 

data, particularly for rheumatic diseases. For example, the US National Institutes of Health-

funded Polygenic Risk Methods in Diverse Populations Consortium pools genomic and 

phenotypic information from diverse populations112. However, at present, the phenotypic 

and environmental data are limited.

The paucity of large and diverse population-based cohorts with validated diagnoses has been 

a substantial barrier to better understanding the true clinical burden of disease, as well as the 

many unanswered questions related to treatment, health care access, and natural history113. 

The Environmental Influences in Child Health Outcomes, All Of Us114, and Genomics 

England programmes were created to mitigate against these disparities115. However, given 

that these programmes reflect broad (non-disease-focused) recruitment efforts, sufficient 

numbers for conducting studies in rheumatic diseases remains challenging. Efforts to include 

communities with worse and better outcomes will be important, to fully understand the 

interplay among risk factors. Researchers collecting biological samples should make efforts 

to collect granular sociocultural and environmental data, moving beyond the scope of the 

limited racial and ethnic categories currently used by the US Office of Management and 

Budget.

As previously described, many instruments can be used to capture various aspects of 

SDOH. Although we advocate for using multi-dimensional tools that capture both materials 

and/or resources (for example, income) and exposures (such as stress, environment), the 
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feasibility might vary by study. For any instrument used, it is critical to be cognizant of and 

report limitations of the study (for example, factors not captured by the data). Electronic 

health record (EHR) data might provide a promising venue to facilitate SDOH data 

collection; however, logistical challenges, such as infrastructure and consensus of standards, 

might affect the speed of implementation116. The EU-funded SPIDeRR consortium 

(Stratification of Patients using advanced Integrative modelling of Data Routinely acquired 

for diagnosing Rheumatic complaints) is aimed at leveraging EHR data from seven countries 

to streamline early diagnosis of rheumatic diseases. In addition to using GRS for disease 

differentiation, SPIDeRR is also aimed at investigating the interplay between genetics and 

the environment75.

Infrastructure for research development

Patients with rheumatic diseases require a transformation in both patient care and 

research infrastructure to address current and future health disparities. As the benefits 

of collaborations in team science are increasingly recognized, utilizing international 

collaborations is an additional method to diversify patient recruitment to investigate and 

minimize disparities in rheumatic disease. For example, in China, a clinical trial focused on 

multidisciplinary care for patients with SLE showed a substantial decline in disease activity 

in the intervention group and an improvement of health quality117. A subsequent study 

reviewed the pros and cons of this approach, specifically in the care of patients with lupus 

nephritis118. Another example is the Sjögren’s International Collaborative Clinical Alliance, 

which was created to expand the infrastructure for engagement and to be used as a research 

tool to better understand the pathogenesis of Sjögren’s disease. Several publications to date 

have used this collaboration as the basis for manuscripts, including investigating associations 

between clinical disease manifestations and autoantibody profiles119. This international 

collaborative approach broadens not only the number of potential patients but also invites the 

participation of diverse researchers, which will enlarge the range of research topics and ideas 

to address research disparities.

Building multidisciplinary teams and more robust data resources will require significant 

infrastructure. Previous inquiries on the slowed progress and siloing of health equity 

research identified funding as a meaningful influence on multidisciplinary work120,121. 

That is, funding mechanisms and priorities have the potential to facilitate the bridging or 

sub-division of disciplines. Although historic commitments have been made towards health 

disparities research, including the US Healthy People 2010 programme (funded in 2000) 

and the aforementioned 2006–2009 strategic plan of the US National Institute of Arthritis 

and Musculoskeletal and Skin Diseases, we posit that these were inadvertently, largely, 

siloing infrastructures — the former focusing on epidemiological initiatives and the latter 

prioritizing the identification of genetic contributions to health disparities. Opportunely, 

in 2023, the US National Institutes of Health began funding projects to design, develop 

and implement an Exposome in Autoimmune Diseases Collaborating Teams (EXACT) 

Network122. Its goal is to enable institutions to plan research strategies and develop 

partnerships, infrastructure and capabilities. The EXACT initiative is envisioned as a 

multisite, collaborative network that will adopt a team science approach to produce a 

systems-level understanding of the role of the exposome in autoimmune diseases. Focused 

Ainsworth et al. Page 13

Nat Rev Rheumatol. Author manuscript; available in PMC 2025 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



investment is needed for similar projects and programmes that will combine clinical and 

analytical teams to collect and integrate clinical, omics and exposure data to enable analyses 

focused on elucidating how specific exposures govern biological responses in patients 

with rheumatic diseases. Longitudinal follow-up and collection of biospecimens is also 

challenging113; to address this limitation, the US Centers for Disease Control and Prevention 

has funded five population-based SLE registries107.

Disseminating research responsibly

Finally, understanding and alleviating health disparities requires care in the reporting and 

dissemination of results. These studies have the potential to inform diagnoses, interventions 

and future policies, but they also have the potential to produce harm. As previously 

discussed, researchers should avoid conflating self-reported race with genetic ancestry. 

However, even with repeated emphasis in reporting guidelines11,31,123 distinctions can still 

be blurred. For instance, owing to sampling strategies and analytical challenges, some 

studies still assign genetic ancestry categorically rather than as a continuum, which can 

reinforce the erroneous interpretation that discrete continental population labels reflect 

discrete genetic differences among samples124. Additionally, studies must thoroughly 

acknowledge limitations of findings, such as explicit definitions of what environmental 

and/or social factors might not have been captured or included in analyses and results. 

These issues are also pertinent in the age of large language models, which are increasingly 

available to and leveraged by the public and search engines. These models synthesize 

large quantities of data and can be influenced by biases present in training data125 with 

the potential to reiterate racist ideologies126. Thus, all roles contributing towards health 

disparities research, including researchers, journal editors and peer reviewers must remain 

diligent in assessing manuscripts for clarity and precision on these issues.

Conclusions

Although precision medicine has been promoted for over a decade, a lack of understanding 

of the effects of determinants of health on health disparities remains a barrier to achieving 

equitable access to precision medicine21. To date, crossover between molecular and SDOH 

research groups remains limited; this challenge is pervasive across disciplines, but awareness 

of the problems it poses is growing12,13. We have illustrated the disciplinary siloing 

between molecular and epidemiological research by quantifying the current publication 

gap of integrative research across ten rheumatic diseases. Current work has already shown 

how inclusion of additional exposures and SDOH can improve biological risk models, but 

more data are needed to further this area of research. Until we diversify rheumatic disease 

research, it will remain impossible to implement precision medicine that is informed by 

both environmental and genetic factors for all patient demographics. Our presented solutions 

include breaking the epidemiological and biological silos, as well as commitments to equity 

and structural reform. These changes are necessary to elucidate how exposures affect the 

heterogenous molecular and cellular pathways leading to pathology, and might highlight 

novel approaches to avoiding or neutralizing interactions that contribute to rheumatic 

disease. We note that these challenges are not unique to rheumatic diseases and thus 

there is benefit in uniting efforts across disease-focused fields (for example, towards 
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standardized SDOH and environmental exposure data, and society-level changes towards 

better inclusion). The continued development of EHR data, high-throughput omics and 

molecular profiling offers great opportunities but only if the field works to ensure these data 

are truly representative of the complex biological and environmental relationships within 

patient populations.
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Key points

• Health disparities in rheumatic disease are well established and need 

addressing urgently.

• Currently, epidemiological and biological research exists in silos, which 

hampers our ability to elucidate the interplay and underlying molecular 

mechanisms by which environmental exposures yield biological changes.

• Poor diversity and inclusivity in research datasets, individual and structural 

barriers in access to research and care, inaccurate use of population 

descriptors, and research siloing limit equal and equitable precision medicine 

and health.

• Embracing ecological frameworks such as the biopsychosocial model will 

enable research that better accounts for the multi-faceted factors contributing 

to rheumatic disease prevalence and progression.

• The continued development of omics technologies and emerging large 

population-based registries offer great opportunities for identifying and 

alleviating health disparities.
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Box 1 |

Examples of known health disparities in rheumatic diseases

Overview of some documented differences in prevalence, incidence and severity across 

ten rheumatic diseases emphasizes the necessity of addressing these issues in research.

• Higher prevalence in African Americans: gout51, knee osteoarthritis50, 

rheumatoid arthritis140, sarcoidosis53,141, systemic lupus erythematosus142 

and systemic sclerosis52.

• Higher prevalence in Mediterranean countries, the Middle East, and Southeast 

Asia: Behçet’s disease143.

• Higher prevalence among European Americans: psoriatic arthritis144.

• Higher prevalence among non-European populations: Sjögren’s 

syndrome145,146.

• Worse severity of disease for patients with lower socioeconomic status 

and/or countries with lower GDP: ankylosing spondylitis147,148, psoriatic 

arthritis57,149.
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Box 2 |

Addressing obstacles to precision medicine equity

To achieve equity in precision medicine, the research silos, social and structural barriers 

in access to research, care, behavioural or lifestyle options, and biomedical benefits must 

be addressed. The priorities with which to address these barriers include the following:

Structural issues

• Address delayed access to specialized clinical care

• Improve access to medical therapy and benefits from precision medicine (e.g. 

owing to health care coverage, or medication costs)

• Reform health care structures and pharmaceutical business models (e.g. drug-

pricing models)

• Remove legal barriers (e.g. inadequate privacy and anti-discrimination 

protections for research participants, lack of health coverage and funding for 

follow-up care, failure to use law to ensure access to genomic medicine, and 

practices by research sponsors that tolerate and entrench disparities)

• Address the impacts of structural drivers of health, including racism

• Use knowledge to inform and incentivize sociopolitical reforms to reduce 

social inequalities and inequities

• Remove barriers to participation in research (e.g. geographical distance, 

mistrust of the health care system, language barriers) to increase inclusivity in 

research

• Consider precision medicine in a socioecological model, including 

environmental and structural factors that are beyond the individual’s control

Diversity in backgrounds and expertise

• Foster collaborations in team science, utilizing international collaboration

• Support collaborations between biological and epidemiological scientists, 

academics and clinicians, and partnerships with institutions, community 

groups and patients

• Encourage commitment from biotechnology and pharma industries, health 

care systems and governments

• Include policymakers and legal experts to address legal barriers

• Address the conditions that structure power within research teams

Diversity in data resources

• Address the structural issues that foster the under-representation of some 

populations in basic and clinical research
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• Improve diversity in population-based cohorts with validated diagnoses, 

clinical, exposure/environmental and omics data

• Support efforts to collect granular sociocultural and physical longitudinal 

exposures data and develop approaches to analysing their effects on molecular 

responses

Infrastructure for research development

• Use multi-faceted frameworks for studying health disparities that include data 

for the multiple domains that contribute towards health disparities

• Adjust funding priorities

Disseminating research responsibly

• Engage in training to become aware of the ethical, legal and social 

implications of research and health disparities

• Assess and address individual biases

• Incorporate equity-related concerns is research and care

• Use clear, rigorous and respectful population labels that move away from 

crude and oversimplistic, discrete racial categories to describe exposures such 

as environmental determinants of health

• Acknowledge limitations of findings, such as explicit definitions of what 

environmental and/or social factors might not have been captured
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Fig. 1 |. The biopsychosocial model and domains of environmental determinants of health.
a, The biopsychosocial model comprises biological, psychological and social factors; 

extensions of this model into an ecological model include other environmental factors. 

†Sources of social determinants of health. b, Primary domains and subdomains of 

environmental determinants of health.
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Fig. 2 |. Siloing of research in rheumatic diseases.
Percentages of biological research, social determinants of health (SDOH) research and 

intersecting research were calculated based on a PubMed literature search. Percentages 

are visualized as rates of publishing per 500 papers. Icons are coloured according to 

research category and are rounded to the nearest quarter. Manuscripts spanning biological 

and SDOH topics account for <1% of publications across each of the evaluated diseases 

(see Supplementary Table 1 and Supplementary Fig. 1 for PubMed search criteria). SLE, 

systemic lupus erythematosus.
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Table 1 |

Effect of environmental factors on rheumatic diseases

Environmental factors Rheumatic disease Epidemiological conclusions

Negative outcomes

Low household income, poverty, unemployment SLE and RA Increased disease risk and severity46–49

Gout and OA Greater odds of developing disease50,51

SSc and sarcoidosis Worse outcomes52–54

Diet (purine rich) Gout Increased chance of experiencing flares127

Social deprivation and social vulnerability OA, Ra, ASp, sarcoidosis and SSc Associated with rheumatic disease development50,55,56

Air quality and particulate exposures RA Worse disease activity and drug response68–70

Cigarette smoking SLE Worse disease activity128–131

RA Increased risk of developing disease132

Positive outcomes

Social support, improved life satisfaction SLE Decreased depression and anxiety59–62

RA Improved depression, anxiety and quality of life63–65

Exiting poverty SLE Decreased disease damage67

Social support and spiritual well being SSc Improved life satisfaction66

Diet (Mediterranean) SLE, RA Improved disease activity133,134

Physical activity SLE, gout, RA Improved disease activity135–139

ASp, ankylosing spondylitis; OA, osteoarthritis; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SSc, systemic sclerosis.
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