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The COVID-19 pandemic has highlighted structural inequalities and racism promoting health disparities
among communities of color. Taking cardiovascular disease as an example, we provide a framework for
multidisciplinary efforts leveraging translational and epidemiologic approaches to decode the biological im-
pacts of inequalities and racism and develop targeted interventions that promote health equity.
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Combining epidemiology and
translational science to address
long-standing health disparities
2020 brought into stark focus the en-

trenched health disparities burdening

Black, Indigenous, Latinx, and Pacific

Islander populations and the systemic in-

justices that underlie these disparities not

only in the United States but around the

world. In the US, coronavirus disease

2019 (COVID-19) and the psychological

trauma associated with excessive brutality

at the hands of law enforcement have

disproportionately affected communities

of color. The economic devastation as a

result of the COVID-19 pandemic has

fallen on the shoulders of the samepopula-

tions, just as the Great Recession didmore

than a decade ago, with women of color

disproportionately impacted by the eco-

nomic effects of the pandemic. Racial

discrimination and systemic racism that

reduce economic opportunity and subvert

access to quality healthcare, adequate ed-

ucation, safe and affordable housing, or a

well-resourced and socially connected

neighborhood environment have led

directly to disproportionate COVID-19

mortality rates amongBlack, Latinx, Native

American, and Pacific Islander commu-

nities (Cooper and Williams, 2020).

Unfortunately, while these health dispar-

ities may be more apparent during the

COVID-19 pandemic, they are not new.

Epidemiologic studies of national or inter-

national public health surveillance data,

as well as data from racially/ethnically

diverse population-based cohorts, high-

light the existence of race-based health
disparities in several healthcare areas.

For example, US cohort data demonstrate

that mortality rates for coronary artery dis-

ease among Black populations have

declined more slowly than among white

populations since the 1970s despite signif-

icant advances in interventional treatment

approaches and therapeutics in cardio-

vascular medicine (Vaughan et al., 2020).

In analyses comparing premature cardio-

vascular disease (CVD) mortality (before

age 65) between 2000 to 2015 across

racial/ethnic groups in the US, Black pop-

ulations had the highest premature CVD

mortality rates, followed by Native Ameri-

cans/Alaskan Natives. Native Americans/

Alaskan Natives also had significant in-

creases in CVD mortality among those

aged 25–49 years over the same time

period (Vaughan et al., 2020). Across

racial/ethnic groups, structural racism de-

termines the impact of social determinants

of health, which are the socioeconomic,

social, and environmental factors that

dictate where we live, work, and play and

can ultimately lead to disparate health out-

comes (Cooper and Williams, 2020).

Epidemiologic studies have provided

great insights into the existence of race-

based health disparities, such as those

seen in CVD, but they have the potential

to be even more enlightening. Longitudi-

nal epidemiologic studies of diverse pop-

ulation-based cohorts in the US and

around the globe can be leveraged to

examine the biologic consequences of

adversity or the ‘‘biology of adversity’’ (Al-

bert, 2019). These epidemiologic studies

can serve as a starting point for con-
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ducting translational studies that deter-

mine biologic mechanisms of action con-

necting social inequities and their related

stressors to chronic disease develop-

ment. The racial/ethnic and geographic

diversity of population-based epidemio-

logic cohorts coupled with available

phenotypic and genotypic data as well

as biobanked samples make these

studies excellent resources for more

translational inquiries. Now is the time

for us, as a scientific community, to

address a fundamental question: how do

we not only shed light on the existence

of racial/ethnic health disparities but iden-

tify the wide-ranging biologic effects of

structural racism and social inequities or

adversity to develop targeted and tailored

interventions?

There are numerous ways to combine

mechanistic, translational science with

epidemiologic studies, but we must also

consider potential challenges to be over-

come. For instance, the ability to develop

interdisciplinary collaborations is critical,

particularly whenworking with populations

who have been most impacted by social

inequities. Collaborations between aca-

demic investigators and community mem-

bers in populations most impacted by

health disparities may be difficult to

develop but can engender trust for greater

research engagement and sustainability.

Moreover, funding opportunities that pro-

vide for the breadth of work needed to

combine translational science with popu-

lation-based studies are limited. Here, we

propose a general framework for address-

ing race-based disparities that exist in
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chronic diseases using illustrative exam-

ples from CVD research. Through these

examples, we explain how cross-cutting

approaches using both epidemiology and

translational science can reduce health

disparities and lead to targeted interven-

tions, andwe illustrateways of overcoming

potential challenges in this type of work.

Discovery of biologic pathways
linking psychosocial and
environmental stress to chronic
disease
Numerous epidemiologic studies have

shown the relationships between chronic

stress caused by psychosocial and envi-

ronmental factors, including racism, crime,

or limited safety, and a greater likelihood of

developing chronic diseases (i.e., obesity,

diabetes, hypertension, CVD) or having

poor health outcomes. However, only a

limited amount of research has focused

on understanding the mechanisms by

which the chronic stress of oppressive

psychosocial and environmental condi-

tions leads to chronic diseases like CVD.

For instance, we need further insights

into stress-signalingmechanisms, immune

system regulation, gene expression, telo-

mere attrition, and epigenetic regulation

that are likely impacted by psychosocial

and environmental adversities.

Elucidating the impact of chronic

adversity on stress-signaling

pathways

There are abundant opportunities to un-

cover the physiological signaling mecha-

nisms that mediate the impacts of chronic

stress due to adverse psychosocial and

environmental conditions on chronic dis-

ease. Since the 1930s and 1940s, it has

been known that the human body re-

sponds to stress by activating two distinct

pathways (Russell and Lightman, 2019):

the sympathetic nervous system (SNS),

including the sympatho-adrenomedullary

(SAM) axis, and the hypothalamic-pitui-

tary-adrenal (HPA) axis with catechol-

amines and cortisol, respectively, as their

biologic signaling molecules. Thus, past

work has focused on the relationship be-

tween social or environmental exposures

and catecholamines or cortisol as bio-

markers of stress measured from blood

samples in epidemiologic cohorts. As an

example, it has been shown that chronic

activation of both the SNS and HPA path-

ways can induce glucocorticoid receptor
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resistance (Miller et al., 2002), and a

dysfunctional immune system accompa-

nied by low-grade chronic inflammation

can ultimately worsen CVD outcomes.

However, cortisol and catecholamines

may not be the only signaling molecules

involved. Future studies should examine

the relationship between psychosocial or

environmental stressors and signaling

molecules outside of cortisol or catechol-

amines, including metabolites or lipid

subspecies. Wider investigation of the

network of molecules altered and influ-

enced by chronic psychosocial and envi-

ronmental stress might allow us to deter-

mine common signaling pathways.

Examining the impact of

psychosocial and environmental

stress on immune cell physiology

Data suggest that specific immune cells

are functionally impaired by chronic psy-

chosocial and environmental stressors,

but mechanistic insight is still lacking. In

epidemiologic research examining asso-

ciationsbetweenpsychosocial or environ-

mental stressors and immune cell

changes, most studies focus on alter-

ations in immune cell distribution and,

potentially, characterization of immune

cell-surface-receptor expression. For

instance, social adversities impair mono-

cytes by promoting a more pro-inflamma-

tory profile, while T cells display shifts in

their subsets. Natural killer (NK) cells can

display changes in their overall propor-

tions or receptor expression profile and

lose cytotoxic function in individuals

exposed to chronic stressors, like depres-

sion, loneliness, bereavement, childhood

trauma, or violence (Baumer et al., 2020).

Future translational work in epidemiologic

studies could evaluate cellular function

more closely as a shift in immune cell sub-

types or surface markers does not always

translate into a dysfunctional immune sys-

tem. Additionally, scientists with basic/

translational and epidemiologic expertise

can work together in large cohort studies

to examine signaling networks that con-

nect psychosocial or environmental

stressors to immune cell dysfunction and

subsequent disease development.

Identifying the role of adversity in

gene expression and DNA

modification

Investigating the impact of chronic social

and environmental inequities on genes

and DNA modifications is also crucial.
There is an important role for genomics

when examining connections between

adverse social and environmental condi-

tions and health outcomes. The concept

of gene-environment interactions has

been investigated for some time (Golden-

berg et al., 2013). For example, the

conserved transcriptional response to

adversity (CTRA) genes appear to be dys-

regulated in individuals exposed to various

chronic psychosocial and environmental

stressors (Cole, 2014). Future transla-

tional-epidemiologic studies could be de-

signed to examine the impact of structural

racism and accompanying psychosocial

factors or environmental exposures on

gene expression and epigenetic modifica-

tions related to CVD risk (e.g., diabetes or

obesity) and CVD outcomes including inci-

dent myocardial infarction, stroke, or other

thromboembolic events (Mancilla et al.,

2020). In addition to understanding effects

on gene expression and epigeneticmodifi-

cations, a key translational marker for

further investigation is telomere short-

ening, which has been linked to various

diseases including CVD (Rentscher et al.,

2020). For example, it has been reported

that Black individuals have greater telo-

mere length earlier in life when compared

to white individuals; however, over the

life-course, the rate by which telomere

length decreases is accelerated in Black

individuals (Baumer et al., 2020). Psycho-

social and environmental factors, including

racial discrimination and lower neighbor-

hood socioeconomic status, have also

been linked to telomere shortening (Po-

well-Wiley et al., 2019). Moreover, studies

suggest that telomere dynamics might be

an important mechanism by which the ef-

fects of psychosocial trauma or environ-

mental stressors are passed intergenera-

tionally (Haussmann and Heidinger,

2015). More detailed studies of telomere

data in diverse epidemiologic cohorts

with well-characterized psychosocial and

environmental exposures could uncover

exact biomarkers that mediate the rela-

tionships between specific stressors and

telomere shortening.

Interventions, interdisciplinary
collaborations, and reimagined
funding to achieve health equity
Unfortunately, the mere identification of

pathways altered by chronic psychosocial

and environmental stress will not be



Figure 1. A framework to address the biology of adversity
Structural inequalities and racism cause Black, Indigenous, Latinx, and Pacific Islander populations to disproportionately experience adverse social determinants of
health, including poor housing conditions, lower individual-level socioeconomic status, decreased access to healthy food (food deserts), higher likelihood of living in
polluted and economically deprived neighborhoods, and/or decreased access to health care. The psychosocial and environmental stressors related to these social
determinants of health alter biology within the human body, including the immune system. It will be of utmost importance for scientists to use interdisciplinary
approaches, particularly in the context of community engagement, to further understand the biology of adversity in relation to diseases like CVD. Additionally, now is
the time to investigate the impact of multi-level interventions on the biology of adversity to address health disparities and promote health equity.
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sufficient in moving toward health equity.

The scientific community needs to also

identify potential interventions to mitigate

the adverse effects on biologic pathways

connecting psychosocial and environ-

mental stressors to disease outcomes.

For instance, various behavioral interven-

tions (e.g., physical activity, dietary modifi-

cations) have been shown to be beneficial

in at least partially decreasing systemic

inflammation and restoring immune cell

function (Seiler et al., 2020). Physical activ-

ity may serve as a particularly powerful

intervention, as it has been shown to help
individuals copewithstress, reduce inflam-

matory cytokines, like IL-6 and TNFa, and

boost immune cell function independent

of weight loss or reduction in fat mass.

Future studies can also examine how digi-

tal health technology or internet-based

tools can be used for delivery of behavioral

interventions to vulnerable populations

with limited access to clinical care (Bakken

et al., 2019). Multi-level interventions that

reduce individual-level barriers to behav-

ioral change and target improvements to

the environment for greater access to a

healthy lifestyle can be most effective for
reducing chronic disease risk. Such inter-

ventions should address social factors

such as crime and neighborhood depriva-

tion that limit healthy behaviors (Bakken

et al., 2019) and incorporate biomarkers

of stress, immune cell function, and

genomic or epigenetic markers impacted

by adversity. In addition, clinical trials

developed to test behavioral interventions

targeting chronic disease risk reduction

should precisely measure social determi-

nants of health so that translational studies

can examine the impact of behavior

change on relevant signaling pathways
Cell 184, May 27, 2021 2799
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connecting adverse social and environ-

mental conditions to disease risk.

Identifying the impact of social and envi-

ronmental stressors on cellular phenotype

and function is an immense challenge

requiring interdisciplinary collaborations

across multiple stakeholder groups. Inter-

disciplinary teams doing this type of work

may include behavioral and social scien-

tists, epidemiologists, geneticists, immu-

nologists, physician-scientists, and/or

vascular biologists. While it can be chal-

lenging to meet researchers outside of

one’s areaof scientific expertise, large pro-

fessional organizations working to improve

cardiovascular health, such as the Amer-

ican Heart Association or European Soci-

ety of Cardiology, are examples of places

where scientists from different disciplines

can come together. One of the most diffi-

cult first steps in developing these interdis-

ciplinary collaborations is finding a com-

mon language across varying scientific

areas. Researchers must remember that

despite different terminology within each

area, the scientific method is common to

usall.Collaborationswith vulnerablepopu-

lations at highest risk of being adversely

affected by health disparities are also

crucial. Well-established partnerships be-

tween academic researchers, community

leaders, and community health advocates

canengender trust in researchstudydevel-

opment and implementation, which ulti-

mately improves the sustainability of

research efforts with populations at high-

risk for chronic diseases. These types of

collaborations require specific efforts in

engaging communities that may be

distrustful of research and the healthcare

system (Mensah et al., 2018). For instance,

community-based participatory research

principles encourage working with estab-

lished community advisory boards to take

the time to listen, learn, and understand a

community’s needs prior to study design

and implementation. Therefore, insights

from collaborators with expertise in com-

munity engagement efforts may be critical.

For progress to happen, funding part-

ners must recognize the need for research

that combines epidemiologic and transla-

tional approaches to address the role of

adverse social or environmental conditions

inhealthdisparities.Over the years, several

funding agencies have started to allow for

multi-disciplinary and innovative research

projects, such as program project (P01)
2800 Cell 184, May 27, 2021
grants from NIH/NHLBI or the American

Heart Association’s Strategically Focused

Research Networks. Furthermore, various

epidemiologic cohort studies accept pro-

posals to allow further analyses of samples

collected during the main data collection

and ancillary projects, like the Multi-Ethnic

Study of Atherosclerosis (MESA), Jackson

Heart Study (JHS), or the Coronary Artery

Risk Development in Young Adults (CAR-

DIA) Study. Additionally, the NHLBI offers

access to psychosocial, environmental,

biomarker, and genomic data from racially

and ethnically diverse cohorts throughBio-

Data Catalyst (https://biodatacatalyst.

nhlbi.nih.gov/), which provides digital

workspaces with tools for analyses of

large-scale datasets, such as the Trans-

Omics for Precision Medicine (TOPMed)

Program (https://www.nhlbiwgs.org/). In

fact, theBioDataCatalyst FellowsProgram

provides funding to early-career re-

searchers, including graduate students,

postdoctoral fellows, and junior faculty,

for innovative data science projects that

use BioData Catalyst resources and is

another potential source of funding for

studies that combine epidemiologic and

translational data. In addition to existing

grant mechanisms, public and private

research funders must dismantle the fund-

ing silos between epidemiologic work and

translational studies to expand funding op-

portunities for collaborative research. Fun-

ders must also acknowledge the impor-

tance of and time required to build trust

with study participants who make this

research possible by creating funding

streams specifically for community

engagement efforts in interdisciplinary

studies addressing racial/ethnic health dis-

parities.

Conclusions
Thus, we put forward a framework to

address the biology of adversity (Figure 1).

We call on the scientific community to shift

the research paradigm toward work con-

necting epidemiologic studies to transla-

tional science to identify (1) biologicmech-

anisms by which structural racism and

social inequities lead to CVD and other

diseases and (2) targets for effective,

multi-level interventions to reduce health

disparities. Most importantly, the research

community must recognize community

engagement as a fundamental process

by which to foster and sustain trust in
research participation from populations

most impacted by disparate health out-

comes. If we are going to truly address

racial/ethnic health disparities that shorten

the lives of far toomany, the time is now for

scientists to not only advocate for societal

change to end structural inequalities in

our spheres of influence but to also build

the interdisciplinary research approaches

that will delineate a path toward health

equity.
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