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Spatial Trends in Coronary Heart Disease Mortality in 

the U.S. Across Racial Groups (1979 – 2017)

▪ CVD mortality: 350-550 
deaths/100,000 person-years

▪ Drug-related deaths: 30 
deaths/100,000 person-years

▪ 2016: 30% higher CVD mortality 
in US compared to 10 high life 
expectancy countries

Mehta NK et al PNAS 2020



Spatial Trends in Coronary Heart Disease Mortality in 

the U.S. Across Racial Groups (1979 – 2017)

▪ Simulation modeling to test:
▪ No increase in drug-related deaths
▪ Maintenance of CVD mortality 

rate declines from 2000-2009

▪ Maintenance of CVD mortality shows 
similar trends in life expectancy as 
seen prior to 2010

Implications:
▪ To improve life expectancy trends, need to 

consider how to reduce CVD mortality again

▪ Risk factor trends contribute to CVD mortality
▪ Obesity
▪ Diabetes
▪ Hypertension

▪ Must address social determinants of health 
that contribute to risk factor trends

Mehta NK et al PNAS 2020; Chen Y et al JAMA Cardiology 2019; Harris K et al JAMA 2021



Socio-ecological Model for Health Behavior 

Ceasar J et al, Powell-Wiley TM, PlosOne 2020

Social Determinants of Health as Key Components of 
Multi-Level Interventions

Can we develop or recommend interventions that 
target nutrition and account for social 
determinants of health?

How can we design interventions that promote 
health equity?
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Role of Community Engagement in Identifying 
the Impact of Social Determinants of Health
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The Washington DC Cardiovascular 
Health and Obesity Collaborative 
(DC CHOC)

▪ Community advisory board that 
facilitates community engagement

▪ Multidisciplinary group of community 
and academic leaders 

▪ Provide input on project 
development and design

▪ Aid in identifying social determinants 
of health as barriers or facilitators to 
nutrition-related behaviors

Ceasar J et al, Powell-Wiley TM, IJERPH 2017



D.C. Community Organizing for Optimal culinary Knowledge Study: 
An Acceptability and Feasibility Dietary Behavior Study

PI: Gwen Wallen, PhD., R.N.            Lead AI: Nicole Farmer, M.D.    

20-CC-0036     NCT: NCT04305431.   Farmer N et al. Pilot and Feasibility Studies 2020

Is it feasible to conduct a cooking behavior intervention within an urban food desert among adults at risk for CVD? 
Secondary evaluations: home cooking behavior, clinical biomarkers, anthropometrics, & diet quality 

Participant recruitment through D.C. Cardiovascular Health & Obesity Collaborative



▪ Gather the qualitative data based 
on lived experience as part of ‘top-
down approach’ to understanding 
targets for intervention

▪ Use of analytic tools like machine 
learning to identify latent barriers 
and facilitators to community 
engagement

Opportunities with Community Engagement 



Role of Systems Science Modeling in Identifying the 
Impact of Social Determinants of Health
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Agent-Based Modeling Allows for Simulation of SDoH
Effects on Community Members

“Agents” represent 
individuals in population

Interaction Between 
Autonomous Agents

Agents interact with 
environment and change 
behavior based on social 

cues

Environmental, 
Interpersonal and 

Individual-level changes 
affect system as whole

Agent-Based Model: 

Computational Modeling

Hammond RA. 
Preventing 
Chronic Disease 
2009
Nianogo R et al, 
AJPH 2015
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Systems Science Modeling in Simulation of Multi-level 
Interventions Tailored to Neighborhood Environment

▪ Agent-based modeling to test multi-
level interventions for African American 
women in DC:

▪ Digital Health Intervention

▪ Impact of place-tailored messaging 
on physical activity (PA) 

▪ Promotes PA at recreation center 
classes close to home or work

▪ Simulates community-based 
intervention developed by team

Powell-Wiley TM…Lee B et al.  Under Revisions



Diagram of VPOP-DC Agent Based Model for 
Digital Health PA Intervention

Step 1: Can Agent Use a Cell Phone? Step 1: Can Agent Use a Smart Phone? 
Agent = African 
American woman 
aged 18-65 living in 
Washington DC

Step 2: Agent Receives Notifications through Mobile App

Note: Notifications may be sent in morning or afternoon



Diagram of VPOP-DC Agent Based Model for 
Digital Health PA Intervention

Step 1: Can Agent 

Use a Cell Phone? 
Steps 1 and 2  

Step 3: Agent Makes Decision to Exercise

Step 1: Can Agent Use a Cell 

Phone? 
Attends Fitness Class

Obesity prevalence based 
on: 
• PA duration for 

recreation center class 
• Caloric expenditure 

imbedded metabolic 
model

Baseline Propensity
• Neighborhood Factors
• Chronic Disease
• Weather



Interdisciplinary Collaborations for Translational 
Studies of Social Determinants of Health
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Interdisciplinary Work on the Biology of Adversity

Baumer Y et al.  Cell 2021



Diet and Microbial Metabolites in Diet-related Disparities

Targeted Microbial Metabolomics and Neighborhood  

Explore the role of neighborhood in microbiome-based risk for CVD

Farmer et al (Wallen, Powell-Wiley), IJERPH. 2021



Diet and Microbial Metabolites in Diet-related Disparities

Farmer et al (Wallen, Powell-Wiley), IJERPH. 2021



Diet and Microbial Metabolites in Diet-related Disparities

Key Findings: 

• NDI and TMAO levels were positively associated 
• Independent of 10-year CVD risk score and BMI 
• Dependent upon clustering of individuals within a census-tract 

• Inflammatory cytokines mediated the relationship between NDI and TMAO
• TNF-α - 60% effect mediated 
• Interleukin 1-β – 49% effect mediated 

Farmer et al. (Wallen, Powell-Wiley), IJERPH. 2021

African-American adults 
(n=60) with CVD risk factors

Targeted Microbial Metabolomics and Neighborhood  

Neighborhood level measure:
• Neighborhood Deprivation

Index (NDI)
Dietary intake
Body mass index
Demographics



▪ Explore relationships between 
metabolomic or nutrigenomic 
markers and social determinants

▪ Examine impact of dietary 
interventions on biologic pathways 
related to social factors

Opportunities for Translational Studies  in Social 
Determinants of Health in Nutrition



D.C. Community Organizing for Optimal culinary Knowledge Study: 
An Acceptability and Feasibility Dietary Behavior Study

PI: Gwen Wallen, PhD., R.N.            Lead AI: Nicole Farmer, M.D.    
20-CC-0036     NCT: NCT04305431

Is it feasible to conduct a cooking behavior intervention within an urban food desert among adults at risk for CVD? 
Secondary evaluations: home cooking behavior, clinical biomarkers, anthropometrics, & diet quality 

Participant recruitment through D.C. Cardiovascular Health & Obesity Collaborative
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Multi-level 
Approaches for 
Getting to Health 
Equity

Kumanyika S. AJPH 2019

Cardiovascular 
Health Equity as
the Ultimate Goal

Community Engagement
Systems Approaches
Biology of Adversity
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Thank you for your attention



Powell-Wiley TM et al. Obesity 2017 (Collaboration with JHU 

GOPC now PHICOR at CUNY School of Public Health)

▪ Neighborhood

▪ Geospatial explicit agent-based model of Washington DC 
Wards 5, 7, 8

▪ Leveraged data from community-based assessment in 
model

▪ Simulation represents 80K households in wards

▪ As exercise propensity increases, crime reductions and increase 
in PA location accessibility have larger impact

▪ Policies aimed at reducing obesity by increasing leisure-time PA 
should take multi-level approach

▪ Consider targeting crime through urban renewal and policies to 
improve perceived safety in resource-limited urban communities


