
GLOBAL SIGNIFICANCE, LOCAL IMPACT

Overall, this presentation will contextualize for members of the SACIM advisory 
committee how our Public Health Exposome framework is used to identify important 
associations between chemical and non-chemical stressor exposures and chronic 
disease outcomes in vulnerable populations using both data-driven and hypothesis 
driven methods. 

The short talk will demonstrate, using Public Health Exposome datasets (1.0-4.0) 
how to use data driven, computational and hypothesis driven analytics to discover 
new scientific insights into associations between the built, natural, physical and 
social environments, adverse health outcomes and population-level outcomes.  The 
PHE framework offers a new exposure science approach for conducting risk 
trajectory assessments that can be used to assess the effects of multiple, interactive, 
and cumulative chemical and non-chemical stressor exposures on negative health 
outcomes. 

By curating large amounts of disparate, heterogeneous data, the PHE approach 
provides environmental public health, epidemiologists and chronic disease 
researchers with the tools to develop, target, and evaluate current and past public 
health programs and policies. 
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Life expectancies at birth in the richest and poorest 
neighborhoods in metro areas in the USA

Columbus, OH has the second worst disparity in life expectancy at birth by census tract

Source: Brookings Institution
Presented by; Darryl B. Hood, Ph.D., 
Vanderbilt-Meharry Alliance MS4 Cluster Video Conference Meeting; May 13, 2020



Population Level Disparities
• Cardiovascular 
• Diabetes
• Cancer 
• LBW, PTB, IM
• Developmental Learning

Physical 
Environment
• Air
• Water
• Soil

Disparate Health Outcomes
Morbidity/Mortality
Immune System/ Immuno-suppression
Neuro-cognitive developmental delay
Longevity and other Chronic Diseases

Built Environment
Live
Work
Play
Pray

Individual

Omics
Metabolomics
Transciptomics
Microbiomics
Epigenomics
Genomics

Behaviors
Smoking
Alcohol
Drugs
Diet/Nutrition
Consumer Products

Policy Environment
Federal
State
Local
Laws & regulations

Public Health Exposome Framework 
w/ BD2K Analytics

Moderating Factors
Environmental, Nutritional, 
Environmental Literacy,
Positive Parenting
Social Networks
Safe Neighborhoods

Social Environment
• Race/Ethnicity
• Education 
• Income/Employment
• Health Insurance
• Culture

Place matters with regard to health care disparities and disparate health outcomes
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www.immappler.com/osudehs

Exposure to Chemical & Non-Chemical Stressors
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Southern Gateway Communities
Stambaugh-Elwood Neighborhood (SE)*

Reeb-Hosack Neighborhood (RH)*
Innis Gardens Village Neighborhood (IG)

Merion Village Neighborhood (MV)
Vassor Village (VV)

Hungarian Village (HV)
Near East Neighborhoods (43203)

Supervised and unsupervised clustering, parametric and non-
parametric, combinatorial algorithms and paraclique analysis

Public Health Exposome framework
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Spatial and Temporal Aligned Data
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Table 1. Summary of 
socio-demographic and 
health indicators in 
Southern Gateway 
neighborhoods by zip-
code vs Franklin County, 
Columbus City, and the 
State of Ohio.

1 2000 Census 1c 2010 Census, 
2 2014 American Community 
Survey. Sampling estimations have 
(±95%MOE) 
{a Inflation adjusted 2014 dollars, 
b According to income in the last 12 
months}, 
3 Franklin County HealthMap 2016, 
4 Columbus Public Health – CPH 
Epi Program 
- * values must be interpreted 
carefully.

(Cifuentes et al., 2019)
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Sociodemographic Variables

Environmental Variables

Innovation in methodology: Machine learning for the network used the ‘Hill Climbing’ with BIC criterion of the ‘bnlearn’ package in R software. Links
were 69-accounting for 32.85% density and an average degree of 9.2. Post-hoc values of arrows (links) are p values based on linear conditional
correlation, and line widths are highest for the lowest p values. Automatic visualization accounted for the relative value of the links (obtained by
transforming p values by log-transformation and normalization/truncation from 5 to 1) by the VOS mapping algorithm followed by an energy-based
algorithm, that located more connected nodes in the center of the graph. (Cifuentes et al., 2019)
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Columbus, OH

PM2.5 3-km Grid

Urban Areas

Legend

Satellite-derived PM2.5 Data

Slide Prepared by:
Dr. Mohammad Al-Hamdan
USRA at NASA/MSFC
mohammad.alhamdan@nasa.gov



Bayesian network inferred from USEPA EJSCREEN database and ODH data to demonstrate latent associations between 
environmental and socio-demographic variables with PTB and LBW within 88-counties in Ohio

Modeling the complexity of relationships among social determinants of health and environmental variables/factors. In this model, we included 7-socioeconomic variables and 8-environ-
mental variables that were reported for 9,232 census blocks in Ohio. All variables were continuous. The model predicts that the socioeconomic variables low income (green), minority (tan), and 
under age 5 (light yellow) together with environmental variables PM 2.5 level in air (gray), proximity to facilities with a risk management plan (Gray65), and proximity to direct discharges in water 
(cyan) are associated with LBW and PTB . (Cifuentes et al., 2019)
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Graphical representation of a Population-level model that estimates the cumulative risk trajectories for adverse Maternal and Child Health outcomes resulting from 
exposures to chemical and non-chemical stressors. The model depicts how baseline incidence of Maternal and Child Health indicators (PTB, LBW and IM) in vulnerable 
census tracts interacts with chemical and non-chemical stressor exposures.  This example anticipates that negative Maternal and Child Health (PTB, LBW, IM) trajectory tracks 
with high PM2.5 exposures, high exposures to environmental toxicants, poor diet, lack of exercise, low socioeconomic status and negative neighborhood characteristics. The model 
also depicts resilience trajectories as compensatory mechanisms (positive or negative) toward mitigating adverse Maternal and Child Health outcomes. (Cifuentes et al., 2019)
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High Pb, High PM2.5, 
igh chemical & non-chemical 

stressors,
Unhealthy Diet, 

No Exercise, 
African American, 

Low SES, 
Negative Neighborhood 

Characteristics

Low Pb, Low PM2.5, 
Low chemical & non-chemical 

stressors,
Healthy Diet, 

Regular Exercise, 
African American, 

High SES, 
Positive Neighborhood 

Characteristics
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ExWAS-based determination of  ZVD 
context networks

Context networks derived from PHE 
framework and BD2K analytics 
demonstrate associations of multiple 
determinant factors with Zika Virus Disease 
incidence in Brazil’s municipalities during 
the 2016 first semester outbreak. Groups of 
variables within each determinant factor 
have different colors according to Table S1 
in supplementary data. 

Four colors show positive strongest (dark 
blue) and strong (green) and negative 
strongest (dark red) and strong (light red) 
partial correlations among variables/nodes. 
A, shows the full network, including labels. 
B, corresponds to the threshold network by 
graphlet optimally far from random network. 
C, corresponds to threshold network 
clustering coefficient-based optimally far 
from random network.

(Cifuentes et al., 2020)
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Community Level
Link Geocoded consortium 
participants survey data to 

PHE 4.0 w/PM2.5 grid
to identify environmental and 

sociodemographic
Paracliques 

Built Environment
Live
Work
Play
Pray

Social Environment
Race/Ethnicity

Education 
Income/Employment

Health Insurance Culture
Physical Environment

Air
Water
Soil

OBJECTIVE 2

Individual-Level
ntegrate consortium medical record 
health care data with Public Health 
Exposome database to inform the 

identification of 
Paracliques that are linked to an 

ncreased incidence PTB, LBW & IM

A = Infant Mortality
B = black race
C = MD re-imbursements 
D = Medicare costs
E = air quality index days
F = heart disease
G = hospitalization
H = chronic kidney disease

Population-Level
stimate the extent to which 
consortium participants 

exhibit differential 
cumulative risk trajectories
for adverse maternal and 

child health outcomes 
(severity scores) in 

esponse to exposures from 
the built, natural, physical, 
and social environment to 

chemical and non-chemical 
stressors

E

r

I

i

OBJECTIVE 3

Population-Level 
Risk Trajectory Model for Infant Mortality

O

Curation of Health Data from Interdisciplinary Stakeholder Consortium
Utilization, FQHC, Home Health, Hospice, Hospital Outpatient, Imaging, Outpatient dialysis, Part B drug, Stroke, 

Respiratory Disease, Race, Ethnicity, Quality of Life, Mental Health and Substance Abuse, Provider Utilization, Cancer, 
Preventive Services, Osteoporosis, Beneficiaries, Nursing home care, Medicaid, Long term Care, Kidney Disease, 

Inpatient Care, High Cholesterol, Heart Disease, Gender, Expenditures, Emergence Care, Diabetes, Chronic disease 
and conditions 

Extract, normalize, synchronize consortium data 
with  Public Health Exposome Paracliques

CELEBRATEONE

Curation of Survey Data from Interdisciplinary Stakeholder Consortium
Sociodemographic questionnaire; Alcohol/Tobacco use; Religious/Spiritual Coping; Dietary Health Questionnaire; Environmental Exposure 
Questionnaire; Stress & Adversity Inventory; Everyday Discrimination Scale; Perceived Stress Scale; Generalized Anxiety Disorder; Patient 
Health Questionnaire 9; Medical Outcomes Study Social Support Survey; John Henryism Active Coping Scale; Connor-Davison Resilience 

Scale; National Asset Scorecard for Communities of Color 



Inflammation

Diabetes

ExWAS Approach to Understanding Environmental Input to Chronic Disease: 
A Conceptual Model

Epigenetics

Omics

Heart 
Disease Stroke

Population Level Disparities

Endo- Exposome

Exposure Pathways

Biomarkers of Exposure

Biomarkers of Disease Susceptibility
Genomics

M
E 
C
H
A
N 
I 
S
M
S

T
E
M
P
O
R
A
L

Childhood

Adolescence

Adulthood

Prenatal
LIFECO

U
RSE

Transgenerational

SPATIAL

SCCS Participants (2003-present)

Biomarkers
of Effect

Southern 
Community Cohort 

Study
(n=85,000 in 12 

Southeastern states)

• 5 Survey Waves
• Medicaid/Medicar

e Claims data 
(Parts A,B,C,D

• National Death 
Index

• 12 state cancer 
registriesEco-Exposome

Disease
Phenotypes

Blood

Urine

Buccal 
Swab/Saliva

Stools

Tissue 
Samples

PTB, LBW
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