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What is “Exposure”? 

• The epidemiologist’s view : something a person can 
tell you (location, diet, behavior, lifestyle, etc.) 
– Indirect , categorical surrogate for a predictor of disease 

risk 
• The molecular epidemiologist’s view: something 

(biomarker) measured inside a person 
– Relates directly or indirectly to internal dose 

• Exposure scientist’s view : something measured or 
predicted outside a person 
– External level(s) across media (air, water, dermal contact, 

etc.) 



Exposure is Dynamic 

• Levels vary  
– Within and between persons and across 

populations 
– Internal and external doses 
– 10-fold to 10,000-fold, depending upon the 

context 
• Variability makes it impossible to accurately 

predict exposure levels without empiric data 
– Need to measure something – repeatedly! 



Risk factors for exposures that contribute to 
chronic-disease mortality 

Rappaport et al., EHP, 2014 



Small molecules and metals in human blood 
Rappaport et al., EHP, 2014 



What is the “Exposome”? 

• “At its most complete, the exposome 
encompasses life-course environmental 
exposures (including lifestyle factors) from the 
prenatal period onwards” Chris Wild, Cancer 
Epidemiology Biomarkers 2005 

• A comprehensive measurement of all 
exposure events (exogenous and endogenous) 
from conception to death 
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Challenges in Characterizing the 
Exposome 

• Scale and complexity 
– Lifecourse environmental exposures  
– Lifestyle, nutrition, occupation etc. 
– Endogenous events at different target sites within the 

body 
• Dynamic 

– The “exposome” changes over time (unlike genome) 
– Critical lifestage windows 

 
Partial characterization is beneficial ! 



Advances in Exposure Assessment 

• Biomonitoring 
• Biomarkers 

– “omics” revolution 

• Personal and environmental monitoring 
– Cheap sensors 
– Crowd-sourcing 

• Increasingly sophisticated questionnaires 
– Social media 



Rogler et al, Inflamm Bowel Dis, 2015 



National Biomonitoring Program 



National Biomonitoring Program targets both  
the general population and special groups 

               General population                 Higher exposed or vulnerable groups 

 
 
 
 
 
 
 
 
 
 

•  National Exposure Report 
    (NHANES measurements) 

 
•  National Children’s Study 
 

Higher or potentially higher 
exposed groups 

•  50-75 studies each year 

Newborns 

Women of childbearing age 

Elderly 



PAHs and Obesity 

Scincariello and Buser, EHP, 2014 



Pthalates and Obesity 

Christenson et al., Env Int, 2014 



PFCs and Duration of Breast Feeding 

Pinney, et al., Env Pollut, 2014 



NHANES Exposures and Low Birth Weight 
Patel et al., Repro Tox 2014 



Environment-Wide Association Study 
for Type 2 Diabetes 
Patel et al., PLOS One, 2010 



Patel et al., PLOS One, 2010 



 Correlation Interdependency Globes for 4 Environmental 
Exposures (Cotinine, Mercury, Cadmium, Trans -β -Carotene) in 

National Health and Nutrition Examination Survey (NHANES) 
Participants, 2003–2004 

Patel et al, JAMA 2014 



Endometrial Cancer and Food Nutrients in the 
European Prospective Investigation into Cancer 

and Nutrition (EPIC) study 
Merritt et al. Cancer Epi, Biomarkers and Prevention, 2015 



Comparison of EPIC and NHSII for Endometrial 
Cancer and Food Nutrients  

Merritt et al. Cancer Epi, Biomarkers and Prevention, 2015 



Biomonitoring 

• Advantages 
– Direct measure of exposure 
– Can assess all sources of exposure (chem, drugs, 

nutrient, etc.) 
– Unbiased  

• Disadvantages 
– Short- versus long-term exposures 
– Expensive  
– Identifying unique biomarkers 



How does “omics” improve exposure 
assessment? 

• Specific exposures, or categories of exposure 
can alter the expression of specific groups of 
genes, proteins or metabolites (“exposure 
fingerprint”)? 
– How do such alterations relate to dose? 
– How stable are the alterations over time? 
– How do potential confounding factors affect the 

association between exposure and “omics” 
biomarkers 

• Can confounders confound “omics” biomarkers? 



Ex-Vivo 
Transcriptomic 

Fingerprint 
following Diesel 
Exposure in Air 

Schissler et al, Inhal. Tox. 2015 
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Gohlke et al. (BMC Systems Biology, 2009) 



MAP Kinase 

Cell cycle  

ErbB signaling  

p53 signaling 

Avg. of 16 diseases 
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signaling pathway 

Signal transduction 
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Metabolomics Profiling 

Van Ravenzwaay et al., Mutat Res 2012  



Attene-Ramos et.al, Drug Disc. Today 18, 2013 



Huang et al., EHP 2011 
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AHR – Ah receptor 
AR – androgen receptor 
ARE – antioxidant response element 
Aromatase – aromatase inhibitors 
DT40 – cytotoxicity 
ER – estrogen receptor alpha 
FXR – farnasoid X receptor 
GH3 – thyroid receptor 
GR – glucocorticoid receptor 
HSE – heat shock response 
MITOTOX – mitochondrial membrane 
P53 – P53 signaling 
PPARD – PPAR delta 
PPARG – PPAR gamma 
SPEC – test for autofluoresence 
VDR – vitamin D receptor 

Heat Map of Group 1 and Advisory Group Chemicals  
that are in Tox21-v2 Database 



Ghantous et al., Mutage, 2015 



Helix Study Conceptul Framework 
Vrijheid et al., EHP, 2014  



Helix Study Conceptual Framework 
Vrijheid et al., EHP, 2014  



Helix Study – Outdoor Exposures 
Vrijheid et al., EHP, 2014  



Helix Study – Individual Exposures 
Vrijheid et al., EHP, 2014  



Helix Study – Omics Analyses 
Vrijheid et al., EHP, 2014  



“Omics” 

• Advantages 
– Biomarkers of exposure and effect 
– Indirectly assess all sources of exposure (chem, 

drugs, nutrient, etc.) 
– Unbiased  

• Disadvantages 
– Short- versus long-term exposures 
– Expensive 
– Clarity of interpretation  



The Exposome 
Vrijheid, BMJ, 2014  



Silicone Wristbands 

O’Connell et al., ES&T, 2014 



O’Connell et al., ES&T, 2014 



Propeller Health Asthma/COPD Tracking 



Apps and Feedback 



Asthma Inhaler Tracking 



Crowd-Source Sensors 

AirBot 
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Safecast – Radiation Monitor 



EDF and Google Mapping Methane 



Sensor Revolution 

• Advantages 
– Costs 
– External exposures can be measured over an 

extended timeframe 
– Crowd-sourcing 
– In a fixed network, greater density of coverage 
– As a personal monitor, direct measurement of 

individual contact with environment 
– As a mobile monitor, ability to map large areas, 

possibly with high quality instruments 



Sensor Revolution 

• Disadvantages 
– Limited number of exposures 
– Questionable reliability, accuracy, etc. 
– As a personal monitor, interpretation of actual 

exposure is difficult 
– As a mobile monitor, impossible to accurately 

correct for space-time variations 



Systems Biology for the Individual 

Gohlke and Portier (2006) 



Gohlke and Portier (2007) 

Interaction Network: Our 
Environment and Our Health 



8:30 am – 10:00 am  Concurrent Sessions  
 
The Role of the Exposome in Predicting Disease 
Room 124 
 
Moderator: Sanwat Chaudhuri, PhD, Utah Public Health Laboratory 
 
The Exposome — A Systems Approach for Discovery in 
Environmental Health 
Yuxia Cui, PhD, National Institute of Environmental Health Sciences 
 
The Exposome: Implications for Occupational Health 
D. Gayle DeBord, PhD, Centers for Disease Control and Prevention 
 
Developing Non-targeted Measurement Methods to Characterize 
the Human Exposome 
Jon Sobus, PhD, U.S. Environmental Protection Agency 
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