
 
 
EXPOsOMICs: Health risk analyses using 
improved exposure assessment and 
internal markers of exposure  
  

Roel Vermeulen, PhD 
IRAS, Environmental Epidemiology Division  

Utrecht University, the Netherlands 
 

Julius Center, Health Sciences and Primary Care 
University Medical Center Utrecht, The Netherlands  

 
Imperial College London, School of Public Health, London, UK 

 



Where does human data 
fit in the future of risk 

assessment for chemical 
mixtures?  



Natural hierarchy in risk assessment and 
mixtures 

Selected number 
of chemicals (co-
exposures = 
mixture) 

Selected number 
of chemicals / 
limited mixture 
experiments 

Large number of 
chemicals and 
mixture 
experiments 

Very large number 
of chemicals 
 

QSAR Bioassay tool box In vivo confirmation Epidemiology 

Adapted from J. van Klaveren 



What is the definition of a mixture? 

• Exposures occurring at the same time 
 

• Exposure occurring at the same time that have similar effects 
on 

• organ level 
• phenomenological endpoints 
• mode of action 
• mechanism of action 

 
• Protracting exposures Clinical vulnerability 

P. Vineis et al., 2009 



Where does human data fit in? 

• Occurrence information 
• Biomonitoring 
• Environmental monitoring 
• Questionnaire data (e.g. FFQ) 

 High resolution MS  

Electronic Momentary Assessments 

Geospatial information 

Big data mining 
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The Pregnancy Exposome 

Risk of these 
mixtures may be 
different depending 
on both their 
quantitative and 
qualitative 
composition 
 
 



Where does human data fit in? 

• Epidemiological analyses of mixtures / Profiles 
 

Lenters et al., 2015 
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Exposure patterns 

phthalates PFASs OCs 

Lenters et al., 2015 



Results 

p,p’-DDE 

BMI 

Ukraine 

Poland 

Elastic net regression coefficient paths for term birth weight vs. the X matrix of 16 
contaminant exposures and covariates (maternal age, prepregnancy BMI, parity and 
country):  magnitude of coefficients as a function of degree of penalization (λ). Dotted line 
denotes the CV-optimum model. 

parity 

PFOA 

mat. age 

Lenters et al., 2015 



 
sPLS-regression 

Profile-regression 

….................... 



Exposure Misclassification in case-control studies of exposure-exposure interactions 

Exposure Prevalence = 0.5 

Exposure Prevalence = 0.1 

OR1 =  2 
OR2 =  2 
ORint = 2 



Where does human data fit in? 

•  Measurement of biological perturbations 
• Mechanism of action 
• Allostatic load  

• wear and tear of environmental stressors on the body) 
 



Conceptual presentation on how the external 
environment can influence different dimensions 
of the biological system 



Lifecourse of Smoking: 
Irreversible and reversible genes 

• Data shows current, 
former and never 
smokers can be identified 
by pattern of reversible 
and irreversible altered 
genes 

• Can these be used to 
reconstruct the lifecourse 
exposure? 
 

• Specific to tobacco 
smoke? 

 
• Specific to particle 

toxicity? 
• Diesel exhaust 
• Indoor air pollution 

 
• A reflection of exposure 

or disease? 

Beane et al., Genome Biology, 2007 

Reversible 
Never = Former 

Irreversible 
Former = current 



Specificity of signals: Buccal Epithelial Gene Expression in Women 
Living in Xuanwei Reflects Response to Smoky vs. Smokeless Coal  

Wang et al., 2015 
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Buccal gene-expression pattern associated with 
household air pollution of smoky vs. smokeless coal is 
enriched for cigarette smoking-associated changes in 
buccal biopsies of current and never smokers 

Behavior of genes associated with smoky vs. smokeless coal exposure 
(Cluster One and Cluster Two) in relation to those induced or repressed by 
cigarette smoke exposure. 
 
 
 

May reflect the total stress on the 
biological system (exposure 
phenome) or the response to the 
exposure (Allostatic load) 
(Integrated exposure markers) 
 



Where does human data fit in the future of 
risk assessment for chemical mixtures?  

• Occurrence data 
• Concurrent mixtures / lifestages 

 

• Epidemiological analyses of mixtures / Profiles 
• Challenging due to inherent power issues 

 

 
• Measurement of biological perturbations and 

allostatic load 
• Promising but still in its infancy 
• National Academy of Science; Incorporating 21st Century Science into 

Risk-Based Evaluations  



THANKS 
 

R.C.H.Vermeulen@uu.nl 
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