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• Challenges future (policy) perspectives



Estimated Genetic related Population Attributable Fraction 

Population attributable 
fractions (PAFs) for 
selected disease 
phenotypes estimated 
from studies of 
monozygotic twins

Rappaport et al., 2016
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What do we know of environmental risks?

Metabolic (M)
Environmental (E)
Behavioural (B)
E ∩ M
B ∩ E
B ∩ M
B ∩ E ∩ M
Unatributed



Why do we know so little?

1. Current risks underestimated 
• Measurement error
• In appropriate risk models

No Data           <10%          10%–
14%

What do we know of environmental risks?



Smoking duration alone provides stronger risk estimates of chronic 
obstructive pulmonary disease than pack-years

Bhatt SP, et al. Smoking 
duration alone provides 
stronger risk estimates of 
chronic obstructive 
pulmonary disease than 
pack-years
Thorax 2018;73:414 421



Why do we know so little?

1. Current risks underestimated 
• Measurement error
• In appropriate risk models

2. Unknown risks
• Unknown chemical – health associations
• Unknown interactions between stressors

3. Stochastic

No Data           <10%          10%–
14%

What do we know of environmental risks?



Heritability provides an unbalanced view of human health and disease

Genetics

Genetics

Burden of disease Analytical capacity



The cumulative measure of environmental influences and 
associated biological responses throughout the lifespan

Exposome; A Wild idea

Movement away from
The One exposure One disease paradigm

Overcome challenges in multiplicity and 
fragmented literature of associations that occur 

due to nonsystematic testing
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Niedzwiecki MM, Walker DI, Vermeulen R, Chadeau-Hyam M, Jones DP,  Miller GW. The Exposome : Molecules to 

Populations, Annual Reviews of Pharm and Tox., 2019

Microbiome

The Exposome Concept asks for a 4D-system understanding



Lange P, et al. Lung-Function Trajectories 
Leading to Chronic Obstructive Pulmonary 
Disease. N Engl J Med 2015 Jul 9;373(2):111-
122.

Time-dimension: Lung-function trajectories from birth to death
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Pesticide projects meetings in Costa Rica, 2018



The cumulative measure of environmental influences; 
external exposome

Lifetime Exposures
Tools for the assessment of the 

external exposome



STUDY DESIGN Silicone Wristbands



The cumulative measure of environmental influences; 
external exposome

Lifetime Exposures
Tools for the assessment of the 

external exposome



Google Air View Amsterdam
Athens
Barcelona
Basel
Copenhagen
Munich
Rome
Rottterdam



Correlation = 0.85

Hyper Local Air Quality Mapping

Kerckhoffs et al., Environ Sci Technol. 20

Amsterdam



Unregulated components of air pollution

Mass based methods poor proxy for particle numbers



Ultrafine particulates and cause-specific mortality

Dutch administrative cohort of 10.8 
million adults (30+ years)



The cumulative measure of environmental influences; 
external exposome

Lifetime Exposures



INTEGRATED ANALYSES OF THE URBAN ENVIRONMENT AND HEALTH

Expanseproject.euVlaanderen et al., PMID: 34414346, 2021

Lifetime Exposures



URBAN EXPOSOME AND OBESITY

Ohanyan et al, PMID: 34991269, 2022

Social environment

Physical / chemical environment

Food environment



Environmental influences and associated biological responses; 
internal exposome

2
Niedzwiecki MM, Walker DI, Vermeulen R, Chadeau-Hyam M, Jones DP,  Miller GW. The Exposome : Molecules to 

Populations, Annual Reviews of Pharm and Tox., 2019

Microbiome



The combination of HRE and HRM provides the functional measures and sensitivity 
needed for EWAS of human health and disease 

Thomas Hankemeier

Doug Walker

Gary Miller

Jeroen Meier



Exposure High-resolution metabolomics

• 25 unexposed workers
• 33 exposed workers
• Post-shift plasma collected
• MWAS using linear regression; FDR 

20%

Additional 
biomarkers

Urinary benzene biomarkers
Hematologic cell counts
Chromosomal aberrations
Telomere length

×

High-resolution metabolomics of occupational exposure to 
trichloroethylene

Rothman et al., Carcinogenesis 2022



Metabolome-wide association study of occupational
exposure to benzene 

Rothman et al., Carcinogenesis 2022

Exposure signal Response signal



Metabolome-wide association study of occupational
exposure to benzene 

Rothman et al., Carcinogenesis 2022
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Chemical Complexity

Vermeulen et al., Science, 2020

Societal Complexity

Adapted from Rydin et al., 2012 

Systematic (untargeted) discovery of non-genetic drivers of health

“Discovery-based”

The world is complex



Relevance of exposome reseaerch for policy

The exposome approach provides opportunities to develop preventive 
strategies that are potentially more effective than traditional approaches, 
because it sheds light on the accumulation of, and interactions 
between, various environmental factors. As a result, the exposome 
approach could better explain health differences between population 
groups. 

Exposome research also has the potential to detect the emergence 
of new risks, for example resulting from the introduction of certain 
innovations.



Recommendations

• Connection to policy
• integrated living environment and health policy

• Adopt precautionary policy
• adopt proportional precautionary policy in good time in the event of 

uncertainty regarding the exact nature and scale of warning signs from 
exposome research

• Develop additional criteria for weighting research results
• current guidelines were developed for the assessment of a single 

environmental factor, whereas exposome research concerns combinations 
of substances and other factors, as well as their interactions.

• Encourage interdisciplinarity in research and policy application
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Exposome Resources

Expsome MOOC

Exposome Journal

Open Science Platforms

Scan

Exposome.Office@uu.nl
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but no rights can be derived from its contents.
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