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“A potential measure of the effects of life course exposures on health. It 
comprises the totality of exposures to which an individual is subjected from 
conception to death including environmental agents, socioeconomic 
conditions, lifestyle, diet and endogenous process.” 

6th edition of the dictionary of epidemiology, 2014 
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Noncommunicable diseases

Zou KH et al. Health Services and Outcomes Research Methodology volume 21, 8–20 (2021)



Number of deaths in 2016 from non-communicable diseases

NCD Countdown 2030 collaborators. Lancet. 2018 Sep 22;392(10152):1072-1088.



The Demography of the World population from 1950 to 2100



Life expectancy, England, 2017 to 2019

If we focus instead on years of 
good health, disability free 
years then for the period 2018-
2020 for women the difference 
between the least and most 
deprived areas was 19.3 years, 
and for males 18.6 years

Source: Office for National Statistics (ONS)

9.4 years 7.7 years



Mortality rates from leading causes in most- and least- deprived 
areas, England, 2015 to 2019





• 201 million chemicals reported in the 
literature since early 1800s (CAS registry, 
as of today’s date)

• Global inventory of chemicals licenced for 
manufacture and sale: 359,206 
https://doi.org/10.1021/acs.est.9b06379, 
About 100,000 used in the EU 
https://echa.europa.eu/information-on-
chemicals/ec-inventory

• REACH has 26,642 substances 
https://echa.europa.eu/information-on-
chemicals/registered-substances

Chemical Complexities



Cancer Epidemiol Biomarkers Prev 2005;14(8).



Science. 2010;330(6003):460-1.

“Bottom-up” & “top down”  



Environ. Sci. Technol. Lett. 2021, 8, 10, 839–852

Niedzwiecki MM et al. Annu. Rev. Pharmacol. Toxicol., 59 (1) (2019), 107-127

Gao P et al. Genome Res. 2022 Jun;32(6):1199-1214.



Combining key characteristics and hallmarks of cancer into life 
course Adverse Outcome Pathways. 

Douglas Hanahan D and Weinberg RA. Cell. 2011;144(5):646-74.



Hallmarks of environmental insults

1. Oxidative stress and inflammation
2. Genomic alterations and mutations
3. Epigenetic alterations
4. Mitochondrial dysfunction
5. Endocrine disruption
6. Altered cell communication
7. Altered microbiome communities
8. Impaired nervous system function

X: Accelerated biological ageing

Peters A et al. Cell. 2021 Mar 18;184(6):1455-1468
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• Asthma exacerbation
• COPD exacerbation

• Ischaemia
• Arrhythmia
• Thrombosis

Adverse Outcome Pathway – relevance to the 
exposome



A D M E

Modes of action

Causal chain of evidence

• Airway remodelling
• Loss of lung function
• Atherosclerosis

• Immune modulation
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Meet-in-the-Middle: The Example of Air Pollution and Coronary 
Heart Disease

Fiorito G et al., Environ Mol Mutagen 2017, 59(3):234–246.

Case-control study on CVD nested in a cohort 
of 18,982 individuals from the EPIC-Italy study

We measured air pollution, inflammatory 
biomarkers, and whole-genome DNA 
methylation in blood collected up to 17 years 
before the diagnosis.

Our findings indicate that chronic exposure to 
air pollution can lead to oxidative stress, 
which in turn activates a cascade of 
inflammatory responses mainly involving the 
“Cytokine signalling” pathway, leading to 
increased risk of CCVD – NO2, PM2.5, PM10



External exposome developments
Personal monitoring

Atmos Meas Tech. 2019;12(8):4643-4657



External exposome
Enhanced modelling capacity

Environ Int. 2018;120:81-92.



External exposome developments
London Hybrid Exposure Model

Driver exposure
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Unpicking causal associations



Krauskopf et al. Environ Int. 2018;113:26-34.
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exposure to traffic-related air pollution



Challenges for exposomics for policy integration

BMC Public Health volume 18, Article number: 260 (2018)

1. Refinement of exposure assessment to air pollution and water contaminants using a 
combination of personal exposure monitoring and ‘omic technologies

2. Will such a validated refinement lead to more accurate estimates of the association 
with selected diseases, by reducing measurement error?

3. Will new approaches allow the investigation of the effects of mixtures in addition to 
single components?

4. Will they improve the investigation of dose-response relationships?
5. Is it possible to strengthen causal reasoning by using the “meet-in-the-middle” concept, 

i.e. investigate the temporal sequence of exposure, biological pathway perturbation 
and disease onset?

6. Standardisation of methods and analysis - validation
Long(er) te

rm biomarkers

Adductomics

Epigenetics

Biological ageing

Accumulative tissues



Brennan P et al. Eur J Epidemiol. 2017;32(9):741-749



Questions


