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Hippocrates wrote in his treatise 

"Airs, waters, places": "To deepen 

medicine, we must first consider the 

seasons, know the quality of water, 

winds, study the various conditions of 

the soil and the way of life of the 

inhabitants "

Major role of the environment...

Hippocrates, 400 BC

Lim et al., Lancet 2012; Rappaport & Smith, Science 2010

 Environment more 

important than genetics 

(explains 70-90% of 

diseases). 

 Known exposures are few 

(air pollution, smoking, 

nutrition, alcohol, lead...)

REG Lisbon 2023
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Key facts

Since the 1960s 

 More than 350000 new (ex 

novo) man-made substances 

have been produced 

NEW EMERGENT 

POLLUTANTS

 New environmental 

conditions and lifestyle 

( Hps)

Since 2000 

- A  new wave of chronic  

inflammatory diseases, not 

only allergies but respiratory, 

metabolic, auto-immune 

disease grew into pandemic 

size  2 billion patients 

 Elevated socioeconomic 

burden

Cezmi Adkis, JACI 2022

Chronic non-communicable diseases patients: 20-30 Million patients 
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Plastic (MP/d) in USA 
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Heat-waves & wildfires

Climate Change

Air Pollution

Thunderstorms & floods

Coldspells

Genetic/Epigenetic Alterations

Biodiversity Loss

Urbanization

Biocontaminants: 

Viruses, bacteria, 

fungi

Health effects

Lifestyle 

Climate Change

Outdoor air pollution

Allergens, pollen, 

molds

AIR POLLUTION IS NOT AN ISOLATED FACTOR

New products 

(plastic, PFAS, 

etc.

REG Lisbon 2023

• Chemical air 

pollution (old, new, 

emergent)

• Biocontaminants 

(allergens, pollen, 

molds, virus 

(COVID-19…)

• Outdoors/indoors

• Alone or in 

combination 

Indoor air 

pollution, smoking:
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Wild CP. Int J Epidemiol. 2012 Feb;41(1):24-32

Internal exposome

External exposome 
(specific and 
nonspecific) 
(general)



Targets:
Biological pathways

Organ distribution:
Lungs, Neuro, Skin, GI, other organs

Source:
Air, Water, Soil, Food, Consumer Products, Drugs

Stressor:
Physical, Chemical, Biological, Psycho-social 

Place:
Home, School, Work, Neighborhood, transports,

Community, City, State, Region

Health consequences of this
complexity has to be taken into
account to explain diseasses

Homo sapiens connectis

Leonardo da Vinci

The Complexities of environmental exposure

Route of Contact:
Topical (Skin), Inhalation (Lungs), Ingestion (Diet or 

thers), Injection (Intravenous, Intramuscular, subutaneous, 

intravenous), social patterns 

Time:
Fetal, Child, Adolescent, Young Adult,

Adult, Older-adults, Elderly

LEAD: 
│ Individuals are 

exposed to lead 
through air, water, 
soil, at home, work, 
during 
transportation, in 
early life, later … 
Through different  
penetration route. 
This can target 
different organs… 
and uses different 
pathways. 
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Heat-waves & wildfires

Climate Change

Thunderstorms & floods

Coldspells

Genetic/Epigenetic Alterations

Biodiversity Loss

Urbanization

Biocontaminants: 

Viruses, bacteria, 

fungi

Health effects

Lifestyle 

Climate Change

Allergens, pollen, 

molds

More 

susceptible/

vulnerable

individuals

- in utero life

- Toddlers

- Children

- Patients 

- ….

Asthma exposome increase due to climate change

New products 

(plastic, PFAS, 

etc.

REG Lisbon 2023

Indoor air 

pollution, smoking:

Outdoor air pollution
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The double penalty 

Poor

Exposed

Children particulalry at risk

Low socio-economic 

status (SES) impinges 

on respiratory health 

through greater 

exposure to air 

pollution, occupational 

agents, diet, housing 

conditions, impaired 

health access. 

Unesco 2022

REG Lisbon 2023
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L’esposoma: la nuova sfida per la valutazione 
degli effetti dell’inquinamento sulla salute 
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HEALS The connectivity approach
Embracing complexity to seek simple solutions to EH problems

IAM

www.heals-eu.eu
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Global/semi-individual:
• Satellites 

• Dispersion models

• Monitoring stations

• in situ (ad hoc devices)

Individual:
• Passive samplers

• Active sensors (remote with GPS)

Internal dose: 
• Exposure biomarkers (breath)

• Human bio-Monitoring

• Omics (metabolomics, etc.)

Evidence levels of air pollution exposure assessment

Observations + 

Modeling

Objectives 

measures

Subjective measures

Surveys: Questionnaires, Interview, Daily 

activity patterns

Precision in 

exposure

DATA FUSION IN 

VIEW OF 

CUMULATIVE 

EXPOSURE 

ASSESSMENT

Annesi-Maesano et al. Springer 2021
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Un sistema di gestione dei dati 

ambientali per la valutazione 

dell'esposoma esterno in dieci città 

europee

Ilaria Stanisci1, Sofia Tagliaferro1 Sara Maio1, Federico

Pirona1, Giuseppe Sarno1, Michael Kabesch2, Marianthi

Kermenidou, Nafsika Papaioannou, Reena Perchard, Igor

Prpic, Kinga Polanska, Joanna Jerzynska, Elisabete

Ramos, Joaquim Rovira, Jordina Belmonte Soler, Denis

Sarigiannis, Janja Snoj Tratnik, Zdravko Spiric, Jacqueline

Zickella, Salvatore Fasola, Stefania La Grutta, Velia

Malizia, Laura Montalbano, Sandra Baldacci1, Isabella

Annesi-Maesano per i gruppi di studio EarlyFOOD e

HEALS.

Risultati: Attraverso l'EDMS sono emerse differenze 

negli aspetti demografici e ambientali tra le città 

partecipanti ai due progetti. Reus risulta avere la più 

alta aspettativa di vita nelle donne, e Palermo negli 

uomini. Regno Unito presenta il tasso più elevato di 

obesità. Croazia e Polonia hanno il maggior consumo 

di farmaci (prescritti e non prescritti, rispettivamente), 

mentre Grecia e Portogallo hanno valori più elevati di 

fumatori (%) e consumo giornaliero di alcool, 

rispettivamente. Le città più inquinate da PM, NO2, e 

O3 sono Lodz, Porto e Fiume, rispettivamente. 

Salonicco, invece, è la città più urbanizzata. I 

quantitativi cumulati più alti di pollini risultano a 

Fiume. I livelli di rumore giornalieri e notturni più alti 

sono stati registrati a Reus (traffico) e a Ratisbona 

(ferrovia). Nelle acque potabili sono risultati valori 

elevati di Arsenico, Cromo, e Piombo rispettivamente a 

Salonicco, Porto, Parigi. Il paese con i più alti valori di 

residui di pesticidi negli alimenti è risultato essere il 

Portogallo.

ECOLOGICAL ASSESSMENT OF EXPOSOME
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Siroux et al.,  ERR 2016

INDIVIDUAL ASSESSMENT OF EXPOSOME

Based on 

individual

address
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Individual assessments in 
real-time of:

PM1, PM2.5, PM10

VOCs

T
Hum
Pressure

GPS

G. Pau LIP6 SU

Isabella Annesi-Maesano, EPAR 

IPLESP, INSERM et SU

INDIVIDUAL ASSESSMENT OF EXPOSOME: AIR POLLUTION
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GEOLOCALISATION OF INDIVIDUAL EXPOSURE

2

2
Mobilité et exposition des sujets 22
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Environment-Wide Association Studies (EnvWAS) in asthma in HEALS twins 
(lifetime exposure) (HEALS)

•522 / 36 / 37 significant interactions (raw p-value / Bonferroni / FDR)

•Significant interactions with correction for multiple hypotheses testing included: 
benzene derivatives, acyclic carbon derivatives, metals and life habits 23

Submitted
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Interactions among factors and asthma. EGEA Study

Guillien et al., Env Res 2021
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Clustering in EGEA Study

FEV1 (% predicted)

Guillien et al., Env Res 2021
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Predictive model development for risk assessment

The promising potential of 
exposome is that it will 
provide the basis for 
evidence based health 
interventions:
│ Both collective public health 

strategies and personalized 
intervention strategies
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Common risk factors plotted along axes to include their relevance in asthma and allergy (minor to major) and 
the ability to control these factors at the individual, community and population levels through (in red) 
mitigation or adaptation

Impact depends on available evidence

Major impact

Minor impact

Community/
Population 

level

Individual
level

Physical Activity
Behaviour

Vitamins/
antioxydants

Indoor allergens (pets, 
HDM, pest)

Greenspaces

Health-care access

Social and mass 
media

Individual toxicants, 
biocontaminants

PollenMobility

Air pollution

Active and passive 
smoking

Biodiversity loss

Modifiable exposome

Occupation Built environment

Diet

Infections (SARS-COV2)

31

Indoor and outdoor Molds

REG Lisbon 2023
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Prevention 

• Developed knowledge and 
technologies provide a range 
of opportunities for 
prevention:

• Several targets (patients, 
workers…)

• (Self) management and E-health 
solutions 
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WHAT CAN BE DONE?

31/03/2023 IAM-Davos-2022

Intervention studies
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Scenari di prevenzione
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Conclusioni

Nel caso dell’inquinamentoatmosferico, l’approccio
esposomico contribuisce a: 

• Misurare l’esposizione in modo da evitare
missclassification e considerando anche inquinanti
emergenti

• Prendere in conto le interazioni degli inquinanti con 
altri fattori di rischio nell’ambito della vita reale

• Proporre et valutare le misure di prevenzione

Ma ancora pochi risultati
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Merci
Isabella.annesi-maesano@inserm.fr

IPLESP - Institut Pierre Louis d’Epidémiologie et Santé Publique 

https://idesp.umontpellier.fr/
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