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Environmental epidemiology, an overview

A focus on air pollution

Hints on biological mechanisms

Health effects from long-term and short-term exposures

Long-term exposures: a literature review, the ELAPSE project

Short-term exposure: a literature review

A digression on the health effects of climate change and extreme temperatures
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Environmental epidemiology

Some examples:

How does living in a polluted area increase chances to develop cancer?

w many deaths were caused by heat waves on summer 2023?

Is living (and accessing) green spaces in a city beneficial for health?

Does traffic noise increase depression or anxiety disorders?

Does water/soil contamination cause adverse health effects in the 
population?

How do all the above environmental factors interact on human health?

“A branch of epidemiology concerned with determining how 
environmental exposures impact human health” (Merrill, Ray M. (2008). 
Environmental epidemiology : principles and methods. Sudbury, Mass.: Jones and Bartlett Publishers. pp. 8–9)
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Why is this so important

ü Etiology: understand biological mechanisms of disease onset and 
progression, and identify putative causal relationships

ü Public health: protect population health from environmental risks

ü Policy: provide evidence on environmental hazards, and evaluate the 
effectiveness of potential policy interventions

ü Ecology: promote environmental sustainability

ü Equity: identify disparities in environmental hazards among vulnerable 
subgroups, and promote remediation strategies

ü …
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Which environmental factors

Industrial sites

Water

Waste Noise
Extreme 

temperatures

Air pollution

Green spaces

Natural 
sources



Global Burden of 
Disease (GBD)

• 87 risk factors

• Air pollution: 4th 
cause of excess 
mortality

• It caused 
approximately 6.7 
million deaths on 
2019

A focus on air pollution: the GBD study



A focus on air pollution: WHO estimates
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• Mix of liquid and solid 
particles

• Anthropogenic sources
(traffic, heating, 
industries)…

• … and natural sources 
(wildfires, desert dust, 
volcanic ashes, etc.)

CREDIT: P. HUEY/SCIENCE; ADAPTED FROM BROOK ET 
AL./ AHA SCIENTIFIC STATEMENT NO. 71-0289; 
IMAGES: EOL BERKELEY NATIONAL LABORATORY, 
CDC, JUPITER IMAGES

Particulate matter (PM)
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Source: ERS 2017

Health effects
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Conceptual scheme 
of the etiological 
hypothesis and the 
corresponding 
statistical question, at 
the basis of chronic 
(or «long-term») 
health effects of air 
pollution

Long-term (or «chronic») effects: a conceptual scheme
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• Long-term exposure to air pollution and increase in mortality

• Chronic exposure to PM2.5 and carotid intima-media thickness 
(CIMT), a proxy for atherosclerosis

• Prolonged exposure to high temperatures during pregnancy and risk 
of preterm births

• Beneficial health effects of residing near green spaces 

• etc. etc.

Chronic  effects: examples
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Conceptual scheme 
of the etiological 
hypothesis and the 
corresponding 
statistical question, at 
the basis of acute (or 
«short-term») health 
effects of air pollution

Short-term (or «acute») effects: a conceptual scheme
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Ø Daily peaks in air pollution increase daily mortality

Ø Hourly peaks in exposure to diesel exhaust increase heart rate variability

Ø Daily exposure to air pollutants and asthma hospitalizations among children

Ø Heat waves and increased mortality

Ø Acute exposure to high temperatures and risk of preterm births 

Ø etc. etc.

Acute  effects: examples



Long-term effects: a tour of the literature and 
the ELAPSE project



The Framingham Heart Study

• Rates of heart disease and stroke 
exploded after World War II. 

• To find out why, US public health 
authorities launched the Framingham 
Heart Study in 1948

• The Framingham Study identified the 
major risk factors for cardiovascular 
disease:

Ø Cigarette smoking
Ø Hypertension
Ø High cholesterol
Ø Sedentary life style
Ø Diabetes

The Study has produced approximately 1,200 articles in leading medical journals



Portage

St. LouisTopeka

Harriman

Steubenville

Watertown

Dockery NEJM 1993

8,111 adults followed  14-16 yrs
Central monitor in each city

Comparison: Most polluted city vs. least
Exposure:
Population:

RR total: 1.26 (1.08-1.47)

Harvard 6 cities study



1. National Health and Nutrition Examination Survey (NHANES)

2. Nurses’ Health Study (NHS)

3. European Prospective study Incidence of Cancer (EPIC)

4. Seveso Cohort 

5. Multicenter AIDS Cohort Study

6. American Cancer Society on air pollution (ACS)

7. Newborns cohorts (ALSPAC)

8. …

Modern cohort studies (since the 70’s)



+ Based on census data linked to health 
and pop. archives

+ Population-based

+ Very large (statistical power)

+ Detailed info on area-level vars.

+ Possibility to explore low levels

̶ Lack of details on individual-level 
covariates

EXAMPLES
1. Norwegian cohort

2. SIMSAN (Sweden)
3. Danish cohort

4. Dutch cohort
5. English cohort

6. Swiss cohort
7. Rome Longitudinal Study
8. Medicare cohort (USA)
9. CanCHEC (Canada)

10. New Zealand
11. …

Recent administrative cohorts (since 2000’s)



HEI CALL



Effects of Low-Level Air Pollution: A Study in Europe

§ Background: Associations between air pollution and health have 
been observed at low concentrations

• Natural and cause-specific mortality

• Incidence of lung cancer and cardiovascular events

§ Objectives: Investigate associations between long-term exposure 
to PM2.5, NO2, O3, BC and:

The ELAPSE project



Pooled cohort

§ N = 325,367 (complete data),
P-Y = 6,339,553, Deaths = 47,131

§ Extensive covariate information: age, sex, 
smoking, BMI, marital status, employment, 
area-level income 

source: Strak et al. BMJ 2021



Administrative cohorts

N = 28,153,138 (complete data)

source: Stafoggia et al. Lancet Planetary Health 2022



Cohort-specific descriptives (source: Stafoggia et al. Lancet Planetary Health 2022)

N = 28,153,138

Deaths = 3,593,741

P-years = 257,859,621

Covariates Belgian
cohort

Danish
cohort

Dutch
cohort

English
cohort

Norwegian
cohort

Roman
cohort

Swiss
cohort

Individual-level
Age ü ü ü ü ü ü ü
Sex ü ü ü ü ü ü ü
Country origin ü ü ü ü
Mother tongue ü
Marital status ü ü ü ü ü ü
Education level ü ü ü ü
Occupation status ü ü ü ü ü
Household income ü ü ü
Smoking status ü
BMI ü
Area-level
Income ü ü ü ü ü
Education ü ü ü ü ü
Unemployment rate ü ü ü ü ü ü
Non western ethnic ü ü
SES score ü ü ü ü

Administrative cohorts



Air pollution exposure



Europe-wide hybrid land use regression models 
(100x100 m)

Land use and road data, with satellite observations 
and dispersion model estimates as additional 
predictors

PM2.5 Full ModelInset 1

PM2.5 conc
µg/m3

Central exposure assessment

Local exposure models
Existing LUR and/or dispersion models

source: de Hoogh et al. EnvInt 2018Air pollution exposure



PM2.5 in the pooled cohort
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PM2.5 in the administrative cohorts



Association between PM2.5 and 
natural-cause mortality:

Cohort-specific effects in the 
administrative cohorts

Linear effects



PM2.5 and natural-cause mortality: HR and 95% CI per increasing PM2.5

Pooled cohort Administrative cohorts

Non-linear effects



Results of the Norwegian cohort

Non-linear effects



Short-term effects: an historical perspective



Meuse Valley (’30s)…

An historical overview: first studies on peaks



Donora (’40s)…

An historical overview: first studies on peaks



Logan WP. Mortality in the London fog incident, 
1952. Lancet. 1953 Feb 14;1(6755):336-8.

… and London

(’50s)

An historical overview: first studies on peaks



concluded that «there was not compelling evidence 
of substantive health effects at low-to-moderate 
particulate pollution levels»

End 70’s: still doubts on the effects at low levels



The results of this analysis for the 
nonepisodic winters of 1965-66 
through 1971-72 indicate that the 
statistically significant 
relationship between BS and 
deviations in daily mortality is 
not due to the high end values of 
an atypical winter (1958-59). 
Rather, this analysis of the data 
suggests that the lower values of 
BS are associated significantly with 
deviations in mortality in years 
when there are no BS values above 
500 ug/m .
Further, for the data set as a whole, 
there is no evidence to support a 
no-observed-effects level at BS = 
150 ug/m3.

80’s: first study on the effects at low concentrations

Ostro B. Environ Health Perspect. 1984 Dec;58:397-9.



Abstract
The relation between air pollution and mortality in London was examined for the 
winters of 1958-1972. The data exhibited a high degree of autocorrelation, 
requiring analyses using autoregressive models. There was a highly significant 
relation between mortality and either particulate matter or sulfur dioxide (after 
controlling for temperature and humidity), both overall and in each individual 
year. Graphic analysis revealed a nonlinear relation with no threshold, and a 
steeper exposure-response curve at lower air pollution levels. In models with 
both pollutants, particulate matter remained a significant predictor with about a 
10% reduction in its estimated coefficients, while sulfur dioxide was insignificant, 
with a large drop in its estimated coefficient. The authors conclude that 
particulates are strongly associated with mortality rates in London, and the 
relation is likely causal

1990: first time-series study



Percent increase in total 
mortality and 95%CIs 
associated with an increase of 
10μg/m3 in PM10 using loess 
(upper) and p-splines (lower)

Katsouyanni K, et al. Short-term effects of air 
pollution on health: a European approach using 
epidemiologic time series data. The APHEA 
Project. Air Pollution Health Effects--A European 
Approach.
Public Health Rev. 1997;25(1):7-18; discussion 
19-28

End 90’s: first multi-center studies: APHEA…



… and NMMAPPS (2000)
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Recently, the MCC network



Short-term effects of extreme temperatures: 
an overview
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“It is unequivocal that human influence has warmed 
the atmosphere, ocean and land.

Widespread and rapid changes in the atmosphere, 
ocean, cryosphere and biosphere have

occurred. 

Evidence of observed changes in extremes such as
heatwaves, heavy precipitation, droughts, and tropical 

cyclones, and, in particular, their
attribution to human influence, has strengthened 

since the Fifth Assessment Report”

IPCC WG1 6th Report, 2021

Climate change

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Headline_Statements.pdf
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Global emissions



Global temperature anomalies



Geographical differences. Observed change in surface temperature June 
2021 compared to reference period



Dose-response relation
M
or
ta
lit
y

no relation

highlow

Temperature

Turning point: 
threshold level

Dose-response curve for temperature and mortality



Gasparrini et al. 2015

Non-linear effects



Delayed effects



Communities in
Italy, Taiwan, and Spain had 
higher temperature-
related(cold and heat) 
mortality risks than those in 
other countries.

Spatially heterogeneous effects
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Ø Age: elderly, young children

Ø Gender: female

Ø Chronic illness: cardio-respiratory, 
diabetes, 
mental health disorders, etc.

Ø Social conditions: low socio-economic status,
living alone
socially isolated

Ø Urban heat island: hotter vs cooler areas,  
   presence of green spaces

Ø Preventive measures: air conditioning,
changes in behaviour

N
um

ber of studies

Vulnerable population subgroups
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