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Observed Data

Guess of the underlying stochastic 
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Macro and Micro-Evidence

Cumulative – Long term Effects (Inflammatory process)

Action on Surrogate Markers Action on clinical outcomes (mortality, morbidity, …)
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Immediate reaction (Sympathetic nervous channel stimulation)

Exposure

Short term

Hours, few days Days, few months Months, years



Surrogate Markers
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In this study, acute exposure to PM2.5 was associated with increased oxidative stress, an imbalance in cardiac 

autonomic control, and an abnormal ECG type of myocardial ischemia and hypoxia in mice.
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In an animal model of apoE−/− mice, exposure to environmentally relevant concentra3ons of regional 

northeastern PM2.5 accelerates atherosclerosis. 

PM2.5 exposure also attenuates responsiveness to an endothelium-dependent agonist and heightens 

vasoconstrictor responsiveness.

Additionally, vascular inflammation and protein nitration are prominent aspects of PM2.5-mediated effects 

on the vasculature. 
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Ecological Outcome studies

Poisson – based models for counts

Aggregate effects on outcomes

Epidemiological Risk Models
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Individual – Population Based Models
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Linked Pollution and Health Care Records



Clinical Health Records
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Administrative Health Records

ARIA Study Group

281 patients (median age 71 years) across nine centres in the Veneto region of Italy. Episodes of ventricular tachycardia and 

ventricular fibrillation that were recorded by the diagnostic device were considered. 

Concentrations of particulate matter of less than 10 μm (PM10) and less than 2·5 μm (PM2·5) in aerodynamic diameter, carbon 

monoxide, nitrogen dioxide, sulphur dioxide, and ozone were obtained daily from monitoring stations, and the 24 h median 

value was considered. Each patient was associated with exposure data from the monitoring station that was closest to their 

residence.



Estimated impact (2-years) on health
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Emergency Room models for short-term effects
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The virus causes inflammation of the 

small airways (bronchioles). The 
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small airways (bronchioles). The 

inflammation partially or completely 

blocks the airways leading to wheezing

One of the first causes of Pediatric

Emergency Room admission in 

infants



case
-7 days +21 days+7 days +14 days

Hospital Admissions (individual data) 

Children aged less than 1 year admited to Pediatric Emergency 

Room of Padova, Italy, for bronchiolitis between 2007 and 2018

Linked with PMx exposure (ARPAV)
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A conditional logistic regression based on a  time-

stratified case-crossover design was applied on 

single pollutant models

ctr ctr ctr ctr

1 month

1st 31st

Delayed effect in time 

evaluated with DLNMs
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A caesura 
between 
pollution 
and health 
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Many different policies and programmes have been put into place to reduce air pollution; examples include 

vehicle restrictions to reduce traffic, fuel standards for cars, buses and other motorized transport, industrial 

regulations to limit pollution from factories, and the replacement of inefficient heating stoves with more 

efficient, cleaner burning stoves. 
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We wanted to know whether these measures led to a reduction in the overall number of deaths, and in the 

number of deaths from cardiovascular and respiratory causes. We also investigated whether the measures 

led to fewer people going to hospitals for cardiovascular and respiratory problems. 

Overall, we observed mixed results across studies. Many studies observed no clear changes in health or air 

quality associated with the measures, while others did observe clear improvements. We identified very 

few studies that reported worsened health or air quality associated with the measures.

The production of higher quality and more uniform evidence would be helpful in informing decisions. 
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General impact-models
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• Y kt is the count of ED visits for respiratory outcomes in ZIP code k on day t. 

• For each pollutant (pollution 1 and pollution 2 ), daily averages (8-h maximum 

for O3, 24-h average for all other pollutants) of same-day concentrations were 

used. 

• To control for spatial autocorrelation in the baseline ED visits across the ZIP 

codes, an indicator variable for the kth ZIP code (ZIP k ) was used to represent 

the areas from which ED counts were spatially aggregated. 

• Dummy variables for day of week and holidays (DOW, indexed by m) and for 

hospital (hospital, indexed by n) were used; the latter accounted for the 

differing durations of time each hospital was included in the study.

term trends and seasonality of health outcomes (time) were controlled 
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• Long-term trends and seasonality of health outcomes (time) were controlled 

for with parametric cubic splines with monthly knots (g(γ 1, …, γ N ; x)). 

• Meteorology was controlled for using maximum temperature (IO temp ) with 

indicators for each degree Celsius, a cubic function for dew point (dewpt), a 

cubic function for minimum temperature (temp), and dummy variables for 

seasons. When simulating the health effect we assume zero lag, but expect 

results to be generalizable to single day lag
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Intervention 
Impacts on 
Deaths and 
Costs 2012 
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Costs 2012 
Through 
2040



Level of Evidence and Frameworks for Simulations

Model Effects Scope

Aggregate Data Count or population levels Population average Public Policy 

(strategic level)

Individual Data GLM logit based Link Population average Etiological models
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Individual Data GLM logit-based Link Population average Etiological models

Micro Data Bayesian endpoints for surrogate Conditional models Individual short 

term impact 



Wish list

• Methods

• Further improve in detailing pollution data (also via algorithms)

• Define methods for handling correlated outcomes and exposures

• Research
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• Research

• Develop algorithms for translational research (from mice to humans, from 
surrogates to outcomes)

• Develop validation criteria for simulation of health outcomes impacts of 
pollutants

• Policy

• Easier micro-data linkage for surveillance purposes
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