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Population data,  
mortality and morbidity rates 



IEHIA 
scheme: 

The VIIAS 
website 

 
 



IEHIA components: 

•  Concentration increase  
•  Risk assessment 

•  Population size exposed  
•  Rate observed in population }

weighted 
attributable 
fraction 

}
events 
estimates     
(among 
exposed) 



Why we need population? 
 

If we have the number of events already 
calculated by design (e.g. cohort), 
populations and rates are already available 
in the results.    e.g.: 

education observed    RR     AF     AE 
high     200 1    0       0 
medium     300 1.5    0.333   100 
low     100 2    0.5     50 
total     600     150 

 



 
Why we need population? 

  
In environmental health impact assessment 

we assess the exposure on geographical 
basis, i.e. 

 
•  semi continuous surface 
 
upon 
 
•  administrative boundaries 



e.g. Pollution point source: iso-concentration areas 
upon administrative boundaries 

Turin waste incinerator and census block 
 (fall-out dispersion model) 

 



e.g. air quality in Turin district  
upon municipality boundaries 

(grid model) 



 
Why we need to estimate population? 

  
The population (and events) are registered by 

specific administrative areas 
 
The pollutant is widespread over a unlimited region 
 
The population exposed to a pollutant’s 

homogeneous exposed area isn’t known 



How to estimate exposed population? 

Two approaches for “change of support”: 
 
1 from grid to administrative scale (as MedHiss project) 

 if some covariates in the proposed model are collected only 
at the municipality scale 
  statistical unit: municipality, census block, … 

 
2 from administrative boundaries to regular grid (as VIIAS) 

 to have a maximum specificity on exposure 
   statistical unit: 4x4 Km cell 



How to get population?  
1: from grid to administrative scale  

Municipality area and 4x4 km 
regular spaced grid of iso-
concentration 

 

How much population of this 
municipality (black contour) is 
exposed to red level pollutant? 
 How much is exposed to 
brown? 

Population non homogeneously 
distributed: 

is it possible to take into account 
the built up areas? 

(brown contour) 



How to get population?  
1: from grid to administrative scale  

  
The aim is to develop a methodology (up scaling) to obtain a map at 

administrative area scale (municipality, census block) of air pollution, 
starting from: 

➢ pollutant concentration fields on regular spaced grid provided by 
models, 

➢ administrative area (cartographic data): boundary and detailed built-up 
areas (or land use data from CORINE Land Cover database ) 

Obviously if administrative boundaries are entirely included into the cell all 
the population will be exposed at the same estimated pollutant level 



 from CORINE programme 
(COoRdination de l'INformation sur l'Environnement)  
European Environment Agency. 
 
Corine Land Cover  
Soil coverage cartography based on satellite data with photo-
interpretation, with the objective of providing land use coverage 
 

How to estimate the medium-high built up area? 



How to get population?  
1: from grid to administrative scale  

  



How to get population?  
1: from grid to administrative scale   

Esample: MED HISS exsposure assessment, PM2.5, 2005 
Whole italian territory 1449 municipalities in the italian survey 

… then the population of interest is simply derived from 
ISTAT tables or from municipal population registry 
(cohort). 



How to get population? 
2 from administrative boundaries to regular grid  

  

Census block was drawn around 
urban homogeneous build up 
areas: 

the population is inversely 
proportional to the census block 
area 

 

but…  
 

the population could not be  
homogeneously distributed into 
the block 



How to get population?  
2 from administrative boundaries to regular grid  
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2.1 Proportionally at the intersection area 
(homogeneity assumption) 

a 

block n 

Pop. orange cell= 
 
 
for all blocks  
where ∩ ^ empty 

In this case we need GIS to: 
•  intersect grid cell 4x4km and census block 
•  calculate the area of intersection  
•  calculate the population proportionally of areas  

n
POP∑



How to get population? 
2 from administrative boundaries to regular grid  
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2.2 proportionally to build up 
area 

a 

block x 

Define a 1002 aggregation housing 
(ah) and its centre (blue points)  
 

Population is re-distributed 
proportionally to the numbers of 
aggregation centres 
and then summed up into the cell 
 
In the example:  
Popah =Popx/12 
Popa= Popah*7 
 
Pop. orange cell= 
 
for all blocks  
where ∩ ^ empty 
 

built up area 

n
POP∑



How to get population for municipality or census block? 
  We need population at the smallest scale coherent with our pollutant estimate 

and with our model design 
 
National official statistics: http://demo.istat.it/index_e.html 
smallest scale: municipality 
 
Example 
http://demo.istat.it/pop2014/index3.html 
(one district a time can be downloaded!) 
Resident population on 1st January, (2012-2014) 
By: municipality, one year age, gender, civil status. 
In the calculation of rates we must use annual mean population (1 st July) 
 
From POSAS (POpolazione residente comunale per Sesso, Anno di nascita e 
Stato civile), yearly, at Dec, 31th, since 1992, municipal registry data 
 
 
 
 
A POSAS example 

Provincia: Torino   Codice Provincia: 1
Codice 
Comune Età Celibi Coniugati Divorziati Vedovi

Totale 
Maschi

1001 … … … … … …
1001 60 0 3 11 2 16
1001 61 0 9 2 0 11
1001 62 2 14 2 1 19
1001 63 2 15 1 1 19
1001 64 2 17 0 1 20



How to get population for municipality or census block? 
  By municipality 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
…… 

Population by Age, view by single area - Municipality: 058091 - Roma

Intercensal population estimates - Population at Jan 1st by age
All citizenships - Municipality: Roma
Age/Year 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Age Total

0 21736 23638 25098 25605 24500 25652 24481 26616 24703 23947
1 22184 21849 23659 24845 25319 24528 25500 24616 25626 24461
2 21691 22176 21951 23535 24521 25287 24443 24997 24581 24785
3 21586 21717 22264 22042 23283 24489 25087 24078 24935 24534
4 21319 21650 21743 22251 21903 23223 24279 24585 23886 24655
5 21407 21365 21734 21771 22230 22047 23154 23967 24292 23738



How to get population for municipality or census block? 
  If we are interested in areas smaller then municipality we can use ISTAT statistics 

at census block, (in this case only 1991, 2001 and 2011 (partially for now) data are 
available) 
http://www.istat.it/it/archivio/104317  (English ISTAT version isn’t allowed) 



www. ec.europa.eu/eurostat/web/population-and-
housing-census/census-data/2011-census 

What about population data in other countries? 
  













residential population cohorts based 
on municipality registry data 



Geocoding 

road graph 

street names 

At each address are associated geographic coordinates (x, y) 

Teleatlas 



geocoded addresses 









To calculate attributable fraction among general population, if 
only a part of this is exposed, we need to know either the 
proportion of events exposed or the proportion of population 
exposed. 
 
For widespread pollutant this is not necessary. 
 
“… with special emphasis on air pollution“ 
 
in this case we consider all the population as exposed. 
 
 



We need different population for IEHIA 
 for short-term effect? 

 
Generally no 
depends on study specific considerations 
 
EpiAir2 example (short term attributable mortality) 
 
Dose response relationships estimated using surrounding 

events (deaths of resident in city occurring in an area 10km 
around). 

 
The hypothesis is that the short term effect of pollutant affects 

the health of the whole area (comprising surrounding cities).  
 
Then the impact may be calculated on population of whole 

considered area 



Why we need crude rates?  

We apply (stable) crude rates, geographically coherent with 
municipality or grid map, to the estimated population for 
calculating expected events 

 
 
 
Where 
 
      is the rate at j age strata,     

    are the observed,    
    is the mean population at July, 1 st 
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Why we need crude rates?  

Given T, the observed mortality (morbidity) rate of the adverse 
effect on health under the current exposure obtained from 
available health statistics  

                       
                           T0 =________T_______ 
                                    [1+(RR-1)*(C/10) 
 
T0 is the mortality (morbidity) rate that would be observed at 

the given counterfactual level (for other terms in equation 
see later) 

 
So, from rates and population, we get estimated events by 

area or cell 



How to get mortality? 
 

At http://dati.istat.it/  mortality data are available by 
 cause, district, gender, annual age  
but… not disaggregated by these dimensions. 

  



Mortality outcomes  ICD IX Age 
(years) 

Chronic effects   
All causes (excluding accidents)  0-799  > 30 
Lung cancer  162  > 30 
Infarction  410-414  > 30 
Cerebrovascular diseases (stroke)  430-438  > 30 
Acute effects   
All causes (excluding accidents)  0-799  > 30 
Cardiovascular diseases  390-459  > 30 
Respiratory diseases  460-519 > 30 
 
Adapted from WHO,MPACT OF 
PM10 AND OZONE IN 13 ITALIAN CITIES, M Martuzzi, F Mitis, I Iavarone, M Serinelli 

Causes of death selected for the IEHIA of air pollution 



Crude rates  
An overview of some causes: acute and chronic effects  

Mortality 2000-2003, 2006-2010 
All natural causes, 30 + 

Males Females 



Mortality 2000-2003, 2006-2010 
Circulatory diseases, 30 + 

Males Females 

Crude rates  
An overview of some causes: acute effects  



Crude rates 

Mortality 2000-2003, 2006-2010 
Respiratory diseases, 30 + 

Males Females 

An overview of some causes: acute effects  



Mortality 2000-2003, 2006-2010 
Lung cancer, 30 + 

Males Females 

An overview of some causes: chronic effects  
Crude rates  



Mortality 2000-2003, 2006-2010 
Infarction , 30 + 

Males Females 

An overview of some causes: chronic effects  
Crude rates  



Mortality 2000-2003, 2006-2010 
Cerebrovascular diseases, 30 + 

Males Females 

An overview of some causes: chronic effects  
Crude rates  



The population structure effect on rates 
Mortality 2000-2003, 2006-2010 

All natural causes, 30 + 
Females, crude rates  Females, standardized (Ita2001) rates 

Crude rates  



Why we need to calculate morbidity rates?  

In IEHIA we are interested in avoidable events in term of 
impact on  

 
Population health profile   incidence rates  
 
Population suffering   hospitalization 
 
Health system financing   costs 
 
Health system organization  days of hospitalization 



How to calculate morbidity rates?  
This is depending from study aim and design:  
 

For acute effects of air pollution we are interested in: 
•  principal code of hospitalization (?) 
•  not rehabilitation or long-term department for admission 
•  unplanned hospitalization, day hospital excluded   
•  hospitalization institute reasonably near of residence  
•  first event for hospitalization incidence, then we need criteria for prevalent 

events selection 
 
For long term effects of air pollution we are interested in: 
•  all codes of hospitalization (?)  
•  all departments of admission 
•  total hospitalization  (repeated hospitalization comprised) 
•  hospitalization institute reasonably near of residence to consider pollutant 

exposition 
Discussion is necessary … 
 

For noise impact calculation we consider stroke, hypertension, … with 
appropriate definition of event. 



Morbidity outcomes  ICD IX CM Age (years) Selection 
criteria 

Hospital admissions for cardiac 
diseases 

390-429 >30 Acute 

Hospital admissions for respiratory 
diseases 

460-519 >30 Acute 

Chronic bronchitis 491 >30 Hospitaliz. 
Acute bronchitis  4660 <15 Acute 
Asthma   493 <15 Acute 
Asthma   493 >=15 Hospitaliz. 
 
Acute: first event looking backward 5 years, principal diagnosis, acute care 
 
Hopitaliz.: hospitalization, all diagnosis, no other selection  
 
Adapted from WHO, IMPACT OF 
PM10 AND OZONE IN 13 ITALIAN CITIES, M Martuzzi, F Mitis, I Iavarone, M Serinelli 
 
 

Morbidity outcomes selected for IEHIA of air pollution 



Crude rates 

Morbidity 2004-2006 
Cardiac diseases, 30 + 

Males Females 

Selection for acute care 



Crude rates 

Morbidity 2004-2006 
Respiratory diseases, 30 + 

Males Females 

Selection for acute care 



Crude rates 

Morbidity 2004-2006 
Chronic bronchitis, 30 + 

Males Females 

Selection for hospitalization 



Morbidity 2004-2006 
Acute bronchitis , 0-14 

Males, Females 

Selection for acute care 
Crude rates 



Morbidity 2004-2006 
Asthma , 0-14 
Males, Females 

Selection for acute care 
Crude rates 



Morbidity 2004-2006 
Asthma , 15 + 

Selection for hospitalization 
Crude rates 

Males Females 



Crude rates 

Morbidity 2004-2006 
males, circulatory diseases, 30 + 

Hospitalization Day stay 

4,140,297 occurred among 
2,331,634 subjects  

39,131,677 occurred among 
2,331,634 subjects  



•  How to get morbidity? 
 events by district, gender, age, cause of hospitalization 

•  In Italy, for respiratory and cardiac causes data can 
be derived from multicentric studies (MISA, EpiAir), 
(only at city level)   

•  Asthma, bronchitis from SIDRIA studies 
•  At national level at the Ministry of Health (but 

publications don’t have the necessary dimensions)  
•  A copy is available at the Statistical Office of the ISS 
•  At regional level for each region (Regional db) 



 
•  Health for all database WHO 
•  Disease registries 
•  Health Information Systems  
•  ad hoc survey(questionnaire) 

 

What about health data in other countries? 
  





http://data.euro.who.int/hfadb/ 



Surveys 

periodic surveys which allow the monitoring of 
behaviors associated with the disease, the 

condition and individual characteristics associated 
with the risk of disease, use of medical facilities, 

the occurrence of symptoms and illness (self-
reported) 



Health Information Systems 

Hospital data 

outpatient specialist 

drugs prescriptions 

birth certificates 

 Mortality data 



Thank you 
 

m.stafoggia@deplazio.it 


