General methodology for estimating disease burden from selected risks
The general methodology follows the Comparative Risk Assessment Approach1,2, with a few variations.  The basic method can be summarized in the following steps for each risk factor: 
a) Estimation of the exposure distribution in a population; estimation of an alternative baseline (or counterfactual) exposure, i.e. minimal exposure distribution (often zero or negligible exposures for environmental risk).
b) Selection of one or more appropriate relative risk estimates from the literature, generally from a recent meta-analysis.
c) Estimation of the population attributable fraction (PAF)

The formula used for the population attributable fraction is the following3,4:

[image: image1.wmf]1

)

1

(

)

1

(

+

-

-

=

RR

p

RR

p

PAF


RR= relative risk; p= prevalence of exposure.

Generalized versions of the formula, for example for multiple exposure levels, are also available.  The population attributable fractions are estimated for each disease, age group, gender, and population group (e.g. by country).

d) Multiplication of the PAF by the total burden of disease.

To obtain the fraction of the disease burden attributable to the risk factor (attributable burden, AB), the PAFs are multiplied by the total burden (B) in number of deaths, disability-adjusted like years (DALYs) or incidence for the disease in that population, by gender and age group:


AB = PAF × B  
DALYs are a weighted measure of deaths and disability5 (see further details below).

The process is schematically represented in Figure AA.  
Figure AA: Basic steps for estimating attributable burden of disease

Adapted from Prüss-Ustün and Mathers (2003)2
A method based on direct risk estimation is in some cases a better alternative, in particular for estimating the disease burden from certain chemicals.  The approach then consists in directly estimating disease burden based on exposure (number of people exposed) multiplied by the absolute risk estimate (e.g. incidence per population of exposed) (see scheme BB).  
Figure BB: Steps for estimating attributable burden of disease based on absolute risk

The approach using an absolute risk is often chosen when the impact of the risk factor on health is showing a constant effect which is mostly independent of the background disease rate.  In such cases, the epidemiological studies also often express their results in terms of absolute risk.

In this project, an approach based on absolute risk was used for formaldehyde and benzene.  One single exposure level was used for these exposures.
When the approach was based on estimating directly the number of cases or deaths, these had to be subsequently converted into DALYs.

The listed disease burdens are presented as simplistic causal relationships.  Causal links are generally more complex and may involve interactions between various causes6.  For the purpose of disease burden estimation however, such interactions can not generally be taken into account.  The estimated disease burdens are potentially additive to more than 100%.  They represent the burden that could be prevented if the risk factor were removed 7. Although the effects are generally documented as being independent, a number of cases may arise from the joint influence of various exposures, and removing either one of the exposures would only prevent those cases once.  In this project, this may be the case for the joint exposure to outdoor air pollution and second-hand smoke, or second-hand smoke and radon, which could limit additivity.  In practice, however, the known impact of risk factors only add up to a fraction of the total disease burden, and the remainder is unexplained.
Disability-adjusted life years 
This report uses deaths and DALYs to express the disease burden.  DALYs were chosen in addition to deaths in order to also take disabilities into account.  The DALY in a summary measures of population health combining data on mortality and non-fatal health outcomes into a single number.5  

The DALY measures health gaps (i.e. years of life lost due to death or disability) as opposed to health expectancies.  It measures the difference between a current situation and an ideal situation where everyone lives up to the age of the standard life expectancy, and in perfect health.  Based on life tables, and for the purpose of this project, the standard life expectancy at birth is set at 80 years for men and 82.5 for women. 

The DALY combines in one measure the time lived with disability and the time lost due to premature mortality:

DALY = YLL + YLD

The YLL metric essentially corresponds to the number of deaths multiplied by the standard life expectancy at the age at which death occurs, and it can be rated according to social preferences (see below).  The basic formula for calculating the YLL for a given cause, age or sex, is:


YLL = N x L

To estimate YLD on a population basis, the number of disability cases is multiplied by the average duration of the disease and a weight factor that reflects the severity of the disease on a scale from 0 (perfect health) to 1 (dead).  The basic formula (without applying social preferences) for one disabling event is:


YLD = I x DW x L 

The above formulas describe undiscounted, non-weighted DALYs.  DALYs are sometimes attributed a discounting rate, and weightings according to age, in which case the formulas become much more complex.  Additional information on the estimation of DALYs, for example on the weights attributed to health states, can be found on the WHO web site8.
Health data

For this project, a harmonized database for health statistics from the World Health Organization was used.  It provides health data by country, disease outcome, age group and gender for the year 2004, in deaths and DALYs9.  The data were obtained in discounted and undiscounted format.  
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where:


YLL = years of life lost due to premature mortality.


YLD = years lived with disability.
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where:


YLD	= years lived with disability.


I	= number of incident cases.


DW	= disability weight.


L	= average duration of disability (years)





 





where:


N = number of deaths.


L = standard life expectancy at age of death (in years).
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