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Global Burden of Disease 2010 

• A systematic scientific effort to quantify the 
comparative magnitude of health loss for 187 
countries from 1990 to 2010. Last major update 
was for 2000 under the auspices of WHO 
 

• Covering 291 diseases and injuries, 1,160 
sequelae of these diseases and injuries, and 67 
risk factors or clusters of risk factors 
 

• GBD 2010 study initiated in 2007 funded by Bill 
and Melinda Gates Foundation 
 

• Summary papers published in a dedicated triple 
issue of the Lancet December 15th, 2012 
 



http://www.thelancet.com/themed/global-burden-of disease 



GBD 2010 Team 

488 authors from 303 institutions in 50 countries  
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Dramatic Demographic Shifts: Mean Age of 
Death Rising Rapidly 



Percent of DALYs* from Non-Communicable Diseases in 2010: 
Over 60% in Nearly All Countries Outside of Sub-Saharan Africa 

Disease Burden = Disability-Adjusted Life Years (DALYs) or healthy years of life 

lost 

 



General approach 

• Define risk factor (exposure metrics:  
PM2.5, O3)  

• Estimate exposure (P) 

• Select health outcomes 
• Systematic reviews 

• Weight of evidence  

• Meta analyses 

• Exposure – response functions (RR) 

• Counterfactual (P’) 
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2005 population-weighted 
regional estimated average PM2.5 

Distributions of selected 
regional 2005 estimated PM2.5 

by urban and rural areas    
  

Brauer M, et al  Env Sci Technol 2012 



Changes in estimated population-weighted ambient air 
pollution levels - PM2.5 1990 - 2010 

1990 → 2010: 
10% increase in global 
population-weighted PM2.5 



Diseases affected by air pollution are the top 5 causes of 
the global burden of disease in 2010 

 
• Ischemic Heart Disease 

mortality/incidence: PM 
 

• Stroke 
mortality/incidence: PM 
 

• COPD mortality: PM, 
ozone 
 

• Lung Cancer mortality: 
PM 
 

• ALRI (0-5 year) 
mortality/incidence: PM 

 
• Also considered asthma, 

adverse reproductive 
outcomes (term low 
birthweight, preterm 
delivery) 

Lozano et al. Lancet 2012 







Integrating risk from multiple sources to estimate risk due to 
ambient PM2.5  Integrated Exposure-Response functions (IER) 

  

Burnett et al. 2014 

Key assumption  

Risk is function of PM2.5 inhaled dose regardless of source 

 

Extrapolation model 

• reflect change in risk observed in cohort studies at low concentrations 

•near-linear at low concentrations 

•predict risk for highest PM2.5 consistent with risks from smoking (Pope et 
al.2011)  



IER Relative Risk Model for IHD 
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Burnett RT, et al. 2014 

7 µg/m3 



GBD risk 
functions 
   
Cao et al. 
2011 

GBD risk functions predict risks from recent Chinese 
cohort study  



Quantifying Uncertainty 
 
• Multiple sources of uncertainty for both the risk 

function and estimated attributable burden of 
disease quantified and expressed as uncertainty 
intervals 

• Uncertainty in the estimated risk function parameters  

• Uncertainty in the estimate of PM2.5  

• Uncertainty in the counterfactual concentration  

• Uncertainty in the estimated baseline mortality rates  

• Sensitivity analyses  

• Uncertainty due to model form explored via sensitivity 
analysis comparing different model forms  

• The influence of wind-blown dust on the burden 
estimates will be addressed by an analysis in which the 
counterfactual is increased in dusty regions  

 



3.2 million 
deaths and 
76 million 

DALYs 

Risk Factors for global deaths and 
DALYs in 2010  



Leading risk factor by country in 2010 



Years-of- Life-Lost Attributable to PM2.5 by Global 
Region in 1990 and 2010 
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Some conclusions and implications of 
the GBD 2010 estimates  

 

• Attributable deaths and DALYs much larger than 
previously estimated: 3.2 million deaths and 76 
million DALYs in 2010 due in large part to 
mortality from IHD and stroke 

 

• Ambient air pollution now ranks among the top 10 
risk factors for mortality and lost years of healthy 
life globally and in Europe 

 

 

 

 
 
 



Some conclusions and implications of the GBD 2010 
estimates  

 The combined public health impact of air pollution, ambient 
and household, is substantial, and developing Asia  
experiences some of the highest levels of exposure and the 
largest burdens of disease from both risk factors in the 
world 
 
 With development, increasing size of susceptible, 

potentially exposed population, burdens likely to 
increase even if concentrations decrease 

 

• Given widespread exposures, interventions can be very 
(cost) effective 

 

• Non-linearity in E-R functions imply that achieving large 
benefits from air pollution reduction in the most polluted 
settings requires large improvements in air quality 
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http://documents.worldbank.org/curated/en/2014/01/19308007/transpo
rt-health-global-burden-disease-motorized-road-transport 



GBD 2013 
 • More epidemiologic studies –new, large studies in UK and 

Canada  
 

• Additional measurements 
• Direct appeal to GBD experts, other contacts; WHO database; 

Literature search 
 

• Satellite-based estimates  
• Annual (1990 – 2012), improved algorithm 
  

• Data integration 
• Model with and w/o estimated (from PM10) 
• Random effect for region/country 

 

• GBD beyond 2013 
• NO2 and/or intra-urban variability 
• Combine satellite based estimates with land use data 
• Refine the IERs 
• Additional health endpoints 



Thank You  !  

Aaron Cohen 

acohen@healtheffects.org 

 

for more information on the GBD 
Collaboration/detailed GBD 2010 

country-level results  

http://www.healthmetricsandevaluation.org/gbd  

 

http://www.healthmetricsandevaluation.org/search-

gbd-data 
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