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GBD 2021

1

88 risk factors

371 diseases and injuries

204 countries and 
territories

>12,000 researchers in 
160+ countries

> 600 Billion estimates

Important!
Time trends from 1990 are re-calculated 
every year (1990 – 2021)

Review & 
updating of 

data and 
methods

Decisions on new data, 
methods & risk-
outcome pairs

Re-run 
analyses

Prepare 
publications 
and website

Launch of 
GBD results
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Risk Factor Capstone Publication
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2-page Risk Factor and Cause Summaries



4

2-page Risk Factor and Cause Summaries



5

Eight Principles of the GBD
1. Comprehensive comparisons, a.k.a leave 

no blanks
2. Communicate the strength of the 

evidence (uncertainty)
3. Ensure internal consistency 
4. Iterative approach to estimation
5. Identify all relevant data sources
6. Compare like with like, a.k.a crosswalk 

different measurements
7. Correct for data errors
8. Pick the best model based on 

performance

Aim:

Make estimates:

(i) comprehensive,

(ii) comparable, &

(iii)as accurate as 

possible.



Exposure level
Risks

Age | Sex | Year | Location

Effect Size
Risk-outcome 

Age | Sex 

Optimal Level
Risk Exposure

Global  

Population 
Attributable 

Fraction

Attributable 
Disease Burden

Disease-specific  
Burden

Risk factor attributable burden

What would the burden of disease be today if past exposure was set 
to a counterfactual level?
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Attributable burden estimation framework

Population-
attributable 

fraction due to
air pollution

Burden of 
Disease 

attributable to 
Air Pollution

Minimum risk 
exposure level

Exposure-response relationships

Disease-specific burden



Brauer et al. Lancet 2024
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Quantifying exposure to air pollution

9

Population-weighted exposures
for every country*

Fuel use and other 
surveys

Satellite data

Ground 
monitoring

of air 
quality

Chemical transport 
models

PM2.5

Ozone 

Household Air 
Pollution 

*Based on aggregation from pixel estimates at 1km - 11 km 
grid scales

Geospatial data

Nitrogen 
Dioxide 
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Key updates for GBD 2021

• Additional ground monitoring data
• HAP: fuel-specific exposure estimates
• New Risk Factor

• NO2

• Burden of Proof Risk Function
• PM2.5 – all-ages risk curves

• Ambient and HAP data only

• Attributable Burden forecasting
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Brauer et al. Lancet 2024
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Robust assessment of the risk-outcome relationship

• Meta-analysis or meta-regression often used as an input. 
• Many methods assume the relationship between exposure and risk is log-linear
• National or international guidelines typically come from expert committees

• can consider nuances hard to capture in quantitative methods
• different expert groups can and do arrive at different conclusions 

• GRADE proposed to standardize issues that are considered. But GRADE is also 
subjective. 

• Risk-outcome relationships with small increases in risk are more likely due to 
residual confounding or other biases. 

• Unexplained between-study heterogeneity suggests uncaptured uncertainty
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Burden of Proof Risk Function

• Smallest level of excess risk that is consistent with data.  
• Incorporates:

• mean relationship between risk and exposure in the 
available data 

• unexplained* between study heterogeneity adjusted for 
number of studies
• *study design covariates (confounding, selection bias, 

exposure measurement, etc.)

Data Visualization

https://vizhub.healthdata.org/burden-of-proof/


Brauer et al. Lancet 2024



Air Pollution Evidence Scores
Outcome Risk Score Star rating

PM2.5 – COPD 0.441 4

PM2.5 - Lung cancer 0.342 3

PM2.5 - Ischemic heart disease 0.259 3

PM2.5 – Stroke 0.167 3

PM2.5 - Type-2 diabetes 0.188 3

PM2.5 – LRI 0.126 2

Dementia (GBD 2023) 0.085 2

Ozone - COPD 0.011 2

NO2 – (pediatric) Asthma -.349 1

PM2.5 – Birthweight Mediation -

PM2.5 - Gestational age Mediation -

Brauer et al. Lancet 2024


