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Health impacts of SLCPs and their mitigation

• BC is a component of PM2.5
• Ischemic heart disease
• Stroke
• Chronic obstructive pulmonary 

disease
• Lung cancer
• Acute lower respiratory infections 

in kids age <5 years
• Other morbidity impacts

• Methane is a precursor to 
tropospheric ozone
• Respiratory disease among adults
• Short-term morbidity impacts

• Other health impacts
• Climate change
• Agriculture/food security
• Physical activity
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Health is a major driver for SLCP mitigation

Shindell et al. 2012
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U.S. EPA Regulatory Impact Analysis
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Global Burden of 
Disease Study
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Metrics used by Global Burden of Disease study
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Metric Definition

Premature deaths A death that would not have occurred in the absence of the 
air pollution exposure

Years of life lost (YLL) Years lost due to premature mortality, calculated by 
subtracting the age of death from the longest possible age-
specific life expectancy

Years lived with disability (YLD) Years lived in less than ideal health, calculated as prevalence 
multiplied by disability weight

Disability-adjusted life years (DALYs) One year of healthy life lost, calculated as YLL+YLD



Deaths vs. Disability-adjusted life years (DALYs)
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Gold Standard Averted DALY 
(ADALY) methodology

• Requires personal exposure measurements and 
use of model (HAPIT) to estimate impact of 
exposure on mortality and DALYs

• Deaths of children are not easily added to those 
for adults and the non-lethal impacts vary by 
disease.

• The DALY is a single metric that combines both 
mortality and morbidity.

• It is a common metric used by public health and 
development entities globally.

• Using DALYs enables the development of 
methodologies to quantify the health benefits of 
other types of interventions (e.g., water and 
sanitation) using a common and comparable 
metric.
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Practical considerations: health outcomes evolve

9Malley et al. (2017)

% of total preterm births which were associated with PM2.5 in 2010



Practical considerations: exposure-response curves evolve

Data from Burnett et al. (2014)

PM2.5 Integrated Exposure Response curves

Increase from using previous ACS study

Ozone premature deaths using updated ACS results 

Malley et al. (submitted)



Practical considerations: incidence rates evolve
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Data from IHME (2016)

Growth scalars based on 
International Futures Model

2013

2040

2013

Chronic respiratory disease among adults



Practical considerations: Wide variation in methods 
among air pollution health impact assessment tools

Anenberg et al., Risk Analysis, 2016
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Advantages and Disadvantages of alternative metrics
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Metric Definition Advantages Disadvantages

Premature deaths A death that would not have 
occurred in the absence of the air 
pollution exposure

Straightforward, equitable 
across populations and time, 
captures most severe impact

No dimension of time

Years of life lost 
(YLL)

Years lost due to premature 
mortality, subtract age of death 
from longest possible age-specific 
life expectancy

Adds dimension of time to 
premature death metric

Harder to interpret, adds 
assumption of equal life 
expectancy across populations

Years lived with 
disability (YLD)

Years lived in less than ideal 
health, calculated as prevalence 
multiplied by disability weight

Accounts for non-fatal 
outcomes

Difficult to estimate due to data 
limitations, could require 
subjectivity

Disability-adjusted 
life years (DALYs)

One year of healthy life lost Universal, can compare 
across different populations, 
health conditions, time

Stronger emphasis on 
premature death at young age

Health-adjusted 
life expectancy 
(HALE)

Healthy life expectancy, accounts 
for both YLL and YLD

Accounts for both mortality 
and non-fatal outcomes

Relatively unknown, must 
calculate using age-specific life 
expectancy

Non-fatal 
outcomes

Cases (hospital admissions, 
asthma attacks, lost work days)

More tangible and easier to 
understand

Limited data on incidence rates 
and exposure-response 
functions globally
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