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WARNING

YOU MUST PARTICIPATE



Goals for the workshop

• Introduce the concept of burden estimation
• The underlying assumption of the counterfactual comparison

• Data needed for health impact assessment (HIA)

• Tools for HIA for air pollution

• Using HIA for decision-making

• Burden estimates for ambient and household air pollution (Carradee)

• Uncertainties associated with HIAs for air pollution
• Limitations for policy purposes

• Communicating about results of HIA

• Experiences with HIA in the region (Abera and Otienoh)



Of Acceptable Risk (Lowrance)

“A thing is safe if its risks are 

judged to be acceptable.”

Therefore

• We need to have 

sufficiently certain 

estimates of risk

• And, we need to have a 

judgment on acceptability 

of risk. 

William Lowrance

1977 

The Goal: Reducing Risks to Acceptable Levels



Geoffrey Rose: Sick Individuals and Sick 
Populations—Re-Imagined 

What drives:
• The whale?
• The tail?



Causation and Policy

• By causation, we mean that exposure to the causal factor increases 
risk for disease. 

• If an environmental agent acts to increase risk for an adverse event, 
then we want to know:
• By how much is increased, i.e., the relative risk.

• The nature/form of the exposure/risk relationship.

• How much disease is caused by the agent, i.e., the population attributable 
risk.

• For policy purposes, we want to know how much risk can be reduced 
by taking various actions. 



Causation in an individual



https://www.theguardian.com/environment/2018/oct/27/air-pollution-is-the-new-tobacco-warns-who-head

The “new tobacco”?

Do burden estimates motivate 
action?



https://www.theguardian.com/environment/2018/oct/27/air-pollution-is-the-new-tobacco-warns-who-head

The “new tobacco”?

What does this mean?
“…the simple act of breathing is 
killing 7 million people a year”



Imagine that you are Dr. Tedros

A reporter asks: Dr. Tedros, what do you mean 
when you say that air pollution causes 7 million 

deaths each year?

Your answer?



The Counterfactual
What does this mean—6.7 million deaths 

attributable to air pollution?

The “real world?
The “counterfactual” 

world



The Counterfactual Concept

• The counterfactual assumed is for a world that does not 
exist, but theoretically could.

• The counterfactual value generally has some basis for 
selection.

• Explaining the concept is critical for communication about 
burden estimates and health impact assessments.

Definition:  The counterfactual is contrary to the facts



Attributable vs Avoidable



Johns Hopkins Epidemiology Department, circa 1935-36

Morton Levin



Morton L. Levin

(1904-1995)

Estimating the Attributable Burden of Lung Cancer

1953



A Reminder: RR and PAR

Relative Risk (RR)

RR = Risk in those exposed

Risk in those not exposed

RR = 1 indicates no increase

RR >1 indicates increased risk

Population Attributable Risk (PAR)

PAR = __P(RR-1)_ 

1 + P(RR-1)

where P is exposure prevalence

PAR ranges from 0.0 to 1.00

Calculations for you

• P=0.5 and RR=1.5
• P=0.5 and RR=20
• P=0.1 and RR=1.5
• P=0.7 and RR=1.5



Population Attributable Risk

Relative Risk Prevalence (%)
PAR = Proportion of disease in the total population that is the 

result of exposure
PAR (%)

1.5 10 0.05 4.76

1.5 80 0.29 28.57

5 10 0.29 28.57

5 50 0.67 66.67

10 10 0.47 47.37

10 50 0.82 81.82



The relationship of relative risk (RR) to the population-
attributable fraction at different prevalence levels

Source: Surgeon General, 2014

https://www.ncbi.nlm.nih.gov/books/NBK294316/figure/ch12.f1/


Attributable is not the same as Avoidable



Health Impact Assessment and 
Burden Estimation



US National Academies: Definition of HIA

HIA is a systematic process that uses an array of data 
sources and analytic methods and considers input from 
stakeholders to determine the potential effects of a 
proposed policy, plan, program, or project on the health 
of a population and the distribution of those effects 
within the population. HIA provides recommendations 
on monitoring and managing those effects.
https://nap.nationalacademies.org/catalog/13229/improving-health-
in-the-united-states-the-role-of-health

https://nap.nationalacademies.org/catalog/13229/improving-health-in-the-united-states-the-role-of-health
https://nap.nationalacademies.org/catalog/13229/improving-health-in-the-united-states-the-role-of-health


WHO Health Impact Assessment Definition

Health Impact Assessment (HIA) is a practical approach used to judge 
the potential health effects of a policy, programme or project on a 
population, particularly on vulnerable or disadvantaged groups. 
Recommendations are produced for decision-makers and stakeholders, 
with the aim of maximising the proposal's positive health effects and 
minimising its negative health effects. The approach can be applied in 
diverse economic sectors and uses quantitative, qualitative and 
participatory techniques.

https://www.who.int/health-topics/health-impact-assessment#tab=tab_1

https://www.who.int/health-topics/health-impact-assessment#tab=tab_1




Burden Estimation: A Component of HIA

• Estimates the attributable burden, the share of the burden of a 
disease that can be estimated to occur due to exposure to a 
particular risk factor, and the

• Avoidable burden, the reduction in future disease burden if 
observed levels of risk factor exposure were decreased to a 
counterfactual level.

• We measure disease burden as:

• Years of life expectancy lost

• DALYs: Disability-adjusted life-years 



IHME



GBD Methods for Ambient Air Pollution



The TMREL for Ambient Air Pollution



• Ozone
• Chronic Respiratory Disease: 
➢ 365,222 deaths 
➢ (0.65% of global deaths)

• ~6.66 million deaths 
(11.79% of global deaths)

• 4th ranking risk factor

• Ambient Air Pollution
• Cardiovascular Disease: 
➢ 2,475,395 deaths 
➢ (4.38% of global deaths)

• Chronic Respiratory Disease: 
➢ 695,071 deaths 
➢ (1.23% of global deaths)

• Neoplasms: 
➢ 307,680 deaths 
➢ (0.54% of global deaths)

• Respiratory & TB: 
➢ 326,365 deaths 
➢ (0.58% of global deaths)

• Household Air Pollution
• Cardiovascular Disease: 
➢ 1,069,765 deaths 
➢ (1.89% of global deaths)

• Chronic Respiratory Disease: 
➢ 398,386 deaths 
➢ (0.7% of global deaths)

• Neoplasms: 
➢ 79,763 deaths 
➢ (0.14% of global deaths)

• Respiratory & TB: 
➢ 422,887 deaths 
➢ (0.75% of global deaths) Source: GBD



What do we need for burden estimation?

• Estimates of the exposure or exposure distribution for the population

• Based on monitoring and models for air pollution

• An exposure-response relationship to estimate the risks of exposure

• Based on external epidemiological data, the IER 

• Population demographics

• From national census data

• Population mortality (morbidity) statistics

• From national vital statistics and other sources for morbidity



What do we need for burden estimation?

• Estimates of the exposure or exposure distribution for the population

• Based on monitoring and models for air pollution: From global models 
or local data

• An exposure-response relationship to estimate the risks of exposure

• Based on external epidemiological data, the IER: External 
epidemiological studies and risk modeling

• Population demographics

• From national census data: Available from government

• Population mortality (morbidity) statistics

• From national vital statistics and other sources for morbidity: Potential 
challenge for cause-specific mortality and hospital morbidity



What counterfactuals? 
WHO Air Quality Guidelines—2021



Environmental Public Health Tracking

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2805788/



SOGA: AFRICA





SOGA Africa: Death Rates Linked to PM2.5





SOGA Africa: Cause-Specific Deaths Linked to PM2.5



SOGA Africa: Trends in Death Rates Attributable to 
Household Air Pollution 



HIA ETHIOPIA





PM2.5 Monitoring in Addis Ababa: 3/2017-
3/2020

1. Peaks Wet/ rainy months vs non-rainy months
2. Daily mean: 42.4 μg/m3  >>> 25 μg/m3 >>> 15 μg/m3 (WHO 2021)

3. 3-year average: 42.4 μg/m3 >>> 10 μg/m3  >>> 5 μg/m3 (WHO 2021)

abrOctl2022 41



• The total population of Addis Ababa in 2020 was taken from UN 
population data sources (4.8 mln). We considered that 34% of the 
total population was adult of 30 years old and above (Addis Ababa 
Health Bureau, personal communication, February 2, 2021). The 
annual mortality for the year 2020 was taken from Addis Ababa 
Mortality Surveillance Program. A 7% of the incidence of injury was 
taken from published articles addressing the mortality surveillance 
program. We used the three WHO annual interim target options and 
the WHO annual mean air quality guideline as cut-off reference 
values to estimate the excess deaths because of PM2_5 pollution 
as measured by the three BAMs separately. 



Premature deaths – AirQ+ (WHO)
11539 deaths in 2020, aged >30yrs

If the 42.4 µg/m3 is reduced to 10 µg/m3, 2043 premature deaths could be saved.

abrOctl2022 43
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