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Air pollution is a major risk factor for global health 2021

High blood pressure ]
Smoking

High fasting plasma glucose
Ambient particulate matter
High LDL

High BMI (adult)

Kidney dysfunction -
Household air pollution -
High sodium —

High alcohol use -

Low fruit -

Lead (bone)

Low whole grains

Low birth weight

Low temperature
Secondhand smoke
Short gestation

Unsafe sex

Low vegetables -

Unsafe water -

Low PUFA -

Low nuts and seeds —

Low physical activity -
Child underweight

Low omega-3

Low fiber -

Occupational particulates -
Unsafe sanitation -

Child wasting

Ozone H

Occupational injury -

Low bone mineral density -
Handwashing

Injected drug use

High temperature 5
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s w4, .8 M deaths ~7% of all deaths

- 500K deaths

$5 trillion/yr welfare losses
$225 billion/yr lost labour income

3.5 M deaths

Ambient particulate matter pollution
Both sexes, All ages, 2021, Deaths per 100,000
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World Bank. 2016. The cost of air pollution : strengthening the economic case for action
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HEALTH Tackling Air Pollution Starts at Home

Rapidly developing countries critically need clean household energy
Think Global Health

India's Pollution
Problem
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India's former secretary for the
Ministry of Health and Family Welfare talks smog
and health

https://world-heart-federation.org/global-advocacy/air-pollution/



Air pollution affects the top 8 global

causes of death

Ischemic Heart Disease mortality/incidence: PM
Stroke mortality/incidence: PM

COPD mortality: PM, ozone

ALRI mortality/incidence: PM

Lung Cancer mortality: PM

Low birthweight/short gestation -> neonatal

Type 2 Diabetes mortality / incidence: PM

Childhood asthma: NO2; Dementia; PV

2019 rank

1 Ischemic heart disease
2 Stroke

3 COPD

4 Lower respiratory infect
5 Lung cancer

& Meonatal disorders

7 alzheimer's disease
8 Diabetes

9 Diarrheal diseases

10 Cirrhosis

11 Chronic kidney disease

12 Road injuries

13 Tuberculosis

14 Hypertensive heart disease
15 Colorectal cancer

16 Stomach cancer

{17 HIV/AIDS

18 Self-harm

19 Falls

20 Breast cancer

21 Malaria

22 Congenital defects
23 Pancreatic cancer
24 Esophageal cancer
25 Prostate cancer

26 Liver cancer

27 Asthma
42 Drowning
43 Meningitis

45 Protein-energy malnutrition

izhub.healthdata.org/ghd-compare/ 77 Measles




Combining satellite and ground monitoring to estimate

exposure

Bayesian Hierarchical Model (DIMAQ?2)
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log(PM;5,,) = Bost + B1s¢108(SAT) + B3 pX + €

Spatially varying determinants of AOD-PM,
relationship (from chemical transport model,
other) + hierarchical random effects

Ground measurements, GBD 2021
N = 18,406 unique locations, from 120 countries

GBD 2021 evaluation:
Mean R? = 0.91 (95% Ul 0.87 — 0.93)
Mean Pop-weighted RMSE = 8.5 (6.2 — 12.8) ug/m3

~11 x 11 km resolution (also 1 x 1 km) , annual average

Shaddick et al. 2018. Data Integration for the Assessment of Population Exposure to Ambient Air Pollution for Global Burden of Disease Assessment. Environ Sci Technol. 2018 Aug

e G B D Shaddick et al. 2018. Data integration model for air quality: a hierarchical approach to the global estimation of exposures to ambient air pollution. J. R. Stat. Soc. C, 67: 231-253.

21;52(16):9069-9078.
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PM,’s (pg/m®)
B <-5 (<WHO Guideline)
B 510 (<WHO IT-4)
1015 (<WHO IT:3)
15-25 (<WHO IT-2)
I 2535(<WHO IT-1)
B >35 (>WHO IT1)
(IT = Interim Target)

‘ et bt b

100%
92%
81%
65%
51%



Estimating disease burden from environmental risks

Exposure level

NEES
Age | Sex | Year | Location

Population
Attributable

~ " [ - o
EECIISIZE
RISKEOUICOME
AYEHFSEX:

Optimal Level

Risk Exposure
Global

Fraction

Disease-specific | Attributable
Burden Disease Burden

& |HME = W UNIVERSITY of WASHINGTON

Institute for Health Metrics and Evaluation



Log(Relative Risk)
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name=air pmhap neuro dementia, score= 0.085
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i N=18 cohort studies
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Associations of outdoor fine particulate air pollution and cardiovascular
disease in 157 436 individuals from 21 high-income, middle-income, and

low-income countries (PURE): a prospective cohort study

Perry Hystad, PhD 2 £ . Andrew Larkin, PhD « Sumathy Rangarajan, MSc « Khalid F AlHabib, MBBS

Prof Alvaro Avezum, PhD » Kevser Burcu Tumerdem Calik, MD « et al. Show all authors

Published: June, 2020 « DOI: https://doi.org/10.1016/S2542-5196(20)30103-0
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Kelowna

11/2017 - 03/2019

PM, - / AOD (ug/m3) | 221
AOD / b, (km) 7.5
b,/ PM, 5 (m2/g) |95
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ﬁm Canadians, ages 25-89 years old -
1.3 million deaths

CanCHEC 1991
‘ 2.5 million

Stacked CanCHEC

7.1 million unique individuals
CanCHEC 1996 with 128 million person-years
3 million

CanCHEC 2001
3 million

50,100 deaths

CCHS
540,900 with 4.4 million person-years




Canadian Community

Canadian Community Health Survey

—— “=-=- ~-astrained Health Impact Function (SCHIF)

Cubic Spline (RCS)
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Application of CanCHEC Shape — Additional 1.55 M (17% increase ) deaths/yr globally

B CcanCHEC

[ ] RCF

RCF Counterfactual:

~U(2.5ug/m3 ’ 5-0ng/m3) CanCHEC: CanCHEC shape

2.5 — 5.0png/m?3 range

5.0 15 10.0 12.5
Attributable Deaths per Year (Millions)

Weichenthal et al. Science Advances 2022
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The impact of air pollution on deaths, disease burden, and life expectancy
across the states of India: the Global Burden of Disease Study 2017

India State-Level Disease Burden Initiative Air Pollution Collaborators ' « Show footnotes

Published: December 05, 2018 » DOI: https://doi.org/10.1016/52542-5196(18)30261-4
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Global Burden of Disease — Major Air Pollution Sources (GBD-MAPS) Project

Goal: Identify major sources of global PM, . pollution & quantify attributable disease burden

1 CEDS Emissions

1

2 GEZ'S-Chem

el

HEALTH
EFFECTS
INSTITUTE

—
1
T
T

Modeled PM, ; Fractional
Source Contribution

Approach:

Conduct emissions sensitivity simulations with a global
atmospheric chemistry transport model...

Absolute PM, ; Source
Contribution

1,000,000 §
100,000
10,000
11,000
100

10

(# Deaths)

Burden Contributi

...integrate with PM,, . exposure
estimates and concentration response
relationships from the GBD to quantify
source-specific disease burdens

Disease Burden
Source Contribution




Global fuel combustion contributes to ~50%; fossil fuels ~27%

2017 Global Sector Contributions

Sector Legend:

~8% ~5% Agriculture
Energy
B Industry
B Road Transport
I Non-Road Transport
Residential
8 Commercial
I Other Combustion
I Solvents
Waste
Int’l Shipping
B Agr. Waste Burning
19% ~10/;'2% Bl Other Open Fires
B Windblown Dust
Bl AFCID Dust
Remaining Sources

~10%

~12%

<1%
6%

Interactive data visualization

2017 Global Fuel-Type Contributions

Fuel Legend:
~23% Solid Biofuel
Il Total Coal
B Oil + Natural Gas
Dust + Fires

Remaining Sources

~20%

~14%

~30%

Fossil-fuels contribute to 27%


https://costofairpollution.shinyapps.io/gbd_map_global_source_shinyapp/

Global Average:
41.7 uyg m3| 3,832,500 deaths

disease

sector fuel
Relative Contributions

United States: .
7.8 yg m3 | 47,000 deaths

Pakistan:
59.7 ug m3 | 86,500 deaths

1,000,000
100,000
10,000
1,000
100

10

Russian Federation:

10.9 pg m-3 | 68 500 deaths

China:
49.8 ug m=23| 1,386,500 deaths

Bangladesh:
61.9 uyg m3| 63,500 deaths

% ‘./

Ni el'l

64.2 uyg m3 | 50,500 deaths

65.8 uyg m=3| 88, OOO deaths

Eqypt:

ndia:
80.2 ug m=3 | 866,500 deaths

Indonesia:
18.0 ug m3| 94,000 deaths

Sector Legend:
Agriculture

I Commercial
Energy (coal; remaining) B8 Other combustion [l Other fires

B AFCID dust
B Windblown dust

B Industry (coal; remaining) Waste
B Non-road transport I Solvents
B Road transport Int’l shipping

Residential (coal; biofuel; remaining)

B Agr. waste burning

Remaining sources

Fuel-Type Legend:

Disease Legend:

Solid biofuel

Il Total coal

B Liquid oil and natural gas
Total dust & fires
Remaining (non-comb.)
sources

Il COPD
Il Type Il Diabetes (DM)
Lower Respiratory Infections (LRISs)
B | _ung Cancer (LC)
I Ischemic Heart Disease (IHD)
I Stroke



https://gbdmaps.med.ubc.ca/
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