oW

GBD 2017 State-Level Burden of Disease from Air Pollution in India:

Findings and Future Research Needs

Lalit Dandona

Distinguished Research Professor, Public Health Foundation of India, New Delhi
Professor of Health Metrics Sciences, University of Washington, Seattle

Director, India State-Level Disease Burden Initiative

On Behalf of the India State-Level Disease Burden Initiative

6 May 2019

PUBLIC
HEALTH
FOUNDATION
OF INDIA

W HME



India State-Level Disease Burden Initiative Air Pollution Collaborators
76 collaborators

Sri Ramachandra Institute of Higher Education and Research, Chennai; Indian Institute of Technology, New Delhi; Indian Institute
of Technology, Kanpur; Indian Institute of Tropical Meteorology, Ministry of Earth Sciences, Government of India, Pune; Indian
Council of Medical Research, New Delhi; National Institute of Occupational Health, ICMR, Ahmedabad; National Institute for
Research in Environmental Health, ICMR, Bhopal; Ministry of Environment, Forest and Climate Change, Government of India,
New Delhi; National Centre for Disease Control, Ministry of Health and Family Welfare, Government of India, New Delhi;
Directorate General of Health Services, Ministry of Health and Family Welfare, Government of India, New Delhi; All India
Institute of Medical Sciences, New Delhi; Postgraduate Institute of Medical Education and Research, Chandigarh; Sree Chitra
Tirunal Institute for Medical Sciences and Technology, Trivandrum; Asthma Bhawan, Jaipur; Chest Research Foundation, Pune;
CSIR-Institute of Genomics and Integrative Biology, New Delhi; Sher-i-Kashmir Institute of Medical Sciences, Srinagar; Christian
Medical College, Ludhiana; Christian Medical College, Vellore; St. John's Medical College, Bengaluru; JSS Medical College,
Mysuru; Government Medical College, Trivandrum; King George Medical University, Lucknow; National Allergy Asthma
Bronchitis Institute, Kolkata; Rajasthan University of Health Sciences, Jaipur; Madras Diabetes Research Foundation, Chennai;
Institute of Postgraduate Medical Education and Research, Kolkata; University of British Columbia, Vancouver; Health Effects
Institute, Boston; Institute for Health Metrics and Evaluation, University of Washington, Seattle; Public Health Foundation of
India, Gurugram



India State-Level Disease Burden Initiative

Launched in October 2015 as joint effort of the Indian Council of Medical Research
(ICMR), the Public Health Foundation of India (PHFI) and the Institute for Health Metrics
and Evaluation (IHME), in collaboration with the Ministry of Health and Family Welfare

Extensive engagement with about 300 experts from over 100 institutions across India
and with policy makers for this work

Produce disaggregated disease burden trends by age groups, sexes, rural-urban
populations for each state

|dentify major data gaps that could be addressed over time

Build systems and capacity for producing robust sub-national disease burden estimates
on a regular basis

Estimations in collaboration with and as part of the Global Burden of Disease (GBD)
Study



Methods: GBD Data and Model Flow Chart
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PAF = population attributable fraction

DALY = disability-adjusted life years

YLL = years of life lost due to premature mortality
YLD = years lived with disability
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India: Health of the Nation’'s States

The India State-Level Disease Burden Initiative
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Epidemiological Transition Across the States of India

Infectious and related diseases cause less than half of the disease burden in every state now

1990
Jammu and Kashmir
[1.14]

Himachal Pradesh [1.14
Punjab [1.05] NEaEA B 1

Arunachal Pradesh [1.94]

Delhi[1.16]
Sikkim [1.44]

Mizoram [1.18]

Tripura [1.38]
Meaghalaya [1.98]

Ratio

Goa [0.84] @ Les=than 031

& o031-040
0.41-055

0.56 - 0.75
Kerala [0.49]

0.76 - 1.00
1.01-1.30
@ 131-170

@ More than 1.70

2016

Punjab [0.29] Himachal Pradesh [0.3]
Untarakhand Arunachal Pradesh [0.53]

[0.46] Delhi [0.38]

Sikkim [0.45]

Rajasthan [0.66] Uttar Pradesh
[0.68] Bihar " Assam [0.62]° ___ Nagaland [0.47]
[0.74)
Manipur [0.£2]
Jharkhand !
Gujarat[0.48] Madhya Pradesh [0.6] [0.69] Mizaram [0.53]

hhattisgarh
0.6] A Tripura [0.45]

Meghalaya [0.64]

Odicha [0.58]

Wast Bangal [0.33]

Goa[0.21
o L] Andhra Pradesh [0.37]

Kerala [0.16]

This transition occurred in some states 30 years ago and in others only in the past few years
Lancet 2017; 390: 2437-2460



Leading Individual Causes of DALYs in India

1990 2017

Neonatal disorders [14.4%) Neonatal disorders [9.2%]

Diarrheal diseases [10.8%] Ischemic heart disease [7.7%)]
Lower respiratory infections [10.4%)]
Tuberculosis [4.6%] Diarrheal diseases [5.1%]
Ischemic heart disease [3.5%)] Lower respiratory infections [4.9%)]
Chronic obstructive pulmonary disease [3.0%)] Stroke [3.7%]
Congenital birth defects [2.4%] Tuberculosis [3.3%]
Measles [2.3%] Dietary iron deficiency [2.5%]

Dietary iron deficiency [2.2%] Diabetes mellitus [2.3%)]

Tetanus [2.0%] Road injuries [2.3%]

Communicable, maternal, . . .
.. ) Non-communicable diseases Injuries
neonatal, and nutritional diseases

https://vizhub.healthdata.org/gbd-compare/

Chronic obstructive pulmonary disease [5.1%)]

DALYs = disability-adjusted life years



DALYs Attributable to Risk Factors in India
1990 2017

Child and maternal malnutrition [36.4%] Child and maternal malnutrition [17.3%]

Unsafe water and sanitation [11.5%] Dietary risks [9.0%]

Air pollution [9.0%] Air pollution [8.0%]

Tobacco use [5.2%] High systolic blood pressure [7.9%]

Dietary risks [4.5%)] Tobacco use [6.5%)]

High systolic blood pressure [3.6%)] High fasting plasma glucose [6.0%)]

Alcohol use [2.2%)] Unsafe water and sanitation [5.1%]

High fasting plasma glucose [2.2%)] Alcohol use [4.5%)]

Occupational risks [1.9%)] High body-mass index [3.9%)]

High LDL cholesterol [1.7%)] High LDL cholesterol [3.9%)]

- Behavioural risks - Environmental/occupational risks Metabolic risks

https://vizhub.healthdata.org/gbd-compare/

DALYs = disability-adjusted life years



Estimation of Air Pollution Exposure in GBD 2017

= Qutdoor air pollution
o Annual average PM, . concentration

o Satellite-based aerosol optical depth data calibrated with ground-level PM, . data
o Data from 369 ground monitoring sites in India

=" Household air pollution

o Proportion of population using solid cooking fuels converted into PM, . exposure
o Major data sources included national surveys such as NFHS, DLHS and NSSO,
Census of India, and other epidemiological studies

= Ambient ozone pollution

o Mean of daily maximum 8-hour average concentration
o GBD 2017 used new database of global surface ozone observations

GBD = Global Burden of Disease
PM, ¢ = fine particulate matter

Lancet Planetary Health 2019; 3: e26-e39 — Epub 6 Dec 2018 e ey Farm e ey

DLHS = District Level Household Survey
NSSO = National Sample Survey Office



Disease Burden and Deaths Attributable to Air Pollution

= Assessed risk-outcome pairs that had strong evidence for a biologically

plausible association between exposure and disease outcomes

= Estimated relative risk of lower respiratory infections, chronic obstructive
pulmonary disease, ischaemic heart disease, stroke, lung cancer, and

diabetes for PM, . exposure (60 studies)
= Estimated relative risk of cataract for household air pollution exposure
= Based on above, deaths and DALYs attributable to air pollution estimated

= GBD 2017 estimated mutually exclusive disease burden for outdoor

particulate matter pollution and household air pollution

Lancet Planetary Health 2019; 3: e26-e39 — Epub 6 Dec 2018 GBD = Global Burden of Disease

DALYs = disability-adjusted life years
PM, s = fine particulate matter



Air Pollution Exposure in the States of India: 2017

Population-weighted particulate matter PM, .
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Lancet Planetary Health 2019; 3: e26-e39 — Epub 6 Dec 2018
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Deaths and DALYs Attributable to Air Pollution in India: 2017
12.5% of all deaths attributable to air pollution in India

Total deaths attributable to air pollution:
1.24 million (95% uncertainty interval 1.09 to 1.39 million)

673,000 from outdoor particulate air pollution

482,000 from household air pollution

India had 18% of the global population in 2017
India suffered 26% of the global DALYs attributable to air pollution

Lancet Planetary Health 2019; 3: e26-e39 — Epub 6 Dec 2018

DALYs = disability-adjusted life years



90

(o))
o

Deaths per 100,000
w
o

Air Pollution Death Rate in India: 1990-2017
Ambient versus Household

Crude death rate Age-standardized death rate
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——Ambient particulate matter -=—Household air pollution

1990-2017 1990-2017
Ambient: 50% increase Ambient: 22% increase
Household: 56% decrease Household: 64% decrease

https://vizhub.healthdata.org/gbd-compare/
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DALYs Attributable to Air Pollution by Cause in India: 2017

6.9% L-8% 1>5%

m Lower respiratory infections
m Chronic obstructive pulmonary disease
= Ischemic heart disease
Stroke
= Diabetes mellitus
® Lung cancer

7.5%

Cataract
1000 B17 Il Lower respiratory infections [ Diabetes mellitus
00 A1 B Chronic obstructive pulmonary disease [ Lung cancer
= 3 [ Ischaemic heart disease [ Cataract
£ 800+ 667 [ Stroke
= 700+ T 374 oy
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™
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Air pollution Tobacoo use

DALY rates attributable to air pollution and tobacco use in India, 2017
Error bars represent 95% uncertainty intervals. DALY = disability-adjusted life-year.

Lancet Planetary Health 2019; 3: e26-e39 — Epub 6 Dec 2018
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Impact of Air Pollution on Life Expectancy in India

Increase in life expectancy in years if air pollution levels had

been below minimum risk levels
3.2

2.8
2.4
2
1.6
1.2 o
0.8 1.7
0.4
0

India Rajasthan Uttar Pradesh Haryana

Impact of outdoor air pollution on
life expectancy

{ 1 1.6

Impact of household air pollution on
life expectancy
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0.8 {
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0
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Lancet Planetary Health 2019; 3: e26-e39 — Epub 6 Dec 2018



Articles

The impact of air pollution on deaths, disease burden,
and life expectancy across the states of India: the Global
Burden of Disease Study 2017

Indin Stake ! evel Disease Rurden Initiative Air Pollution Collaberotors*

Summary

Background Air pollulion is a major planelary heallh risk, with India eslimaled Lo have some of the worsl levels globally.
To inform aclion al subnalional levels in Tndia, we estimaled the exposure o air pollution and ils impacl on deaths,
disease burden, and lile expectancy in every slale of India in 2017,

Methods We eslimaled exposure Lo air pollulion, including ambient particulate matler pollution, defined as the annual
average gridded concentration of PM, , and household air pollution, defined as percentage of househelds using solid
cooking fuels and the corresponding exposure 1o PM,,, across the states of India using accessible data from multiple
sources as part of the Global Burden of Diseases, Injuries, and Risk Factors Study {GBD) 2017, The states were categorised
iio three Socio-demographic Index (SDI) levels as calculated by GBD 2017 on the basis of lag-distributed per-capita
income, mean education in people aged 15 years or older; and totul fertility rute in people younger than 25 years. We
estimated deaths and disability-adjusted life-years (DALYs) attributable to air pollution exposure, on the basis of exposure-
response relationships from the published literature, as assessed in GBD 2017; the proportion of total global air pollution
DALYs in India; and what the life expedtancy would have been in each state of India it air pollution levels had been less
than the minimum level crusing health loss.

Findings The annual population-weighted mean exposure to ambient particulate matter PM, | in India was 899 pg/m3
(65% uncertainty interval [U1] 67 -0-112.0) in 2017, Most states, and 76- 8% of the population of India, were expased to
annual population-weighted mean PM, , greater than 40 pgfm3, which is the limit recommended by the National
Ambient Air Quality Standards in India. Delhi had ihe highest annual population-weighted mean PM, . in 2017, followed
by Uttar Pradesh, Bibar, and Haryana in north India, all with mean values greater than 125 pg/mé. The proportion of
population using solid fuels in India was 55-5% {54 -8-56- 2) in 2017, which exceeded 75% in the low SDI states of Bihar,
|harkhand, and Odisha. 1-24 million (1-09-1-39} deaths in India in 2017, which were 12-5% of the total deaths, were
attributable to air pollution, incduding 0-67 million {0-55-0.79) trom ambient particulate matter pollution and
0-48 million {0-39-0-58) trom househald air pollution. Of these deaths attrilntable to air pollution, 51-4% were in
people younger than 7 years. India contributed 18-1% of the global population but had 26- 2% of the glohal air pollution
DALYs in 2017, The ambient particulate matter pollution DALY rate was highest in the north Indian states of Uttar
Pradesh, Haryana, Delhi, Punjab, and Rajasthan, spread across the three SDT state groups, and the houscheld air
pollution DALY ratc was highest in the low SD states of Chhattisgarh, Rajasthan, Madhya Pradesh, and Assam in north
and northeast Tndia. We estimated that if the air pollution level in India were less than the minimum causing health loss,
the average life expectancy in 2017 would have heen higher by 1-7 years {1. 6-1.9), with this increase exceeding 2 years in
the north Indian slates of Rajasthan, Uttar Pradesh, and Haryana,

Interpretation Tndia has disproportionately high mortality and discase burden duc to air pollution. This burden is
generally highest in the low SDIT states of north Tndia, Reducing the substantial avoidable deaths and disease burden
from this major environmental risk is dependent on rapid deployment of effective multiscectoral policies throughout
Tndia that are commensurate with the magnitude of air pollution in ench state,

Funding Rill & Melinda Gates Foundation; and Tndian Council of Medical Research, Department of Health Research,
Ministry of Health and Family Welfare, Government of Tndia.

Copyright € 2018 The Author(s). Published by Elsevier Id. This is an Cpen Access atlicle under lhe CC BY 4.0 license.
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levels to air pollution globally.' The major components of

weene LhelaneeLcomiplanetary health Yol 3 January 2019

household air pollulion, and Lo a smaller exlenl ozone in
the troposphere, the lowest laver of atrnosphiere. In India,
the wajor sources of arnbient particulate matter pollution
are coal burning (or thenmal power produciion, indusiry
ernissions, construction activity and brick Kilns, transport

Lancet Planet Health 2019;
2:e2639

Puh ised Online
Nieca nlaer 6, 2018
Ittt oo 10

“Collabonzrs lisedal e er

wllheAlie

Conspar deone

122002, Matiz val Capieal
Regiar, Indiz
Ialit.dandona@phfi.ory

Faundaior of Incia, Gurug ram

Lancet Planetary Health 2019; 3: e26-e39
Epub 6 Dec 2018
doi: 10.1016/52542-5196(18)30261-4



Media Coverage of Air Pollution Findings Reported in December 2018
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About 50 news reports including front page and editorials



What Causes Air Pollution in India?
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Policy and Action for Air Pollution Control
= National Air Quality Index launched by the Prime Minister of India in 2015

= National scheme launched in 2016 to increase clean cooking fuel use with
the aim to reach 80 million households

" India pledged in 2016 to increase electricity generation from renewable
sources as part of the Paris Agreement

= National Clean Air Programme launched in 2018

" Target set by the National Clean Air Programme in early 2019 for 20-30%
reduction in air pollution in 102 cities across India

Visibly higher attention to air pollution in public and policy discussions over the past year



Evidence for the Impact of Air Pollution on Disease Burden in India

= Short-term exposure effects of outdoor particulate matter on acute diseases
and on all-cause mortality are similar in India and other countries

= Recent cohort study in China, which included exposure at levels comparable
to those observed in India, shows similar cause-specific mortality as in the
more developed countries

= Some cohort studies have been initiated in India, select early findings from
which are consistent with meta-analyses estimates from elsewhere

= Reasonable for now to use disease attribution data from worldwide long-term
exposure cohort studies to estimate disease burden attributable to air
pollution in India



Air Pollution Evidence Gaps in India

= Limited ground monitoring of air pollution, especially in less developed states and
rural areas

National Pollution Control Board has announced plans to increase ground

monitoring sites

= No comprehensive long-term cohort studies to assess the health impact of air
pollution
Tamil Nadu Study (TAPHE) — low birth weight, respiratory diseases
Hyderabad Study (CHAI) — cardiovascular arterial thickening
Delhi-Chennai Study (CARRS) — cardio-respiratory diseases

= Divergent estimates of contributors to ambient air pollution

= No significant policy or intervention research related to air pollution



Air Pollution Research in India

= Few air pollution research groups

Chennai — Sri Ramachandra University

Delhi — Public Health Foundation of India (PHFI), Indian Institute of Technology — Delhi
(IITD)

Mumbai — Indian Institute of Technology - Mumbai (IITM)
Kanpur — Indian Institute of Technology - Kanpur (IITK)

Chandigarh — Post Graduate Institute of Medical Education & Research, Chandigarh
(PGIMER)

Pune — Chest Research Foundation (CRF), System of Air Quality and Weather Forecasting
And Research (SAFAR)

= Limited resources for air pollution research

India — Indian Council of Medical Research (ICMR), Department of Biotechnology (DBT),
Department of Science & Technology (DST), Ministry of External Affairs (MoE)

International — National Institutes of Health (NIH), World Health Organization (WHO),
Medical Research Council (MRC), Health Effects Institute (HEI)

Various sporadic research outputs but few established programs of air pollution research



Strengthening Evidence for Air Pollution Control in India

= Establish comprehensive long-term cohort studies to assess the health impact of air
pollution
o ldeally nationwide representation, or at least cover diverse parts of the country
o Tag with existing large scale data collection efforts — pros and cons
o Challenges with starting fresh cohorts

o Include all-cause mortality, cause-specific mortality, morbidity, possibly biomarkers

= Establish collaborative efforts to standardize estimation of the contribution of various
sources to ambient air pollution

o Emission inventory assessment methods

o Simulation modelling methods

" Plan strategic policy and intervention research
o Assess through research how policy engagement can be enhanced
o Efficient impact assessment of recent and new air pollution control programs

o Develop research to assess the impact of specific interventions
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