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Particulate Matter Pollution Remains a
Threat for Cardiovascular Health: Findings
From the Global Burden of Disease 2019

Mahsa Moradi 2, PhD*; Amir Hossein Behnoush
Sahar Saeedi Moghaddam @, MSc; Zahra Soleimani 2, PhD; Zahra Esfahani (2, MSc;

Mohammadreza Naderian 2, MD; Mohammad-Reza Malekpour 2, MD; Nazila Rezaei 2, MD;

Mohammad Keykhaei ©©, MD, MPH; Shaghayegh Khanmohammadi 2, MD, MPH; Hamed Tavolinejad 2, MD;
Negar Rezaei 2, MD, PhD; Bagher Larijani 2, MD; Farshad Farzadfar ©©, MD, MPH, MHS, DSc

, MD, MPH*, Mohsen Abbasi-Kangevari (2, MD, MPH;

BACKGROUND: Particulate matter (PM) pollution is a significant risk factor for cardiovascular diseases, causing substantial dis-
ease burden and deaths worldwide. This study aimed to investigate the global burden of cardiovascular diseases attributed
to PM from 1990 to 2019.

METHODS AND RESULTS: We used the GBD (Global Burden of Disease) study 2019 to investigate disability-adjusted life-years
(DALYs), years of life lost (YLLs), years lived with disability (YLDs), and deaths attributed to PM as well as its subgroups. It was
shown that all burden measures’ age-standardized rates for PM were in the same decreasing trend, with the highest decline
recorded for deaths (—36.7%). However, the all-age DALYs increased by 31%, reaching 8.9 million in 2019, to which YLLs
contributed the most (8.2 million [95% uncertainty interval, 7.3 million—9.2 million]). Men had higher deaths, DALYs, and YLLs
despite lower years lived with disability in 2019 compared with women. There was an 8.1% increase in the age-standardized
rate of DALYs for ambient PM; however, household air pollution from solid fuels decreased by 65.4% in the assessed period.
Although higher in men, the low and high sociodemographic index regions had the highest and lowest attributed YLLs/
YLDs ratio for PM pollution in 2019, respectively.

CONCLUSIONS: Although the total age-standardized rate of DALYs for PM-attributed cardiovascular diseases diminished from
1990 to 2019, the global burden of PM on cardiovascular diseases has increased. The differences between men and women
and between regions have clinical and policy implications in global health planning toward more exact funding and resource
allocation, in addition to addressing inequity in health care access.
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icant reversible causes of premature death and
disability worldwide.! Among environmental risk
factors, air pollution, particularly particulate matter (PM)
pollution, is a leading contributor to the global burden
of disease (GBD) associated with increased morbidity

Environmental pollution is among the most signif-

and mortality.""3 After hypertension, smoking, and high
fasting plasma glucose, air pollution is the fourth most
important risk factor considering all-cause death rates,
whereas it is the second most important risk factor for
global disability-adjusted life-years (DALYs).* Moreover,
91% of the world’s population lives in places where the
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CLINICAL PERSPECTIVE
What Is New?

e Age-standardized rate of the cardiovascular
disease burden attributable to particulate mat-
ter pollution had a decreasing trend from 1990
to 2019; also, all-age disability-adjusted life-
years (DALYs) increased by 31% from 1990 to
2019, in which men contributed more.

e The age-standardized rate of DALYs for ambient
particulate matter as a subtype of particulate
matter increased from 1990 to 2019, whereas
during the same period, there was a two-thirds
decrease in this index for household air pollu-
tion from solid fuels.

e The differences in the burden of cardiovascular
diseases attributable to particulate matter pol-
lution among regions and between sexes can
guide policy making to reduce the negative im-
pacts of this environmental issue.

What Are the Clinical Implications?

e The findings of the current study showed
that although there was a decrease in age-
standardized rate of all burden measures, the
all-age numbers for them increased.

e These differences highlight the inequity in ac-
cess to health care in different global burden of
disease regions and countries. Sex differences,
including higher years of life lost (YLLs), deaths,
and DALYs in men, can have clinical and policy
implications.

e The higher YLLs/years lived with disability ratio
in low and low-middle sociodemographic index
regions can lead to better air pollution control
strategies.

Nonstandard Abbreviations and Acronyms

ASR age-standardized rate
GBD global burden of disease
HAP household air pollution

IHD ischemic heart disease
PM particulate matter
SDI sociodemographic index
Ul uncertainty interval

YLLs years of life lost

air quality index exceeds the limits of the World Health
Organization guidelines.®

As one of the well-established outcomes of air pol-
lution, cardiovascular diseases (CVDs) contribute to
about one-third of global deaths.® For CVDs, ambient
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PM pollution and household air pollution (HAP) from
solid fuels are 2 major risk factors.*”8 PM is classified
into 3 main categories based on its aerodynamic diam-
eter: coarse (PM,,, 2.5-10um), fine (PM, 5, <2.5 um),
and ultrafine (PMy,, <0.1 um) PM.5" PM,, and PM, . are
the most common pollutants responsible for hospital-
ization and mortality.”

PM, . is the most influential environmental risk fac-
tor contributing to global CVD mortality and disability."®
The CVD burden continues its decades-long increase
in almost all countries other than high-income coun-
tries.* Although PM pollution-attributed deaths caused
by CVDs have decreased in several regions, it is still
a significant concern, especially in low-income coun-
tries.® Notably, climate change has already affected air
quality; for instance, an increase of up to 112% was re-
ported in mean annual PM, ; concentration from 2000
to 2020.1°

Thus, there is an urgent need for more extensive
investigations and studies toward understanding the
trends, spatial and temporal changes, and their rela-
tionship with policies and strategies on global, regional,
and national scales. The GBD studies are systematic
approaches evaluating global changes in health situ-
ations."" In this way, DALY is a complementary tool to
assess health impacts (morbidity and mortality) that
might be attributed to environmental risk factors (eg,
PM pollution).”” To compare the overall health and life
expectancy of different populations, DALY is applied,
taking into account the years of life lost (YLLs) and
years lived with disability (YLDs)."

In this study, the global burden of CVD attributed
to PM pollution and its subcategories was investigated
using GBD data retrieved from the Institute for Health
Metrics and Evaluation from 1990 to 2019. For this
purpose, YLLs, YLDs, DALYs, and deaths were con-
sidered in 204 countries, 21 GBD regions, and socio-
demographic index (SDI) quintiles.

METHODS

The data underlying this article were derived from
sources in public domain: Institute for Health Metrics
and Evaluation, at http:/ghdx.healthdata.org/gbd-
results-tool.

Overview

The study was based on the Guidelines for Accurate
and Transparent Health Estimates Reporting.”® As
GBD 2019 study only assessed PM-attributed burden
in 2 of the 11 CVDs (ischemic heart disease [IHD] and
stroke), we only used the International Classification of
Diseases (ICD-10) codes for these 2 for mapping. The
GBD 2019 study could provide all estimates along with
their uncertainty intervals (Uls) for all regions in all years
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in between, even in case of sparse or missing data.
The data obtained were age-standardized rate (ASR)
and all-age number of deaths, DALYS, YLLs, and YLDs
attributed to ambient PM and HAP from solid fuels for
all 204 countries, 21 GBD regions, and SDI quintiles by
age groups and sex from 1990 to 2019.

Data Source

Data on the global burden of CVDs attributed to PM
pollution were obtained from the GBD Results tool on
the Institute for Health Metrics and Evaluation (http:/
ghdx.healthdata.org/gbd-results-tool) website in addi-
tion to GBD studies.' The systematic evaluation of 369
diseases and injuries along with 87 risk factors in 204
countries and territories from 1990 to 2019 is available
on the website.'*

Detailed description of methods for estimation of
CVD burden attributed to PM has been explained by
GBD studies.*'® Total PM, composed of ambient PM
pollution and HAP from solid fuels data, was incorpo-
rated from various sources, such as satellite observa-
tions of aerosols, the atmosphere, chemical transport
model simulations, population estimates, and land-use
data (http://ghdx.healthdata.org/gbd-2019/data-input-
sources). Ambient PM exposures were assessed
using satellite, ground-level monitoring, and chemi-
cal transport models in grids that were subsequently
transformed into national exposures by estimated
population weights.'®'” HAP from solid fuels was also
defined as the PM from wood, drug, agricultural resi-
dues, coal, and charcoal used for cooking and heat-
ing, which were estimated from observational surveys
and census reporting.'®1°

CVD Burden

Estimation of mortality was done by using vital reg-
istration data coded to the ICD-10 system or house-
hold mortality surveys known as verbal autopsy (IHD
death: 120-125.9'%; and stroke death: G45-G46.8, 160-
163.9, 165-166.9, 167.0-167.3, 167.5-167.6, 168.1-168.2,
and 169.0-169.3"). Statistical methods were used to
increase the comparability of mortality data sources.
They include the reclassification of codes that are non-
specific or unspecified, noise reduction algorithms,
and Bayesian geospatial regression software (the
Cause of Death Ensemble model) that used location-
specific covariates to create smoothed time trends for
204 countries and territories by borrowing strength
over age, space, and time. Selected covariates for
Cause of Death Ensemble model of CVD included cho-
lesterol (total, mean per capita) (+1 direction), smok-
ing prevalence (+1 direction), systolic blood pressure
(mmHg) (+1 direction), mean body mass index (+1 di-
rection), elevation >1500m (proportion) (-1 direction),
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fasting plasma glucose (mmol/L) (+1 direction), outdoor
pollution (PM, ) (+1 direction), indoor air pollution (all
fuel types) (+1 direction), health care access and quality
index (-1 direction), lag distributed income per capita
(-1 direction), summary exposure value for w-3 fatty
acids (+1 direction), fruits (+1 direction), vegetables (+1
direction), nuts and seeds (+1 direction), polyunsatu-
rated fatty acids adjusted (percentage) (+1 direction),
pulses/legumes (kcal/capita, unadjusted) (-1 direc-
tion), alcohol (liters per capita) (+1 direction), and trans
fatty acid (+1 direction).

For incidence and prevalence of disease data,
they were produced by a broad range of population-
representative data sources identified through literature
review and with study collaborations, including scien-
tific reports of cohorts and registries, population sur-
veys, microdata from registry and cohort studies, and
health system administrative data (/ICD-70 codes: IHD
new cases: 120-121.6, 121.9-125.9, and Z82.4-782.49%;
stroke new cases: G45-G46.8, 160-162, 162.9-164,
164.1, 165-169.998, and Z82.3%°). Epidemiologic state-
transition disease modeling software, DisMod-MR,
and Bayesian meta-regression software, MR-BRT,
which adjusted for study-level differences in measure-
ment methods and case definitions, were used for the
production of consistent disease estimates.*

PM-Attributed CVD Burden

Population-representative survey and surveillance data
and geospatial Gaussian process regression models
that borrowed strength across time and geography
were used to estimate risk factor exposures.* The attrib-
utable burden was defined by the reduction in the cur-
rent CVD burden if population exposure was altered to
a counterfactual distribution of PM. Estimating attribut-
able burden followed the 6 key steps of comparative risk
assessment framework,* comprehensively described in
the GBD articles?"?? and composed of the following: (1)
including the risk-outcome pairs into the analysis; (2) es-
timating relative risk as a function of exposure based
on published systematic reviews and meta-regression;
(3) using spatiotemporal Gaussian process regression,
DisMod-MR 2.1, a Bayesian meta-regression method,
or alternative methods to estimate exposure levels; (4)
computing the theoretical minimum risk exposure level
as the counterfactual level of exposure based on the
published trials or cohort studies; (5) calculating the
population-attributable fractions and computing attrib-
utable burden (deaths, YLLs, YLDs, or DALYs) by the
relevant outcome quantity; and (6) considering the me-
diating effects of various risk factors on each other to
determine the attributed burden of a combination of risk
factors.’® The final estimates of attributable burden in-
clude uncertainty in each step of the analysis.
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Statistical Analysis

Standard epidemiologic measures, such as YLLs,
YLDs, deaths, and DALYs, were considered caused
by CVD burden attributable to PM, ambient PM, and
HAP from solid fuels pollution risk factors. YLLs were
calculated as the number of cause-specific deaths
multiplied by a loss function that demonstrates the
years lost for death calculated from the year at which
death occurs. YLDs were also calculated as the num-
ber of years of healthy life lost attributable to disabil-
ity or ill health. DALYs were obtained by the sum of
YLLs based on maximum observed life expectancy,
and YLDs based on standardized disability weights.
Disability weights are scored on a scale of 0 to 1,
where O is the state of full health, and 1 is regarded
as dead. DALY is a summary measure quantifying all
burdens of the disease, as it could take into account
the effect of a disease with high morbidity and dis-
ability but low mortality and vice versa, resulting in the
fact that each 1year of DALY is regarded as 1year of
full health loss.?® In summary, 1 DALY represents the
loss of the equivalent of 1year of full health. All men-
tioned measures were reported as the metrics of ASR
per 100000 or number with percentage change along
with 95% Uls. In addition, the age group, sex, year, and
location of all of them were extracted for stratification.
The ASR was calculated through standardization to
the global age structure; also, when comparing popu-
lations from different locations or a sample population
over time, this standardization was considered to be
necessary.?* The 1000 draw-level estimates for each
parameter were used for the calculation of Uls for each
parameter, and 95% Uls were defined by the 25th and
975th values of the ordered 1000 times. YLLs/YLDs
ratio was used as an epidemiologically meaningful
combination of fatal and nonfatal estimates of CVDs.?
This ratio can reflect the quality of health care provided
in a region and poorer health quality, and living less
than life expectancy in a certain region would lead to
a higher YLLs/YLDs ratio.?® In addition, the relation
between development status reflected as SDI and
YLLs/YLDs ratio was considered. SDI is the geometric
mean of O to 1 index of total fertility rate for those aged
<25years, mean education for those aged >15years,
and lag distributed income per capita.?-?® The range
of each SDI class is as follows: low SDI (<0.455), low-
middle-SDI (0.455-0.608), middle SDI (0.608-0.690),
high-middle-SDI (0.690-0.805), and high SDI (>0.805).
The considered age category of CVD burden attrib-
uted to PM pollution was >25years, by 5-year intervals.
Graphs and world maps were designed to illustrate the
distribution in addition to the changes in global and
national CVD burden attributable to PM pollution. Al
statistical analyses were performed by R version 4.0.4
(R Core Team [2020]; R: a language and environment
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for statistical computing; R Foundation for Statistical
Computing, Vienna, Austria) and STATA software ver-
sion 14.0 (Stata Corp).

Funding Source Role

There was no role of the funder in any of the study de-
sign, data collection, data analysis, data interpretation,
or drafting of the manuscript. All the responsibility for
the decision of the manuscript was on the correspond-
ing author, who had full access to the study data.

Ethical Approval and Consent to
Participate

No individual data were reported in this article, and the
information is based on aggregated preexisting online
data. All the data included in this study are publicly
available on the GBD Compare tool (https:/gbd.healt
hdata.org/gbd-compare). Therefore, the need for ethi-
cal approval was waived in this study. Also, as there
are no individual data reported in this study, participant
consent was waived.

RESULTS

Overview

Generally, in 2019, there were 3.5million (95% UI, 3.1
million—4.0 million) deaths from CVDs attributed to PM,
among which male individuals contributed 56.5%. For
ASR of death also, 44 (95% Ul, 38.9-49.4) deaths were
reported per 100000. Moreover, 8.9million (95% U,
7.9 million-9.9 million) DALYs were reported globally,
among which men had a 40.6% contribution. Two sub-
types of PM, ambient PM and HAP from solid fuels, had
2.5million (95% Ul, 2.0 million-2.9 million) and 1.1 mil-
lion (95% Ul, 0.7 million—-1.5 million) CVD-attributed
deaths, respectively. All-age numbers, ASRs, and
crude rates of all burden measures for PM-attributed
CVDs are shown in the Table and Table S1.

Time Trends

Between 1990 and 2019, total deaths and DALYs at-
tributable to PM pollution increased by about one-third.
Although the all-age deaths increase from 2.6 million
(95% Ul, 2.3 million-2.9 million) in 1990 to 3.5 million
(95% Ul, 3.1 million—4.0 million) in 2019, a particularly
higher increase was observed in men, 43.0% (95%
Ul, 25.3%-61.5%), compared with 28.2% (95% UI,
10.7%-48.0%) in women. The same increasing pat-
tern was witnessed for DALYs, 6.8 million (95% UlI, 6.1
million-7.5 million) in 1990 to 8.9million (95% UIl, 7.9
million—9.9 million) in 2019, and YLLs with an increase
of 8.4 million (95% Ul, 5.7 million-7.1 million) to 8.2 mil-
lion (95% UlI, 7.3 million-9.2 million). Noteworthy, there
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was a 73.1% (95% Ul, 62.3%-83.6%) increase in YLDs,
which was almost similar in both sexes. In terms of the
ASR for each of the measures, a similar decrease of
~35% was observed for deaths, DALYs, and YLLs.
However, age-standardized YLDs of CVDs attributable
to PM pollution decreased less dramatically (12.6%
[95% Ul, 7.1%-18.3%)) (Table).

From 1990 to 2019, deaths related to ambient PM
pollution increased by 121.9% (95% Ul, 82.1%-181.2%).
Also, DALYs and YLLs had more than doubled in this
period. YLDs increase was also ~200.9% (95% UI,
146.4%-282.1%), with nearly the same increase among
women and men. Despite this increase in all measures,
there was a more moderate increase in the ASRSs,
being 0.3%, 8.1%, 5.8%, and 49.6% for deaths, DALYS,
YLLs, and YLDs, respectively (Table).

All crude numbers and ASRs attributed to HAP
from solid fuels decreased from 1990 to 2019. These
include a change in death from 1.5million (95% UI,
1.1 milion—1.8 million) to 1.1 million (95% UI, 0.7 mil-
lion—1.5 million) with an ASR decrease of 66.1% (95%
Ul, 57.3%-74.0%) (Table).

The risk-time trend figures for PM pollution attributed
to CVD burden imply that YLLs, deaths, and DALYs
for PM pollution, especially HAP from solid fuels, ASR
had decreasing trends for men and women from 1990
to 2019 (Figure 1). In the case of ambient PM, the 3
measures mentioned above had marginal fluctuations,
whereas YLDs had an increasing trend from 1990 to
2019. For PM, ambient PM, and especially HAP from
solid fuels, higher YLDs were allocated to the women,
in contrast with the other 3 measures.

For PM pollution, ASR for all the studied measures
had declining trends, particularly for YLLs, deaths,
and DALYs; however, for the all-ages numbers, the
measures had increasing trends from 1990 to 2019
(Figure S1). For ambient PM pollution, rates of YLLs,
deaths, and DALYs had almost steady-state trends
from 1990 to 2019. However, YLDs had an increasing
trend from 1990 to 2019. The number of attributed all
ages for all 4 measures had an increasing trend from
1990 to 2019. On the contrary, for HAP from solid
fuels, decreasing trends were observed for all the con-
sidered measures.

Burden Among GBD Regions
PM Pollution

Changes in the ranking of deaths ASR from 1990 to
2019 for both sexes in 21 GBD regions were con-
sidered (Figure 2). North Africa and the Middle East
exhibited the highest ranking in 1990, whereas it sub-
stantially decreased to the seventh rank in 2019. In the
case of DALYs, the first rank was allocated to Oceania
from 1990 to 2019. ASR of DALYs in North Africa and

J Am Heart Assoc. 2023;12:e029375. DOI: 10.1161/JAHA.123.029375
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the Middle East decreased by 36.5% from 2586.5
(95% Ul, 2255.2-2951.5) to 1641.8 (95% UI, 1377.9—
1925.6) per 100000, and their rank decreased from
the second to the sixth within the category. ASRs of
deaths and DALYs for all GBD regions were declining;
however, some areas, such as Southern and Central
Asia, Eastern, Southern, and Western sub-Saharan
Africa, the Caribbean, Central Latin America, and high-
income Asia Pacific regions, increased ranking among
the considered regions.

PM Pollution Subtypes

For ambient PM, death and DALY ASRs of women
and men exhibited similar rankings for the studied re-
gions. For men, the highest ASR of deaths (87.9; 95%
Ul, 48.9-128.5 per 100000) was allocated to Central
Europe in 1990, whereas it remarkably moved down
to the seventh position with 39 (95% Ul, 31.4-47.2) in
2019 (Figure S2). In 2019, Central Asia exhibited the
highest ranking (103.3 ASR of deaths per 100000; 95%
Ul, 74.3-135.2) among the considered regions climb-
ing from the fourth position to the first. North Africa
and Middle East and East Asia underwent a marginal
increase in ranking from the third and fifth positions
in 1990 to the second and third places, respectively.
North Africa and the Middle East had the highest rank-
ing, with deaths of 55.45 per 100000 (95% UI, 43.1—
68.1) in 1990. Although the total death rate increased
by 1.5% to 56.3 per 100000 (95% Ul, 46.6-65.8), its
ranking decreased to the second position in 2019.
Similar to the corresponding data for men, Central Asia
reached the first position for ambient PM-attributed
deaths caused by CVD for women in 2019, with 63.3
deaths per 100000 (95% Ul, 44.7-83.7). Central, East,
and Southeast Asia had increasing trends from 1990
to 2019.

For HAP from solid fuels, Oceania has been on top
since 1990, with a death ASR change of 1011 (95%
Ul, 78.6-129.2) to 85.04 (95% UI, 62.4-110.0) in 2019.
Central, Eastern, and Western sub-Saharan Africa
have changed their positions between the second and
the fourth positions; however, Western sub-Saharan
Africa has had a steady-state trend (Figure S2).

Burden Among GBD Countries

The country-level burden of PM pollution on CVDs
was investigated. From 1990 to 2019, CVD’s ASR
of DALYs attributed to PM pollution decreased in
most countries (Figure 3). In 2019, Solomon Islands,
Vanuatu, and Afghanistan had the highest PM
pollution-attributed CVD ASR of DALYs of 7171.4 (95%
Ul, 5684.0-8759.2), 4345.2 (95% UIl, 3289.2-5798.7),
and 3961.3 (95% Ul, 3046.3-5042.0) with percentage



€202 ‘Lz 1snbny uo Aq Bio'seu.noleye//:dny woly papeojumoq

Moradi et al

Particulate Matter Pollution Cardiovascular Burden

Particultate Matter Pollution

A - ariculate Matter Pollu o

- o H

] o I —

Deaths NN Sothy W Femek Ma: DALYs

L e o

e ——— [ —

B C

Ambient Particulate Matter Pollution Household Air Pollution from Solid Fuels o
S — = s B S— S— == =
L = =,

Figure 1. Global time trend of age-standardized rate for YLLs, YLDs, deaths, and DALYs caused by cardiovascular disease

attributed to PM pollution (A), ambient PM pollution (B), and household air pollution from solid fuels (C) by sex from 1990 to 2019.
DALY indicates disability-adjusted life-year; PM, particulate matter; YLDs, years lived with disability; and YLLs, years of life lost.

changes of —7.1%, —0.03%, and 35.8% from 1990 to
2019, respectively.

Determinants of CVD Attributable to PM
Pollution
Sex and Age

The burden measures exhibited a higher attributed
rate for men than women. In the case of YLDs, the
attributed rate was almost unchanged between 1990
and 2019, and it was higher for women than for men.
For the ambient PM, higher attributed rates of YLLs,
DALYs, and deaths were depicted for men, whereas
the attributed rate for YLDs was more for women, and
it increased in 2019 compared with 1990 (Figure 4).
In 2019, for PM pollution, the highest YLLs and DALY
rates were both observed in the age range of 80 to
84 years; however, the highest YLDs were at the age
of 75 to 79years for both men and women. In the case
of ambient PM and HAP from solid fuels, the highest
rates for both YLLs and DALYs were in the age ranges

of 85 to 89 and 75 to 79years, respectively. The HAP
from solid fuels attributed rates of YLLs, YLDs, deaths,
and DALYs caused by CVD significantly decreased
from 1990 to 2019. Similar to the results obtained for
PM and ambient PM, the attributed YLDs were notably
higher for women versus men. In contrast to the at-
tributed YLDs rate for the ambient PM, this measure
remarkably decreased from 1990 to 2019 for both men
and women.

The PM-attributed CVD age-standardized YLLs/
YLDs ratio for both men and women remarkably
changed from 1990 to 2019 (Figure 5). The YLLs/YLDs
ratio for both sexes was 18.1 in 1990, decreasing to
13.2 in 2019 (Table). Also, for men and women, YLLs/
YLDs ratio decreased from 23.7 and 13.7 in 1990 to
17.9 and 9.3 in 2019, respectively. Significantly higher
YLLs/YLDs ratios were observed for men than women.

The ASR of deaths per 100000 attributed to ambi-
ent PM pollution was investigated for each sex, and in
the case of women, it was generally less than that for
men. The global deaths for women slightly decreased

J Am Heart Assoc. 2023;12:e029375. DOI: 10.1161/JAHA.123.029375 9
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Figure 2. Ranking of 21 global burden of disease regions (1990-2019) for age-standardized rate of deaths and DALYs
attributed to PM pollution, both sexes (A); and deaths and DALYs attributed to PM pollution for men versus women (B).

DALY indicates disability-adjusted life-year; and PM, particulate matter.

from 24.6 (95% Ul, 17.7-31.8) in 1990 to 23.2 (95% U,
18.7-27.7) in 2019. HAP from solid fuels had higher death
ASR for men compared with women, whereas both de-
creased from 1990 to 2019, with a percentage change of
—67.9% (95% Ul, —76.2% to —58.3%) and-64.5% (95%
Ul, =72.7% to —55.9%) for men and women, respectively.

Sociodemographic Index

In the third ranking, PM pollution was a significant risk fac-
tor for the global attributed burden of DALYs ASR caused
by CVDs for both sexes in 2019 (Figure S3). The low, low-
middle, and middle SDI quintiles had the second rank-
ing in 2019, whereas high-middle and high SDI quintiles
had the sixth and eighth rankings, respectively. In terms
of deaths, although being the fourth globally, these were
second for low and low-middle, third for middle, sixth for
high-middle, and 10th for high SDI countries (Figure S3).

J Am Heart Assoc. 2023;12:e029375. DOI: 10.1161/JAHA.123.029375

The low-middle SDI region had the highest burden of
YLLs/YLDs ratio caused by CVD attributed to PM pollu-
tion for both men and women in 1990 and 2019 (Figure 6
and Table S2). As previously mentioned, YLLs/YLDs ratio
was higher for men than women; and for women, the low
SDI region had slightly higher values of YLLs/YLDs ratio
in 2019, with a decrease compared with 1990.

IHD and Stroke Global Burden

Stroke and IHD were investigated separately for all meas-
ures. Similar to total trend of CVDs attributed to PM, all
measures, including deaths, DALYs, YLLs, and YLDs,
for IHD attributed to PM pollution showed decreas-
ing trends in terms of ASR, with percentage changes
of —30.3%, —28.5%, —28.9%, and-12.4%, respectively.
However, all-ages number for all of them increased
from 1990 to 2019 (46.2%, 44.1%, 43.3%, and 81.3%,
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Figure 3. Global age-standardized DALY rate (per 100000) caused by cardiovascular disease attributed to particulate

matter pollution for both sexes in 1990 and 2019.
DALY indicates disability-adjusted life-year.

respectively). This increase was mostly attributable to
increase in ambient PM pollution, whereas ASR and all-
age numbers of HAP from solid fuels decreased for all
the measures during the investigated period (Table S3).

In terms of stroke burden, DALYs increased from
36.3 million (95% UI, 32.4 million-40.3 million) in 1990
to 43.5 million (95% Ul, 38.4million-48.7 million) in
2019. Conversely, ASR of DALYs decreased from 888.0
(95% Ul, 789.9-989.8) to 525.6 (95% Ul, 463.9-589.9)
per 100000. Ambient PM pollution and HAP from solid
fuels had similar trends to the whole CVD group bur-
den, with moderate DALY increase of 9.0% (95% U,
—14.3% 10 43.3%) in ambient PM pollution ASR and de-
crease of —68.8% (95% Ul, —76.2% to —60.7%) in HAP
from solid fuels (Table S3).

DISCUSSION

Globally, all-age deaths, DALYs, YLLs, and YLDs of
CVDs attributable to PM increased from 1990 to 2019;
however, the ASR for all of them showed a downward
trend. This opposite trend can be partially explained

J Am Heart Assoc. 2023;12:e029375. DOI: 10.1161/JAHA.123.029375

by aging and population growth. Men had a higher at-
tributable rate for deaths, DALYs, and YLLs but not for
YLDs. All burden measures and their ASR for ambient
PM have also increased, whereas there was an inverse
trend for HAP from solid fuels. In 2019, the highest CVD
death rate was for the ages of 85 to 89years, whereas
this was 80 to 84years for DALYs. This ranking was
significantly different for SDI quintiles, with its highest
ranking in low and low-middle SDI quintiles in 2019.

PM pollution is the most important environmental
risk factor for global CVD mortality and disability. The
epidemiologic studies conducted in Europe, Canada,
and the United States suggest an association between
exposure to fine PM pollution and mortality attributable
to CVD.?°-3" The underlying mechanisms by which PM
can affect the cardiovascular system are broad and
elusive to determine; however, inflammation, oxidative
stress, metabolic dysfunction, atherosclerosis, hyper-
tension, and autonomic dysfunction are suggested to
play a role in this regard.®?

Several factors contribute to PM, ambient PM,
and HAP from solid fuels, which, in turn, may result
in CVD burden. In the African region, HAP from solid

11
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Figure 4. Global YLLs, YLDs, deaths, and DALYs caused by cardiovascular disease attributed to PM
pollution (A), ambient PM pollution (B), and household air pollution from solid fuels (C) for both sexes, men

and women, in 1990 and 2019.

DALY indicates disability-adjusted life-year; PM, particulate matter; YLDs, years lived with disability; and YLLs,

years of life lost.
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Figure 5. Global age-standardized YLLs/YLDs ratio of cardiovascular disease attributed to particulate matter pollution for

both sexes (A) and men vs women (B) in 1990 and 2019.

YLDs indicates years lived with disability; and YLLs, years of life lost.

fuels was an influential risk factor for CVD, ranking
third for the attributed YLLs caused by CVD. This is
hypothesized to be related to biomass consumption
as a primary source of domestic energy and coal
burning for heating, cooking, and lighting. This con-
sumption has been estimated to be as much as 80%
in Africa.3334 Likewise, it has been well established
that indoor cooking is significantly harmful, especially
in the absence of proper ventilation, which is common
in African countries.?® HAP affects ~2.45 billion people
in low- and middle-income countries. Additionally, 2.8

J Am Heart Assoc. 2023;12:e029375. DOI: 10.1161/JAHA.123.029375

to 4.3million premature deaths are attributed to HAP
annually, equivalent to 7.7% of the global mortality.36:3"

The ASR of YLDs increased for men and women,
with higher ambient PM and HAP from solid fuel levels.
In our study, YLLs, deaths, and DALYs were higher for
men, whereas higher YLDs were noticed for women.
Sex disparities related to CVD can have clinical and
policy implications in global health planning toward
more exact funding and resource allocation.®® It has
been suggested that women might be more sus-
ceptible to PM-induced health effects. The Women’s
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Figure 6. Age-standardized YLLs/YLDs ratio of cardiovascular disease attributed to particulate matter pollution for both
sexes, men and women, within the 5 SDI locations in 1990 and 2019.
SDl indicates sociodemographic index; YLDs, years lived with disability; and YLLs, years of life lost.

Health Initiative Observational Study found that with
each 10-ug/cm? increase in PM, ;, fatal cardiovascular
events in women increased by 76%.%° Also, according
to the NHS (Nurses’ Health Study), the same increase
in PM, 5 concentration could lead to an increase of
43% in fatal coronary heart disease.®® This could be
attributed to exposure disparities that increase the
risk for women. For instance, the use of biomass fuels
for cooking in sub-Saharan Africa and South Asia
disproportionately exposes high levels of indoor air
pollution.*® In most of the regions, YLLs/YLDs ratio
decreased. YLLs/YLDs ratio was generally higher for
men than women, especially in the Russian Federation
and African countries. In addition, it has been found
that the IHD burden attributed to PM pollution is higher
in men than women because of the higher all-cause
mortality rates in men.*! On the basis of the results in-
vestigated in this current study, it was also endorsed
that PM pollution has brought about higher YLLs for
men and higher YLDs for women caused by CVD from
1990 to 2019. Policies should be designed to address
these sex differences with the aim of reducing men’s
exposure to ambient air pollution and women’s expo-
sure to HAP from solid fuels. A great burden of HAP
exposure has been suggested to be among women of
childbearing age and children aged <5years because
of their disproportionate time spent in the house.*?

J Am Heart Assoc. 2023;12:e029375. DOI: 10.1161/JAHA.123.029375

These interventions include the ones that improve
access and take-up to cleaner fuels (such as refined
biomass, ethanol, liquefied petroleum gas, solar fuels,
and electricity), structural interventions, such as im-
proved cookstoves and inbuilt stoves, fuel policy, and
behavioral interventions.*3

Air pollution and its cardiovascular effects are be-
coming an emergency in communities in recent years.
It has been suggested that short-term PM, 5 can in-
crease cardiovascular events by 1% to 3%, whereas
longer exposure can lead to an ~10% increase.! The
Lancet commission on pollution and health has pre-
pared the “pollutome” framework as a subset of “ex-
posome,” which is defined by the total influences of
pollution on human health.*® The health effects of air
pollution on all-cause mortality and cardiovascular
mortality are only the tip of the iceberg, whereas the
remaining complications, such as diabetes, nonfatal
myocardial infarction, and heart failure with emerging
evidence, should not be neglected. IHD and stroke
were assessed as subcategories of CVDs for which
the same trend was observed. The effect of PM pollu-
tion on IHD was attributed to several complications of
atherosclerosis, including plaque vulnerability, throm-
bosis, and acute ischemic events.** In terms of stroke
burden, a study by Zhang et al reported the associ-
ation of PM, , with both ischemic and hemorrhagic
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stroke, whereas the case for PM,, was only significant
with ischemic stroke, which, stratifying by age and sex,
could not affect this result.*® Future projections of air
pollution’s effect on premature mortality have shown
that although future PM, 5 will be reduced in most re-
gions, the increase in population may lead to higher
mortality attributed to PM.*® All of these highlight the
importance of pollution control all over the world.

Having the first ranking among the 21 GBD regions,
North Africa and the Middle East exhibited the highest
PM-attributed ASR of deaths in 1990. In this region,
the highest disease burden attributable to air pollution
was from the PM pollution.*” Moreover, it has been re-
ported that countries in North Africa and the Middle
East had a high burden of IHD attributable to PM, . *'
Nevertheless, in 2019, its rank dramatically decreased
from first to seventh. These countries are rich in terms
of fossil fuels, and thereby, the main source of climate
change is the energy sector; however, it seems hard
to address this problem in preventive programs be-
cause energy is needed for the development of these
countries.*® Oceania held the first position for DALYs
from 1990 to 2019. Indeed, in some low- and middle-
income countries, particularly in Asia, Oceania, and
Africa, there have been concerns about notable ex-
posure to PM, .-attributed DALYs caused by IHD.*
Preventive measures with a special focus on PM, . are
highly warranted to further reduce the attributable bur-
den in these countries.

On the contrary, death and DALY rates underwent
declining rankings in Europe, probably because of less
exposure to PM through promoting air pollution control
measures and technologies along with higher-quality
and access to health care facilities and services.
According to the literature, population aging has in-
creased the total number of deaths and DALYs caused
by IHD attributed to PM pollution in Europe, whereas in
Asia and Africa, population growth has played this role
since 1990.4" In Western Europe, the ranking of deaths
caused by CVD attributed to ambient PM substantially
decreased among the 21 GBD regions. In 2019, Central
Asia exhibited the first ranking for ambient PM, for both
men and women. Africa and Oceania also had increas-
ing rankings from 1990 to 2019. Deaths per 100000
were generally less for women than men. From 1990
to 2019, the ASR of HAP from solid fuels—attributable
stroke burden decreased in most countries.*' Oceania
has been on top of the death rate caused by CVD at-
tributed to HAP from solid fuels.

Investigating at the country level, Afghanistan had
the highest PM pollution-attributed DALYs ASR in 1990
and 2019, although its DALYs number decreased. The
ASR of DALYs attributable to CVD attributed to PM
pollution was the highest in South Asia, Central Asia,
South-East Asia, North Africa and Middle East, and
East-sub-Saharan Africa in 1990. In 2019, the CVD
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ASR of DALYs attributed to PM pollution decreased
in most regions. The highest levels were allocated to
some parts of South Asia, Central Asia, and Eastern
sub-Saharan Africa. These differences in ASR of
DALYs around the globe supposedly indicate differ-
ences or inequity in access to health care and primary
and secondary prevention strategies, especially in low-
and middle-income countries.**°

More importantly, the share of older people is sup-
posed to double in the mentioned regions between
2019 and 2050.4%° Indeed, these global patterns pres-
ent significant findings for clinical practice and public
health policy development. Likewise, it has been well
established that long-term exposure to PM, especially
PM, ., is associated with an increased risk of CVD
in adults aged 35 to 70years.® In this way, attention
should be paid to promoting air pollution control sys-
tems and, more importantly, preventive policies and
measures related to decreasing PM emissions.

The YLLs/YLDs ratio in high SDI, high-middle SDI,
and middle SDI was lower than that in low SDI and
low-middle SDI in both 1990 and 2019, but this dif-
ference was widened in 2019. The YLLs/YLDs ratio
was higher in low and low-middle SDI than in global
SDI. This global difference can be attributed to op-
posing trends in low and low-middle SDI countries
and high and high-middle SDI countries. It can show
the inequities in access to health care systems and
air pollution control strategies. Widespread use of
statins and low doses of aspirin have supposedly
led to a lower burden of IHD in high SDI countries.*!
Likewise, air pollution prevention and control strate-
gies have resulted in less exposure to PM in high SDI
countries.*"®! These results show that low-middle
and low SDI countries cry out for urgent planning and
implementation of preventive and control strategies
to increase the access and quality of the health care
system and enhance air pollution control with the
main focus on PM control.

Strengths and Limitations

The present study provides the policy makers and
stakeholders at national and international levels with
valuable information about the burden of CVDs at-
tributed to PM. However, there are several limitations
to address. First, the data for some countries may be
from samples not representative of the whole popu-
lation of the region. Second, PM composition may
vary over time and place,% which can affect the spa-
tial homogeneity assumption in these studies. Third,
cause-specific mortalities from different countries
are heterogeneous,®®-%° affecting the GBD study re-
sults. Third, the GBD 2019 study only assessed IHD
and stroke among CVDs in association with the PM
that, although contributing to most CVDs, may have
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an impact on our results and further consideration of
other CVDs in future GBD studies may be helpful in this
regard. Fourth, our findings from the GBD study 2019
showed an association between PM pollution and car-
diovascular health, and no causal relationship can be
deduced from these findings. Fifth, inherent limitations
of GBD studies should be taken into consideration, the
most important of which is the fact that data presented
here are only estimates from the models, which may
not necessarily represent true numbers. Finally, espe-
cially in low- and middle-income countries, there may
be limited access to clinical care and a lack of effective
case-finding methods, resulting in low-quality epide-
miologic data sets.

CONCLUSIONS

Despite a decrease in ASR of deaths, DALYs, YLLs,
and YLDs of CVD attributed to PM pollution from 1990
to 2019, the all-age numbers for them increased, pri-
marily attributable to aging in higher SDI countries and
population growth in lower SDI ones. The differences
in ASR of DALYs around the globe supposedly indi-
cated differences or inequity in access to health care
and primary and secondary prevention strategies. It is
worth considering that YLLs, deaths, and DALYs were
higher for men, whereas higher YLDs were noticed for
women, which can have clinical and policy implications
in global health planning toward more exact funding
and resource allocation. The YLLs/YLDs ratio was
higher in low and low-middle SDI than global SDI. This
global difference can show the inequities in access to
health care systems and air pollution control strategies.
Air pollution prevention and control strategies have re-
sulted in less exposure to PM in many countries. These
results showed that low-middle and low SDI countries
cry out for urgent planning and implementation of pre-
ventive and control strategies to increase the access
and quality of the health care system and enhance air
pollution control with the main focus on PM control.
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Table S1. Crude rates of YLLs, YLDs, deaths and DALYs attributed to CVD attributed to PM pollution, ambient PM pollution, and HAP from solid fuels from 1990 to 2019; YLLs: years
lived with disability, YLDs: years lived with disability, DALYs: disability-adjusted life years, CVD: cardiovascular disease, PM: particulate matter.

Year
. . % Change (1990 to 2019
Cause Location | Risk factor | Measure 1990 2019 ’ ge ( )
Both Female Male Both Female Male Both Female Male
Cardiovascular | Global | Particulate | Deaths 187 (4310505 | 53039110 52 (46.1 to 45.8 (40.6 to 40 (34.6 to 51.6(452t0 | -59(-16t0 | -11.7(-23.8 | -0.7(-13to
diseases matter : : 51.8) 58.5) 51.4) 45.7) 58.5) 4.3) to 1.9) 12.1)
pollution
DALYs | 1267.2(1139.5t0 | 1099 (969.2t0 | 1433 (1282.4 1148 (1023.9 | 935.8(819.1to | 1359(1193.4 | -9.4(-18.6t0 | -14.9(-25.7 | -5.2(-16.4to
1398.5) 1234.3) to 1598.8) to 1278.2) 1057.8) to 1536.7) -0.6) to -3.3) 6.7)
YLLs 1199.4 (1073.7to | 1022.5(902.4 | 1373.7(1227.4 | 1066.9 (948.8 | 845.7(733.7to | 1286.7(1127.3 | -11(-20.7to | -17.3(-28.5 | -6.3 (-17.8to
1326.6) to 1151.1) to 1536.9) t0 1191.8) 958.1) to 1460.7) -2) to -5) 5.9)
YLDs 67.8 (48 t0 87.9) 76.5 (53.9 to 59.2 (42.2 to 81.1(57.3to 90.1(63.4 to 72.2(51.1to | 19.7(12.2to | 17.8(10to 22 (14.5 to
: : 99.2) 77.3) 104.1) 116) 94) 26.9) 25.3) 29.4)
Ambient Deaths 209 (15.1 t0 27) 18.5 (13.4 to 23.1(16.6 to 32 (26.5to 26.3(21.2to 37.7(31.1to 53.4(25.9to | 41.9(15.1 | 62.7(30.7to
particulate : : 23.9) 30.2) 37.1) 31.5) 43.8) 94.4) to 82.8) 107.6)
matter
pollution DALYs 513 (372.7 to 406.4 (290.9to | 618.2(444.5t0 | 787.2(647.1t0 | 596.2 (485.4t0 | 977.1(794.4to | 53.4(25.2to | 46.7(18.3 | 58.1(26.5to0
673.1) 538.6) 816.7) 908.8) 709.6) 1138.6) 93.4) t0 87.2) 100.3)
YLLs 485 (351.6 to 376.1(269.7to | 592.3(424.6t0 | 728.8(601.2to | 533.7(433to | 922.7(748.5to | 50.3(22.7to | 41.9(13.8 | 55.8(24.6t0
636.3) 498.8) 779.7) 842.5) 636.2) 1078.9) 89.7) to 81.6) 98.4)
g YLDs 281(18t030.8) | 30319410 25.9 (16.6 to 58.4 (40.4 to 62.5 (42.9 to 54.4(37.8t0 | 108.1(70.3 | 106.5(68.9 | 109.8(70.4
2 : : 43.2) 37.6) 77.2) 83) 71.7) to 164.2) t0 160.1) t0 169.1)
g Household | Death
8] ouseno eaths 27.8(21.5to 26.8 (20.8 to 28.8 (21.5to 13.8 (9.4 t0 19) 13.7 (9.5 to 13.9(8.9to -50.3(-61.9 | -48.8(-60.8 | -51.7 (-64.4
3 air 34.5) 33.4) 36.7) e 18.5) 20.5) to -37.8) to -36.1) to-37.2)
2 pollution
g from solid DALYs 754.1 (586.7 to 692.6 (546to | 814.8(613.9to | 360.8(249.7to | 339.6(240.7to | 381.9(247.6to | -52.2(-62.9 | -51(-62to- | -53.1(-65.2
5 fuels 923.7) 848) 1030.6) 496.6) 448.4) 553.2) to -40.7) 39.8) to -39.3)
Q.
% YLLs 714.4 (555.7to | 646.4(509.1to | 781.5(586.3to | 338.1(233.9t0 | 312.1(220.8to | 364 (236.3to -52.7(-63.2 | -51.7(-62.6 | -53.4(-65.3
2 873.6) 788.6) 988.5) 462.1) 414.3) 527.8) to-41.3) to -40.7) to -39.6)
o
:;, YLDs 39.7 (26.7 to 46.2 (31.4to 33.3(21.8to 22.7(13.9to 27.5(17.1to 17.9(10.3 to -42.8(-57.1 | -40.4(-55.1 | -46.3(-60.4
S 53.6) 61.8) 46.3) 34) 40.1) 28.1) to-27.7) to -24.5) to -30.2)
> N I
& High SDI | Particulate | Deaths 32.4(209t045) | 30519410 34.4 (22.5t0 145(109t0 | )00y 16y | 166(126t0 | 553(682 | 59.4(712 | 518(65.3
a matter : ‘ 42.7) 47.7) 18.5) : : 20.9) to -37) to -42.1) to-32.5)
N pollution
8 DALYs 695.6 (466.5t0 | 570.7(383.7to | 824.3(554.4t0 | 320.6(247.6t0 | 238.8(180.6to | 402.7(313.8to | -53.9(-66.3 | -58.2(-69.5 | -51.1(-63.8
w 942.4) 776.1) 1118.8) 400.4) 303) 502.1) to -36.5) to-41.7) to -32.6)
YLLs 649.6 (435.4t0 | 518.9(345.6t0 | 784.3(528to | 279.5(216.1to | 194.6(146.1to | 364.8(282to | -57(-68.6t0 | -62.5(-72.8 | -53.5(-65.6
884.9) 707.1) 1063.9) 349.9) 247.8) 455.4) -40.4) to -47.8) t0 -35.6)
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Cause

Year

% Change (1990 to 2019)

Location | Risk factor | Measure 1990 2019
Both Female Male Both Female Male Both Female Male
YLDs 46 (284t066.7) | SL8B21M 40 (24.9 to 41.1(26.8to 44.2 (29 to 37.9(25.1to | -10.7(-33.8 | -14.7(-37.4 | -5.3(-28.9to0
' ' 75) 58.1) 56.6) 61.4) 52.8) to 21.8) to 16.4) 29.8)
Am_bie”t Deaths 30.9 (19.6 to 28.9(18.1to 33 (213 t0 46) 14.4 (10.8 to 12.3(8.9 to 16.5 (12.5 to -53.5(-67.3 | -57.6(-70.4 | -50(-64.3 to
particulate 43.4) 41.2) : 18.4) 16.1) 20.8) t0-32.7) to-38.3) -28.3)
matter
pollution DALYs | ¢58.4(430.5t0 | 535.6(345.3t0 | 785(517.9to | 318.4(245.5t0 | 236.7(178.7to | 400.5(311.4t0 | -51.6(-65t0 | -55.8 (-68.3 | -49 (-62.6to
906.1) 738.2) 1079.8) 398.5) 300.5) 499.6) -31.8) to -37.5) -28.1)
YLLs 615.3 (403.7to | 487.3(315.2to | 747.2(493.2to | 277.7(213.9to | 192.9(145to | 362.8(280.4to | -54.9(-67.2 | -60.4(-71.7 | -51.4(-64.5
849.4) 677.2) 1029.6) 347.4) 245.4) 453.1) t0 -36.2) to -43.5) to -31)
YLDs 4310641063 | 2839210 37.7 (23 to 40.7 (26.7 to 43.8(28.8 to 37.7(25t0 | -5.5(-30.7t0 | -9.4(-34.2 | -0.1(-25.5to0
S ee 70.5) 55.2) 56.2) 60.7) 52.6) 32.9) to 28.4) 40.6)
Household Deaths -93.3(-97.3 -92.9(-97.1 | -93.6(-97.5
air 1.5(0.8t02.5) | 1.5(0.9t02.5) | 1.5(0.8t02.5) | 0.1(0t00.2) 0.1(0t00.3) 0.1(0t00.2) t0.87.8) t0.-87.4) t0 58]
pollution DALYS
from solid 37.2 (20.6 to 35.1(20.4 to 39.3 (20.8 to 94.2(-97.7 | -94.1(-97.6 | -94.4(-97.8
e 60.1) 5.2 67.3 2.2(0.6t05.3) | 2.1(0.6t05.3) | 2.2(0.6t05.7) t0.-89.2) t0.-89.1) t0.-89.1)
YLLs 34.3(18.9to 31.6(18.3to 37.1(19.4 to 94.7(-97.9 | -94.8(-97.9 | -94.6(-97.9
55.8) 29) 63.1) 1.8(0.5t04.5) | 1.6(0.5t04.1) | 2(0.5t05.1) 10.-90.1) t0-80.3) t0-85.6)
YLbs 2.9 (1.5t0 4.8) 3.5(1.8t05.8) | 2.3(1.1to4.1) | 03(0.1t00.8) | 0.4(0.1t01.2) | 0.2(0.1to0.6) 885(1952 | -87.4(94.6 | -90.2(-96.1
2 : = : = : = : e : < : t0-79.1) to -77.6) to -81.7)
High- | Particulate | Deaths 619 (51.1 to 73] 60 (48.3 to 63.9 (53.2 to 51.1(43.2 to 45.5(37.1to 56.8 (47.5t0 | -17.4(-29.5 | -24.3(37.7 | -11(-25.5to0
middle matter e 72.6) 74.5) 59.4) 54.1) 66.9) to -3.4) to-7) 5.7)
SDI pollution
DALYS | 14953 (1260.8t0 | 1298(1067.3 | 1694.8 (1416.4 | 1144 (974.2to | 911(759.5to | 1377.5(1146.7 | -23.5(-343 | -29.8(-41to | -18.7(-32.2
1735) to 1537.2) to0 1971.2) 1315.4) 1072.6) to 1617) t0-11.2) -15.5) t0 -3.5)
YLLs | 1407.5(1178.7t0 | 1196.7(978.7 | 1620.6(1353.2 | 1037.3(879.5 | 791.5(651.8to | 1283.6 (1062.4 | -26.3(-37.4 | -33.9(-45.1 | -20.8(-34.4
1633.8) to 1421) to 1890.3) to 1200.9) 933.9) to 1516.8) to -14) t0-19.1) t0 -5.5)
YLDs 87.9 (61.7 to 101.3(70.6to | 74.2(52.2to | 106.7(74.8to | 119.4(839to | 93.8(65.8t0 | 21.4(89to | 17.9(4.6to | 26.4(14.8t0
116.1) 134.3) 97.8) 140) 156.7) 123.8) 35.7) 32.9) 39.8)
Ambient | Deaths 38.8(27.5to 36.5 (25 to 411(29.8t0 | 46.2(384to | 40.2(32.6t0 521(43to | 189(-53to | 10(-16.7to | 26.7(-0.7 to
particulate 49.6) 48.2) 51.8) 53.9) 48.4) 61.2) 55.9) 51.4) 67.7)
matter
pollution DALYs 918 (654.9t0 | 754.7(519.8to | 1083.2(783.4 | 1033(862.7to | 803.1(658.7to | 1263.4(1045.5 | 12.5(-10.3 | 6.4(-18to | 16.6(-8.3to
1174.2) 989.9) to 1372.1) 1190.7) 952.9) to 1477.2) to 46.9) 45.7) 54)
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Cause

Year

% Change (1990 to 2019)

Location | Risk factor | Measure 1990 2019
Both Female Male Both Female Male Both Female Male
YLLs 867.3(617.4t0 | 697.7(480to | 1038.7(753.8 | 937.6(786.9to | 698.1(569.8t0 | 1177.6(964.4 | 8.1(-13.8to | 0.1(-23.2t0 | 13.4(-11to
1111.4) 914.8) to 1309.9) 1089.4) 839.2) to 1385.8) 41.3) 37.2) 50.6)
YLDs 50.8 (31.9 to 56.9(35.2t0 | 44.5(27.8t0 | 95.4(66.4t0 105 (72.7 to 85.8(60to | 87.9(51.3to | 84.4(45.6 | 92.7(55.1to
71.6) 81.4) 63.3) 125.8) 139.1) 113.1) 146.5) to 149.1) 153.5)
Household | Deaths 23.1(15.9to 235(163t0 | 22.7(14.4to 78.4(-88.9 | -77.6(-88.2 | -79.2(-90 to
air 319 s16) 32.8) 5(21t09.6) | 53(22t099) | 47(18t095) | T t0-64.7) 65.9)
pollution
fromsolid | PALYS | 577.3(400.7t0 | 543.4(384.7t0 | 611.6(387.5t0 | 111(46.5t0 107.8(47.2to | 114.1(44to | -80.8(-90.1 | -80.2(-89.6 | -81.3(-91.1
fuels 789.1) 712.4) 870.3) 215) 200.5) 227) t0 -69.4) t0 -68.6) t0 -69.4)
YLLs 540.2 (373.3to | 499(351.2to | 581.9(367.1to | 99.7 (41.2to 93.4(39.8t0 | 106.1(40.3to | -81.5(-90.5 | -81.3(-90.3 | -81.8(-91.3
735.7) 659.1) 829.9) 192.9) 175.2) 212.1) t0 -70.5) t0-70.2) t0 -69.9)
YLDs 44.4 (28 to 29.7 (17.5to 113 (4.7to 14.5 (6.1 to 69.6(-84.5 | -67.4(-82.9 | -72.9(-86.9
37.1(23t052.8) 62.4) 44.3) 21.8) 27.7) 8(31t016.7) to -50) t0 -46.9) to-54.1)
Middle | Particulate | Deaths 49.2 (44.2 to 46.4 (40.8 to 51.9 (45.8 to 56.5 (49.3 to 48.2 (41 to 64.8(55.6t0 | 14.9(0.4to | 3.9(-13.4t0 | 24.7(6.2to
SDI matter 55.1) 53) 58.6) 64) 55.6) 74.4) 29.9) 22.3) 44.5)
pollution
DALYs | 13339(1204.2t0 | 1191(1056.9 | 1472(1306.3 | 1406(1233.7 | 1123(974.9to | 1685.5(1447.2 | 5.4(7.1to | -57(-19.1 | 14.5(-1.9to
1473.8) to 1344.1) to 1654.2) to 1583.8) 1283.1) to 1924.3) 18.2) t09.5) 32.1)
YLLs | 1254.8(1134.2t0 | 1101.4(973to | 1403.1(1244.9 | 1296.6(1132.2 | 1000.3(857.2 | 1589(1357.9 | 3.3(9.6t0 | -9.2(-23.1 | 13.3(-39t0
1397.3) 1243.9) to 1581.6) to 1468.6) to 1150.6) to 1827.9) 16.8) t07.2) 31.7)
YLDs 79.1(56.1 to 89.6 (63.2 to 68.9(49.3t0 | 109.5(77.4t0 | 122.6(86.4t0 | 96.4(68.2to | 38.4(29.9t0 | 36.8(28.6 | 40(30.9to
101.5) 115.3) 88.4) 141.8) 158.7) 126.4) 45.9) to 44.7) 48.7)
Am.bie”t Deaths 17.7 (11.5 to 14.4 (9.4 to 21(13.5to 44.8 (37.7 to 36.4(29.7 to 53.1(44.1to 152.5(82.6 | 152.6(77.2 | 153.3(83.7
particulate 24.9) 20.8) 29.6) 51.5) 43.6) 61.5) t0 263.1) to 267.9) to 270)
matter
pollution DALYs | 486.6(320.6t0 | 373.1(240.8to0 | 596.4 (384.1to | 1116.9(943.6 | 850.4(704.5to | 1380.1(1153.7 | 129.5(67.6 | 127.9(60.7 | 131.4(68.4
682.2) 540.5) 839.8) to 1275.7) 1006.1) to 1593.8) to 230) to 232) to 237.4)
YLLs 460.8 (301.7to | 347.1(224.7to | 570.7(368.1to | 1033.1(872.9 | 760.1(624.3to | 1302.6(1079.8 | 124.2(63.6 | 118.9(54.1 | 128.2(65.5
649.7) 504.4) 801.9) to 1185.8) 903.3) to 1510.7) to 220.6) t0 220.9) to 233.1)
YLDs 2483
25.8 (14.5t0 25.9 (14.8to 25.7(145t0 | 83.9(57.8t0 90.3 (61.4 to 775(53.4t0 | 225(1363t0 | | 2018(1175
40.1) 40.2) 40) 111.1) 119.9) 101.5) 376.7) a15.4) t0 351.2)
Household | Deaths 31.5(23.3 to 32 (24.4to 31(21.9to 117(63t0 | 1o cciong | 1L7(57t0 | 627(785 | -632(783 | 623(-79.9
air 39.3) 39.8) 40.5) 18.9) ©1 20.1) to -44.8) to -45.4) to -41.6)
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Cause

Year

% Change (1990 to 2019)

Location | Risk factor | Measure 1990 2019
Both Female Male Both Female Male Both Female Male
pO”Utio_” DALYs 847.2(635.4t0 | 817.9(632.3to | 875.6(623.2to | 289.1(158.1to | 272.6(154to | 305.3(148.5t0 | -65.9(-80.3 | -66.7(-80.2 | -65.1(-81 to
from solid 1054.8) 1015) 1138.8) 465.7) 414.1) 523.7) to -49.5) t0 -50.8) -46)
fuels
YLLs 793.9 (595.6t0 | 754.2(579.4to | 832.4(589.5t0 | 263.5(142.9to | 240.3(133.6t0 | 286.4(141to | -66.8(-80.9 | -68.1(-81.3 | -65.6(-81.3
987.8) 935) 1090.1) 424.6) 367.6) 492.8) to -51) t0 -52.9) to -46.8)
YLDs 53.3(35.3 to 63.7(42.9t0 | 43.2(28.1to 25.6 (13.2to 32.3(17.4to 189(8.8to | -52(-71.6to | -49.2(-69.4 | -56.2(-75.4
72.6) 85.7) 61.1) 42.6) 51.7) 34.8) -30.4) to0 -26.9) to -33.4)
Low- | Particulate | Deaths 48.6 (42.6 to 42.9(36.2 to 54 (47.5 to 53 (46.7 to 46.7 (39.5 to 59.2 (51.5 to 9(-6.1t0 8.7(-10to | 9.6(5.6t0
middle matter 55.8) 50.7) 61.6) 59.4) 54) 67.5) 23.2) 29.9) 26.1)
SDI pollution
DALYs | 1369.7(1217.6to | 1170.3(1010.1 | 1561.3 (1385 | 1416.4(1256.9 | 1183.6(1013.3 | 1646.9(1425.8 | 3.4(-9.4t0 | 1.1(-152to | 55(-8.6t0
1547) to 1351.1) to 1770.1) to 1583.9) to 1361.3) to 1878.9) 16.4) 18.7) 21.4)
YLLs | 1315.6(1167.2t0 | 1111(958.1to | 1512.1(1337.5 | 1348.7(1190.6 | 1109.1(940.2 | 1585.8(1367 | 2.5(-10.8to | -0.2(-17to | 4.9(-9.5to
1487.4) 1284.9) to 1716.9) to0 1510.9) to 1284.9) to 1817.6) 15.9) 18.2) 21.2)
YLDs 54.2 (38.9 to 59.3 (42.1 to 49.3(35.3 to 67.7 (48.5 to 74.5 (53.1 to 61.1(43.8 to 25(17.2t0 | 25.6(16.9 | 24(16.5to0
70.2) 76.9) 64.1) 86.7) 95.3) 79) 31.3) to0 32.4) 30)
Ambient | Deaths 173610137) | 55026109 | SE@30 27.5(19.6t0 | 21.5(152t0 | 33.5(23.2t0 | 258.5(123.9 (123950;0 243.2 (109.7
particulate S : e : 17.7) 34.6) 28.1) 42.3) t0 568.6) o t0 557.7)
matter 9)
- DALYs 265.2
pollution 216.9(99.5 to 149.4(70to | 2818(1225t0 | 738.6(5212t0 | 545.5(383.1t0 | 929.8(6445t0 | 2405 (110t0 | 1 onE 229.9(99.9
393.6) 272.1) 514.8) 931.9) 710) 1181) 543.6) 575.6) to 538.5)
YLLs 208.5 (94.7 to 141.5(66.3to | 272.8 (118.4t0 | 704.8 (496.8to | 511.6(356.6t0 | 896.1(620.3to | 238.1(107.9 | 261.5(116 | 228.5(99.1
378.6) 256.2) 499.8) 887) 670.8) 1137.3) t0 537.8) t0 572.9) to 536.6)
YLDs 332.3
7.8 (3.4to 33.8(21.9to 33.9(22.1to 33.7(21.8to | 300.3 (151.5 273.5(135.6
8.4 (3.6t0 15.7) 145) 9 (3.8t0 16.9) &) 48.1) 46.6) t0 628.9) (171.4 to t0 595.8)
678.4)
HOUS?hO'd Deaths 40.9 (31.9to 37.4(29.4 to 44.3(33.9t0 25.5(17.5 to 25.2 (17.8 to 25.7 (16.5 to -37.8(-53.5 | -32.7(-49.4 | -41.9(-58.7
air 50.9) 47.1) 55.4) 34.2) 33.5) 36.4) to -21.8) to -14.7) to -23)
pollution
fromsolid | PALYS | 1152.8(907.7to | 1020.9(821.1 | 1279.5(986.1 | 677.8(469to | 638.1(455t0 | 717.1(459.8to | -41.2(-56to | -37.5(-52.4 | -44(-60.3to
fuels 1406.6) to0 1249.1) to 1579.6) 906.9) 836.4) 1010.9) -26.3) to -21.7) -26.1)
YLLs 1107.1(876.7to | 969.5(779to | 1239.3(952to | 643.8 (442.7to | 597.5(424.5t0 | 689.7 (437.5t0 | -41.8(-56.8 | -38.4(-53.5 | -44.3(-60.7
1352.2) 1187.1) 1529.9) 864.3) 787.1) 972.5) t0-26.7) t0-22.2) to -26.4)
YLDs 45.7 (31.1to 51.5(35.3 to 40.2 (27 to 34 (21.7 to 40.6 (26.6 to 27.4(16.1to | -25.7(-41.9 | -21.1(-36.8 | -31.9(-50 to
61.6) 68.9) 54.8) 48.4) 56.4) 40.6) t0-9.3) to -5.1) -13.5)




Year

% Change (1990 to 2019)

Cause Location | Risk factor | Measure 1990 2019
Both Female Male Both Female Male Both Female Male
Low SDI | Particulate | Deaths 43.5 (36.6 to 38.3(29.4 to 48.7 (41 to 33.3(28.7to 30.4 (25.6 to 36.2(30.5t0 | -23.5(-34.6 | -20.6(-34.9 | -25.7(-37to
matter 53.2) 49.7) 58.2) 38.4) 35.7) 42.1) to-12.1) to -4.2) -10.6)
pollution
DALYs | 1774 (1046.4t0 | 1054.3(846.8 | 1390.7(1183.8 | 929.2(806.3to | 813.7(696to | 1043.9(885.5 | -24.1(-34.4 | -22.8(-35.7 | -24.9(-36.1
1463.9) to 1316.8) to 1630.6) 1063.2) 943.1) t0 1212.8) to -13.4) to -8.7) to -10.4)
YLLs | 1173.7(1002.2to | 999.6 (795.3to | 1344.7 (1137.4 | 883.7(759.4t0 | 764.2 (649.6t0 | 1002.4(843.1 | -24.7(-35.2 | -23.5(-36.6 | -25.5(-37.1
1408.2) 1256.8) to 1581.4) 1018.6) 890.7) to 1167.7) to -13.8) to -8.6) t0 -10.5)
YLDs 50.3 (35.6 to 54.7 (38.5 to 46 (32.7 to 455 (32.6 to 495 (35.4 to 415(29.7t0 | -9.6(-16.6t0 | -9.6(-17.1 | -9.8(-16.6to
65.8) 71.7) 60.3) 58) 62.6) 53.2) 4.2) to-3.9) -4.7)
Ambient | Deaths 9.7 (6.1to 7.3 (4.6 t0 12.1(7.3to0 122.6(39.7 | 149.1(49.1 | 109.7 (29.8
particulate 4.4(1.6109.2) 2.9(1t06.4) 5.8(2t012) 14.1) 10.8) 17.4) to 344.8) to 400.7) t0 335.2)
matter
pollution DALYs 124.4 (44.4 to 82.5(28.4t0 | 165.6(58.6to | 273.5(168.4t0 | 199.1(121.8to | 347.4(209.8to | 119.9(36.8 | 141.4(42.2 | 109.8(28.2
261.2) 181.8) 347.1) 397.6) 299.3) 502.2) to 348.3) t0 389.7) to 334)
YLLs 119.7 (42.2 to 783(26.9t0 | 160.3(56.7to | 261.5(161.4to | 187.7(115.5t0 | 334.8(201.9t0 | 118.5(35.9 | 139.6(40.7 | 108.8(27.2
252.6) 172.6) 334.8) 378.3) 279.3) 484.8) to 344.5) to 388.6) t0 333.1)
YLDs 52 (1.8to 11.4 (6.4 to 12.6 (6.8 to 1552 (61.1 | 173.6(70.3 | 141 (53to
5 2(1. 4(6. 6(6. 2(61. 6(70.
5 47(1.6t010.6) | 4.2(1L.4t09.6) e 12 (6.7 to 18.9) 183) 199) 10.397.8) P 365.1)
=
8 Household | Deaths 39.2 (29.6 to 35.3(25.4 to 43(31.7to 236(17.7t0 | 23.1(17.2to | 24.1(17.5t0 | -39.8(-49.1 | -34.7(-46.9 | -43.8(-53.7
g air 50.6) 47.4) 54.9) 30.1) 29.3) 31.7) t0 -30.1) t0 -20.8) to -30.9)
g pollution
E fromsolid | PALYS | 1099.6(8443t0 | 971.8(733t0 | 1225.1(918.5 | 655.7 (497.6t0 | 614.6 (467.6t0 | 696.5(508.4t0 | -40.4 (-49t0 | -36.8(-47.3 | -43.1(-53.2
8 fuels 1392.1) 1272.8) to 1550.3) 821.5) 768.9) 902.1) -30.6) to0 -24.7) to -30.1)
o)
2 YLLs 1054 (801.9to | 921.3(690.6to | 1184.4(884.3 | 622.2(470.5to | 576.5(438.4t0 | 667.6(485.4t0 | -41(-49.7to | -37.4(-48.3 | -43.6(-53.8
S 1328.9) 1208.2) to 1501.7) 790.6) 728) 869.9) -31) to -25) to -30.3)
QD
[
g YLDs 456311066 | S05B345t0 40.8 (273 to 33.4(22.9to 38(26.2 to 289(19.2t0 | -26.7(-33.4 | -24.8(-31.4 | -29.1(-36.5
g : : 67.9) 55.6) 44.6) 50.6) 39.5) t0-19.9) to0 -17.7) to0 -21.6)
?Che'mic heart | Global | Particulate | Deaths 22.9(19.6 to 19.6(16.6t0 | 26.1(22.5t0 | 23.8(20.8to0 19.8 (16.7 to 27.8 (24 to 4(-92t0 | 07(-13.7to | 6.6(-7.4t0
g disease matter 26.3) 23) 30) 26.9) 22.9) 31.9) 17.2) 16.2) 21)
4 ollution
N P DALYs
N 588.4 (514.3t0 | 448.8(386.3to | 726.1(629to | 586.2(512.4t0 | 432.8(370.3to | 738.6 (637.9t0 | -0.4(-12.4t0 | -3.6(-17.9 | 1.7(-11.1to
8 664.4) 515.4) 825.7) 662.1) 493.9) 847.3) 11.1) to 10.5) 15.3)
w
YLLs 575.5(502.6t0 | 437.2(375.6t0 | 711.9(616.2to | 570(497.1to | 418.2(357.8to | 720.9(623.3t0o | -1(-13.1to | -4.4(-18.9 | 1.3(-11.8to
651.1) 502.3) 810.6) 646.4) 480.2) 827) 10.7) to 10) 14.9)
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Cause
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Stroke

Location

Year

% Change (1990 to 2019)

Risk factor | Measure 1990 2019
Both Female Male Both Female Male Both Female Male
YLDs 1298310187 | LSSt 14.2 (9.2 to 16.1(10.4 to 14.6 (9.5 to 17.6(11.3t0 | 25.4(15.9t0 | 26.9(16.5 | 24.2(15.3to
2 e : 16.8) 20.7) 23.5) 21.1) 25.5) 34.3) to 36.8) 32.6)
Am_bie”t Deaths 114 (8.41014.4) | 9.4 (6.8t012) 13.3 (9.9 to 17.2 (14 to 13.6 (10.9 to 20.8 (16.8 to 51.6(25.5t0 | 44.2(17.8 57(29.1to
particulate B : A 16.8) 20.1) 16.4) 24.4) 87.2) to 83.1) 95.5)
matter
pollution DALYs 272.7(201.8to | 191.1(139.6to0 | 353.2(258.6t0 | 415.8(336.3to0 | 287.2(232.1to | 543.6(439.1to | 52.5(26.5t0 | 50.3(23.3 | 53.9(25.9to0
347.8) 245) 453.1) 487.4) 343) 642.2) 87.5) to 86.6) 91.1)
YLLs 267 (198.6t0 | 186.3(136.3to | 346.7 (254.3to | 403.8(328.5t0 | 276.7(223.2to | 530.1(427.2to | 51.2(25.4t0 | 48.5(21.6 | 52.9(25.1to
339.6) 239.1) 443.8) 474.4) 330.4) 627.6) 86.1) to 84.6) 89.4)
YLDs 6.5(3.9to 105 (6.6 to 13.5(8.6 to 111.9(74to | 119.2(78.2 | 106.8(68.8
7. . 8(2. . =S 12 (7.6 to 17. = 1o BN : e 1o
57(34t087) | 48(28t074) 10.1) (7.6t017.9) 15.7) 20.2) 167.7) t0 180.3) t0 163.8)
Household | Deaths 102 (7.7 to 12.9 (9.4 to 42.8(-55.8 | -39.4(-53.9 | -45.4(-59.2
air 11.5 (8.8 to 14.8) 13.1) 16.) 6.6(4.5t09.2) | 6.2(43t08.6) | 7(4.5t010.4) t0.-28) t0.-23.7) t0.-20.6)
pollution
fromsolid | PALYS | 3157(2429t0 | 257.7(200t0 | 3729(276.1to | 170.3(117to | 145.6(1012to | 195(1264to | -46(-58.1to | -43.5(-56.6 | -47.7(-60.9
fuels 399) 325.3) 481.8) 235.9) 194.1) 284) -32.7) t0-29.7) to -32.7)
YLLs 308.5(237.7t0 | 251(194.7to | 365.2(270.6to | 166.2 (114.1to | 141.5(985to | 190.8(123.8to | -46.1(-58.1 | -43.6(-56.8 | -47.7 (-60.9
391.3) 315.3) 472.5) 230.7) 189) 277.1) t0 -32.8) t0-29.7) to -32.8)
YLbs 7.2(43t010.9) | 6.7(4t010.1) 7.7(4510 41(231t06.6) | 41(2.2t06.6) | 4.2(2.2t06.9) A28(-57.4 | 393 (552 | -459(-59.7
o : : : 11.6) e : s : e : to -26) to0 -21.5) t0 -29.6)
Particulate | Deaths 25.8(22.6 to 25.7 (22.1to 25.9 (22.8 to 22 (19.4 to 20.2 (17.4 to 23.8(20.6 to -14.6 (-24.7 | -21.2(-32.8 | -8.2(-21.5t0
matter 29.1) 29.6) 29.4) 24.8) 23.4) 27.1) to -4.1) to -7.3) 5.9)
pollution
DALYs | 47838 (605.5t0 | 650.2(569.2t0 | 706.9 (628.3to | 561.9 (495.8to | 503 (438.8to | 620.4(539.7to | -17.2(-26.2 | -22.6(-32.8 | -12.2(-24.6
754.2) 738.5) 797.9) 629.7) 574.9) 704.5) t0 -8.2) t0-11.2) t0 0.1)
YLLs 623.9(555.7t0 | 585.3(512.2to | 661.9(585to | 496.9 (440.1to | 427.5(370.7to | 565.8 (489.9t0 | -20.4(-29.6 | -27(-37.2to | -14.5(-27.7
697) 665.4) 753.3) 557.1) 490.5) 645.1) t0 -10.8) -14.8) to -1.4)
YLDs 54.9 (38.8 to 64.9 (46 to 45 (31.8 to 65 (45.3 to 75.5 (52.4 to 54.6(38.4t0 | 18.3(10.8to | 16.2(8.5t0 | 21.3(13.8t0
71.5) 84.1) 58.6) 83.9) 98) 70.8) 25.9) 23.8) 28.7)
Ambient | Deaths 0.5 (6.5 t0 12.5) 9.1(6.3to 9.9(6.7to 14.8 (12.2 to 12.7 (10.1 to 16.9(13.8t0 | 55.6(22.1to | 39.5(9.1to | 70.4(28.7to
particulate T : 12.3) 13.4) 17.3) 15.3) 20) 106.1) 85.1) 134.4)
matter
pollution DALYs | 5403(163.8t0 | 215.3(147.9t0 | 265(177.1to | 371.4(302.1to | 309(248.2to | 433.4(351.6t0 | 54.5(21.1to | 43.5(11.7 | 63.6(24.8t0
327.2) 295.9) 363.1) 432.2) 371.2) 512) 104.2) t0 90.6) 125)




Cause

Location

Year

% Change (1990 to 2019)

Risk factor | Measure 1990 2019
Both Female Male Both Female Male Both Female Male
YLLs 217.9 (147 to 189.8 (130.7to | 245.6 (163.1to | 325(264.9to 257 (206.5 to 392.6(316to | 49.1(15.9t0 | 35.4(4.5t0 | 59.8(20.6to
296.8) 263.1) 338.3) 380.4) 312) 466.8) 98.2) 81.8) 121.9)
YLDs 22.4(14.1to0 25.5(16.1to 19.4 (12 to 46.4 (31.7 to 52 (35.4 to 40.9 (28 to 107.1(69.6 | 104.1(67.1 | 110.8(69.9
32.1) 36.2) 28.1) 61.4) 69.5) 53.9) to 163.9) to 157.8) to 171.7)
Household | Deaths 163 (12.5 to 16.6 (12.8 to 1611810 | .o 10.o a0 7.5(5.3to 6.9 (4.4 to 55.6(-66.4 | -54.5(-65.3 | -56.8(-69.1
air 20.2) 20.6) 20.5) S : 10.2) 10.1) to -43.5) to -42.4) t0 -42.8)
pollution
from solid | PALYs 438.4(339.4t0 | 434.9(340.7to | 441.9(329.9t0 | 190.5(131to 194 (139.2 to 187 (120.4t0 | -56.6(-66.8 | -55.4(-65.3 | -57.7(-69.4
fuels 536.6) 531.6) 561.3) 260.2) 256.4) 271.5) to -45.5) to -44.5) to -44.3)
YLLs 405.9(313.9to | 395.4(309.9t0 | 416.3(309.6t0 | 171.9(117.9to | 170.6(121.2to | 173.2(112.5t0 | -57.7(-67.6 | -56.9(-66.6 | -58.4(-69.8
500) 485.3) 530.9) 233.7) 224.7) 249.9) to -46.7) to -46.1) to -45)
YLDs 32.5 (22 to 44.3) 39.5(26.9to 25.6 (16.9 to 18.6 (11.5 to 23.5(14.7 to 13.7 (7.9 to -42.8(-57.1 | -40.6(-55.2 | -46.4(-60.8
: : 52.7) 35.6) 27.7) 34.7) 21.8) t0-27.8) to-25) t0-30.2)

€20z ‘1z snbny uo Aq Bio'sfeulno feye//:dny wouy papeojumoq

Data in parenthesis are 95% uncertainty intervals; DALYs: Disability-Adjusted Life Years; YLLs:

Years of Life Lost; YLDs: Years Lived with Disability




Table S2. Data related to YLLs, YLDs, deaths and DALYs attributed to CVD attributed to PM pollution, ambient PM pollution and HAP from solid fuels within 5 SDI locations in 1990
and 2019; YLLs: years lived with disability, YLDs: years lived with disability, DALYSs: disability-adjusted life years, CVD: cardiovascular disease, PM: particulate matter.

Year
% Ch 1990 to 2019
Location | Risk factor | Measure Metric 1990 2019 % Change ( ° )
Both Female Male Both Female Male Both Female Male
High SDI | Particulate Deaths 266429 127031 139398 146730 62813 83917
matter All ages number (172025 to (81096 to (91025 to (110221 to (45663 to (63730 to 'L‘ti?z(f;‘g 'fooii 9(-;5 -33)'2-;1(;5:)'7
pollution 369794) 178105) 193072) 187237) 82285) 105566) ’ ) ’
Age-standardized | 25.4(16.5to | 19.5(12.7to | 32.9(21.4 76(5.8t0 | 5.3(3.9t0 | 10.2(7.8to | -70(-78.3 | -72.8(-80.7 | -69.1(-77.6
rate (per 100,000) 35.2) 27.1) to 45.6) 9.6) 6.8) 12.8) to -57.8) to -61.6) to -56.5)
DALYs 5718004 2380795 3337209 3248745 1212152 2036593
All ages number (3834478 to (1600789 to | (2244471to | (2508770to | (916785to | (1586671 to 1122(15;3)5 _111%2(5612)'9 't?’:_(l':‘;g
7746606) 3237485) 4529480) 4057119) 1538456) 2539192) ’ ’ '
Age-standardized | 560.4 (378.1to | 399.3(272.6 | 747.8(501.2 | 198.4 (154.2 ( 1%)312;&0 267 (209to | -64.6 (-73.7 | -66.9 (-75.8 | -64.3 (-73.5
rate (per 100,000) 758.5) to 539.1) to 1017) to 246.6) 165. 9) 331) to -51.2) to -54.4) to -50.6)
YLLs 5339847 2164685 3175162 2832565 987747 1844818
-47 (-61. -54.4 (-66. -41.9 (-57.1
All ages number (3578762 to (1441591 to (2137458 to | (2189873 to (741576 to (1426086 to '2)7-(2: 6;; 5,:) _3(6656) 9 Ztco ?1(9567)
7274029) 2949727) 4307280) 3546213) 1258091) 2302790) ’ ’ ’
Age-standardized 523.1(352.7to | 361(246.2to | 711.7(477.1 | 172.7 (134.2 | 105.6 (80.5 242 (188.1 -67 (-75.6 -70.7 (-78.5 -66 (-74.8
rate (per 100,000) 711.1) 488.6) t0 968.2) to 215.4) to 133) to 301) to -54.2) to -59.3) to -52.9)
YLDs 378156 216110 162047 416180 224405 191775
o .1 (-18. .8 (-23. 3 (-11.
g All ages number (233850to (133709 to (100645 to (272033 to (147458 to (126862 to 12015(0118) 4 3t§ 2122)9 1?036(2121) 1
eg_i 548093) 312928) 235120) 573975) 311744) 267240) ' : :
g Age-standardized | 37.3(23.2to | 38.3(23.8to | 36.2(22.4 | 25.8(16.9to | 26.5(17.4 | 25(16.4to | -30.9 (-48.4 | -30.9 (-48.5 | -30.8 (-47.8
g rate (per 100,000) 53.9) 55.7) t0 52.4) 35.1) to 36.1) 34.4) t0 -5.8) t0 -6.1) t0 -4.8)
= Ambient Deaths 254187 120687 133500 145714 62267 83447
il -42.7(-59.6 | -48.4(-64 | -37.5(-55.4
§ particulate All ages number (161478 to (75453 to (86101 to (109252 to (45187 to (63269 to to _1(753 6 t?) _2(56)3 3to ?1(05;)
. matter 356863) 172057) 186235) 186322) 81847) 104936) ’ ’
é‘ pollution Age-standardized 24.2 (15.4 to 18.5(11.7 to 31.6(20.2 7.6(5.8to 5.3(3.8to | 10.1(7.7to | -68.8(-77.6 | -71.6 (-79.9 | -67.9(-77
g rate (per 100,000) 33.9) 26.2) to 44.1) 9.5) 6.8) 12.7) to -55.1) to -58.6) to -53.9)
(@]
\z DALYs 5412150 2234232 3177918 3226942 1201590 2025352 ) ) ) ) ) )
8 All ages number (3538703 to (1440618 to (2096517 to | (2488359 to (907435to | (1574886 to 4tO.£_11(5596).8 42'2_(22)1'4 3;6'?1(0513)'3
z 7448081) 3079685) 4371505) 4038534) 1525699) 2526601) 02> ° 0 -0
ﬁ Age-standardized | 529.9 (348.5to | 372.9(244to | 712.6(468.9 | 197.1(153 | 131(100.2 | 265.6(208 | -62.8(-72.8 | -64.9 (-74.6 | -62.7 (-72.6
-:‘) rate (per 100,000) 724.5) 509.7) t0 979.8) to 245.7) to 164.5) t0 329.7) to -47.5) to -50.5) to -47.1)
o
& YLLs 5057783 2032690 3025093 2814120 979420 1834700
-44.4 (-59.5 | -51.8 (-65.6 | -39.4 (-55.
All ages number (3318688 to (1314780 to (1996748 to | (2168107 to (735932 to (1418111 to to _2(1539) > 5to 5_33(1625) 6 St?) _1(3595) 6
6982151) 2825200) 4168227) 3520631) 1245938) 2291163) ’ ’ ’
Age-standardized | 495(326.6t0 | 337.4(221.1 | 678.5(447.1 | 171.6(133.3 | 104.8(79.9 | 240.7 (186.9 | -65.3 (-74.5 | -68.9 (-77.5 | -64.5 (-74
rate (per 100,000) 681) to0 463.2) t0 934.7) to 213.7) to 131.5) to 299) to -50.8) to -55.9) to -49.4)




Year

% Change (1990 to 2019)

Location | Risk factor | Measure Metric 1990 2019
Both Female Male Both Female Male Both Female Male
YLDs 354367 201542 152825 412822 222170 190652
All ages number (216798 to (122017 to (93157 to (270191to | (146014to | (126211to 1?(‘)5 6(;1:)'6 10.;6(3-;;) to zttig%g
517673) 293996) 223510) 569180) 308375) 265752) ' ' :
Age-standardized | 34.9(21.3to | 35.6(21.6to | 34.1(20.8 | 25.6(16.7to | 26.2(17.2 | 24.9(16.4t0 | -26.7 (-45.8 | -26.3 (-45.9 | -27.1(-45.4
rate (per 100,000) 51) 52.1) to 49.8) 34.9) to 35.8) 34) to0 3.2) to4.1) to 2.6)
Household | Deaths All ages number | 12242 (677810 | 6344 (3666 to | 5898 (3052 | 1016 (286t | 547 (151to | 470(120to | -91.7(96.6 | -91.4(-96.4 | -92(-96.9
air g 20146) 10239) to 10077) 2499) 1340) 1204) to -85) to -84.6) to -85.1)
pollution
from solid Age-standardized 1.3(0.7to -95.6(-98.2 | -95.6(-98.2 | -95.8(-98.4
i rate (per 100,000 | 12 (0.7t01.9) | 1(0.6t0 1.6) 23) 0.1(0t00.1) | 0(0t00.1) | 0.1(0t00.1) | 02.1) t0-91.9) t0-92.1)
DALYs 305854 146563 159291 21803 (5993 10562 11241 (2891 | -92.9(-97.1 | -92.8(-97.1 | -92.9(-97.3
All ages number (169000 to (84941 to (84118 to t0 53377) (2993 to t0 28731) to -86.7) t0-86.7) t0-86.4)
493718) 230120) 272322) 26769) ' ' '
Age-standardized | 30.6(169to | 26.3(15.4to | 35.2(18.6 1.3(0.4t0 | 1.1(0.3to | 1.5(0.4to | -95.8(-98.3 | -95.8(-98.3 | -95.9 (-98.4
rate (per 100,000) 49.1) 41.1) to 60.3) 3.2) 2.8) 3.7) to -92) to -92.1) to0 -92.1)
YLLs 282065 131995 150070 18445 (5163 | 8327 (2330 | 10118 (2611 | -93.5(-97.4 | -93.7(-97.5 | -93.3 (-97.4
All ages number (155574 to (76166 to (7855910 | [ 1ce66) | t020599) | t025576) | to-87.8) | to-88.2) to -87)
o 458800) 204546) 255566) ' :
§ Age-standardized | 28.2(15.7to | 23.6(13.7to | 33.2(17.4 1.1(03to | 0.8(0.2to | 1.3(0.3to | -96.2(-98.5 | -96.4 (-98.6 | -96.1 (-98.5
% rate (per 100,000) 45.6) 36.3) t0 56.8) 2.7) 2.1) 3.3) t0 -92.7) t0-93.2) t0 -92.4)
§ YLDs All ages number | 23790 (12241 | 14568 (7613 | 9222 (4452 | 3358 (94310 | 2235(637 | 1123(284to | -85.9(-94.1 | -84.7(93.4 | -87.8(-95.1
3 & to 39814) to 24198) to 16631) 8511) to 5863) 3006) to -74.3) to -72.7) to-77.2)
I
g Age-standardized 2.7(1.4t0 0.2(0.1to 0.3(0.1to -91.4 (-96.4 | -90.3 (-95.8 | -92.8 (-97.1
2 rate (per 100,000) | 2*(12%4) 4.5) 2(1t03.7) 0.5) 0.7) 0.1(0t004) |~ " 643 | to-82.6) | to-86.6)
g High- Particulate | Deaths All ages number 712572 347134 365438 731590 325467 406123 2.7 (-12.3 6.2(-22.9 11.1(-7to
S middle matter (587585 to (279633to | (304501to | (618534to | (265847to | (339033 to 20 1') s 1)' 3 2
] pollution 839395) 420040) 426395) 849902) 387397) 477803) : :
)% Age-standardized | 732(59.1t0 | 60.1(48.4to | 87.6(72.8 | 36.5(30.8t0 | 27.8(22.7 | 47(39.2to | -49.5(-57 | -53.7(-61.9 | -46.4 (-55.1
5 rate (per 100,000) 85.6) 72.7) t0 102.1) 42.3) to 33) 55) to -40.8) to -43) to -36.3)
Q
§ (14504831to | (6172841to | (8102695 to o - (8193101t0 | 45 o4 6) ' 020 5')
19960463) 8890543) 11276841) | g0 15768) | 7678615) 11553897)
gfs'(?::ig;dﬁi 16032 (13426 | 12@23;0 ( 12(;39é1t0 81496957 | 45826210 1067.9 (893 | -49.2 (-56.4 | -53.2 (-60.6 | -46.8 (-55.6
to 1866.4) 146.3) 2239.2) t0 938.2) 688.9) to 1253.2) to -41) to -43.7) to -37)




Location

€202 ‘2 snbny uo Aq Bio'sfeuinoleye//:dny wouy pepeojumoq

Year

% Change (1990 to 2019)

Risk factor | Measure Metric 1990 2019
Both Female Male Both Female Male Both Female Male
(13559610to | (5660438to | (7741249 to " o (759112410 | =T ©02) “18)
18796101) 8218323) 10813507) | 10127030 | eeseos) | 10837640)
2?:’:;::‘;8?(’)?{; 15115 (1266 | 1156.6(9488 | 12%§3§8to 7388(627.1 | 451c;7é2t0 996.3 (827.7 | -51.1(-58.4 | -56.2 (-63.6 | -48.2 (-56.9
to 1760.9) to 1371.8) 2245.7) to 853.8) 507.4) to 1174.5) to -43) to -46.2) to -38.2)
YLDs All ages number 1010708 586018 424690 1525621 855117 670504
(709604 to (408518to | (298429to | (1070598to | (600734to | (469925 to 52;96(;’ Zf 4;96(:;4 5369724253
1335214) 776677) 559581) 2003178) 1121687) 884238) ' : :
Age-standardized | 917 (64.5to0 97(683t0 | 853(60.1 | 76(53.2to | 79.7(55.9 | 71.6(50.2to | -17.1(-25.5 | -17.8(-26.8 | -16.1(-23.8
rate (per 100,000) 121.8) 128.1) t0 112.2) 99.7) to 104.3) 94.1) to -7.5) to -7.6) to -7.2)
Ambient Deaths All ages number 446652 211323 235330 660132 287768 372364 47.8(17.7 | 36.2(3.1t0 | 58.2(24to
particulate (316900 to (144390t0 | (17028410 | (549540to | (233124to | (307454t0 | "\ “ou '37.4) 109.5)
matter 570386) 278567) 296551) 770732) 346376) 436920) ' ' '
pollution Age-standardized | 457(325t0 | 36.8(25.3to | 56.9(41.4 | 32.9(27.4t0 | 24.6(19.9 | 43.1(35.8t0 | -27.9 (-42.9 | -33.2(-48.9 | -24.3 (-40.3
rate (per 100,000) 58.5) 48.5) to 71.8) 38.5) to 29.5) 50.3) to -5) to -8.2) to 0)
PALYs | Allases number 10561493 4364747 6196746 (112;;(;3615%5 (217;;%‘;2192 9026883 | 399(11.6 | 31.7(1.5t0 | 45.7(14.6
(7533996t | (3006457 to | (4481640 to - o (747035910 | 50 o 204) w092.4)
13508486) 5725524) 7849169) 17032130) | 6821563 | 10554883
gﬁz'(ssz:“iggdg;% 988.1(707.7t0 | 729(500410 | 91328871'20 736(6144 | 452137;0 979.6 (814.7 | -25.5 (-40.5 | -29 (-45t0 | -23.9(-39.9
1265.5) 954.5) 1624.3) to 847.4) 615.6) to 1144.5) to -2.4) 2.9) t00.3)
(7102284to | (2775999to | (4312504 to - o (6890422 t0 | 7 'S 10698 0 88.1)
12785721) 5291129) 7493562) | jccarasn | eoo7s7s) | 9901717)
2%:'(5‘;:?‘1183"(';:3 935(6695t0 | 674.6(4643 | ;gz%;fo 668 (S61t0 | 32‘;7;0 914.1(751 | -28.6(-43 | -33.7(-49 | -26.1(-42
1199.5) to 884.3) 1551.3) 774.9) 536.4) to 1073.6) to -6.5) to -9) to -2.3)
YLDs All ages number 583970 329228 254742 1364512 751465 613047
(366967 to (203463to | (158806to | (950429to | (520788to | (428668 to 1303'270(68;2 135230;82;2 1:‘:'271(69;8
824096) 471056) 362029) 1800115) 996113) 808044) ' : '
Age-standardized | 5371(335t0 | 54.4(33.6to | 51.5(32.6 | 68(47.3to | 70.1(48.7 | 65.5(459t0 | 28(2.9t0 | 28.8(1.9t0 | 27.3(2.6t0
rate (per 100,000) 74.7) 77.6) t0 72.9) 89.3) t0 92.4) 86.2) 68.8) 73.3) 66.6)




Year

% Change (1990 to 2019)

Location | Risk factor | Measure Metric 1990 2019
Both Female Male Both Female Male Both Female Male
Household Deaths All ages number 265919 135811 130108 71458 37699 33759
air (182584 to (94316 to (82233t0 | (29601to | (15809to | (12721to 73)15(78;1 _7;%5((_58;)'4 7:; %S(;SZ)'S
pollution 365192) 182562) 187690) 137985) 70827) 67976) : ' :
from solid Age-standardized 26.6 (18.2 to 23.3(16.1to 30.7 (19.5 3.6(1.5to0 3.2(1.4to 39(1.5t0 | -86.6(-93.1 | -86.2(-92.7 | -87.4(-93.9
fuels rate (per 100,000) 36.8) 31.4) to 44.4) 6.9) 6.1) 7.8) to -78.9) to -78.4) to -79.4)
DALYs All ages number 6641377 3142702 3498676 1587414 772051 815363
(4610333 to (2224860to | (2216576to | (665185to | (337962to | (314283 to 73)1 éfgf 73) "_‘G(igf)‘z '73?;;888)'8
9077809) 4120008) 4978458) 3075558) 1435601) 1621831) : ' :
Age-standardized | 6151 (426.7to | 524.6(370.9 | 721.3(459.5 | 78.8(33.1to | 69.4(30.4 | 88.3(33.9to | -87.2(-93.4 | -86.8 (-93.1 | -87.8(-94.1
rate (per 100,000) 841.4) to 688.5) t0 1032.7) 152.7) t0 129.1) 175.7) t0 -79.7) to-79) t0 -79.9)
YLLs All ages number 6214639 2885912 3328727 1426304 668399 757906
(4294612t0 | (2031011to | (2100221to | (589303to | (284586to | (288143 to ;7(6232 ’306;2;2;3 7;2 ()_(ff)'l
8464011) 3811721) 4747796) 2759453) 1254198) 1515615) ' ' :
Age-standardized | 5765(396.9t0 | 482.1(339.1 | 687.4(437.5 | 70.8(29.3t0 | 59.8(25.5 | 82.2(31.2to | -87.7(-93.6 | -87.6(-93.6 | -88(-94.3
rate (per 100,000) 786.8) t0 637.7) to 984.9) 137) to 112.1) 164.3) to -80.5) to -80.4) to -80.4)
YLDs All ages number 426739 256790 169948 161109 103652 57457
5 (264385 to (161750 to (100116 to (67300 to (43952 to (21830 to 'Gti‘%;;g;‘g 'ii‘ifjf)e 62)2 42873)‘6
S 607760) 361003) 253497) 312390) 198494) 119303) : ' :
> .
2 Age-standardized 38.6(24to 42.6(26.8t0 | 33.8(20.1 8(3.4to 96(4.1t0 | 6.1(23to0 | -79.3(-89.4 | -77.4(-88.2 | -82(-91.3
g rate (per 100,000) 55.1) 59.8) to 50.6) 15.6) 18.4) 12.7) to0 -65.7) to -63.5) to -69.4)
SMiddle | Particulate | Deaths All ages number 844765 391358 453407 1354599 573708 780890
3 60.4 (40.2 | 46.6(22.1 | 72.2(46.7
Z SDI matter (759409 to (344025 to (400044 to (1181813 to | (488078 to (670689 to ( ( (
5 to 81.3) to 72.5) t0 99.7)
= ollution 946100) 447260) 511671) 1534840) 661935) 897669) ' : :
5 p
2. Age-standardized | 934(83.1to | 84.1(73.4to | 103(91.2to | 59.3(51.6to | 47.8(40.7 | 72(61.9to | -36.5(-44.6 | -43.1(-52.5 | -30(-40.2
c
s rate (per 100,000) 104.8) 96.3) 116.5) 67.1) t0 55.4) 82.4) to -28.1) to -33.4) t0-19.2)
0
£ DALYs All ages number 52899126 10051102 12848024 33695971 13371018 | 20324952
= (11401783 | (29566117 | (11608351 | (17451733 | 47.1(29.7 | 33(14.2to | 58.2(35.5
(20673360 to | (8919625 to
8 25300708) 11343047) to to to to to 65) 54.6) to 82.5)
z 14438669) | 37957406) | 15277899) | 23204506)
c .
2 Age-standardized | oc 19134 | 18627 (1651 2389.2 1334.5 1031.6 1654.7 | 375 (445 | -44.6(-52.7 | -30.7 (-40.7
N rate (per 100,000) t0 2354.6) t0 2099.4) (2115.2to (1171.2to (896.4 to (1422.8 to t0-29.5) t0-35.7) t0-20.2)
S ' ' 2678.1) 1503.4) 1177.7) 1884.9) ' ' :
w
YLLs All ages number 51541424 9294600 12246824 31072689 11910659 19162030
(10866104 | (27134245 | (10206011 | (16375182 | 44.2(26.2 | 28.1(8.5to | 56.5(32.7
(19471920to | (8211355 to
23987558) 10497389) to to to to to 63) 51.3) to 82)
13804867) | 35196777) | 13700524) | 22042506)




Location

€202 ‘2 snbny uo Aq Bio'sfeuinoleye//:dny wouy pepeojumoq

Year

% Change (1990 to 2019)

Risk factor | Measure Metric 1990 2019
Both Female Male Both Female Male Both Female Male
Age-standardized | 0 o105 4 17294 2281.7 1232.1 921(787.1 15618 | 386(-46.1 | -46.7 (-55.2 | -31.6(-42
rate (per 100,000) t02235.7) (1521.2 to (2015.4t0 | (1076.5t0 | 7 p (1336.5 to 0-30.5) t0-37.2) 10.207)
: 1958.3) 2574.4) 1392.2) : 1790.8) : : :
YLDs All ages number 1357702 756502 601200 2623281 (11‘:)2%325391 1162922 032(813 | 93(8L5to | 93.4(80.9
(963207 to (533599to0 | (430642to | (1855336 to o (82243710 | 77 7 7') Lo '2) 105 4)
1741933) 973245) 771650) 3397278) 1890072) 1523656)
Age-standardized | 121.1(86.5t0 | 133.3(94to | 107.5(77to | 102.4(72.2 | 110.6(78.1 | 93(65.8t0 | -15.5(-20.6 | -17(-22.2 | -13.5(-19
rate (per 100,000) 155.9) 171.3) 139) to 132.3) to 143.3) 121.8) to-11) t0-12.2) t0 -8.2)
mbient Deaths ages number 455 5 7367 4 52.5 49,
Ambi h All b 304556 12166 182891 1073673 33660 640013 252 256.4 (150 249.9
particulate (197657 to (79278 to (117503 to (903950 to (353427 to (532119to (154.9 to t.419) (153.8 to
matter 428158) 175606) 257988) 1234177) 518945) 741336) 406.8) ° 411.2)
pollution Age-standardized | 333(21.7to0 26 (17 to 41.6(26.8 | 46.9(39.4t0 | 36.1(29.4 | 59.1(49to | 40.7(2to | 38.7(-2to | 42(3.8to0
rate (per 100,000) 46.7) 37.5) to0 58.2) 54.1) to 43.1) 68.3) 101.2) 100.8) 105.5)
DALYs | All ages number 8354228 3148430 5205798 (22%611988586 %331585332 (11(;%‘;2;;9265 220.4 2216 219.7
(5503238to | (2032467to | (3352387 to . o . (133.9t0 | (1268to | (132.6to0
11712029) 4561215) 7330185) | ocozaea | 11979705 | 19219920) 360.6) 368.4) 366.1)
gf:'(sgzr‘iggd(')f‘; 768(503.1t0 | 5797(3744 | 964.3(6165 | 8185585"50 ( sﬁofto ( 1133550 37.8(0.1to | 34.6(-4.8 | 40.6(2.4t0
1079.1) to 847) to 1352.3) 1208.4) 220.1) 1562.4) 97.7) t0 96.5) 104.1)
Yils All ages number 7911273 2929661 4981612 (22‘(‘)795123%% (973‘;922115 (11532281395 212.9 208.9 215.3
(5179880to | (1895954to | (3212743 to - - - (128.4t0 | (117.4to | (128.7to
11153037) 4256796) 6999470) )3410560) | 10755761) | 18217603) 347.6) 352.8) 360.2)
- . 1280.
:ﬁg (St::‘iggdg&% 7287 (478410 | 5413(3519 | 924(596.1 | 980.2(8299 | 699(574.9 | o 62035t0 345(-22 | 29.1(-9to | 38.6(L.1to
P ' 1020.8) t0 779.7) t01298.1) | to1127.2) to 831.4) 1481.3) t0 92.2) 88.8) 102)
YLDs All ages number 442955 218769 224186 2009908 1075201 934707 353.7 3915 316.9
(249327 to (124791to | (126670to | (1384389to | (731128to | (643605to | (229.9t0 | (255.3to | (200.6to
687748) 339672) 349000) 2661645) 1427033) 1224331) 565.4) 627.1) 523.4)
Age-standardized | 393(22.2t0 | 38.3(21.9to | 40.3(23to | 78.4(54to | 81.4(55.4 | 74.9(51.6to | 99.5(45.5 | 112.4(52.9 | 85.9(33.9
rate (per 100,000) 61.3) 59.8) 63.2) 103.3) to 108.1) 98.1) t0 192.2) t0 216.3) to 178)
Household Deaths All ages number 540210 269693 270516 280926 140048 140878
48(-69.9 | -48.1(-69.4 | -47.9 (-72.2
air (400554 to (205763to | (191451to | (152025to | (77456to | (68910to t:_(zgggf io _(ng o ?1(9 3)
pollution 675182) 336127) 353402) 453913) 214674) 242031) : :




Year

% Change (1990 to 2019)

Location | Risk factor | Measure Metric 1990 2019
Both Female Male Both Female Male Both Female Male
from solid Age-standardized | 0.1 (44.4 to 58.1 (44 to 61.4(43t0 | 12.4(6.7to | 11.7(6.5to | 13(6.3to -79.3(-88 | -79.8(-88.1 | -78.9 (-88.7
fuels rate (per 100,000) 75.1) 72.7) 80.4) 20.1) 18.1) 22.2) to -69.5) to -70.1) to -67.3)
DALYs | All ages number 14544898 6902672 7642226 6927983 (3128253%2965 3682057 | 0 e | 3 (7210 | 518 (738
(10907896 to | (5336159to | (5439424to | (3789892 to o (179111310 | 7 5)' 306) o 25 4)'
18109094) 8565780) 9939713) 11161646) | 4030607) 6314947)
2%:':;::‘;38153 13586 (10177 | 1283(986.2 | 011422; o | 275901509 | 131511§2to 299.4 (1453 | -79.7(-88.2 | -80.4(-88.3 | -79(-88.6
to 1692.2) to 1593.3) 1850.7) to 443.8) 381.4) to 513.8) to -70.1) to-71.2) to -67.6)
YLLs All ages number 13630151 6364939 7265212 6314610 (21?9%@2 3453842 | (oo oo | ssq (736 | 525 (742
(10225495t0 | (4889653 to | (5145343to | (3424924 to o (1700173 to | "7 6)' o 33 6)' o 26 5)‘
16958391) 7890612) 9515027) 10176758) | 4a7ec09) 5943126)
Afe'(“a”‘ig;déﬁi 12768 (9527 | 11881 (906.4 | 9122577‘10 251.9 (1365 | 222(122.8 | 281.3(138 | -80.3(-88.6 | -81.3 (-89 | -79.3(-88.8
rate {per 195, to 1593.2) to 1475.8) 1775.5) to 405.9) to 341.2) to 483) to -70.8) to -72.5) to -68.1)
YLDs All ages number 914747 537733 377014 613374 385158 228215
(606387 to (362298 to (24544410 | (316041to | (206874to | (106482 to 3 5.9_;-2()).3 'zi'43('§)6 8 '39t'5 f’;f'l
§ 1247210) 723288) 533389) 1020619) 615837) 419885) 0-s ©3 °
?i Age-standardized | g18(54.5t0 | 94.9(63.6to | 67.3(43.9 | 23.9(12.4to | 29.2(15.7 | 18.1(8.4to | -70.7(-82.6 | -69.3 (-81.5 | -73(-84.9
g rate (per 100,000) 111.7) 127.5) t0 95.2) 40) t0 46.6) 33.3) to -57.6) t0 -55.7) t0 -59.1)
S Low- Particulate | Deaths All ages number 548818 237550 311268 934438 409471 524968
3 70.3(46.6 | 72.4(42.7 | 68.7(45.2
Z middle matter (481728 to (200218 to (273645 to (824221 to (346871 to (456635 to to9g3) tolés9) to929)
2 spi ollution 630736) 280360) 354765) 1047250) 474274) 598290) : : :
5 p
2 Age-standardized | 101.6(87.8t0 | 90.8(75.5to | 112(97.7to | 72.3(63.9to | 61.3(52.1 | 84.2(73.3to | -28.8(-39.3 | -32.5 (-44.8 | -24.8 (-35.8
c
S rate (per 100,000) 118.8) 109.7) 128.3) 81.4) to 70.9) 95.5) to-19) to -18) to-13.1)
0
8 DALYs | Allages number 24985190 | 10385757 | 14599433
= 15473225 6477146 8996079 (22171697 | (8891894 | (12639732 | 61.5(415 | 60.3(34.5 | 62.3(40.6
2 (13754506 to | (5590599to | (7980195 to
8 17475278) 7477779) 10199174) to to to to 81.7) to 88.1) to 86.7)
z 27938886) | 11945175) | 16656198)
5 ,
% Age-standardized 2080.1 2715.3 1739.2 1420.8 2072.2 ] ] ] ] ] ]
N rate (per 100,000) 24?(‘:’ '21722013“7 (1769.7 to (2391.3t0 | (1546.1to | (1219.7to | (1797.2to 2;‘?1(8367)'4 ii‘?1(945?’)‘3 tzj’iz( 3;‘
S : 2429.1) 3079.3) 1946) 1630.2) 2357.9) : : :
w
YLLs All ages number 23790187 9732316 14057871
14861237 6148947 8712290
(13185621 to | (5302980t0 | (7706440 to (21001139 | (8249883 | (12117719 | 60.1(39.3 | 58.3(31.6 | 61.4(39.2
16802370) 7111216) 9892657) to to to to 81) to 87.4) to 86.5)
26652872) | 11274646) | 16112444)




Location

€202 ‘¢ snbny uo Aq Bio'sfeuinoleye//:dny wouy pepeojumoq

Year

% Change (1990 to 2019)

Risk factor | Measure Metric 1990 2019
Both Female Male Both Female Male Both Female Male
Age-standardized 1980.2 2631.2 1657.5 1334.2 1995.9
rate (per 100,000) 23’3()3.216(323048;).2 (1679.7 to (2310.1to (1463.7 to (1129.8 to (1727.3 to 2?;)3_(1;)8'3 3ti.f_51(94;l).5 2:; %1(23:)'7
: 2318.8) 2991.6) 1857.4) 1544) 2280.3) : :
YLDs All ages number 611988 328199 283789 1195002 653441 541562
95.3(83to | 99.1(85.3 | 90.8(79.3
(439456 to (233034to | (203386to | (855476to | (465901to | (388310to 1(()5) ° " 1(10) o 1(00)
792961) 425496) 369430) 1529200) 836074) 700082)
Age-standardized 92 (65.8 to 99.9(70.9to | 84.1(60.1 | 81.6(58.4t0 | 86.6(61.8 | 76.3(54.6t0 | -11.3(-17.9 | -13.3(-20.3 | -9.3(-15.4
rate (per 100,000) 119) 129.3) to 109.9) 105) t0 110.8) 98.5) to -6.3) to -8) to -4.4)
Ambient Deaths All ages number 56223 485315 188463 296852 459.8 518.6
86688 (40399 | 30465 (14594 428(222.6
particulate t015é036) u)5;687) (24842 to (345662 to (133604 to (205670 to (249.7 to (274.1to toglz)
matter 101753) 609833) 246419) 374988) 944.1) 1028.7)
pollution Age-standardized 16.1(7.6to 11.8(5.8t0 | 20.3(9.3to | 37.5(27to | 28.2(20to | 47.7(33to | 133.3(46.6 | 139.3 (45.9 | 134.3 (44.5
rate (per 100,000) 28.5) 21.1) 36.5) 47) 36.8) 60.1) t0 319.1) t0 326.8) to 340)
DALYs | All ages number 2450432 826601 1623830 13029044 é;igi‘;i 8242598 431.7 479.1 407.6
(1123452 to (387595to | (705576to | (9194242 to " (5713331to | (227.9t0 | (246.2to | (207.5to
4446849) 1505703) 2066121) | 16439229) | o000 | 10469471) 905) 976) 882.4)
Aie'(Stamlngd(')Z:(; 380.4(176.7t0 | 2668(1262 | 490.9(2168 | 905.2(639.9 | 42%4; 1170.4 (813 | 138(47.7 | 145.4(48.1 | 138.4 (45.5
rate {per 195, 684.4) to 483.6) to 891.6) to 1141.4) oo 4)° t01484.8) | t0345.1) | t0349.8) | to354.3)
YLLs All ages number 2355083 783238 1571846 12433111 éﬁ;ﬁg‘; 7943912 427.9 473.2 405.4
(1069504 to (367035to | (682004to | (8762865 to ) (5498417 to | (224.6to | (242.5t0 | (206.3to
4277184) 1418231) 2879776) | 15646573) 0 10081674) 896) 966.9) 879.4)
5886521)
é,gt:-(St::ngdg;(% 366(169.5t0 | 253.6(120.2 | 475.5(208.8 | 864.5(608.9 | 615.1(430 (71;3285':;”0 136.2 (46.2 | 142.6 (45.5 | 137.3 (44.5
P ' 657.7) to 455.9) to 867.5) t01087.7) | to807.7) 1428.3) t0342.3) | t0345.1) | t0353.1)
YLDs All ages number 51985 595933 297247 298687 585.5 474.6
9?24187%0236 43t306;’0(2992;3 2| (21921t0 | (386005to | (193865to | (192901 to f 351(%321; (330.2t0 | (262.5to0
97544) 828811) 422013) 413422) : 1134.2) 970.5)
Age-standardized 14.3 (6.2 to 13.2(5.9t0 | 15.4(6.5t0 | 40.7(26.5t0 | 39.4(25.7 | 42.2(27.2to | 184.2(80 | 198.2(88.7 | 173.6 (73.5
rate (per 100,000) 25.9) 24.4) 28.7) 56.9) t0 55.9) 58.1) t0 410.7) t0 429.4) t0 402.9)
Household Deaths All ages number 462130 207085 255045 449123 221008 228115
28(-273 | 6.7(-19.8 | -10.6(-36.4
air (360498 to (162613t | (195333to | (308680to | (156215to | (146312t0 | ~° 2(2 3 o (35 3 o 1(8 )
pollution 574770) 260882) 319338) 602647) 293596) 323095) ' : :
from solid Age-standardized 85.5 (66 to 79(60.6t0 | 91.6(69.3 | 34.8(24to | 33.1(23.2 | 36.5(23.4t0 | -59.3 (-69.6 | -58.1(-68.5 | -60.1(-71.6
fuels rate (per 100,000) 108) 101.8) to 116.5) 46.9) to 44) 51.8) to -48.5) to -46.2) to -47.6)




Year

% Change (1990 to 2019)

Location | Risk factor | Measure Metric 1990 2019
Both Female Male Both Female Male Both Female Male
DALYs | Allages number 13022793 5650545 7372249 | 11956145 (5359%9237% 6356835 | o) 313 | 00(245 | -13.8(389
(10254317to | (4544321to | (5681553to | (8272894 to - (4076435 t0 | " ") 10 24.) ©139)
15890074) 6913194) 9101223) | 15098176) | _,.g0., | 8961068)
2?:’:;::‘;8?(’)?{; 20247 (1586.2 | 12113;0 ( 12721224i4to 834 (576.7 (5126213to 901.8 (578.1 | -58.8(-69.1 | -57.7 (-67.9 | -59.5 (-71.1
to 2510) 2247.8) 2766.5) t01113.9) 1006.3) t01273.8) | to-48.4) to -46.8) to -46.3)
Yus | Allages number 12506154 5365709 7140445 | 11357076 (5327‘;35111677 6113960 | o o5 | 23(263 | -14.4 (396
(9903277to | (4311616to | (5485274to | (7810002 to - (387833010 | " % " 0234 0 15.3)
15275559) 6569978) 8814393) | 15246679) | cooo0oo | 8621384)
ﬁ:}?;:‘i;;%ﬁ; 1947.1(1525.2 | 1277216i6t0 (ié?z;'zc 793.1(544.4 | 719(511.4 | 867.7(552.6 | -59.3 (-69.7 | -58.4 (-68.6 | -59.8 (-71.5
to 2401.3) 2150.6) 2677.5) to 1062.4) to0 951.6) t0 1226.7) to -49) to -47.3) to -46.6)
YLDs All ages number 516640 284836 231804 599069 356194 242875
16 (-9. 25.1(0.2 4.8 (2
(351125 to (195622to | (155598to | (381999to | (233266to | (143095 to 61(‘ 19 63) to | 2 5(504) to 83(3 13) to
695724) 381161) 315506) 853014) 494996) 359502) ' ' :
Age-standardized | 776(524t0 | 86.7(59.2to | 68.7(45.8 | 40.9(25.9t0 | 47.2(30.9 | 34.1(20.1to | -47.3(-59.2 | -45.5 (-56.6 | -50.3 (-63.3
g rate (per 100,000) 104.5) 116.8) t0 93.7) 58.2) to0 65.5) 51) to -35.4) to -34.3) to -37.2)
2low SDI | Particulate | Deaths All ages number 229995 100128 129867 376041 170954 205087
2 63.5(39.9 | 70.7(39.8 | 57.9(34t
g matter (193287 to (77041to | (109193to | (323880to | (144006to | (172604to | ° 8(7 ) 0 135 5) 90( 0 ©
= ollution 280985) 130182) 155170) 432975) 200833) 238275) : ' .
3 p
g Age-standardized | 110(89.6t0 | 99.7(74.4to | 119.6(99.7 | 79.5(68.4t0 | 72.3(60.6 | 86.9(72.8t0 | -27.7(-39 | -27.5(-42 | -27.3(-385
i rate (per 100,000) 138.3) 133.4) to 147.7) 92.6) to 85.8) 100.9) to -16.1) to -10.9) to-12)
)
El DALYs | All ages number 6464411 2759546 3704864 10487426 é597111938z 5910288 | ) a0y | ese(3ss | 595 (358
3 (5526210t0 | (2216446to | (3153664to | (9100712 to o (5013378 to | % 1 96.3) 0 50.5]
[ . .
g 7731486) 3446622) 4343901) | 11999808) | c.ooo0 | 6866488)
5 Age- ~
ge-standardized 2257.1 2846 1862 1639.2 2087.2
g 2559.6 (2157.8 27.3(-37.2 | -27.4(-39.9 | -26.7(-37.3
s rate (per 100,000) - 30(98 2 (1775.3t0 | (2413.2t0 | (1613.4t0 | (13913to | (1766.4t0 | _1(6 2 o _(13) o _1(2 2
5 : 2877.6) 3367.4) 2136.2) 1907.1) 2416.7) : :
\
N YiLs All ages number 6198630 2616338 3582292 9974101 é2695i8191‘; 5675206 | ¢ oaaa | 43(362 | 58.4(33.8
S (5293026 to | (2081734to | (3030078to | (8571540 to " (77314210 | ° " " 10 96.5) t090.)
M : . .
7437088) 3289542) 4212806) | 11496143) | o000 | 6611370)
Age-standardized 2147.9 2753.8 1776.3 1548.5 2006.8
2458.9 (2076.1 27.8(-38.2 | -27.9(-40.9 | -27.1(-
rate (per 100,000) 53299(7805)6 (1671.8 to (2323.9to (1531.9to (1305.8 to (1688.7 to t08_(1§)8 to 91(2 90)9 to _12( i;g
' 2760.4) 3269.2) 2046.7) 1809.3) 2332.9) ' :




Location

€202 ‘2 snbny uo Aq Bio'sfeuinoleye//:dny wouy pepeojumoq

Year

% Change (1990 to 2019)

Risk factor | Measure Metric 1990 2019
Both Female Male Both Female Male Both Female Male
YLDs All ages number 265780 143208 122572 513325 278244 235081
(188171t0 | (100830to | (87106to | (367727to | (199251to | (168305 to gtii ézsg')z iﬁ 3285)1 9“1)? é;7é)3
347353) 187680) 160761) 654621) 352032) 301379) : : :
Age-standardized 100.7 (71to | 109.2(76.8to | 92.2(64.9 | 85.6(61.2to | 90.7(65t0 | 80.4(57.4t0 | -15(-22.2 | -16.9(-24.5 | -12.9 (-20.2
rate (per 100,000) 132.6) 144.1) t0 121.6) 109.4) 115.6) 103.9) t0-9.1) to -10.9) to -7.3)
Ambient Deaths All ages number 109646 41250 68396 375.7 435.3 345.7
particulate 2303;&2%?6t0 770fé§;gfto 1?32?;2250 (68429 to (25828 to (41555 to (198.6 to (220.4 to (175.8 to
matter 159434) 60864) 98721) 850.5) 976) 824.8)
pollution Age-standardized 10.8 (4 t0 22.4) 7.5(2.7to 14(5.1to | 22.8(14.4to | 17.2(109 | 28.9(17.9to | 112(32.4 | 128.4(37.6 | 106(29.3
rate (per 100,000) ' ' 16.2) 28.8) 33) t0 25.4) 41.3) t0314.3) t0348.7) | t0324.2)
DALYs | Allages number 657020 215947 441072 3087062 1120137 1966926 369.9 418.7 345.9
(234711to (74406 to (156058to | (1900859to | (685169to | (1187705to | (192.4to (205.6 to (172.4 to
1379522) 475902) 924591) 4487796) 1683469) 2843380) 858.1) 952.4) 822.4)
Afe'(Sta”‘igBd(';;s) 256.7(92.7t0 | 174.3(61.5t0 | 336.7(120.7 | 543.3 (338 (2?:1?5756to 693.7 (419.5 | 111.7(32.9 | 128.1(36.4 | 106.1(27.4
rate {per 155, 540) 383) to 702.3) to 792.6) 555.8) t01000.9) | t0325.3) | t0355.5) | to325.4)
YLLs All ages number 632109 204998 427111 2951191 1055763 1895428 366.9 415 (202.3 343.8
(222705 to (70395 to (150927to | (1821845to | (649839to | (1143088to | (190.4to | * °0L 1') (170.4 to
1334262) 451885) 891989) 4269995) 1571324) 2744734) 849.8) ' 820.4)
Age-standardized | 247.4(87.9to | 166(59.5t0 | 326.3(116.1 | 520.7(322.1 | 376.7 (234 | 669.2(404.1 | 110.5(32 | 126.9(34.9 | 105.1(26.6
rate (per 100,000) 523) 364.8) to 678.1) to 760.7) to 557) t0 967.3) to 324.2) to 356.9) to 324.9)
YLDs All ages number 135871 64374 71498 445.4 487.9 412.1
24910 (867 10949 (3777 | 13961 (471
9 5%8853)9 to (t)g 295((; 8) 332 1§5 1)9 (75830 to (36207 to (38222 to (244.2 to (266.1 to (2253 to
213345) 102219) 111513) 963.9) 1077.2) 888.5)
Age-standardized 9.3(3.3to 8.2(29t0 | 10.4(3.6to | 22.6(12.8to | 20.9(11.9 | 24.5(13.2to | 142.7(53.5 | 153.9(58 | 135.4 (50.4
rate (per 100,000) 20.7) 18.7) 23.1) 35.3) t0 32.8) 38.2) to 363) t0 395.3) to 352)
Household Deaths All ages number 206944 114523 266395 129704 136691
28.7(8.8t 3(14. 4(-1.
air (156112 to 9?2212226167‘;?7 (84371to | (200036to | (96890 to (98943 to 49() o) © 43037£)1§)1 13)12 2)5
ollution 267135) 146354) 340209) 165009) 179350) : : :
p
from solid Age-standardized 99.2 (72.6 to 92.2(64.2to | 105.6(76.4 | 56.7(42.1to | 55.1(40.6 58(41.7to | -42.9(-52.3 | -40.3(-52 -45 (-54.4
fuels rate (per 100,000) 132.1) 128.4) to 139.3) 73.1) to 70.9) 76.5) to -33.7) to -26.6) to -32.4)
DALYs | All ages number 5807391 2543599 3263792 | 7400363 (3225:«3201%11 3943362 | 000 | 350133 | 208 (05
(4459274 to (1918607 to | (2446963 to | (5616219 to o (2878579 to 28 3) N, si w048 6')
7352442) 3331412) 4130082) 9272081) 5107095) ' : '

4325254)




Year
% Ch 1990 to 2019
Location | Risk factor | Measure Metric 1990 2019 6 Change ( ° )
Both Female Male Both Female Male Both Female Male
Age-standardized 2303 (1747.3 2082.8 2509.3 1318.6 1241.7 1393.5 42.7(-513 | -40.4(-50.7 | -44.5 (-54.1
rate (per 100,000) 10 2952.4) (1530.9 to (1861 to (997.4 to (938.3 to (1017.1to t0-33.8) 0 -28.7) t032.2)
' 2751.8) 3200.5) 1672.3) 1566.4) 1810.8) : ' :
Yils All ages number 5566521 2411340 3155181 7022910 (321236113613 79779 | L 5t | 3850101 | 198 (L
(4235051 to (1807521to | (2355844to | (5310929 to to (2748137 to ' 47 5‘) t(; ) 25 to’ 18 1‘)
7018709) 3162323) 4000649) 8923395) 4095260) 4924874)
Age-standardized 1981.9 2427.5 1255.6 1171.8 1337.6
rate (per 100,000) 2233'26821861)3 4 (1444.2 to (1793.5to (945.5 to (881.4 to (970.6 to '4;%3("1521)‘8 '4&9_)2(:81)‘6 _tht?s(j:)ﬁ
: 2630.4) 3094.7) 1599.7) 1478.9) 1746.1) : ' :
YLDs All ages number 240870 132259 108611 377454 213870 163583
56.7(42.3 | 61.7(47.3 | 50.6(35t
(163706 to (90342 to (72826 to (258786t0 | (147646to | (108514 to o 7(1 )) o 7(6 8) 6 6( ) °
325443) 177842) 148031) 503652) 284450) 223731) ' : :
Age-standardized 91.4 (62.4 to 101 (68.8 to 81.8(54.8 63(43.2to | 69.8(48.4 | 55.9(37.2to | -31(-37.8 | -30.8(-37.5 | -31.7 (-39.1
rate (per 100,000) 124.3) 138) t0 113.2) 84.4) t0 92.9) 77) t0 -24.2) to -24) to -24.1)
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Data in parenthesis are 95% uncertainty intervals; DALYs: Disability-Adjusted Life Years; YLLs: Years of Life Lost; YLDs: Years Lived with Disability




Table S3. Global deaths, DALYSs, YLLs and YLDs attributed to PM pollution, Ambient PM pollution and HAP from solid fuels by CVD cause as well as their percent change in 1990 and

2019; ASR: age-standardized rate, YLLs: years lived with disability, YLDs: years lived with disability, DALYs: disability-adjusted life years, CVD: cardiovascular disease, PM:
particulate matter.

Year
% Ch 1990 to 2019
Cause Risk factor | Measure Metric 1990 2019 6 Change ( ° )
Both Female Male Both Female Male Both Female Male
Ischemic | Particulate Deaths 1225184 521826 703357 1843217 763120 1080097
50.4 (31.3 46.2 (25.3 53.6(33.4
heart matter All ages number | (1046644to | (441819to (606352to | (1605729to | (644913 to (932621 to o 65_9 5) o 6(8 ) o 7(4 o
disease pollution 1405597) 609835) 807958) 2080472) 881342) 1238248) ’ ’ ’
Age-standardized | 32.8(27.9to | 25.7(21.7to | 41.1(35.1to | 22.9(19.9to | 17.4(14.7to | 29.0(25.0to | -30.3(-39.1 | -32.1(-41.7 | -29.5 (-38.7
rate (per 100,000) 38.0) 30.1) 47.4) 25.9) 20.1) 33.1) to -21.0) to -21.3) to -20.1)
DALYs 31477742 11919605 19558138 45354420 16689791 28664628
All ages number (27514284 to | (10259551 to | (16942612 to | (39644690 to | (14281043 to | (24757992 to 4:;16%2%6 4’2;06(01252 4’?666(6251350
35546060) 13690689) 22242785) 51231554) 19047172) 32883656) ) ’ ’
Age-standardized | 766.5 (663.7 555.0 (476.9 992.9 (858.6 547.8 (479.0 | 385.0(330.0 | 719.5(622.6 | -28.5(-37.2 | -30.6(-40.8 | -27.5(-36.9
rate (per 100,000) to 869.4) to 638.9) to 1,134.7) to 618.8) to 439.3) to 823.3) to -20.1) to -20.4) to -17.9)
YLLs 30789259 11613778 19175481 44106187 16126476 27979711
All ages number (26889201 to (9975956 to (16600125 to | (38464075to | (13799373 to | (24189416 to 4;36(02;6 3}?(;95(91;58 4t5c;96(52€7551
34833279) 13342798) 21836871) 50012926) 18517305) 32096456) ’ ’ ’
Age-standardized 749.3 (648.6 540.7 (462.6 972.4 (840.1 532.7 (465.5 372.1(318.3 702.0 (607.3 | -28.9(-37.7 | -31.2(-41.5 | -27.8(-37.1
rate (per 100,000) |  to 851.4) to 621.6) to 1,112.4) to 603.4) to 427.5) to 806.7) to -20.4) t0 -20.8) to -18.1)
g YLDs 688484 305827 382657 1248232 563315 684917
g 1.3 (67. 4.2(69.2 | 79. A1
% All ages number (443634 to (199144 to (247810to (808065 to (366328 to (436803 to 8t039(462)6 8to 9(862) 3009(16;
% 1002488) 447035) 558431) 1814531) 813246) 990972) ) ’ ’
3 Age-standardized | 17.2(11.1to | 14.3(9.4to | 20.5(13.2to | 15.1(9.8t0 | 12.9(8.4to | 17.4(11.2to | -12.4(-19.3 | -9.8(-17.2 | -15.1(-21.8
3 rate (per 100,000) 24.9) 21.0) 30.0) 21.9) 18.7) 25.2) t0 -5.9) to -2.6) t0 -8.9)
=3
2 Ambient Deaths 607576 250493 357084 1332043 524564 807479
E particulate All ages number | (450158 to (180651 to (265381to | (1086918to | (420780 to (652574 to 1309'12788;6 1?:'146(57;')1 13:'118(18250
2 matter 769644) 319239) 452738) 1557229) 631284) 947228) ' ' :
> .
% pollution Age-standardized 16.8 (12.3 to 12.7(9.1to 21.6 (15.9to 16.6 (13.6 to 12.0(9.6 to 21.8(17.7 to -1.2(-18.1 -5.3(-22.6 0.9(-17.1
a rate (per 100,000) 21.3) 16.1) 27.5) 19.4) 14.4) 25.6) to 22.0) t0 20.0) t0 25.7)
o
<
o DALYs 14589882 5075634 9514248 32174350 11076103 21098247
120.5 (82. 118.2 (79. 121. 1.4
g All ages number | (10795925to | (3707182 to (6965213 to | (26024800to | (8949796to | (17042274 to t00157(1 2)9 t:17§) Z)O to 187(583)
‘g 18608473) 6506461) 12205486) 37713769) 13227339) 24925316) ’ ’ ’
N Age-standardized | 362.5(269.0 | 240.4(175.8 | 493.4(364.5 | 389.2(315.6 | 255.2(206.2 | 531.2(430.5 | 7.4(-11.2 | 6.1(-129 | 7.7(-11.6
8 rate (per 100,000) |  to 459.8) to 308.7) to 627.8) to 455.8) to 304.8) t0 625.2) to 31.9) to 32.5) to 33.4)
w
YLLs 14286499 4948033 9338466 31244478 10669924 20574554
118.7 (81.4 | 115.6(76.6 | 120.3(80.2
All ages number (10623562 to (3621294 to (6850180 to (25419964 to (8609112 to (16579274 to to 162 1) to 16(8 0) to 17(2 9)
18169598) 6349449) 11954786) 36707291) 12741796) 24355992) ’ ’ ’
Age-standardized 354.8 (264.1 234.4 (171.5 483.8 (356.9 377.9 (307.4 245.8 (198.4 517.9 (418.2 6.5(-11.9 49(-141 7.0(-12.1
rate (per 100,000) to 450.2) to 300.7) to 614.7) to 442.9) to 293.5) to 611.5) to 30.8) to 31.1) to 32.7)




Year

% Change (1990 to 2019)

Cause Risk factor | Measure Metric 1990 2019
Both Female Male Both Female Male Both Female Male
YLDs 303383 127601 175782 929872 406179 523692 206.5 218.3 197.9
All ages number (181302 to (75024 to (104472 to (591036 to (255690 to (332882 to (151.6 to (158.7 to (143.2 to
465555) 197841) 272572) 1381407) 604176) 785783) 287.2) 307.0) 280.0)
Age-standardized | 7.7 (4.7 to 6.0(3.6 to 9.6 (5.8 to 11.2(7.1to 9.3(5.9to 13.3(8.6t0 | 46.0(19.4 | 54.4(25.4 | 38.7(13.9
rate (per 100,000) 11.8) 9.3) 14.9) 16.7) 13.9) 19.8) to 84.8) t0 96.7) to 76.2)
Household | Deaths 617607 271334 346274 511174 238556 272618
air All ages number (471852 to (204779 to (254553 to (348356 to (164032 to (175101 to 113;)6 1 '13611((;37?;‘0 thj 1('3)1'2
pollution 790195) 348852) 450332) 714580) 330502) 401886) : : '
from solid Age-standardized | 16.0(12.2to 13.0(9.8to 19.5(14.2 to 6.3(4.3t0 5.5(3.8to 7.2(46to | -60.7(-69.5 | -58.1(-68.0 | -63.2 (-72.4
fuels rate (per 100,000) 20.5) 16.8) 25.3) 8.8) 7.6) 10.6) to -50.7) to -47.4) to -52.6)
DALYs 16887860 6843970 10043890 13180070 5613688 7566382
Allages number | (12993917to | (5311692to | (7437659to | (9051398to | (3901927to | (4905811 to -230_537?.4 ’1i'02('f)7 -t 'zfj_(a’ﬁﬁ
21344578) 8640128) 12979526) 18251784) 7484370) 11020754) 0-s 0 0-3
Age-standardized | 404.0 (310.5 | 314.6(243.8 | 499.5(367.7 | 158.7(108.9 | 129.8(90.3 | 188.3(121.8 | -60.7 (-69.4 | -58.7 (-68.2 | -62.3 (-71.7
rate (per 100,000) t0 508.3) t0 397.7) to 646.3) t0 219.7) to 173.0) to 274.5) to-51.1) to -48.6) to-51.7)
YLLs 16502760 6665745 9837015 12861709 5456552 7405157
All ages number | (12718594 to | (5172736to | (7289841to | (8826065to | (3798478to | (4802887 to -25(.)1_é-:;?.4 151012(37 2 'z‘t‘c';_gﬁj
g 20934210) 8375408) 12727953) 17853420) 7287895) 10753506) : ' '
eg_i Age-standardized | 394.5(304.3 | 306.3(237.9 | 488.6(360.8 | 154.8(106.2 | 126.2(88.0 | 184.2(119.2 | -60.8 (-69.4 | -58.8 (-68.3 | -62.3 (-71.7
Q rate (per 100,000) to 498.1) to 385.9) to 634.1) to 214.5) to 168.6) to 268.2) to-51.2) to -48.5) to-51.7)
3 YLDs 385101 178225 206875 318361 157136 161225
3 - - - - - -
= All ages number (231511 to (106588 to (120182 to (175687 to (85421 to (85189 to 17’(57( 3)84 136812?;)5)'0 22t.011( 2)19
% 584502) 267930) 312953) 513670) 252681) 266010) : : '
2 Age-standardized | 9.5(5.7 to 8.3(5.0to 10.9 (6.4 to 3.8(2.1to 3.6(2.0to 41(2.2to | -59.6(-69.8 | -56.5(-67.7 | -62.6 (-72.0
é‘ rate (per 100,000) 14.2) 12.4) 16.4) 6.2) 5.8) 6.7) to -47.8) to -43.8) to-51.3)
[ .
oStroke | Particulate | Deaths 1378620 681935 696685 1701943 780080 921863
3 23.5(8. 14.4 (-2. 2.3(13.1
:é matter All ages number (1210663 to (586263 to (613760 to (1498447 to (671813 to (798049 to 3 28(86)9 to ti 32 6)5 3t035(2 ;
o pollution 1557058) 786292) 793241) 1917895) 901537) 1052863) ' : :
g Age-standardized | 36.8(32.1to | 33.1(28.3to | 41.2(36.1to | 21.1(18.6to | 17.8(15.4to | 24.9(21.6to | -42.5(-49.6 | -46.1 (-54.0 | -39.5 (-48.3
% rate (per 100,000) 41.6) 38.2) 47.0) 23.9) 20.6) 28.5) to -35.2) to -36.4) to -30.2)
N
~ DALYs 36312877 17270730 19042146 43474911 19398064 24076847 ]
S All ages number | (32393296to | (15117278to | (16924404 to | (38364312to | (16922830to | (20947202 to 19';2(6é)7 to 1t20‘32; ;4 26'2}@'? to
40347183) 19616421) 21494213) 48722881) 22170013) 27340210) ' : :
Age-standardized | 888.0(789.9 | 799.6 (698.7 | 986.2(876.2 | 525.6(463.9 | 447.2(390.4 | 610.1(529.9 | -40.8 (-47.4 | -44.1(-51.3 | -38.1(-46.8
rate (per 100,000) t0 989.8) t0 908.1) to 1,114.3) t0 589.9) t0 511.1) t0 692.9) to -34.3) to -35.8) t0 -29.3)
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Cause

Year

% Change (1990 to 2019)

Risk factor | Measure Metric 1990 2019
Both Female Male Both Female Male Both Female Male
YLLs 33375374 15545631 17829743 38446909 16488297 21958613
15.2(1.8t0 | 6.1(-8.8t0 | 23.2(4.2t0
All ages number | (29726748to | (13603606 to | (15757627 to | (34049904 to | (14297698 to | (19013110 to Zé 0) 2(3 6) 4§ 0)
37286595) 17674887) 20293110) 43105162) 18916577) 25037157) ' : :
Age-standardized | 818.5(729.6 | 721.6(629.4 | 926.5(817.5 | 465.0(411.5 | 379.7(329.2 | 557.2(483.3 | -43.2(-49.9 | -47.4(-54.9 | -39.9 (-48.8
rate (per 100,000) t0 916.9) to 821.6) to 1,054.3) to 521.2) to 435.7) to 634.9) to -36.3) to -38.6) to -30.7)
YLDs 2937502 1725099 1212403 5028001 2909767 2118235
All ages number | (2074626to | (1222365 to (856636 to (3507984 to | (2021877to | (1489060 to 73528(26%3 6?(‘)7725;55 7:‘(;78(56:50
3826673) 2234107) 1578105) 6494182) 3780864) 2748683) ' : :
Age-standardized | 69.4(49.0to | 78.0(55.2to | 59.6(42.2to | 60.6(42.3to | 67.6(47.0to | 52.9(37.3to | -12.7(-18.4 | -13.4(-19.2 | -11.3 (-16.9
rate (per 100,000) 90.2) 101.1) 77.5) 78.4) 87.8) 68.7) t0-6.9) to -7.6) to -5.6)
Ambient Deaths 508033 241560 266473 1143352 489227 654125
particulate All ages number (350059 to (168633 to (179424 to (945530 to (390724 to (534294 to 1,[205'119;7%5 1?02.156(852.)4 1?:;53(78%4
matter 684235) 326083) 361724) 1336394) 590728) 777204) ' ' :
pollution Age-standardized | 14.0(9.6to 12.0(8.3to 16.3(11.1to | 14.3(11.8to | 11.2(89to | 17.8(146to | 2.2(-19.5 | -6.6(-27.0 | 9.6(-16.4
rate (per 100,000) 18.6) 16.1) 21.9) 16.6) 13.5) 21.2) to 34.8) to 23.5) to 49.4)
DALYs 12856953 5718895 7138058 28736491 11915642 16820849
All ages number | (8763700to | (3927950to | (4770971to | (23372268to | (9570573 to | (13644195 to 1t203'159(572j1 1?:‘147(662')2 1305 '272;7%9
17506435) 7860047) 9781816) 33440293) 14314048) 19871089) ' ' ‘
Age-standardized | 319.3(219.5 | 267.5(185.1 | 376.0(254.0 | 348.1(283.3 | 274.3(220.6 | 428.1(348.7 | 9.0(-14.3 2.6(-20.0 | 13.9(-12.7
rate (per 100,000) to 433.5) t0 366.3) to 511.4) to 404.4) to 329.4) to 505.8) to 43.3) to 35.6) t0 56.0)
YLLs 11658209 5042354 6615856 25145833 9910613 15235220
All ages number | (7866503to | (3470904to | (4392681to | (20500083 to | (7965442to | (12265514 to 1t105'178(66;i7 gﬁ'i é§1§)7 13:'231(97;8
15879882) 6987046) 9112538) 29433743) 12034110) 18117801) ' ' :
Age-standardized | 290.6 (197.6 | 236.6(162.6 | 349.8 (234.4 | 304.7(248.2 | 227.9(183.2 | 388.4(313.7 | 4.9(-18.2 | -3.7(-25.7 | 11.0(-16.0
rate (per 100,000) to 394.3) to 327.0) to 476.2) to 357.0) to 276.4) to 461.5) to 39.3) t0 29.5) to 53.2)
YLDs 1198744 676542 522202 3590659 2005029 1585629 199.5 196.4 203.6
All ages number (756639 to (428213 to (323553 to (24548680 | (1364329to | (1088365 to (145.3to (142.6 to (144.8 to
1717257) 962377) 756009) 4754059) 2682043) 2093285) 281.7) 274.3) 291.5)
Age-standardized | 28.8(18.2to | 30.9(19.6to | 26.2(16.3to | 43.3(29.6to | 46.5(31.7to | 39.7(27.3to | 50.6(22.9 50.5(23.2 51.8(22.8
rate (per 100,000) 40.7) 43.9) 37.8) 57.4) 62.1) 52.4) t0 90.6) to 89.2) to0 94.5)
Household | Deaths 870587 440375 430212 558591 290853 267738
air All ages number (667242 to (339855 to (317082 to (380841 to (203861 to (170503 to 'ii'i(:;)“l -31?).(-)1(6-34;)'6 -3;%1(;555).5
pollution 1079202) 547735) 553173) 769150) 391675) 390535) ' ' :
from solid Age-standardized | 22.8(17.5to | 21.1(16.3to | 24.9(18.4to 6.9 (4.7 to 6.7 (4.7 to 7.1(45t0 | -69.8(-77.2 | -68.5(-76.0 | -71.5(-79.7
fuels rate (per 100,000) 28.5) 26.4) 32.2) 9.5) 9.0) 10.4) to -61.5) to -60.1) t0-62.3)




Year
% Ch 1990 to 2019
Cause Risk factor | Measure Metric 1990 2019 % Change ( ° )
Both Female Male Both Female Male Both Female Male
DALYs 23455923 11551835 11904088 14738419 7482421 7255998
-37.2(-52.0 | -35.2 (-49.6 | -39.0(-55.8
All ages number | (18155376 to | (9048955to | (8887744to | (10132652to | (5367983to | (4674469to | _2(1 1) to. 1(9 5) to- 1(9 2
28707224) 14120476) 15120605) 20130763) 9887987) 10537049) ' ' :
Age-standardized | 568.6(438.6 | 532.1(416.0 | 610.2(455.8 | 177.5(122.1 | 172.9(124.1 | 182.0(117.2 | -68.8(-76.2 | -67.5(-74.8 | -70.2 (-78.5
rate (per 100,000) to 699.3) to 650.5) to 777.0) to 242.8) to 228.3) to 264.0) to -60.7) to -59.7) to -60.8)
YLLs 21717165 10503278 11213887 13301077 6577684 6723393
All ages number | (16795279to | (8231221to | (8339128to | (9124838to | (4675127to | (4364833 to -ii?z(j:)'z 3;42(1571)5 '4&(_)2((')586)'5
26747317) 12890569) 14302071) 18084726) 8665674) 9698592) ' ' :
Age-standardized | 528.0(407.2 | 485.0(379.3 | 576.7(427.0 | 160.2(109.8 | 151.8(107.9 | 168.8(109.3 | -69.7 (-76.9 | -68.7 (-75.7 | -70.7 (-78.8
rate (per 100,000) t0 651.1) t0 592.8) to 737.4) t0 218.2) t0 199.7) to 243.5) to -61.9) to -60.9) to -61.5)
YLDs 1738758 1048557 690201 1437343 904737 532605
All ages number | (1175325 to (714029 to (454050 to (889434 to (568076 to (305567 to '1132':)8'0 13t‘07 é'g;‘ 9 -zzt.: 3'2)3'6
2369965) 1400167) 958437) 2141799) 1337055) 844171) : ' '
Age-standardized | 40.7(27.6to | 47.2(32.0to | 33.5(22.1to | 17.3(10.7to | 21.1(13.3to | 13.2(7.6to | -57.5(-68.0 | -55.3 (-66.1 | -60.6 (-71.2
rate (per 100,000) 55.3) 63.3) 46.8) 25.7) 31.1) 21.0) to -46.1) to -43.6) to -48.8)
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Data in parenthesis are 95% uncertainty intervals; DALYs: Disability-Adjusted Life Years; YLLs: Years of Life Lost; YLDs: Years Lived with Disability
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Figure S1. Time trend of ASR vs. all-ages number of YLLs, YLDs, deaths, and DALYs caused by CVD
attributed to (a) PM pollution, (b) Ambient PM pollution, and (c) HAP from solid fuels by sex from 1990
to 2019; ASR: age-standardized rate, YLLs: years lived with disability, YLDs: years lived with disability,
DALYs: disability-adjusted life years, CVD: cardiovascular disease, PM: particulate matter, HAP:

household air pollution.
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Figure S2. Ranking of 21 GBD regions (1990 to 2019) for ASR of (a) deaths and DALYs attributed to ambient PM, both sexes, (b) deaths and DALYs

attributed to ambient PM pollution for men vs women, (c) deaths and DALYs attributed to HAP from solid fuels pollution, both sexes, (d) deaths and DALYs

attributed to HAP from solid fuels pollution for men vs women,; ASR: age-standardized rate, YLLs: years lived with disability, YLDs: years lived with

disability, DALYs: disability-adjusted life years, CVD: cardiovascular disease, PM: particulate matter, HAP: household air pollution.
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Figure §3. Comparison of CVD risk factors in different SDI regions in 2019 in terms of (a) DALYs, (b) Deaths; DALYs: disability-adjusted life years,

CVD: cardiovascular disease, SDI: sociodemographic index.
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