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Global Burden of Disease 2010

A systematic scientific effort to quantify the
comparative magnitude of health loss for 187
countries from 1990 to 2010. Last major update
was for 2000 under the auspices of WHO

Covering 291 diseases and injuries, 1,160
sequelae of these diseases and injuries, and 67
risk factors or clusters of risk factors

GBD 2010 study initiated in 2007 funded by Bill
and Melinda Gates Foundation

Summary papers published in a dedicated triple
issue of the Lancet December 15t 2012
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A comparative risk assessment of burden of disease and
injury attributable to 67 risk factors and risk factor clusters
in 21 regions, 1990-2010: a systematic analysis for the
Global Burden of Disease Study 2010

Summary

Background Quantification of the disease burden caused by different risks informs prevention by providing an
account of health loss different to that provided by a disease-by-disease analysis. No complete revision of global
disease burden caused by risk factors has been done since a comparative risk assessment in 2000, and no previous
analysis has assessed changes in burden attributable to risk factors over time.

Methods We estimated deaths and disability-adjusted life years (DALYs; sum of years lived with disability [YLD] and
years of life lost [YLL)) attributable to the independent effects of 67 risk factors and clusters of risk factors for 21 regions
in 1990 and 2010. We estimated exposure distributions for each year, region, sex, and age group, and relative risks per
unit of exposure by ically reviewing and synthesisii blished and unpublished data. We used these estimates,
together with estimates of cause-specific deaths and DALYs from the Global Burden of Disease Study 2010, to calculate
the burden attributable to each risk factor exposure compared with the theoretical-minimum-risk exposure. We
incorporated uncertainty in disease burden, relative risks, and exposures into our estimates of attributable burden.

Findings In 2010, the three leading risk factors for global disease burden were high blood pressure (7-0%
[95% uncertainty interval 6-2-7 7] of global DALYs), tobacco smoking including second-hand smoke (6-3%[5 - 5-7-0]),
and alcohol use (5-5% [5-0-5-9]). In 1990, the leading risks were childhood underweight (7-9% [6-8-9-4)),
household air pollution from solid fuels (HAP; 7-0% [5-6-8-3]), and tobacco smoking including second-hand
smoke (6-1% [5-4-6-8]). Dietary risk factors and physical inactivity collectively accounted for 10-0% (95%
UI 9-2-10-8) of global DALYs in 2010, with the most prominent dietary risks being diets low in fruits and those high
in sodium. Several risks that primarily affect childhood communicable diseases, including unimproved water and
sanitation and childhood micronutrient deficiencies, fell in rank between 1990 and 2010, with unimproved water
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Global Burden of Diseases, Injuries, and Risk Factors
Regions
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Dramatic Demographic Shifts: Mean Age of
Death Rising Rapidly

H|gh— income
Morth America
& & pystralasia

A Western Europe

A Central Europe
i

High-income Asia Pacific

A
Eastern Europe

Southern Latin America
A

Central Asia
A

Meanage atdeathin 1970 {years)

~ Caribbean
e 4 East Asia
" Sguthern sub-Saharan &frica 4

i
Southeast Asia Tropical Latin America
i

Oceania & A
' Central Latin America
- South Asia 4
,»"fEEntral sub- 4 Andean Latin America
" caharan Africa , Eastern sub-Saharan Africa i

A Morth Africa and Middle East

& Western sub-5aharan Africa

T T T T T T
30 35 45 50 L5

Mean age at death in 2010 (years)

Figure 8: Mean age of death in Global Burden of Disease regions in 1970 compared with 2010




Percent of DALYs* from Non-Communicable Diseases in 2010:
Over 60% in Nearly All Countries Outside of Sub-Saharan Africa

m <10% 50-59%
10-19% 60-69%
20-29% 70-79%
30-39% ™ 80% +
40-49%

Disease Burden = Disability-Adjusted Life Years (DALYs) or healthy years of life
lost




General approach

o Define risk factor (exposure metrics:
PMZ.SI 03)

o Estimate exposure (P)

o Select health outcomes
- Systematic reviews
- Weight of evidence
M W EWAES

e Exposure — response functions (RR)
e Counterfactual (P’)
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Exposure Assessment for Estimation of the Global Burden of Disease
Attributable to Outdoor Air Pollution

Michael ]?wr'aLuer;’:"Jr Markus Am;mn,i Rick T. Burnett,§ Aaron (Iohen;” Frank ]:}enf.'ener;l Majid Ez.z.ati,#
Sarah B. IJIt::r'nderson,V Michal Kﬂ.y;«:.anowskijo Randall V. Martin,"']I Rita Van ]:)inger'nen,L
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ABSTRACT: Ambient air pollution is associated with

numerous adverse health impacts. Previous assessments of o

global attributable disease burden have been limited to urban

areas or by coarse spatial resolution of concentration estimates.

Recent developments in remote sensing, global chemical-

transport models, and improvements in coverage of surface

measurements facilitate virtually complete spatially resolved

global air pollutant concentration estimates. We combined

these data to generate global estimates of long-term average

ambient concentrations of fine particles (PM,;) and ozone at PMZ5 (ugim3) [ : -3

0.1° X 0.1° spatial resolution for 1990 and 2005. In 2005, 89% = N

of the world’s population lived in areas where the World

Health Organization Air Quality Guideline of 10 ug/m® PM, (annual average) was exceeded. Globally, 32% of the population
lived in areas exceeding the WHO Level 1 Interim Target of 35 ug/m’, driven by high proportions in East (76%) and South
(26%) Asia. The highest seasonal ozone levels were found in North and Latin America, Europe, South and East Asia, and parts of
Africa. Between 1990 and 2005 a 6% increase in global population-weighted PM, s and a 1% decrease in global population-
weighted ozone concentrations was apparent, highlighted by increased concentrations in East, South, and Southeast Asia and
decreases in North America and Europe. Combined with spatially resolved population distributions, these estimates expand the
evaluation of the global health burden associated with outdoor air pollution.
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Changes in estimated population-weighted ambient air
pollution levels - PM, 1990 - 2010

1990 — 2010:
10% increase in global
population-weighted PM, .

Percent change between 1800 and 2010
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Diseases affected by air pollution are the top 5 causes of
the global burden of disease in 2010

Ischemic Heart Disease
mortality/incidence: PM

Stroke
mortality/incidence: PM

COPD mortality: PM,
ozone

Lung Cancer mortality:
PM

ALRI (I0-5 yeaa)
mortality/incidence: PM

e Also considered asthma,
adverse reproductive
outcomes (term low
birthweight, preterm
delivery)

2010

Mean rank
(95% UI)

1 Ischaemic heart disease ‘
26 Gato32)
3-4 (310 4) 7 (-12 to 0)

4 Lower respiratory infections 3-6 (3 to 4) ‘
| slungcancer 48 (24 to 61)
396 (323 to 465)
42 (4910 35)
53 (6810102
103 (6 t0 13)
11-8 (10 to 14) 33 (25 t0 41)
14-1 (11 to 20) 32 (8 to 49)
28 (39to 17)

16-9 (14 to 20) 63 (49 to 78)
o322
18 Chronic kidney disease 17-4 (15 to 21)
46 G61063)
46 (40 to 55)
21 Protein—energy malnutrition 21-5 (19 to 25) 32 (—42 to-21)
244 G129 |22 ca0t03)
24 Neonatal encephalopathy™ 24-4 (21 to 30) -20 (-33 to-2)
EYETY)

29 Meningitis

Disorder % change (95% UI)

14 Hypertensive heart disease
15 Preterm birth complications

16 Liver cancer

20 Other cardiovascular and circulato

33 Rheumatic heart disease

62 Measles

Lozano et al. Lancet 2012



Figure 4: Shifts in top 25 causes of YLLs, EU and EFTA, 1990-2010
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-71-19to 3)

18.3 (17 to 22)

159 Leukemia

18 Prostate cancer

18.8 {12 to 31}

24 (-3 to 49)

20.4 (16 to 28)

20 Brain cancer

19 Brain cancear

19.2 (16 to 30)

12 (-20 to 24)

221 (20 to 24)

21 Cardiomyopathy

20 Cardiomyopathy

204 (1810 23)

17 (7 to 23)

2.3 (16 to 36)

22 Prostate cancer

-{ 21 Leukemia

212 (17 to 28)

-4 (-16 to 1)

23.2 (20 to 27)

23 Chronic kidney diseasa

22 Livar cancer

21.3 (18 to 26)

26(15 to 33)

24.0 (22 to 27)
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23 Chronic kidney disease

23.0 {20 to 26)

10 (-3 to 18)
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25 Liver cancer
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32.1 (24 to 40)

31 Kidney cancers

337 (22 to 39)

33 Alzheimer’s disaase

{30 Preterm birth complications
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China leading causes of death, all ages, 1990 to 2010

1990 mean rank (925% UIl)

1.2 (1, 2)

1 COFPD

1.8 (1, 2)

2 Stroke

3.1(3,4)

3 Ischemic heart disease

4.0 (3,5)

4 Lower respiratory infections

52 (4,7)

5 Stomach cancer

6.0 (5, 8)

6 Lung cancer

[7.0(6, 8)

[7 Liver cancer

8.6 (6, 14)

8 Self-harm

[10-1 (8, 15) [9 Cirrhosis

10.5 (8, 13)

10 Tuberculosis

[107 (8, 14)

11 Esophageal cancer

12.1 (7, 17)
12.7 (10, 17)

12 Road injury
13 Drowning

14.4 (10, 17)

14.7 (12, 17)
15.0 (9, 17)

16 Congenital anomalies

14 Hypertensive heart disease
15 Rheumatic heart disease

171 (12, 21)
18.3 (14, 22)

17 Neonatal encephalopathy
18 Preterm birth complications

[18.7 (17, 21) |19 Colorectal cancer

19.5 (17, 21)
215 (20, 24)

20 Falls
21 Diarrheal diseases

21.7 (18, 23)
241 (23, 27)

22 Dhabetes

23 Peptic ulcer

247 (22 27)

24 | eukemia

24.8 (21, 27)

25 Chronic kidney disease

Legend

Communicable, maternal, neonatal, and nutritional

Non-communi
njury

27 Brain cancer

28 Pancreatic cancer

29 Aortic aneurysm

33 Breast cancer

35 Alzheimers disease

36 Other cardio & circulatory

cable

2010 mean rank (95% UI)

% change (95% UIl)

1 Stroke

101, 1)

35 (-3, 45)

2 Ischemic heart disease

24 (2, 3)

120 (36, 143)

13 COPD

26 (2, 3)

4 |_ung cancer

4.1(4,5)

5 Liver cancer

5.0 (4, 6)

-34 (41, -29)

109 (34, 135)
54 (34, 85)

6 Stomach cancer

6.4 (5,8)

0 (-16, 16)

I Road injury

"8 Lower respiratory infections

6.7 (5, 8)
[87 (8, 11)

90 (7, 245)
50 (-59. -40)

9 Esophageal cancer

[10.2 (8, 14) |

[10 (-36, 42)

10 Hypertensive heart disease

[10.2 (8, 13) |

32 (2, 52)

111 Self-harm

11.0 (7, 13)

28 (-41, 65)

12 Diabetes

11.1 (9, 14)

142 (31, 166)

13 Colorectal cancer

12.2 (10, 14)

59 (43, 109)

14 Falls

14.5 (13, 16)

33 (-2, 61)

15 Cirrhosis

14.7 (10, 16)

16 Other cardio & circulatory

15.3 (14, 16)

17 Chronic kidney disease

17.2 (17, 19)

46 (-53, 27)
318 (216, 432)
62 (5, 82)

118 Drowning

18.8 (17, 22)

56 (.64, 21)

19 Leukemia

[21.0 (18, 26)

[14 (-14, 28)

20 Pancreatic cancer

[21.1 (18, 26)

183 (51, 108)

21 Rheumatic heart disease

21.3 (19, 24)

22 Aortic aneurysm

221 (17, 32)

23 Breast cancer

23.0 (20, 26)

24 Alzheimers disease
25 Brain cancer

24.5 (18, 30)
24.7 (18, 33)

56 (62, 51)
61 (1, 193
78(60_107) |
88 (29 222)
38 (-3, 84)

“25 Congenital anomalies

27 Tuberculosis
36 Preterm birth complications

*, '37 Neonatal encephalopathy
44 Peptic ulcer

76 Diarrheal diseases




Integrating risk from multiple sources to estimate risk due to
ambient PM, . Integrated Exposure-Response functions (IER)
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Key assumption
Risk is function of PM, - inhaled dose regardless of source

Extrapolation model
*reflect change in risk observed in cohort studies at low concentrations
near-linear at low concentrations

*predict risk for highest PM, - consistent with risks from smoking (Pope et
al.2011)




IER Relative Risk Model for IHD
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Burnett RT, et al. 2014



GBD risk functions predict risks from recent Chinese
cohort study

Journal of Hazardous Materials 186 (2011) 1594- 1600

Contants lists available at ScienceDirect
Journal of Hazardous Materials

journal homepage: www.elsevier.com/locate/jhazmat

Association between long-term exposure to outdoor air pollution and mortality
in China: A cohort study

Jie Cao®1, Chunxue Yang?.<.1, Jianxin Li?, Renjie Chen?-<, Bingheng Chen?b,

Dongfeng Gu®**, Haidong Kan®-<*

[y
Y
N

Relative Risk

0.97

Ischemic Heart Cerebrovascular/

Stroke
Cause of Death

Lung Cancer
Disease




Quantifying Uncertainty

e Multiple sources of uncertainty for both the risk
function and estimated attributable burden of
disease quantified and expressed as uncertainty
intervals

e Uncertainty in the estimated risk function parameters
e Uncertainty in the estimate of PM2.5

o Uncertainty in the counterfactual concentration

e Uncertainty in the estimated baseline mortality rates

o Sensitivity analyses

e Uncertainty due to model form explored via sensitivity
analysis comparing different model forms

e The influence of wind-blown dust on the burden
estimates will be addressed by an analysis in which the
counterfactual is increased in dusty regions



Risk Factors for global deaths and
DALYs in 2010

Deaths in Millions
12

Dietary risks ~

High blood pressure

Tobacco smoking

Household air pollution from solid fuels

High body-mass index

High fasting plasma glucose

Ambient particulate matter pollution 3. 2 mi"ion
Physical inactivity and low physical activity deaths and
Alcohol use 76 mi"ion
DALYs

High total cholesterol
Childhood underweight

Occupational risks

Lead exposure

Suboptimal breastfeeding

Unimproved sanitation
Low bone mineral density
Intimate partner violence

Drug use
Ambient ozone pollution

Vitamin A deficiency

0.00E+00

Dietary risks

High blood pressure

Tobacco smoking

Household air pollution from solid fuels
Alcohol use

High body-mass index

High fasting plasma glucose

Childhood underweight

Ambient particulate matter pollution
Physical inactivity and low physical activity
Occupational risks

Iron deficiency

Suboptimal breastfeeding

High total cholesterol

Drug use

Intimate partner violence

Unimproved sanitation

Lead exposure

Vitamin A deficiency

Zinc deficiency

5.00E+01

1.00E+02

1.50E+02

2.00E+02

DALYs in Millions

2.50E+02

3.00E+02




Leading risk factor by country in 2010

Leading risk factor by country in 2010

B Alcohol use Househald air pollution from solid fuels d
B Childhood underseight B Suboptimal breastfeeding
High blood pressure
M High body-mass index Digtary risks
High fasting plasma glucose




Years-of- Life-Lost Attributable to PM, . by Global
Region in 1990 and 2010

YLLs Attributable to Ambient Particulate Matter Pollution in 1990 and 2010

Asia, East

1990

2010

Asia, South

1990

2010

Europe, Western

1990

2010

Europe, Eastern

1990

2010

North Africa / Middle East
1990

2010

Sub-Saharan Africa, West
1990

2010

Asia, Southeast

1990

2010

Europe, Central

1990

2010

North America, High Income
1990

2010

Asia, Central

1990

2010

Sub-Saharan Africa, East
1990

2010

Asia Pacific, High Income
1990

2010

Latin America, Central
1990

2010

Sub-Saharan Africa, Central
1990

2010

Latin America, Tropical
1990

2010

Caribbean

1990

2010

Latin America, Andean
1990

2010

Latin America, Southern
1990

2010 M Trachea, bronchus and lung cancers

W Lower respiratory infections

Sub-Saharan Africa, Southern m Ischemic heart disease
1990
2010
Australasia m Chronic obstructive pulmonary disease
1990
2010

10 15 20
Number of YLL (million)

m Cerebrovascular disease

(Lim et al. 2012)




Top Risk Factors for Deaths in Europe in 2010

Dietary risks

High blood pressure

Tobacco smoking

High body-mass index

Alcohol use

Physical inactivity and low physical activity
High total cholesterol

High fasting plasma glucose
Ambient particulate matter pollution
Household air pollution from solid fuels
Lead exposure

Occupational risks

Low bone mineral density

Drug use

Residential radon

Intimate partner violence

Childhood sexual abuse

Ambient ozone pollution

Iron deficiency

Unimproved sanitation

Childhood underweight

Unimproved water source

o
o
o

[

5 Deathsé\’/]élllons

=
a

420,238 deaths

3




Death Rate Attributable to Ambient
Air Pollution in Europe
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Top 20 Risk Factors for Deaths in Western Europe
in 2010

Deaths in Millions
0,00 0,40 0,80 1,20

Dietary risks

High blood pressure

Tobacco smoking

High body-mass index

Physical inactivity and low..
High total cholesterol
High fasting plasma glucose
Ambient particulate matter pollution 165 598

Alcohol use ’

Lead exposure

Occupational risks

Low bone mineral density

Residential radon

Drug use

Ambient ozone pollution

Intimate partner violence

Childhood sexual abuse Deaths Attributable to Ambient Air
ron deficiency Pollution in Western Europe in 2010

Unimproved sanitation
Unimproved water source 0%

6%/ 9%
Lower respiratory infections

Lung cancer

Ischemic heart disease
u Stroke
COPD

165,598 Attributable Deaths



Top 20 Risk Factors for Deaths in Eastern Europe in 2010

Deaths in Millions
0,00 1,00 1,50

Dietary risks
High blood pressure
Alcohol use
Tobacco smoking
High body-mass index
Physical inactivity and low physical activity
High total cholesterol
High fasting plasma glucose
Ambient particulate matter pollution 162 ’ 154
Household air pollution from solid fuels
Lead exposure
Drug use
Occupational risks
Intimate partner violence
Residential radon
Childhood sexual abuse
Low bone mineral density
Ambient ozone pollution
Iron deficiency

Unimproved sanitation DeathS Att”butable tO Amb|ent AII‘ PO”Ution
In Eastern Europe in 2010

0 1% 2%

Lower respiratory infections
Lung cancer
Ischemic heart disease
m Stroke
COPD

162,154 Attributable Deaths




Top 20 Risk Factors for Deaths in Central Europe in 2010

Deaths in Millions
0,00 0,20 0,40 0,60

Dietary risks

High blood pressure

Tobacco smoking

High body-mass index

Physical inactivity and low physical activity
High total cholesterol

High fasting plasma glucose

Ambient particulate matter pollution
Alcohol use
Household air pollution from solid fuels
Lead exposure

Occupational risks

Low bone mineral density

Residential radon

Intimate partner violence

Drug use

Ambient ozone pollution

Childhood sexual abuse

Iron deficiency

Childhood underweight Deaths Attributable to Ambient Air
Pollution in Central Europe in 2010

3% _\o% /_5%

Lower respiratory
infections

Lung cancer

Ischemic heart disease

m Stroke

COPD

92,485 Attributable Deaths



Some conclusions and implications of
the GBD 2010 estimates

- Attributable deaths and DALYs much larger than
previously estimated: 3.2 million deaths and 76
million DALYs in 2010 due in large part to
mortality from IHD and stroke

 Ambient air pollution now ranks among the top 10
risk factors for mortality and lost years of healthy
life globally and in Europe



Some conclusions and implications of the GBD 2010
estimates

e The combined public health impact of air pollution, ambient
and household, is substantial, and developing Asia
experiences some of the highest levels of exposure and the
largest burdens of disease from both risk factors in the
worid

e With development, increasing size of susceptible,
potentially exposed population, burdens likely to
increase even if concentrations decrease

« Given widespread exposures, interventions can be very
(cost) effective

* Non-linearity in E-R functions imply that achieving large
benefits from air pollution reduction in the most polluted
settings requires large improvements in air quality



TRANSPORT FOR HEALTH

THE GLOBAL BURDEN OF DISEASE
FROM MOTORIZED ROAD TRANSPORT

FOREWORD BY
WORLD BANK GROUP PRESIDENT JIM YONG KIM
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The burden due to motorized road transport is growing. Over the [ast two
decades, deaths due to road crashes grew by d6%. Deaths atiributable to air poll-
tion, to which motor vehicles are an Important contributor, grew by 11%

Figure 7: Death rates from injuries and air pollution due to motorized road transport, 2010
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http://documents.worldbank.org/curated/en/2014/01/19308007 /transpo
rt-health-global-burden-disease-motorized-road-transport



GBD 2013

More epidemiologic studies —hew, large studies in UK and
Canada

Additional measurements

« Direct appeal to GBD experts, other contacts; WHO database;
Literature search

Satellite-based estimates
 Annual (1990 — 2012), improved algorithm

Data integration
- Model with and w/o estimated (from PM,,)
 Random effect for region/country

GBD beyond 2013
NO, and/or intra-urban variability
« Combine satellite based estimates with land use data
 Refine the IERs
- Additional health endpoints



Thank You !

Aaron Cohen

for more information on the GBD
Collaboration/detailed GBD 2010
country-level results
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