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Why assess disease burden?

* Prioritization
e Current status
« Geographical variation

 Trends
« assess effectiveness if interventions / identify new challenges
 ldentification/ranking of modifiable risk factors

 Methodology / understanding of disease processes and risk factors
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Common guestions

 What is the total impact of disease and injury in the population? -- the
overall target for public health interventions? (Disease Burden)

* Which diseases are most important for which groups?
* Are things getting better or worse?

 How do we compare the impacts of different risk factors and potential
Interventions that affect different populations? (Attributable Burden)

« \What is the burden of disease from environmental factors?

 How does the impact of tobacco smoking compare to that from air
pollution?
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Global Burden of Disease: Measuring What Matters

A systematic, scientific effort to quantify the comparative magnitude of health loss due to
diseases, injuries, and risk factors by age, sex, and geographies for specific points in time.

Broad Vision:

Everyone deserves to live a long life in full health.

Essential Goal:

Identify what is preventing populations from living longer and healthier lives.

Justification:

You can't save lives if you don't know what people are dying from.

You can't make people healthier it you don’t know what is making them sick.
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WHO definition

“Health is a state of complete physical, mental and social well-being and
not merely the absence of disease or infirmity.” - First of nine principles,
World Health Organization Constitution (1946)
http://www.ldb.org/iphw/whoconst.htm

“spiritual well-being” added in 1999

“The extent to which an individual or group is able, on the one hand, to
realize aspirations and satisfy needs; and, on the other hand, to change
or cope with the environment”

- Alma Ata Declaration, international conference on primary health care
(WHO, 1978)


http://www.ldb.org/iphw/whoconst.htm

Fight Principles

1. Comprehensive comparisons, aka leave no blanks
Communicate the strength of the evidence

Ensure internal consistency

lterative approach to estimation

[dentify all relevant data sources

Compare like with like, aka crosswalk different measurements

Correct for data errors

o N o vk W

Pick the best model based on performance

— Aim:
Make estimates:
(1) comprehensive,
(I) comparable, &
(1ll) as accurate as
possible.
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Focusing on all aspects of health loss

GBD aims to produce comprehensive and comparable estimates of all forms of health loss
(diseases, injuries, impairments) for every country in the world.

Traditional Metrics:

« Death counts, mortality rates
« Incidence, prevalence

Novel Metrics:

* Years of life lost (YLLs) to premature death

« Years lived with disability (YLDs)

, , o DALY
* Time spent sick or injured borden, cxprsed as he curmlaie st ofyeurs s g 10 = Moy Db
iII—hcaI;h.-dis‘;l.wiliuhm' early dc;th S . fes ved it by fear b o
o With disability weight accounting for severity o o
. »
- Disability adjusted life years (DALYSs) 3 w ﬂ %
e e SRS
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Measures of health: Burden of Disease

« Mortality = Numbers of Deaths

« Burden = Disability Adjusted Life Year (DALY)

o 1 DALY = 1 lost year of healthy life

DALY = YLL+YLD

« years of life lost because of premature death (YLLS)

« years of life lived with disability (YLDs)
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Four "Building Blocks™ of GBD Estimation

YLLs, DALYs,

YLDs, HALE
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Dimensions of the GBD

« Geographic: 1075 modeling locations
o 204 countries and 811 sub-national locations

o Subnational analyses: Brazil, China, England, Ethiopia, India, Indonesia, Iran, Japan,
Kenya, Mexico, Norway, Pakistan, Russia, South Africa, Sweden, USA,

» Ages: 5-year age bands (1-4, 5-9, 10-14...95+)
« <5years: 06d, 7-27d, 28-364 d, 1-4 years

« 10 aggregate groups: <5, 5-14 years, 10-24 years, <20 years, 15-49 years,
50-69, 70+, 80+, All ages, age-standardized

 Sex: Male, Female, both sexes combined

e (Causes:; 369 distinct causes

* Risk factors: 88 risk factors

“for every population” = every age/sex/location/year combination
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Group I: Communicable, maternal, neonatal, nutritional diseases

HIV/AIDS and tuberculosis

Diarrhea, lower respiratory, other common infectious diseases

Neglected tropical diseases and malaria
Maternal disorders

Neonatal disorders

Nutritional deficiencies

Other communicable, maternal, neonatal, nutritional diseases

Group II: Non-communicable diseases
Neoplasms (cancers)

Cardiovascular diseases

Chronic respiratory diseases

Cirrhosis and other chronic liver diseases
Digestive diseases

Neurological disorders

Mental and substance use disorders
Diabetes, urogenital, blood, endocrine diseases
Musculoskeletal disorders

Other non-communicable diseases

Group lll: Injuries

Transport injuries

Unintentional injuries

Self-harm and interpersonal violence
Forces of nature, war, legal intervention
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Neoplasms (cancers)
Esophageal cancer
Stomach cancer
Colon and rectum cancer
Liver cancer
Gallbladder and biliary tract cancer
Pancreatic cancer
Larynx cancer
Tracheal, bronchus, lung cancer
Malignant skin melanoma
Non-melanoma skin cancer
Breast cancer

Mental and substance use disorders
Schizophrenia
Alcohol use disorders
Drug use disorders
Depressive disorders
Bipolar disorder
Anxiety disorder
Eating disorders
Autistic spectrum disorders
Attention-deficit/hyperactivity disorder
Conduct disorder

Higher-level group data can be interrogated in progressively greater detail:

Liver cancers

Liver cancer due to hepatitis B
Liver cancer due to hepatitis C
Liver cancer due to alcohol use
Liver cancer due to other causes

Drug use disorders

Opioid use disorders
Cocaine use disorders
Amphetamine use disorders
Cannabis use disorders
Other drug use disorders
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Four "Building Blocks™ of GBD Estimation

YLLs, DALYs,

YLDs, HALE
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Risk factor attributable burden Lipase e Population

Age | Sex | Year | Location Attributa ble

Fraction

u
J._ RRjoas () Pigsce (X)dx — RRjoqs(TMRELjqs)

PAF}oasct — x=1 = Global
J.—; RRjoas () Pjgsce (x)dx Disease-specific Attributable

Burden Disease Burden

Population attributable fraction: excess outcomes (deaths,
DALYSs etc) attributable to risk factor minus the rates seen in the
lowest risk category divided by the total events in the population

RR is relative risk
P is exposure prevalence at different levels of risk x.
TMREL is the theoretical minimum risk exposure level

17
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Attributable Burden

« Attributable fraction X Deaths (cause-specific)

« Attributable fraction X DALYs (cause specific)
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Risk factor attributable burden

Exposure level

Risks
Age | Sex | Year | Location

Population

Attributable
Fraction

What would the burden of disease be today if past exposure was set to

a counterfactual level?

Disease-specific | Attributable
Burden Disease Burden
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Combining satellite and ground monitoring to estimate

exposure

log(PM;5,,) = Bost + B1s¢108(SAT) + B3 pX + €

Bayesian Hierarchical Model (DIMAQ?2)

-
-

_~N

- !
YK |- 100
~ ..

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

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

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

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

Shaddick et al. 2018. Data integration model for air quality: a hierarchical approach to the global estimation of exposures to ambient air pollution. J. R. Stat. Soc. C, 67: 231-253.
Shaddick et al. 2018. Data Integration for the Assessment of Population Exposure to Ambient Air Pollution for Global Burden of Disease Assessment. Environ Sci Technol. 2018 Aug

21;52(16):9069-9078.
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Population-weighted ambient PM2.5 Exposure
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Estimating disease burden from environmental risks

Exposure level

Risks Population
Age | Sex | Year | Location Attrl b Utab I e
ETECIISIZE P Fraction

RISKEOUICOME
AUENFSEX:

Optimal Level

Risk Exposure
Global

Attributable

Disease-specific :
Disease Burden

Burden
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Robust assessment of the risk-outcome relationship

@ IHME ‘ W UNIVERSITY of WASHINGTON

Meta-analysis or meta-regression often used as an input.
Many methods assume the relationship between exposure and risk is log-linear

National or international guidelines typically come from expert committees
« can consider nuances hard to capture in quantitative methods
 different expert groups can and do arrive at different conclusions

GRADE proposed to standardize issues. But GRADE is also subjective.

Risk-outcome relationships with small increases in risk are more
likely due to residual confounding or other biases.

Unexplained between-study heterogeneity suggests uncaptured
uncertainty




Burden of Proof Risk Function
« Smallest level of excess risk that Is consistent with data.

* Incorporates:

* mean relationship between risk and exposure In the
available data

* unexplained* between study heterogeneity adjusted for
number of studies

o *study design covariates (confounding, selection bias,
exposure measurement, etc.)
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Burden of Proof
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https://vizhub.healthdata.org/burden-of-proof/

Burden of Proof Risk Function

Risk Outcome Scores and Star Ratings

Weak
evidence
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Table 1. BPRF Risk-Outcome Score ranges associated with each star rating, and number of risk-outcome

pairs assigned to each star rating.

Harmful - increases risk

Protective — decreases

Number of R-O pairs

Star rating of outcome in those risk of outcome in those ROS range (n=211)
exposed by: exposed by:

One star 0% 0% <0.00 52

Two stars 0-15% 0-13% 0.00-0.14 79

Three stars 15-50% =13-34% =0.14-0.41 55

Four stars 50-85% =34-46% =0.41-0.62 13

Five stars -85% =46% =0.62 12




Estimating disease burden from environmental risks

Exposi[se level Population

Age | Sex | Year | Location Attrl b Utab I e
ETECIISIZE Fraction

RISKEOUICOME
AUENISEX

Optimal Level

Risk Exposure
Global

Disease-specific | Attributable
Burden Disease Burden
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Estimating disease burden from environmental risks

Exposure level

Population
Attributable
EECSIze Fraction

RISKEOUICOME
AUENFSEX:

Optimal Level

Risk Exposure
Global

NEES
Age | Sex | Year | Location

Attributable

Disease-specific :
Disease Burden

Burden
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Air pollution is the leading global environmental risk factor 2021

High blood pressure ]
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Low temperature - | |||l I I

Secondhand smoke ]

Short gestation

Unsafe sex - [

Low vegetables-{ |IINEGEGGE

Unsafe water -

Low PUFA -

Low nuts and seeds

Low physical activity - [ ] ]
Child underweight Hl

Low omega-3

Low fiber- |G

Occupational particulates -

Unsafe sanitation

Child wasting [ ]

Ozone -

500K deaths

Occupational injury
Low bone mineral density [ - 2
Handwashing [ o 0 °
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World Bank. 2016. The cost of air pollution : strengthening the economic case for action



Behavioral risks

L] k f t Level S Risks
8 rIS aC O rS Environmental/occupational risks BCE‘L‘;EQQI?nTE,f{:;';;‘;‘Q;t;“°"

Non-exclusive breastfeeding
Discontinued breastfeeding
Child growth failure
Child underweight
Child wasting
Child stunting
Low birth weight and short gestation
Short gestation for birth weight
Low birth weight for gestation
Iron deficiency
Vitamin A deficiency
Zinc deficiency
Tobacco
Smoking
Smokeless tobacco
Secondhand smoke
Alcohol and drug use
Alcohol use
Drug use
Dietary risks
Diet high in processed meat
Diet high in red meat
Diet high in sodium
Diet high in sugar-sweetened beverages
Diet high in trans fatty acids
Diet low in calcium
Diet low in fiber
Diet low in fruits
Diet low in legumes

[y

Level Risks
1 Environmental/occupational risks
Unsafe water, sanitation, and handwashing
Unsafe water source
Unsafe sanitation
No access to handwashing facility
Air pollution
Particulate matter pollution
Ambient particulate matter pollution
Household air pollution from solid fuels
Ambient ozone pollution
Nitrogen Dioxide Air pollution
Non-optimal temperature
Low temperature
High temperature
Other environmental risks
Residential radon
Lead exposure
Occupational risks
Occupational carcinogens
Occupational exposure to arsenic
Occupational exposure to asbestos
Occupational exposure to benzene
Occupational exposure to beryllium
Occupational exposure to cadmium
Occupational exposure to chromium
Occupational exposure to diesel engine exhaust
Occupational exposure to formaldehyde

Metabolic risks

NN WWNWWWWWWWWWWWwWwwWwwwNWWwNWwWWwWwNhNwwwrkPrpLwwubrrbrrbbwprppownNn

W wwwwsLr,sr,,r,,rr,PE,PE,EEAEAEEEEDDWNWWNWWNWWERAREWLWOWNWWWN

Level Risks Occupational exposure to nickel Diet low in milk
1 Metabolic risks Occupational exposure to polycyclic aromatic hydrocarbons Diet low in nuts and seeds
Occupational exposure to secondhand smoke Diet low in polyunsaturated fatty acids

2 10 e S T (L G5 Occupational exposure to silica Diet low in seafood omega-3 fatty acids
2 High total cholesterol Occupational exposure to sulfuric acid Diet low in vegetables

. . Occupational exposure to trichloroethylene Diet low in whole grains
2 High systolic blood pressure Occupational asthmagens Sexual abuse and violence
2 High body mass index Occupational ergonomic factors Childhood sexual abuse
2 L ; - Occupational injuries Intimate partner violence

ow bone mineral density . -

Occupational noise Unsafe sex

2 Impaired kidney function Occupational particulate matter, gases, and fumes Low physical activity
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Results

+k® Global burden and strength of evidence for 88 risk factors in
" 204 countries and 811 subnational locations, 1990-2021:
a systematic analysis for the Global Burden of Disease
Study 2021

Oa GBD 2021 Risk Factors Collaborators*
Summary
Lancet 2024; 403:2162-203 Background Understanding the health consequences associated with exposure to risk factors is necessary to inform
See Commentpage 1960 public health policy and practice. To systematically quantify the contributions of risk factor exposures to specific
*Collaborators listed attheend Ne€alth outcomes, the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2021 aims to provide
oftheArtie  comprehensive estimates of exposure levels, relative health risks, and attributable burden of disease for 88 risk factors

Correspondenceto:  in 204 countries and territories and 811 subnational locations, from 1990 to 2021.
Prof Simon | Hay, Institute for

Health Metrics and Evaluation, - py o4 ds The GBD 2021 risk factor analysis used data from 54561 total distinct sources to produce epidemiological
University of Washington,

seattle, WA 98195, usa  estimates for 88 risk factors and their associated health outcomes for a total of 631 risk—outcome pairs. Pairs were
sihay@uw.edv included on the basis of data-driven determination of a risk—outcome association. Age-sex-location-year-specific
estimates were generated at global, regional, and national levels. Our approach followed the comparative risk
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https://www.thelancet.com/ghbd
2-page Risk Factor and Cause Summaries

THE LANCET Publish

Login  Register  Subscribe

Welcome to the Lancet Global Burden of Disease (GBD) Resource Centre, bringing together the most comprehensive data and analysis of worldwide trends in

global health, published across the Lancet family of journals. All GBD Articles published with the Lancet journals are Open Access or otherwise free to read with
registration.

Read the latest GBD special issue Search all GBD content Explore cause and risk summaries » Sign up for GBD Alerts
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C Total DALY counts: vnattributed, due to COVID-19,
or attributable to Level 1 risk factors, 2021.

B Unattributed burden without COVID-19

B COVID-19

Il Behavioural risks only

B Metabolic risks only

B Envircnmental and occupational risks only
Bl Metabolic n behavioural risks

B Behavioural n environmental risks

B Metabolic n behavioural n environmental risks

() 8 8 ri S k fa Cto rS B Metabolic n environmental risks

3000

e 155 outcomes

25040
* 631 risk-outcome pairs .
* 41-4% global DALYs attributable risk factors ;
e 14.4% Environmental/Occupational ﬂ o 12
o 18.9% (12.8 million) of all deaths 2 1000 -
e 7-4% of DALYs due to COVID 210
SO0 1
6.5
Q 649
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Pollution and health: a progress update. Lancet Planetary Health, 2022. https://doi.org/10.1016/52542-5196(22)00090-0
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Global
Both sexes, All ages, 2021, Deaths attributable to Environmental/occupational risks
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Canada
Both sexes, All ages, 2021, Deaths attributable to Environmental/occupational risks
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Global
Both sexes, All ages, Deaths
2000 rank 2021 rank

| 1 High blood pressure ' I 1 High blood pressure |

|3 Household air pollution 3 High fasting plasma glucose

|4 High fasting plasma glucose S 4 Ambient particulate matter
|5 Ambient particulate matter /| 5 High BMI (adult)
|6 High LDL | .

|8 Kidney dysfunction
|9 High BMI (adult)

7 Kidney dysfunction

|
|
|
6 High LDL |
|
|

| 12 Unsafe water

| 15 Unsafe sanitation

|20 Low temperature

|23 Lead (bone) ‘|27 Unsafe sanitation

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

Metabolic risks
Environmental/occupational risks

| Behavioral risks




Canada E]

Both sexes, All ages, Deaths

1990 rank 2021 rank
| 1 High blood pressure | ;" 1 High blood pressure | Metabolic risks
4 .
‘ risks
|3 High LDL |- . S 3 High fasting plasma glucose . i
Tl ’ | Behavioral risks
|4 High body-mass index | = =4 High body-mass index

| 5 High fasting plasma glucose
|6 Kidney dysfunction

13 Low bone mineral density




Global
Both sexes, All ages, Deaths

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

2000 rank

2021 rank

| 1 Household air pollution

1 Ambient particulate matter

|2 Ambient particulate matter

|3 Unsafe water

3 Lead (bone)

| 4 Unsafe sanitation

4 Low temperature

|5 Low temperature

s | 5 Unsafe water

| 6 Lead (bone)

s | 6 Unsafe sanitation

| 7 Handwashing

7 Occupational particulates

| 8 Occupational injury

8 Ozone

| 9 Occupational particulates

St | 9 Occupational injury

| 10 Ozone

\ ‘1 10 Handwashing

| 11 High temperature

i 11 High temperature

| 12 Occupational asbestos

I 12 Occupational asbestos

13 Radon

13 Radon

| 14 Occupational silica

I 14 Occupational silica

| 15 Occupational asthmagens

i 15 Occupational asthmagens

| 16 Occupational diesel

| 17 Occupational arsenic

I 17 Occupational arsenic

| 18 Occupational nickel

i 18 Occupational nickel

|19 Occupational PAH

19 Occupational PAH

|20 Occupational sulfuric acid

120 Occupational sulfuric acid

|21 Occupational benzene

I
|
I
I
|
I
I
|
|
I
|I I 16 Occupational diesel
I
|
|
I
|
I
I
|
|I | 21 Occupational benzene

|22 Occupational formaldehyde

22 Occupational chromium

|23 Occupational chromium

TTo--l23 Occupational formaldehyde

Metabolic risks
Environmental/occupational risks

Behavioral risks




Ambient particulate matter
Household air pollution —
Lead (bone)

Low temperature —

Unsafe water -

Unsafe sanitation
Occupational particulates
Ozone

Occupational injury
Handwashing

High temperature
Occupational asbestos
Radon

Occupational silica
Occupational asthmagens
Occupational diesel -
Occupational arsenic
Occupational nickel
Occupational PAH
Occupational sulfuric acid -
Occupational benzene -
Occupational chromium —
Occupational formaldehyde —
Occupational cadmium
Occupational beryllium —
Occupational trichloroethylene
Occupational noise
Occupational ergonomic -
Lead (blood)

NO2 pollution .

Global, Both sexes, All ages, 2021

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

Self-harm & violence

| Unintentional inj

l Transport injuries
Other non-communicable
| Diabetes & CKD

' Chronic respiratory

l Cardiovascular diseases
| Neoplasms

Maternal & neonatal

I Other infectious

l Enteric infections

l@piratory infections & TB




2000 rank

Canada

Both sexes, All ages, Deaths

2021 rank

| 1 Ambient particulate matter

|~ - 1 Low temperature

|2 Low temperature

- 2 Occupational asbestos

|3 Occupational asbestos

~
~
~

3 Ambient particulate matter

| 4 Lead (bone)

I 4 Lead (bone)

|5 Occupational particulates

I5 Occupational particulates

|6 Occupational injury |~\ 6 Ozone
|7 Ozone — . 7 Radon
|8 Radon IR 8 Occupational silica

| 9 Occupational silica

h *| 9 Occupational injury

| 10 Occupational arsenic

10 High temperature

| 11 Occupational diesel

- | 11 Occupational arsenic

| 12 Occupational nickel

T | 12 Occupational diesel

| 13 Unsafe water

13 Unsafe sanitation

| 14 Handwashing

—_ e e
/
/

- | 14 Unsafe water

~ ~

| 15 Unsafe sanitation

~.. ; *l 15 Occupational nickel

~

| 16 High temperature

o ‘| 16 Handwashing

| 17 Household air pollution

| 18 Occupational asthmagens

L /{ 17 Occupational PAH
kN . I

I T I 18 Occupational asthmagens

| 19 Occupational PAH

|20 Occupational sulfuric acid

\\\ / 19 Occupational benzene
\\ I

120 Occupational sulfuric acid

|21 Occupational benzene

21 Occupational chromium

|22 Occupational chromium

|23 Occupational cadmium

) - 22 Occupational cadmium
‘i 23 Household air pollution

Metabolic risks
Environmental/occupational risks

Behavioral risks




Leading risks 2000 Percentage of Leading risks 2021 95% Ultor Percentageof  Percentage change Percentage change
total DALYs, Ranking total DALYs, in number of in age-standardised
2000 2021 DALYs, rate of DALYs,
2000-2021 2000-2021
1 Particulate matter pollution 10-6 (8-5t012-3) 1 Particulate matter pollution | (1to2) | 8-0(67t09-4) ” -17-2 (-25-9to-6-2) | -41-9 (-47-2 to -35-6)
2 Child growth failure 9-3(6-4to11-1) A 2High systolic blood pressure H (1to2) H 7-8 (6410 9-2) ” 34-3(26-7t0 42-3) H -24-3 (-28-4t0-20-0)
| 3 Low birthweight and short gestation || 89 (83t09:6) 3 Smoking | 3to6) | 57(47t06-8) | 108(32t019-9) ||-34-8(-392t0-297)
l 4 High systolic blood pressure || 6-3(52to7-4) 4 Low birthweight and short gestation || (3to 6) || 5:6 (4810 6-3) " -32-4 (-41-2to-22-3) " -33:0 (-41-6 to -22-8)
| 5 Smoking || 5:6 (47 to 6-5) 5 High fasting plasma glucose H (3to 6) H 5-4 (4-8t0 6-0) H 882 (80-5t0 96-4) H 7:9 (3:3t0 12-9)
I 6 Unsafe water source || 4-0(23t05-2) 6 High body-mass index H (3t010) H 4-5(1-9to 6-8) “ 96-5 (87-1t0 105-8) “ 15-7(9:9t021-7)
| 7 Unsafe sanitation || 33(27t03-9) 7 High LDL cholesterol | (7to10) | 3-0(1:9to42) | 27:0(20-8t033-6) | -26-1(-29-6t0-22-4)
] 8 High fasting plasma glucose H 3-1(2-8t03-5) 8 Kidney dysfunction H (6to10) H 3.0(2:6t034) H 49-5 (42-7 to 57-0) “ -12-4 (-16-5to-7-9) |
| 9 High LDL cholesterol | 2:6(1:6 10 3-6) 9 Child growth failure | 6to14) | 2:6(1-4t035) ||-69-8 (-77-5t0-62-4) || 71.5 (788 to-64-4)|
10 Unsafe sex |[2:6 (21t03-2) 10 High alcohol use [(7to11) | 25(21t031) || 124(26t020.9) | -258(-32:0t0-204)|
11 High body-mass index | 2:5(11t03.9) \‘\*{ 11 Unsafe sex [(a1t017) || 15(14t017) |[-350(-44-6t0-201)||-52-4 (-58-9t0-42:3) |
12 High alcohol use || 24 (1-9t0 3-1) /\ \A12Dietlow in fruits ||@1t022) | 15(06t023) | 22:5(155t0340) |-26:6 (-30-9t0-205)|
I13 No access to handwashing facility “ 2-3(-0-5t0 4-9) l / \ 13 Unsafe water source (11to 24) 1.5 (0-8 to 2-0) -60-1 (-67-1t0-53-2) ||-66-3 (-72-0to -60-2)
14 Kidney dysfunction |22(19t024) [\ ‘\ 14 Diet high in sodium (8t036) |[14(03t032) | 276(13t0412) ||-26-8 (-40-9t0-19-1)
| 15 Occupational injuries || 16 (1-5to17) L \ / '/ ) 15 Diet low in whole grains " (12to 23) || 1.4 (0-6 to 2-1) " 30-1(24-0t0 36-6) " -23-3(-26-9t0-19-5) I

| 16 Secondhand smoke | 1:6 (0-8t02-4) &

\
17 Diet low in fruits 1-3(0:5t02-0)
| 18 Iron deficiency | 13(0-9t01-7)

l19 Diet high in sodium ” 1.2 (0-3t02-7)
| 20 Suboptimal breastfeeding || 12 (0-9t01-5)
|21 Diet low in whole grains ” 1-2(05t01-8)
|22 Lead exposure | 1-0(0-0to0 2:0)
I 23 Low temperature | 0-9 (0-7t0 1-0)
|24 Drug use || 0-8 (0-7to 0-9)
|25 Diet low in vegetables || 06 (0-4t0 0-9)

29 Diet low in omega-6 polyunsaturated fatty acids

05 (-1.7t0 1:9)

16 Secondhand smoke
17 Iron deficiency

18 Lead exposure

[(11t026) |[12(06t018) |[-16:0(220t0-65) |[-453(-489t0-403)]
1.2 (0-9t0 1-6) 1.6(21t053) || -181(-212t0-15-2)

[(10to52) |[12(00t02:4) || 288(69t0422) |[-23.9(-28-9t0-18.4)

\ {119 Unsafe sanitation || @4t023) | 11(0-9to14) |/-63-8(-69-8t0-57-6)||-69-2 (-74-4t0-63-2) |
\ ) 20 Occupational injuries ||@5to21) | 11(10t012) | -252(-307t0-20-3) ||-43-6 (-47-5t0-39-8)|
\ ] 21Druguse |[(17to24) |[10(08to11) || 311(236t0383) |[ -46(-101t008) |

\1 22 Low temperature || 19t026) || 09(08t01:0) | 96(-1-5t0216) ||-39:5(-44-2t0-34-5)

‘i 23 No access to handwashing facility I (11to53) 0-8 (-0-2t0 1-8) | -60-5 (-68-9 to -52.3)1 -65-7 (73-4 to-57-8)
24 Diet low in vegetables | 20t029) | 07(0-4t01:0) || 218(133t0357) ||-28:5(-334t0-21-3) |

25 Diet low in omega-6 polyunsaturated fatty acids || (11to53)

[| 06 (-20t02:3)

|| 32:9(23.41038:8) |[-213(257t0-17.0) |

\
\ 36 Suboptimal breastfeeding

(30t0 40)

0-3(0-2t0 0-4)

Brauer M et al. Global burden and strength of evidence for 88 risk factors in 204 countries and 811 subnational

locations, 1990-2021: a systematic analysis for the Global Burden of Disease Study 2021. Lancet. 2024 May

713 (-75710-66-2)  -71-4(-75-8 t0-66-4)

[ Environmental and occupational risks
[ Behavioural risks
1 Metabolic risks



https://pubmed.ncbi.nlm.nih.gov/38762324/

PAF calculation 1% 1 2% 3% i 4% 5%
O Standard : : i i @SBP-IHD
O Direct PAF : : : : © SBP-stroke
A PAF=1 5 E E E
Risk category
@ Metabolic : : \ : A FPG-diabetes
754 @ Behavioural - ; ;
@ Environmental and occupational E ; ; ; -
1 ] ' ] 1]
' ' ' L
! : @ LDL-IHD ! =
: : : : -
1 [] 1 1 =
" ' : i o
] ] ] ] LI-
. ! : : : =
£ : . @PM,IHD ! =
S ! : : : £
Z 50- o L E
..2 E .. PM,, 5—stroke : A Kidney-CKD
2 ' :0 Unsafe water-diarrhoea
= ; .o BMI-diabetes 2
g’ Smoking—lHDO -./ PM,s-COPD Unsafe sex-HIV
| : '@ @ Sanitation-diarrhoea B—
Whole grains-IHD ~_@ PM:s~LRI Smoking-COPD Occupational injury-injuries 'To"-diet iron def
25 - _ FPG-IHD Kidney-IHD A SBP-HHD
Elailf;ggc_iit—rlﬁlﬁ , LDL—ischaemic stroke _
Omega-6-HD @ . ; Child underweight-LRI Alcohol-alcohol disorders
Fruits-IHD —@.8 ! G—TChlld wasting-diarrhoea FPG-CKD & D il
Omega-3-1HD~ CO.:.. s Kidney-stroke e rug use-drugs
S P - ) e : o . *
o % o e :
‘e © %o b : Smoking-larynx C®
. : _
o — ® o...% &% V8 » _coo oo .5 moking-larynxCe - S
o ¢ i i
T T T T | T — . T T T T T T
-1-00 -0-75 -0-50 -0-25 0] 0-25 0-50 0-75 1-00 1-25 1-50 1-75 2-00
Risk-outcome score
@ IHME ‘ W UNIVERSITY of WASHINGTON . Global burden and strength of evidence for 88 risk factors in countries an subnational

locations, 1990-2021: a systematic analysis for the Global Burden of Disease Study 2021. Lancet. 2024 May



https://pubmed.ncbi.nlm.nih.gov/38762324/

Implications

Ambient PM2.5, SBP,
smoking, FPG (all SDI)

Low birthweight/ short

gestation (low SDI)

BMI (high SDI).

Metabolic syndrome

(FPG, SBP, physical
Inactivity, sugar-

sweetened beverages)

Braucim SIMF &1 UNVERS T MASH

Occupational exposure to polycyclic aromatic hydrocarbons

A

Zinc deficiency -

Vitamin A deficiency

Child stunting

Child wasting

Non-exclusive breastfeeding
Child underweight

Discontinued breastfeeding
Unsafe sanitation -

No access to handwashing facility
Unsafe water source

Household air pollution from solid fuels
Unsafe sex

Low birthweight

Diet high in trans fatty acids
Short gestation

Occupational injuries

Ambient nitrogen dioxide pold;tion E
Intimate partner violence
Secondhand smoke

Occupational asthmagens

Diet low in fibre -

Category I risk factors

_— ® Total percentage change

= [ Change due to population ageing

— Il Change due to population growth

T =

I [ Change due to risk exposure

[ a— @ Change due to risk-deleted DALY rate

| E—

—

—

P

E— = L] ]

|

— Maintain current actions

—

¥ e — »

I
e — equity) — waSH, NO2, SHS
° ) 1 ]

B

Iron deficiency

Diet low in seafood omega-3 fatty acids
High temperature

Occupational exposure to formaldehyde
Low temperature

Diet low in nuts and seeds

Smoking

Diet low in leqgumes

High alcohol use

Childhood sexual abuse

Occupational particulate matter, gases, and fumes
Occupational exposure to benzene

Diet high in processed meat

Diet low in vegetables

Occupational exposure to ashestos |

Diet low in fruits -

Occupational exposure to sulphuric acid
Occupational ergonomic factors

High LDL cholesterol -

Diet low in calcium -

Diet high in sodium -

Lead exposure

Residential radon

Diet low in whole grains

Drug use

Bullying victimisation -

Category Il risk factors

Diet low in omega-6 polyunsaturated fatty acids

o
S
D
=
-
=
D
wn

Enhance actions
(demography) -

Occupational asbestos, Lead,
Radon

it thh

C

High systolic blood pressure
Occupational exposure to silica o
Ambient particulate matter pollution <
Ambient ozone pollution
Occupational exposure to arsenic
Occupational exposure to nickel -
Kidney dysfunction

Diet fow in milk

Low bone mineral density
Occupational exposure to beryllium
Occupational noise -

Chewing tobacco -

Low physical activity -

Occupational exposure to cadmium
Diet high in red meat

Occupational exposure to chromium

High fasting plasma glucose

Occupational exposure to diesel engine exhaust
High body-mass index -

Occupational exposure to trichloroethylene

Category Il risk factors

|

Actions insufficient
(cause for concern)
+.— _— Silica, Ozone, PM2.5,

Global Riirden of Diceace <ti11dv

Y
9]

0721 | ancet 2074 NMAav

'8 evidence fOF ¥ HE S REbRE ﬁwmmmmw\;gaggm@m @igeis for the

Percentage change (%)


https://pubmed.ncbi.nlm.nih.gov/38762324/

What's missing?

@ IHME ‘ W UNIVERSITY of WASHINGTON

Solar UV radiation
Community noise
Pesticides
Mercury, Arsenic

Consumer products exposures
(Phthalates, PBDE, PFAS, BPA)

Drinking water disinfection byproducts

Nature contact

Built environment (active-living)

Numbers of pollution-related deaths
included in GBD estimates by zone

Zone 1: 9-0 million

Zone 1l
Well characterised
health effects of

Zone 2: none

well studied pollutants.
Data are included in GBD
estimates and in this report.

/ Zone 2
Emerging, but still unquantified, health effects

at present

Zone 3: none
at present

of known pollutants. Data are not included in
GBD estimates or in this report.

Zone 3
Inadequately characterised health effects of emerging
pollutants. Data are not included in GBD estimates or in this report.

Fuller R et al. Pollution and health: a progress update.Lancet Planet Health. 2022; Shaffer et al.

Improving and Expanding Estimates of the Global Burden of Disease Due to Environmental Health

Risk Factors. EHP, 2019.
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Clark et al, Ann Rev Pub Health, forthcoming
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Climate change and health pathways

(a) Global surface temperature change
Increase relative to the period 1850-1900

1. Temperature .
5
. . Projections for different scenarios
2. Alir pollution oo
] . SSP1-2.6 (shade representing very likely range)
3. Wildfire smoke )
SSP3-7.0
4. Floods (fluvial) 3
5. Tropical cyclones
2
6. Malaria and dengue 15
7. Nutrition/food security 1 —\//‘/\/
8. Population and migration 0
1950 2000 2050 2100

@ IHME ‘ W UNIVERSITY of WASHINGTON 60



Estimating the cause-specific relative risks of non-optimal 3\ ®
temperature on daily mortality: a two-part modelling
approach applied to the Global Burden of Disease Study

o rmasivlark

Katrin G Burkart, Michoel Braver, Aleksandr ¥ Aravkin, William W Godwin, Simon | Hay, jaiwei He, Vincent C lannuced, Samantha L Larson, E
Stephen 5 Lim, Jiangmei Liv, Christopher | L Murray, Peng Zheng, Maigeng Zhou, Jeffrey D Stanaway

Particulate matter

High blood pressure
Smoking

Low birth weight & short gestation 4
High fasting plasma glucose
High BMI (adult) 4

High LDL |

Kidney dysfunction -

Child growth failure

High alcohol use

Unsafe sex

Low fruit -

Unsafe water

High sodium

Low whole grains |
Secondhand smoke -

Iron deficiency

Lead +

Unsafe sanitation -
Occupational injury -
Injected drug use
- Low temperature
Handwashing

Low vegetables -

Low omega-6

Low bone mineral density |
Low fiber 4

Low nuts and seeds

Low physical activity -
Occupational ergonomic -
Low omega-3 -

High temperature |
Occupational particulates |
High processed meat -
High red meat

Low legumes -

Suboptimal breastfeeding -
Ozone

Occupational noise -
Occupational carcinogens -
Bullying 4

High sweetened beverages
Low milk

Global, Both sexes, All ages, 2021
[
.

Childhood sexual abuse -|

IPV (exposure)
Q) IHME 3

Self-harm & violence
l Unintentional inj
| Transport injuries
Other non-communicable

L eleees S GBD 2021 Burden Attributable to Non-optimal Temperature

| Sense organ diseases

— DALYs | Deaths SEV
o (2021) | (2021) | (ARC 2000-2021)

| Digestive diseases

IChronicres;mry Non Optimal 39.0 M 1.9 M 0.19

l Cardiovascular diseases

| Neopissme Low 252 M 15M -0.31

Nutritional deficiencies
ate & e High 141M 0.44M 0.57
l Other infectious
| NTDs & malaria

| Enteric infections

| ressiratony imiecins s 76~ High temperature exposure is increasing, not offset by low
| HvAIDS & STI: temperature decrease

SEV: Summary Exposure Value. ARC: Annual Rate of Change
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Projected global temperature change

Global surface temperature change relative to the period 1850 — 1900 in degrees Celsius

- SSP5-8.5

SSP3-7.0

(shade representing very likely
range)

SSP2-4.5

SSP1-2.6

(shade representing very likely rage)

SSP1-1.9

1950 2000 2050 2100

Source: IPCC 2022



Limitations / future considerations
* Norisk factors (e.g. BMI) for COVID-19 burden

* Increases in drug use, stress, anxiety, depression during pandemic not
fully captured

« COVID-19 accounted for a proportion of deaths/DALYs that would have
occurred due to other outcomes

 Reduced burden available for risk attribution

« Climate change may impact some important risk factor exposures
and indirectly impact causes
o Temperature, air pollution, physical inactivity, dietary (food insecurity), WaSH

o Malaria, Dengue, Wasting/Stunting, Floods/Storms

@ IHME ‘ W UNIVERSITY of WASHINGTON



Limitations / future considerations

* Missing risk factors for major causes of burden

* e.g. Mental disorders account for 5-4% of global DALYs, but only 8:0% attributable
to risk factors.

* e.g. musculoskeletal disorders account for 5:6% of global DALYs, but only 20-5%
attributable to risk factors.

 Geneticrisk factors

* Use of Burden of Proof
» evaluate potential new risk factors

* identify R-O pairs (e.g. 1 and 2-star but large burden) for additional research

* Novel aggregations (e.g. Commercial risk factors, diets)

@ IHME ‘ W UNIVERSITY of WASHINGTON
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