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Outline

Air pollution and global health

Data integration in global burden of disease
The way to DIMAQ too!

Black boxes

So much more to do...
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A global health priority

* Air pollution has been identified as a global health
priority in the sustainable development agenda.
e Sustainable Development Goals (SDGs):
* Health (Goal 3);
e Cities (Goal 11);
* Energy (Goal 7).

e SDG Indicators:

 11.6.2: Annual mean levels of fine particulate matter
(PM2.5) (population-weighted);

e 3.9.1: Mortality rate attributed to household and
ambient air pollution.



The global burden

* |n 2016, the WHO estimated that
over 3 million deaths can be

attributed to ambient (outdoor) b
air pollution (AAP).
* The Global Burden of Disease @ses
project (Institute of Health
Metric Evaluation) estimate that 1 High blood pressure
in 2015 AAP was in the top ten e
gh fasting plasma glucose
leading risks to global health 4 High body-mass index
5 Childhood undernutrition
* Burden of disease calculations 6 Ambient particulate matter

7 High total cholesterol

reqUIre |nf0rmat|0n on 8 Household air pollution
population exposures for each 9 Alcohol use

t 10 High sodium
country
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Attributable burden

* Population attributable fraction (PAF), for each

country
PAF= 2'_,P(RR-1)

57 P(RR-1)+1

e Attributable burden (AB)
AB = PAF x health outcome

* This requires the percentage of the population, P,,
exposed to PM?2.5, by country

* increments of 1 pg/m3




The PAF

PM2.5 RR RR-1 P HD
0 1 0 0 . - -
L 1 o o izmisr o
2 1 0 0 m 35-39 55-59 75-79
3 1 0 100 o | s
4 1 0 980 )
5 1 0 54567 .
6 1.02 0.02 34523 © &
7 1.02 0.02 87645 5
8 1.03 0.03 99876 v
9 1.04 0.04 123876 “
10 1.05 0.05 546987
11 1.06 0.06 846599 a
12 1.08 0.08 B -
13 1.08 0.08 HiH : : : : : :
0 20 40 60 g0 00




The PAF
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Estimating PM2.5

e There is a need for accurate estimates of exposure to air
pollution: at global, national and local levels

e Measures of uncertainty

e Ground monitoring (GM) is limited in many areas of the
world




Data from multiple sources

e (Can utilise information from other sources
e satellite remote sensing (SAT)
e atmospheric/ chemical transport models (CTM)
e population estimates
e |ocal network characteristics

@Fn .




What data do we have?

* Multiple sources

« National, regional, global

48°N1":

« Multiple measures

« fundamentally different quantities

 Multiple scales
« point locations, grid cells .y

* hourly, daily, annual averages

 Different error structures and
uncertainties

TRREIRG Vo

« Vary over space and time







Data integration in GBD 2013

e Combined estimates
from remote sensing
satellites and a
chemical transport
model

e 0.1%grid cells

e Single relationship.
between ground |
measurements, SAT | | R
and CTM for all areas
of the world.




Regional variation
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DIMAQ (GBD2015, 2016 and WHO2016)
e (Calibration of GMs with SAT, CTM and other factors

e Relationships allowed to vary by country

e Where GM information is sparse, information can be
‘borrowed’

e Country, region, super-region, spatial dependence
e Summaries of predictions and uncertainty can be mapped
e (0.1°resolution

» globally, by country, within country

e Accuracy and uncertainty will vary according to local
information available from ground monitoring




The DIMAQ model

log(Ysiijk) = Bo,lz‘jk + Z Bq,z’ijq,lijk

q€Q

+ E : Bplxpl,lijk‘*‘ E , 5P2sz,slijk
p1EP; p2EP;

+  €slijk

* The random effect terms have contributions from the
country, the region and the super—region

* The intercept also having a random effect for the cell
representing within-cell variation in ground measurements

* R-INLA




A geographical hierarchy

e The structure of the random effects used here
exploits a geographical nested hierarchy

e each of the 187 countries considered are allocated to one
of 21 regions and, further, to one of 7 super-regions.

e Where there are limited monitoring data within a
country, information can be borrowed from higher
up the hierarchy

e i.e. from other countries within the region and further,
from the wider super-region.




Countries within regions...
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... within super-regions

High income

Central Europe, Eastem Euwope, Central Asia
B Latin America and Caribbean

Southeast Asia, East Asia and Oceania

Sub-Saharan Alrica



Random effects structure

* The coefficients for super-regions are distributed with mean equal to
the overall mean (B,, the fixed effect) and variance, 02, representing between

super-region
I‘CSR ~ N(BOa J%R)
* The coefficient for region j (in super—region k) that will be distributed with

mean equal to to the coefficient for the super-region and variance
representing the between region (within super—region) variability

Bk ~ N(Bg"™, 0k )
* The country level effect will be distributed with mean equal to the

coefficient for region j within super-region k with variance representing the
between country (within region) variability

. —c P?
Bk ~ N(Bf 0% 50 o167, # € o~ (B, %)



Evaluation
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Figure: Summaries of predictive ability of the GBD2013 model and DIMAQ), for each of seven
super-regions: 1, High income; 2, Central Europe, Eastern Europe, Central Asia; 3, Latin America
and Caribbean; 4, Southeast Asia, East Asia and Oceania; 5, North Africa / Middle East; 6,
Sub-Saharan Africa; 7, South Asia. For each model, population weighted root mean squared errors
(ugm ) are given with dots denoting the median of the distribution from 25 training/evaluation
sets and the vertical lines the range of values.



Global predictions of PM2.5
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Figure: Median estimates of annual averages of PM; 5 (ugm ~>) for 2014 for each grid cell
(0.1° x 0.1° resolution) using DIMAQ.



Interactive map
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Interactive map
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Interactive map
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Uncertainty

Figure: Half the width of 95% posterior credible intervals for 2014 for each grid cell (0.1° x 0.1°
resolution) using DIMAQ.



Posterior distributions

Figure: Medians of posterior distributions for Figure: Probability of exceeding 35 pugm > using
estimates of annual mean PM; 5 concentrations a Bayesian hierarchical model for each grid cell

(ngm ) for 2014, in China. (0.1° x 0.1° resolution) for 2014, in China.



Population exposures
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Figure: Estimated annual average concentrations Figure: Estimated population level exposures
of PM; 5 by grid cell (0.1° x 0.1° resolution). (blue bars) and population weighted
Black crosses denote the annual averages measurements from ground monitors (black

recorded at ground monitors. bars).
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Data, data and more data

 Rapid increase in
number, and variety,
of data sources

« Within country
variation in calibration
functions

* Higher resolution

e Time




Points and grids: spatially
varying coefficient models

« Stage 1: Data at the lowest level of aggregation (point
level) regressed against explanatory variables available
at higher aggregation

Ys — /808 + BISXB + €5

« Stage 2: Regression coefficients are allowed to vary
over space and time

603 & 513 ~ GP

« SPDE models




DIMAQ2

« Space: Continuous spatial process for coefficients
« SPDE
« PC priors

« Within-country and within-grid cell variation
(downscaling)

« Time: Temporal variation in the calibration coefficients
« Random walks

* Predictions using Monte Carlo simulation

« Joint samples from the posterior distributions of
the parameters




Spatial random effects (Europe

Intercept

Annual average PM2.5, 1km x 1km, 2015



Spatial random effects (global)
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Where does it come from?

L] L]
 Whatis it?
L]
AQM - Map of Automatic Monitoring Stations

 Measurements, model oy ey o e o SR
, NOT TO BE REPRODUCED.
a :
outputs 5 x '
- = mn E:

« Using it for reasons other that | =~ = "~ = —
those for which it was intended ' |

* non-standard sampling
designs

» preferential sampling

 models for the data collection
mechanisms




Where does it go?

* How to pass on complex =A

Item ‘ Checklist item Reported

information?

1 Define the indicator(s), populations (including age, sex, and geographic entities), and
time period(s) for which esti were made.

2 List the funding sources for the work.

Data Inputs

» Propagating uncertainty from o i s e s o

3 Describe how the data were identified and how the data were accessed.

BE} Checklist of information that should be included in new reports of global health
estimates

4 Specify the inclusion and exclusion criteria. Identify all ad-hoc exclusions.

eX OS u re m Od e I S 5 Provide information on all included data sources and their main characteristics. For each
data source used, report reference information or contact name/institution, population
represented, data collection method, year(s) of data collection, sex and age range,
diagnostic criteria or measurement method, and sample size, as relevant.

6 Identify and describe any categories of input data that have potentially important biases

(e.g., based on characteristics listed in item 5).
([ a C O X For data inputs that contribute to the analysis but were not synthesized as part of the study:
7 Describe and give sources for any other data inputs.
For all data inputs:
8 Provide all data inputs in a file format from which data can be efficiently extracted (e.g., a
spreadsheet rather than a PDF), including all relevant meta-data listed in item 5. For any
data inputs that cannot be shared because of ethical or legal reasons, such as third-party

L ] L]
. G I d e I I n e S fo r ACC ra te ownership, provide a contact name or the name of the institution that retains the right to
u u the data.

Data analysis

9 Provide a conceptual overview of the data analysis method. A diagram may be helpful.
10 Provide a detailed description of all steps of the analysis, including mathematical

a n ra n S a re n e a formulae. This description should cover, as relevant, data cleaning, data pre-processing,

data adjustments and weighting of data sources, and mathematical or statistical

model(s).

11 Describe how candidate models were evaluated and how the final model(s) were

] L]
Estimates Reportin
12 Provide the results of an evaluation of model performance, if done, as well as the results

of any relevant sensitivity analysis.

13 Describe methods for calculating uncertainty of the estimates. State which sources of
uncertainty were, and were not, accounted for in the uncertainty analysis.
14 State how analytic or statistical source code used to generate estil can be

Results and Discussion
15 Provide published estimates in a file format from which data can be efficiently extracted.
16 Report a quantitative measure of the uncertainty of the estimates (e.g. uncertainty

intervals).

[ ) h tt p : / / g ath e r_ St ate m e n t . 0 r’g 17 Interpret results in light of existing evidence. If updating a previous set of estimates,

describe the reasons for changes in estimates.

18 Discuss limitations of the estimates. Include a discussion of any modelling assumptions or
data limitations that affect interpretation of the estimates.
This checklist should be used in conjunction with the GATHER and ion and Elaborati

found on gather-statement.org




Where does it go?

l Lne adid. I
Data analysis
9 Provide a conceptual overview of the data analysis method. A diagram may be helpful.
10 Provide a detailed description of all steps of the analysis, including mathematical

formulae. This description should cover, as relevant, data cleaning, data pre-processing,
data adjustments and weighting of data sources, and mathematical or statistical

model(s).

11 Describe how candidate models were evaluated and how the final model(s) were
selected.

12 Provide the results of an evaluation of model performance, if done, as well as the results
of any relevant sensitivity analysis.

13 Describe methods for calculating uncertainty of the estimates. State which sources of

uncertainty were, and were not, accounted for in the uncertainty analysis.
14 State how analytic or statistical source code used to generate estimates can be accessed.




Where do the estimates go?

l ne adid. I
Data analysis
9 Provide a conceptual overview of the data analysis method. A diagram may be helpful.
10 Provide a detailed description of all steps of the analysis, including mathematical

formulae. This description should cover, as relevant, data cleaning, data pre-processing,
data adjustments and weighting of data sources, and mathematical or statistical

model(s).
11 Describe how candidate models were evaluated and how the final model(s) were
selected.
12 Provide the results of an evaluation of model performance, if done, as well as the results
13 Describe methods for calculating uncertainty of the estimates. State which sources of

uncertainty were, and were not, accounted for in the uncertainty analysis.
14 State how analytic or statistical source code used to generate estimates can be accessed.




Where does it go?
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Results and Discussion

15 Provide published estimates in a file format from which data can be efficiently extracted.

16 Report a quantitative measure of the uncertainty of the estimates (e.g. uncertainty
intervals).

17 Interpret results in light of existing evidence. If updating a previous set of estimates,
describe the reasons for changes in estimates.

18 Discuss limitations of the estimates. Include a discussion of any modelling assumptions or
data limitations that affect interpretation of the estimates.
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Where do the estimates go?
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Provide published estimates in a file format from which data can be efficiently extracted.

Report a quantitative measure of the uncertainty of the estimates (e.g. uncertainty
intervals).

describe the reasons for changes in estimates.

18 Discuss limitations of the estimates. Include a discussion of any modelling assumptions or
data limitations that affect interpretation of the estimates.
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Future work (want to join in the fun?)

* Yearly updates

* Uncertainty
 Distributions of population exposures
 |ncorporate uncertainty from relative

risks

» Higher temporal resolution
« Daily estimates

» Get involved earlier = AOD

* Preferential sampling




Bayesian melding

« Assumes an unobserved latent process, Z , which
represents the underlying exposure, e.g. air pollution

* This process drives the different measurements
 Monitoring data, YSM = f(Z,,)
° R t I SAT __ i +ds
emote sensing,  v5 f(|B‘ /st d)
« Chemical transport models
* The responses are therefore ‘linked’

* Intrinsically correlated

» Differences in scales are respected




Further information

WHO "Ambient air pollution: A global assessment of exposure
and burden of disease’

GBD2016 ‘Global, regional, and national comparative risk
assessment of 84 behavioural, environmental and occupational,
and metabolic risks or clusters of risks, 1990-2016: a systematic
analysis for the Global Burden of Disease Study 2016

Data Integration Model for Air Quality: A Hierarchical Approach
to the Global Estimation of Exposures to Ambient Air Pollution.
JRSSC 2017

Global Health Metrics. I

Global, regional, and national comparative risk assessment  “ ®
of 84 behavioural, envi | ional, and

an P
metabolic risks or clusters of risks, 1990-2016: a systematic
analysis for the Global Burden of Disease Study 2016




