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Goal

Synthesize fragmentary data to make country-level estimates of
time trends in risk factors by age and sex for all nations.
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‘Shrink’ raw data toward the mean
with a Bayesian model
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Predict for countries without data
with a Bayesian model
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SBP (mmHg) in 50-year—old men
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The Global Burden of Disease:
Risk Factors in 1990 and 2010
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Finucane, Paciorek, Stevens, and Ezzati; JASA, in press

Goal

Synthesize
fragmentary data
to make
country-level
estimates of time
trends in the full
distribution of
risk factors for all
low- and
middle-income
nations.
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Height-for-age z-score distributions are

skewed, and assuming normality = bias

Georgia
n=193

N
Edala =9%
Prorm = 12%

Finucane, Paciorek, Stevens, and Ezzati; JASA, in press
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Use a mixture of normals =
estimate the shape of distributions

Let f(y) be a
distribution of HAZ

— m=1
- 225 values:
— m=4
— m=5 5
FY) = Wan N(pim, 02)
m=1

where m denotes a
mixture component.

HAZ

Finucane, Paciorek, Stevens, and Ezzati; JASA, in press
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Heath Metri Allow the weights (w) to vary =
Marel a distribution for each study

Let fi(y) be the distribution of HAZ values in study i

Undernutrition

5
Childhood fily) = Z Wi N (pm, U%q)
m=1

t=1997 t=1998 t=1999 t=2000

A LA L

N
2

3
1
@

MATHEMATICA
Policy Research
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Borrow strength geographically,
in time, and in covariates
as in the SBP model

5
fi(y) =D Wi N(pim, 07)
m=1

m—1
Wini = ®(am) [ [ (1 = (aw))
u=1
ami ~ N (a; Amjli] +bmj[]tl + Umjlil.¢; + XiBm + emi, r2m)
t=1997 t=1998 t=1999 t=2000

NN AN

Finucane, Paciorek, Stevens, and Ezzati; JASA, in press
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HealihiMetre Combine individual-level data
il with summary statistics
mean(HAZ) sd(HAZ)
Childhood | N I I I T T T 1 711
Undernutrition
-6 -2 2 4 6 -6 -2 2 46
P(HAZ <-3) P(HAZ<-2)
i |
-6 -2 2 4 6 -6 -2 2 4 6
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HealihiMetre Combine individual-level data
il with summary statistics
mean(HAZ) sd(HAZ)
Childhood | N I I I T T T 1 711
Undernutrition
-6 -2 2 4 6 -6 -2 2 46
P(HAZ <-3) P(HAZ<-2)
i |
-6 -2 2 4 6 -6 -2 2 4 6

P(0ly) o< P(y10) P(0)
SATHENATIOA = P(¥individuall?) P(Ysummary|6)) P(0)

Policy Research

Finucane, Paciorek, Stevens, and Ezzati; JASA, in press 36 / 42
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0.0

-2.0 -1.0

-3.0

40%

20%

Stevens™, Finucane™

Inference

mean(HAZ) P(HAZ <-2)
b BN
S 4
e | ©
| —== — ) *
. _— = o
— <+
. / )
S
i «
i X
T T T © T T T T
1985 1995 2005 1985 1995 2005
P(HAZ <-3)
T Sub-Saharan Africa
Central Asia, Middle
- East, & North Africa
South Asia
| East/Southeast Asia
Southern/Tropical
Latin America
1= Andean/Central Latin
== America & Caribbean
n \;\7_, Oceania
— All developing
a countries
T T T
1985 1995 2005

, and Ezzati; The Lancet, 2012
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Other model applications:
Posterior probability of meeting
Millennium Development Goal #1

7 No estimate made
Il 0-0-12
. .[013-0-24
*'[10-25-037
[10-38-0-49
[10-50-0-62
" [ 0-63-074
I 0-75-0-87 ST
I 0-88-1.00 & N

Stevens™, Finucane™, ..., and Ezzati; The Lancet, 2012 38 /42
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A global risk transition

Top five causes of global DALYs

1990 2010

1 Lower respiratory infections |. 1 Ischaemic heart disease

2 Diarrhoea . /| 2 Lower respiratory infections

3 Preterm birth complications *, A3 Stroke

4 Ischaemic heart disease : 4 Diarrhoea

5 Stroke 5 HIV/AIDS

[J Communicable, maternal, neonatal, and nutritional disorders
1 Non-communicable diseases

Watts and Cairncross; The Lancet, 2012
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A global risk transition

Trends
!Vlariel Top five causes of global DALYs
Finucane 1990 2010
Motivation 1 Lower respiratory infections . 1 Ischaemic heart disease
2 Diarrhoea . /| 2 Lower respiratory infections

‘Shrinkage’ 3 Preterm birth complications ) *, A3 Stroke
Blood 4 Ischaemic heart disease : 4 Diarrhoea
IPlEEse 5 Stroke 5 HIV/AIDS
Childhood

Undernutrition

1 Non-communicable diseases

[J Communicable, maternal, neonatal, and nutritional disorders

Leading five risk factors for poor health

1990

2010

1 Childhood underweight

1 High blood pressure

2 Household air pollution from solid fuels

2 Tobacco smoking, excluding second-hand smoke

3 Tobacco smoking, excluding second-hand smoke

3 Alcohol use

4 High blood pressure

"4 Household air pollution from solid fuels

5 Suboptimal breastfeeding

5 Diet low in fruits

MATHEMATICA
Policy Research

Watts and Cairncross; The Lancet, 2012

—— Ascending order in rank
---- Descending order in rank
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Why use a Bayesian approach for
complex hierarchical analyses?

e To account for hyperparameter uncertainty
e To impose a penalty on model complexity
e To obtain, via MCMC:

e Computational feasibility
e Posterior draws for stakeholders
e Inference on complex functionals
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Thanks!

Chris Paciorek (U.C. Berkeley)
Majid Ezzati (Imperial College London)
Gretchen Stevens (WHO)

Goodarz Danaei (Harvard)

41/ 42



Bayesian
Estimation of
Health Metric

Trends

Mariel
Finucane
Motivation
‘Shrinkage’

Blood
Pressure

Childhood
Undernutrition

MATHEMATICA
Policy Research

Questions?
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