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Considered father of
epidemiology

Traced the source of a
cholera outbreak in
Soho, England in 1854.



How the outbreak looked like...
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How did he do it?

Painstakingly mapped by
hand

Notice the cluster of cases
along broad street




Modern day models are more

sophisticated...




reating a disease map of lip cancer rates In
Scotland

A WinBUGS 14 \:H[
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Manual

To allow for spatial dependence between the random effects by in nearby areas, we may assume a C,»
for these terms. Technical details, including paramsterisation and a discussion of suitable hyperpriors e

parameters of this model, are given in appendix 1. The car.nermal distribution may be used
The code for the lip cancer data is given below:

Model Specificatiun Tool |Z‘
check maodel load data |

madel {
# Likelihood compile A |1
for (i in 1 - N { e

O[] ~ dpois{muli]}

log(muli]) <- log(E[i]) + alpha0 + alphat * X[i}/{ =t | forchain 1 [£]

RR[i] <- explalphal + alphat * X[1110 + L[]} HPS A&
I

gen inits

# CAR prior distribution for random effects:
Bl1:MNT ~ car.normalladill, weiahtsl1. numl, tau)

Scottish Lip Cancer Maps



Case Study 1- Heart Attacks In Singapore




SPATIAL VARIATION AND GEOGRAPHIC-DEMOGRAPHIC
DETERMINANTS OF OUT-OF-HOSPITAL CARDIAC ARRESTS
IN THE CITY-STATE OF SINGAPORE

Ong ME, Earnest A, Shahidah N, Ng WM, Foo C, Nott DJ.
Ann Emerg Med. 2011 Jan 14.

Impact Factor=4.23



Case Study 1- OHCA

Design:
* Observational ecological study design.

+ Relative risk calculated as the ratio of the observed and
population standardized expected counts of pre-hospital
cardiac arrests

# Conditional autoregressive (CAR) spatial models used to
examine the predictors of increased risk at the DGP level.



Case Study 1- OHCA

Which part of Singapore has the highest risk of
cardiac arrest? Make a guess
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Here’s what we really did...

Based on the address of collapse, each case was assigned
to a DGP based on the Urban Redevelopment Authority
Master Plan 2003.Incomplete street addresses were

mapped using an online street directory and map of
Singapore.



Here’s what we really did...

We calculated the total observed (O.) cardiac arrests in
each DGP by summing up the cases. The expected counts
of cardiac arrests were calculated as,
E.=(Pop,/Totalpop)*Totalcardiac, where Pop. refers to
total population in the .th DGP, and “Totalpop” and
“Totalcardiac” refer to the overall number in the
population and number of cardiac arrests during the
study period.



Here’s what we really did...

DGP-specific crude relative risk estimates were calculated
as the ratio of the observed and expected counts for each
area. The CAR model was then used to smooth these
crude relative risks.



And then, we ....

used a Poisson model that incorporated both a spatially
structured random effect term as well as a spatially
unstructured random term. This model is commonly
known as a CAR convolution prior. The expected counts
of cardiac arrest were included in the model, as were
other covariates.



WInBUGS code

# Poisson likelihood for observed counts
O[i]~dpois(mul[i])
log(mul[i])<- log(E[i])+bspat[i]+bind[i]

RR[i]<-exp(bspat[i]+bind[i])

# CAR prior distribution for spatial correlated random effects:
bspat[1:N]~car.normal(adj[ ],weights[ ],num[],vspat)

# Normal prior distribution for uncorrelated random effects
for(iin 1:N)

{
bind[i]~dnorm(alpha,vind)



We plug the data and model into a sofware...

WinBUGs is a free software available over the following website:
http://www.mrc-bsu.cam.ac.uk/bugs/

Bayesian inference Using Gibbs Sampling

Developed by a few people from Imperial College and MRC Biostats
unit, including this guy.. - S




The results we got...
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CAR Regression Analysis

e

Table 3. Bivariate DGP factors associated with risk of out-of-hospital cardiac arrest.

All Cardiac Arrests

Deviance

information

Covariates RR 95% CI criterion
Aged =65 y 1.19 1.05-1.35 261.08
Men U/ U.91-1. 260.86
Chinese 0.96 0.93-0.98 260.31
High education (poly and above) AL u. . 261.35
In 5 rooms and above 1.00 0.99-1.01 261.35
With high personal income (=$5,000) 0.99 0.97-1.02 261.38
Working 0.93 0.78-1.10 261.21
Senior officials and professionals Q.99 0 261.25
Mo family nucleus 1.08 1.03-1.13 261.20

With household size =5 0.97 0.92-1.02 261.29




Spatial variation in OHCA in Singapore

This spatial variation in risk not explained by areal-measures of
socio-economic status

Rather, it is driven by racial, family and age structure of the area we
live in

Results are being used for health services planning. i.e. these
findings will help policy-makers in terms of planning health
education programs, ambulance deployment and identifying
locations for AEDs.
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New emergency department to deliver more timely, and
child-friendly, emergency care for Bayside
241092014

Modern and spacious treatment areas, and a dedicated
zone for children, are among the many improvements
achieved through the redevelopment of Sandringham
Hospital's emergency department.

Officially opened today by the Minister for Health, The Hon. David Davis, the $6.8 million
emergency depariment expansion also introduces six short stay beds for people needing
extended medical observation and establishes an ‘urgent care centre' for those who can benefit
from GP-like care.

Alired Health Chief Executive Officer, A/Prof Andrew Way said the increased size of the new
department, together with the introduction of an urgent care centre operated by GP-specialists,
brings a new level of access to emergency care for the Bayside community.

"Establishing an urgent care cenire - located next to our busy emergency depariment - is an
innovative model," A/Prof Way said. "if's about providing timely care for the Bayside community,
and supports greater access to support for the 30,000-plus patients who visit our emergency
department each year.




Geographical variation in ambulance calls in Singapore is
explained by socio-economic status

Earnest A, Tan SB, Shahidah N, Ong ME. Acad Emerg Med.
2012 Feb;19(2):180-8.



Primary Aim: map the spatial distribution of ambulance
calls, specifically medical and trauma related calls, in
Singapore, at the Development Guide Plan (DGP) level,
using residential addresses of callers.

Secondary aim: studying the relationship between the risk
of medical and trauma related calls with socio-
demographic variables measured at the areal level



Data from 2 sources:

1) Cardiac Arrest and Resuscitation Epidemiology (CARE)
study database

2)Singapore Census 2000

Based on their residential address from where the call was
made, each case was assigned to a DGP based on the
Urban Redevelopment Authority (URA) Master Plan 2003



Some more info on the Bayesian model:

1) Neighbourhood structure based on Queen method of
assignment

Figure 1 _-Neighbourhood assignment based on adjacency

Note: For Rook method, only neighbours 2 4,6 and 8 assigned to SLA(1)
For Queen method, all neighbours (1.e. 1-8) are assigned to SLA(1)

Earnest A, Morgan G, Mengersen K,
Ryan L, Summerhayes R, Beard J.
Evaluating the effect of neighbourhood
weight matrices on smoothing properties
of Conditional Autoregressive (CAR)
models.

Int J Health Geogr. 2007 Nov 29;6:54.




Some more info on the Bayesian model:

1) Neighbourhood structure based on Queen method of

assignment

2)Priors were non-informative
3)2 diffuse chains used and convergence assessed
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Figure 1, Smoothed relative risk of ambulance calls for trauma cases




Figure 2, Smoothed relative risk of ambulance calls for medical cases




JTahle s, Factors associated with risk of medical-related ambulance calls

| Factors 'RR | 95%CI | DIC |
| Proportionaged 63 andsbove 1055701274227 34160 |
 Proportonmale (0.76 | 0.44 0971 33670
 Proporion Chimese (1.01,079: 140 337.77 |
. Proportion high edueation {168 1029 547 33819 |
 Proportionliving m -room flat andsbove 1085:066: 104! 33430 |
 Propettionwortkmg 108410551 1.04; 335.66 |
 Proportion senior officers and professionals 1 0.69 0470094 34264
. Proporion with no family nuclews (201,096 642; 34132 |
| Proportion with household size Sand sbove 10731047 1841 336.67 |
 Proportion travelling by caralone 1071 0.57; 098] 33133 |
. Proportion household income $5000 and above 1 0.66  0.56: 0.79 330.03
. Proportion household income $6000 and above 1072059 0.96; 33421
 Proportion household income $7000 and above (073 [ 0.58 0.96 33388 |
. Proportion household income $8000 and above (0.69 1043 088 338.71 |
 Proportion personal mcome 34000 and sbove 1073049 145} 33946 |
. Proportion personal income $5000 and above (067024 095 34402 |
i Proportion personal meome 56000 and above P 067 1043 104 341 .06 |

Mote: relative risks reported for a 10% point increass



Jable6, Factors associated with risk of trauma-related ambulance calls

i Factors

RR | 95% CI

DIC

i_ unﬂ:iunaE;Ed 63 and above

2511088 19.89} 286.98

"""" . "":"'“""'"""'"""'"““""““"““"'““"““"I'“““.“““_'.““"'"i""'““:"!
Proportionmale 110710231 3.10 § 286,75 |
 Proportion Chmese 107610230 1.19 & 23693
. Proportion high edueation (188101371028 188.86
. Proportionliving m J-room flat and shove 10901079 106 : 28723 |
| Propoionworking 10631035} 272 | 287.08 |
 Proportion senior officers and professionals {080/ 050} 107 | 20030 |
 Proportionwith no family nuclews {167/ 061} 3.08 | 28744 |
. Proportion with household size 5 andabove (0.63: 033 0.90 | 28598 |
| Proportion travellmg byecaralone 1 0.77: 059 1.02 | 286.92 |
. Proportion household income $3000 and above 076 057 091 | 28535
. Proportion household income $6000 and above 0.790.62 0.93 | 18633
. Proportion household income 37000 and above (0.77: 0.57: 0.97 | 138.38 |
. Proportion household mecome $8000 and sbove 1076: 043 103 | 28066 |
| Proportion personal mcome $4000 and zbove 1080} 063 1.09 ; 289.07 |
| Proportion personal meome $5000 and zbove (079045 103§ 280.00
' Proportion personal mcome S6000 and zhove 0750520 106 | 291.06 |

MNota: ralative risks reported fora 10% point increass



* Ambulance calls in Singapore demonstrate a clear spatial
gradient

* Risk of making such calls decreases for areas with an
increased socio-economic status

* Results can help policy makers target specific populations
at risk with focused campaigns as well as more effective

ambulance deployment.



Case Study 3- Birth Defects in Australia

Sometimes, we can have events that are rare (sparse) like

birth defects " EDRE"

) ee

STATISTIC\A
IS 3% TALENT

% NOT BEING DISTRA
BY THE INTERNET

, and the CAR model does not really work well
In this situation, as it borrows strength from
neighbours, which themselves are sparse.

Need a more innovative solution....



Borrow strength from a related outcome

Earnest A, Beard JR, Morgan G, Lincoln D, Summerhayes R,
Donoghue D, Dunn T, Muscatello D, Mengersen K. Small
area estimation of sparse disease counts using shared
component models-application to birth defect registry
data in New South Wales, Australia. Health Place. 2010
Jul;16(4):684-93. Epub 2010 Feb 25.
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Figure 2. Smoothed relative risk estimates of Trisomy 21

(Shared component ZIP model)
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Figure 4. Proportion of births among mothers aged 30 and
above
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Some (rather painful) WinBUGs code

Appendix 1, Copy of WinBUGS code for the shared component ZIP model

modsl {

= 1 ibelibood

W diin 1:N) {

for(in 1:7) { -
wmalLk] <- 0

2emali k] ~ dpoiz{muli k)

o[ K{l-step{OL KT Hlog(l-pli.k] —  plE]*spllambdali KT = {steplO[i KL {Hlog(p[i kT
lambdali k] = Of,k]*log{lambdali KHlozEa{O[, L)

Logit{p[i,k]) <- alphkal[k]

log{lambdafi kK]r=-log(E[LE]) + =tai, k]

%;.éi in 1.1 {

= Disfins log r2lative rizk in terme of dizssze-cpacific (pei) and shared (phi) random affacts

gtafi, 1] <- phi[i] *dalta = p=i[l, i] # changad order of k and i index for psi

atafi, ] <- phi[i] /dalta = pei[2, i] = (po=dad bocarsa carnormal assvmes right hand ind=x iz arsas)

}

= hpatis] priorz (BYWD for the dizessacepacific random offact:

fedkin 1.I) {

ferliin 11 {

pEifk, 4] =- bind[k, i] + bepat[k, i] = comvolution prior = sum of unstroctursd and spatial sffacts
= ynatieiuged, dizesze-pacific random ffects

hingfk, i] ~ dnomm{slphall], vind[L])

1
L enatial di —_—




Case Study 4- IHD Admissions in NSW

Quit Smoking, Begin Exercuse
Eat Healthy!

Plague in
coronary
artery



IHD and IRSD

Beard JR, Earnest A, Morgan G, Chan H, Summerhayes R,
Dunn TM, Tomaska NA, Ryan L. Socioeconomic
disadvantage and acute coronary events: a spatiotemporal
analysis. Epidemiology. 2008 May;19(3):485-92.

Impact Factor: 4.0



Relationship between socioeconomic factors and acute
coronary events

Outcomes: deaths from acute myocardial infarction,
hospital admissions for acute coronary syndrome and
related revascularization procedures

Socio-economic measure: IRSD



Bayesian Moade

Bernardinelli spatiotemporal model: where both the area-
specific intercepts and temporal trends were modeled as
random effects

O, ~ Poi()
log(1)y =10g(E;,) +u; +V, + B; *t + B, *tf



NEW SOUTH WALES
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Map of AMI mortality,
after adjusting for
spatio-temporal effects



TABLE 2. Multivanate Conditional Autoregressive Analysis of Socloeconomic Disadvantage and Other Covarlates for Acute
Coronary Syndrome Admissions, Mortality, and Procedures

Interventional
Admissions Mortality CABC Anziogpraphy Angiozraphy
Covariaie RR@5% CI} DMC RR@AF%CDH DMC RBRROS%WCD DC RROS% CH DIC RRO5% ChH DIC
Disadvantape with 21,715 15427 58p2 1,172 Tel2
Indipenous
Disadwantzpe
= 1044
0801044 102 (1.03-1.21) 112 (1.03%-123) 0,93 (0.73-1.20) 086 (0.75-0.98) .50 (0. 74-1.10)
045080 127 (1.15-1.39) L% (].09-131) 097 (0.75-1.28) 0B (0.60-0.54) .78 (0.64-0.99)
040 134 (1.21-1.49) 136 (1.23-1.51) (.84 (D.63-1.13) 072 (0.6]1-0.84) (.68 (0.54-0.87)
Indigenous proportion
0-3=
3-10 1.7 (1.08-1.27) 1.06 (0.08-1.15) L. 18 {D.90-1.54) 100 (0.86-1.1T) 1,00 (0. 79-1_25)
=10 120 (1.03-1.44) 1.24 (1.05-1.47) 1.12 {D.54-2.25) 121 (0801 83) L2T(0.71-223)
Disadvantzpe with Sydney 21,712 15432 5862 11,146 Te02
postal mreas
Disadvanizpe
= 1044
OR0-10.44 102 (1.03-1.24) A1 (1.02-121) 097 (0. T6—1.22) 0BT (0.77-0.58) 0.9 (0. 76-1.09)
0.45-0 80 131 (1.18-1.47) 1.0 ] 08130 1.0 {D.70-1.35) 0LB2 (0.73-40.83) 0.7% (0.66-029T)
<040 1.43 (1.20-1 62) 1.38 ] 26-1.53) 003 (D.A0-1.27) 075 (0.65-0.8T) .70 (0.57-0.88)
Sydney postal areas 133 (1.06-1.56) 0.95 (0.84-1.04) 1.39 {D.75-2.25) 111 (0.80-1.54) L&l (1.09-2_46)

*Heference category. For scioeconomic disadvantage, reference category is least disadvaniaged, thal is, most advantaged.




Strong association between socioeconomic disadvantage
and mortality from acute MI. This relationship appears to
operate both by increasing the risk of developing disease
and by reducing the chance of receiving optimal care.

Found substantial spatial variation in acute MI mortality,
hospital admissions for acute coronary syndrome,and
related hospital procedures.



Areas with high levels of socioeconomic disadvantage
showed higher rates of both hospital admissions and
mortality.

After accounting for increased admission rates, these same
areas showed lower rates of interventions such as
angiography and interventional an- giography, although
rates of coronary artery bypass grafts (a more established
intervention) were not associated with socioeconomic
disadvantage.



Final Conclusions

Bayesian CAR model can incorporate spatial correlation in
data

Free software exist

Computational advances mean faster time to run MCMC
chains

Uses non-informative priors (appeals to the many
frequentists among us)



L
Thank youl!

Arul Earnest

arul_earnest@hotmail.com



