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WP5: Development of the disease model

- Develop an epidemiological disease model
Obesity and smoking to 2050
COPD, CHD, T2DM, CKD

- Test in 8 EU member states

Bulgaria, Finland, Greece, Netherlands, Lithuania, Poland,
Portugal, UK




EConDA WP5: Brussels 2015 \ context

« —Continued development of UKHF Multiple Interacting Disease and
Risk Factor simulation—(MIDRIFs)

= (MIDRiFs) — EConDA tool (not a microsimulation but otherwise the
same structures and methods)

- Specific disease models (COPD, CHD,..) are implemented as instances of
general disease structures

Diseases can be multi risk, multi state and interacting




EConDA WP5: Brussels 2015 \ scope

= Short time to present a lot of detailed work so key features only
- MIDRIFs source code (text file) is ® 450 Mb
- EConDA Tool executable code (binary file) = 11 Mb

- War and Peace (text file) = 3 Mb




EConDA Risk factor + Disease (Stage) Interactions
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ECONDA (UKHF\MIDRIFS) System Architecture

Populations

Econda Tool

U

C** class TPopulation

. . People
Population Editor P <D
C** class TPerson

RiskFactors

RiskFactor Editor

U

000000

C** class TRiskFactor

. . Diseases
Disease Editor
C** classTDisease
. . Economics
Economic Editor
C** class TEconomic
. . Interventions
Intervention Editor
C** class TIntervention
Outputs
C** class TOutput
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Diagram of the microsimulation model (road map)

Population L . . . : : .
microsimulation {population, risk, disease, intervention, cost}

Module
Risk Modul Disease Modul Intervention Economic
is odule isease Module Module Module

{age, sex, class, ..., risk factors, risk history, disease history}




Population distributions

[304] 0.4%
[30-89] 2.8%
[70-79] 6.7%
[60-69] 11.9%
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[10-15] 12.5%

[0-9] 10.7%

[804] 0.3%
(80-89] 2.4%
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[30-39] 16.4%
[20-29] 16.5%
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Netherlands
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[2304] 1.1%

[30-89] 4.7%
[70-79] 7.6%
[60-62] 11.8%
[50-52] 13.9%
[40-49] 15.1%
[30-39] 12.4%
[20-29] 11.6%
[10-19] 11.7%

[0-9] 10.0%

[804] 0.8%

[80-89] 4.8%
[70-79] 7.8%
[60-69] 11.1%
[50-59] 15.2%
[40-45] 12.0%
[30-39] 14.9%
[20-29] 14.9%
[10-19] 10.3%

[0-9] 8.3%

males [1.6m] thh uania females [1.9m]

[50+] 0.2%
[80-89] 2.4%
[70-79] 6.0%
[60-69] 8.7%

[50-59] 13.5%
[40-43] 15.3%
[30-33] 14.7%
[20-29] 17.1%
[10-19] 12.6%

[0-9) 9.6%

[00+4] 0.5%
[80-89] 3.6%
[70-79] 7.8%
(60-69] 10.7%
[50-59] 13.4%

[4049] 15.3%
[30-39] 16.0%
[20-29] 12.4%
[10-19] 10.9%

[0-9] 9.4%

II [90+4] 0.8%

[80-89] 5.4%
[70-79] 9.7%
[60-69) 10.8%
[50-59] 13.9%

[40-49] 14.1%
[20-29] 14.3%

[10-19] 10.4%

[0-9] 8.0%

males [5.4m] Po ga I females [5.8m]

[904] L1%

[80-89] 5.6%
[70-79] 9.5%
[60-69] 11.5%

[50-59] 13.4%

[40-4] 14.6%
[30-39) 14.8%
[20-26] 11.3%

[10-1] 9.7%

[0-9] 8.3%



Diagram of the microsimulation model

Population o i : . . . .
microsimulation {population, risk, disease, intervention, cost}

Module
Risk Modul Di Modul Intervention Economic
is odule isease Module Module Module

{age, sex, class, ..., risk factors, risk history, disease history}




BMI projections: UK males (14 data points)

HSE: probability of belonging to bmiZM-Group by year: [] age sex Male [95% CL] [+ /-2 std-error data pts]
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BMI projections: 50-50yr old males

[BMI_Netherlands_updated_10yr.txt] Age group 40-49; Gender M
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BMI projections: 50-50yr old males

[BMI_Bulgaria_updated_10yr.bct] Age group 50-59; Gender M
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Obesity projections - 8 countries
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Males 20-100years
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Females 20-100years
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Female, UK 20-100, Income 1,2,3

HSE: probability of belonging to bmi3M-Group by year: [] age sex female [95% CL] [+ /-2 std-error data pts]
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Female, UK 20-100, Income 1,2,3

HSE: probability of belonging to bmiZM-Group by yvear: [1 age sex female [95% CL] [+ /-2 std-error data pts]
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Female, UK 20-100, Income 1,2,3

HSE: probability of belonging to bmiZM-Group by yvear: [] age sex female [95% CL] [+ /-2 std-error data pts]
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Projected smoker prevalence 40-49yr olds males

[Smoking_Bulgaria_updated_10yr.txt] Age group 40-49; Gender M [Smoking_Finland2_updated_10yr.txt] Age group 40-49; Gender M
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Projected smoker prevalence — 50-59yr old females

[Smoking_Finland2_updated_10yr.bxt] Age group 50-59; Gender F
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Smoking education group, Female, UK

HSE: probability of belonging to smk2M-Group by year: [] age single Gp for all sex; [95% CL] [+ /-2 std-error data pts]
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Smoking education group, Female, UK

HSE: probability of belonging to smk2M-Group by year: [] age single Gp for all sex; [95%0 CL] [+ /-2 std-error data pts]
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EConDA (+MIDRiFs) Multiple Relative Risk structure

Disease <State>

UK Health Forum



Diagram of the microsimulation model

Population L . . . : : .
microsimulation {population, risk, disease, intervention, cost}

Module
Risk Modul Di Modul Intervention Economic
is odule isease Module Module Module

{age, sex, class, ..., risk factors, risk history, disease history}




EConDA WP5: Risk factor + Disease (Stage) Interactions

Type 2 diabetes( glucose )

stage 0, stage 1, stage 2

BMI

\ S Kidney disease( eGFR, albumin )

\ stage 0, stage 1, stage 2, ...

Hypertension( bp)

stage 0, stage 1, stage2

Stroke



EConDA multistate disease: risk architecture

Disease

Key

bmi — body mass index
smk — smoking

01 — stageO to stagel
12 — stagel to stage2
20 — stage2 to stage0
11> stagel

A

‘ DiseaseState stage 1

Risk incidence 01
Risk incidence 12

relrisk bmi

bmi

bmi

—

smk

smk

smk

A

DiseaseState stage 2 ———————— - >
Risk incidence 02 bmi smk

bmi smk

bmi = smk
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EConDA Data collection

Country/nr of data points

Diseases BL GR FL LT
CHD
incidence e 2011 2012
prevalence 2007 2006 2011 2010
mortality 2012 2008 2011 2012
case fatality/survival _ 2011 mid 80s
IGT (pre diabetes)
incidence
prevalence 2012 2012 2012 2012
Type 2 diabetes
incidence ] B oo
prevalence 2012 2012 2012 2012
mortality 2012 2012 2012 2012
CcoPD
incidence L
prevalence 2008 2008 2011 2010
mortality 2012 2008 2008 2012
case fatality/survival can use aggregate data from meta-analyses

Kidney disease (CKD)
incidence

prevalence
mortality

NL

2007
2007
2011
2007

2012

2000
2012
2012

2007
2007
2008

PL PT
2009 -
2008 2008
2009 2008
2012 2012

2012 2012
2012 2012

2009 2008
2008 2008

UK

2010
2010
2010
2010

2012

2010
2012
2012

2005
2008
2010

1994
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MIDRIiFs Data Input Editor \3 Stage Diabetes

Disease Input Editor [MultiState] =g
File | View| Tools rel risk tools disease tools
Disease tiles in microsimulation
K save screen to clipboard sityNatherlands\diseases\MNLands_MS_diahetes.dis
disease name | diabetes
Risks and RelRisks ‘ Common properies  Quality of life  Direct Costs  Social Care Costs  Indirect Costs  Calibration
multistate disease [? states] —selectrisktype > RT —select RT->stage —select RT->stage->rel isk——
incidence remission|10JT)0 rt_bmi rf_boh
disease stages 3 rem!ss!nnﬂ oj2|o - -
* remission remission|10]21 rf_smk rf_pa
disease stage 1
prevalence rf_bp rf_alb
selected file header mortality f sal if_egf
Stage=1: [RT=rem][In=1. Out=0] )
survival f_oh
Stage=1: [RT=rem][In=1, Out=0] | TahSheet2 TabSheetd TabSheetd TabSheets disease textingut
—remission[10110——— hale Female
data availahle age graup age break Risk [per 1] age group age break Risk [per1]
minsge 1| sge[0-24] 0 0 age[0-24] O 0
age [25-34] 25 0.02700000070 age [25-34] 2h 0.01899999938
mocsge
age [35-44] 35 0.05200000107 age [35-44] 35 0.03299999952
age groups age[4564] 45 0.06300000369 age[4554] 46 0.05800000172
tisk groups age [5564] 5B 0.07800000160 age [55-64] 55 0.07199999630
T —— age [65-74] 13 0.07500000295 age [B5-74] 65 0.06499999761
RP_female=-RR_male | age [75-110] | 75 0.05799999833 age[75-110] 75 0.03093999943
survival model 2 (&1
=
relrisk lag [years] [o [
r-
| saveedit | abortedit |
References comments disease state fransitions ‘
Ir stage 0 In stage 1 In stage 2 state 0 state 1 | Button1 |
| showtransiions | Out stage 0 ‘ MILILL rem[out 0, in 1] | MNULL state status | oK QK S
Outstagel  incfoutl.in0] | NULL NULL tisk status oK. oK | checkgrids |
| show risks | Out stage 2 inclout 2 in 0] | incfowt 2 in 1] | MULL righ inclout1,in 0] | inclow 2, in 0]
" ! rigk 1 rem[out 0, in 1] | NULL | Close |




EConDA Multi-stage diseases, CHD and ... Interventions

ik
/k Disease free::: Cor%r;:;sl-;eart
Pre-Diabetes CKD stage,
1
% o #
Diabetes CKD stage,

End Stage Renal
Disease




Example: relative risks from PREVEND data
PRE-DIABETES = Impaired Fasting Glucose (IFG) 26.1 and <7 mmol/L

4_

Normal Weight Pre-obesity Obesity
18.5 — 24.9 kg/m? 25— 29.9 kg/m? > 30 kg/m?

1.46 (+ 0.02) 3.62 (+ 0.04)




EConDA Heart Disease & Stroke model ...

mi
p(Mi| 1,2, , ,2)=p(1,2, , ,2)xp(MI|O,0, , ,0)
| Risk (diabetes) |
l stage 0, stage 1, stage 2 I

Risk (BMI)
category 0, category 1, category 2, ..

combine
Risk (kidney disease) & Joint Risks
e correlate
stage 0, stage 1, stage 2, .. risk categories U disease stages
(copula)

Risk (...)

category 0, category 1, category 2, ..
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IMulti (correlated)

Disease

Key

bmi — body mass index
smk — smoking
dis — disease stage

01 — stageO to stagel
12 — stagel to stage2
20 — stage2 to stage0
11— stagel

DiseaseState stage 1

DiseaseState stage 2
Risk incidence 02

smk == dis

Risk incidence 01 relriskbmi ey
Risk incidence 12 bmi
Risk remission 10 bmi =

Risk prevalence 11
Risk mortality 11
Risk survival 11

smk = dis Risk remission 20
smk == m Risk remission 21

Risk prevalence 22
Risk mortality 22

UK Health Forum 30/09/2015

risk, multi-stage disease+cost model

---------*

bmi =
bmi -
bmi




Conclusion = Limitations - next steps

We need more:

Risk factor data by education, income, ... over time

Stage dependent disease transition data (Diabetes, COPD, CKD,
cancers, ...)

Stage dependent relative risk data
Longitudinal datasets and analyses

? Time lags between RF and disease

Multiple risk correlation data

EConDA is not over - more data are available
EConDa 2 ...







PREVEND a longitudinal study

The PREVEND longitudinal study was
used to approximate relative risks. CHANGE IN

Study contained ~4200 participants DIABETES
over four follow ups. | STATE

The duration between a follow up
varied for each individual between 1
and 5 years.

Variables such as BMI, IFG, and the
use of medication to regulate glucose
levels were monitored.

TIME
BETWEEN
FOLLOW UP




Multi-stage diabetes & CHD
» BMI categories

> Healthy weight -
> Overweight

> Obese
» Diabetes disease stages
> Normoglycaemia
> Pre-diabetes
> Diabetes

_




DIABETES RELATIVE RISKS
defined as an impaired fasting glucose (IFG) 27 mmol/L

—

Normal Weight Pre-obesity Obesity
18.5 — 24.9 kg/m? 25 —29.9 kg/m? > 30 kg/m?
1.37 (£ 0.04) 7.60 ( 0.18)

1 2.39 (+ 0.11) 2.73 (+0.12)




Finland —obesity projections by education, females
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SES data by BMI

EducationBMI income*BVI

Bulgaria
Finland
Greece
Lithuania
Netherlands
Poland

Portugal
UK

LX< < X
< X X X X X X X




SMOKING




SES data by Smoker status

Education*smk

Bulgaria
Finland
Greece
Lithuania
Netherlands
Poland

Portugal
UK

LX< < X
< X X X X X X X




