Institute
and Faculty
of Actuaries

|
P

S T 20 { ’50
LERTTTA RES

Cause of Death Working Party update

Donald Macleod
Adrian Pinington
Stephen Courquin

18 September 2014



Agenda

- Background to the working party
- Work to date

+ Cause of Death Models

» Overview of model

» Cause of Cause of Death Models

» Conclusion

18 September 2014



Background to working party

* October 2011 - Autumn Lecture by Sir Harry Burns
- Large differences in life expectancy within west central Scotland
+ Theories about cause of “Glasgow Effect”

- Challenge issued to actuarial profession
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Work to date

Working party formed in late 2012

Three strands to working party:
1. Develop a cause of death model
Particular focus on meeting needs of Sir Harry
2. Draft paper on cause of death models

3. Draft paper on cause of cause of death models

Focus of second strand changed

Paper now a more practical guide to cause of death models
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Cause of death models

- Data

* Model Form

 Incorporation of expert opinion
+ Example model results/output

+ Benefits and limitations
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Cause of death WP — Work Stream 2

Aim of the work stream:

A practical entry point to Cause of death modelling
— For practitioners

— For users of CoD model results

* Provide overview on strengths and weakness of the approach
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Cause of death WP — Work Stream 2

Cause of death model process

Deaths
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Cause of death WP — Work Stream 2

Cause of death model process

supplier of information
data supplied

Data

guality
accuracy
Deaths

‘ Measure

Exposure e

‘ Remodelling?
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Cause of death WP — Work Stream 2

Cause of death model process

between ICD
versions

Process Data Mapping

Changes in

practices
Deaths

ICD code mapping
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Group conditions integrity /
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Group causes with
similar behaviours
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Cause of death WP — Work Stream 2

OCUELHO e LV S Y creased risk of Strength /

discontinuities in weaknesses of
Data historic data Projection different projection
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medical treatments expert opinion

Introduces
subjectivity,

— increases complexity
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Cause of death WP
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Cause of death WP — Work Stream 2

Overview of benefits & limitations

+ Key insights CoD models provide

- Awareness of limitations of the approach

* Where CoD models fit in with the family of projection models

Drivers of mortality trends at the cause of death level

Indicate likely direction of trends in the short to
medium term.

Can “unpick” apparent patterns in trends providing
clues to reasons for improvements but will not
provide the underlying causes

Can incorporate expert opinion at the cause level
but this brings increased subjectivity and complexity

Not appropriate for longer term trend estimation due
to dependencies between causes of death

Need to contend with limitations of death by cause
data

Underlying causes of mortality trends will work
across multiple causes of death

Co-morbidity, especially at older ages.
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Overview of model (intentions)

+ Technical description of model

- Can be used retrospectively or prospectively
* Presents historic death rates

- Can project forward death rates

- Can use various criteria to assess data (e.g. causes of death,
gender, age,...)

* Requires a degree of experience for projection

« Can be used to compare death rates across populations

18 September 2014
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Centralised server — collaborative access
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Overview of model (2)

* Run Managed software in Excel — connect to remote server data:

FODHBEED-C- &

Home Insert Page Layout Formulas Data Review Yiew Developer Add-
Connect A= Trends Rank from |1 - Wiew log
Settings Focus year 2011 = Focus cause Cancer - About
Focus age B0-84 -
Configuration Historic Trends |F‘rnje::tic|ns| About |

Server IFoASGILServer

Database |FoAMorByCause

User D ulB4hey

Password —

Ble]=[~[=]x[|=|~|-
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Select and report on historic trends

EOHBE@mS - ¢

Boolkl - Microsoft Exce

Insert Page Layout Formulas Data Review View Developer Add-Ins EASuiServer novaPDF MortByCause Team
Connect &= JEnds Rank from 1 - View log
Settings Fi year 2011 - Focus cause Cancer - About
Bge 8084 -
Configuration adennie S
/ | o Trend Selection |
l Source Population I |
Select from Mapping: Select al
i IFoAMappingv001 Couniry Region Sex
IFo AMappingv003 England&Wales F
M

| = |
| &
| 7|
EEN 'd

2
T10] ch ; Choose population to

11 oose Tfrom
= 1CD focus on (Exposure)
B .

12 Mappings

- pping Deaths
16 | GroupingDescription subGroupingDescription

= Al ~ a
= Accident _Other Cardiovascular [l

18 Cancer F Acute and subacute endocardtis

19 Acute myocardial infarction
— Digestive Disorder =) carditis
20 Drug_Alcohol

21 Infection Angina pectoris 'd
T2z | KidneyDisarder Arterial embolism and thrombosis
— LiverDisorder £|| | Atherosclerosis

23 MentalNervous Cardiac dystythmias B Choose causes to focus

24 MetabolismRelated Cardiomyopathy
l— Misc Forms of chronic ischaemic heart disease on (Eve ntS)
| == MusculoSkeletal Heart failure

26 NutrtionRelated Hypertensive heart and renal disease T

CrganFailure Cther venous embolism and thrombosis

L] PregnancyRelated L | Pericardtis

28 RespiratoryCondition Peripheral vascular disease

79 Stroke ~ | |Phlebitis and thrombophlebitis =2
== 0K

- . ok |

31

32

18 September 2014

17



Historic results displayed

|I_1 QE ol = icrosoft Exce
Mme Insert Page Layout Formulas Data Review View Developer Add-Ins EASuiServer novaPDF MortByCause Team
Connect a Trends Rank from 1 - View log
Settings Focus year 2011 = Focus cause Cancer - About
Focus age 75-79 -
Configuration Historic Trends Projections| About \
E19 - (= I’ | \.
A B g PN S E H 1 J K L \ N o P a R s T u v W
1 Mapping IFoAMappingv002 .
2 Country All |England&wales, AttnbUte Of G c 0 "Ag R t (F)
= H F rou a vera e hale
5 Regon  All| population in P .
4 [sex F 25 ncidence 100
HACIGENCE
5 focus %
6 Cases for year 2011 \\_‘L trendS fOl'
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8 Cancer 9782  35.23% woup causes in \ .
) Cardiovascular 5673 20.43% 15 focus 60
10 RespiratoryCondition 3837 13.82% / 50 H-_LT‘H—‘—M..____
11 MentalNervous 2527 9.10% " a0 ——LET)
12 Stroke 2264 8.15% 30 | — 7074
13 [N oisestiveDisorder 1100 3.96% e
20
14 Misc so5  1.82% 5 ‘*——-—\\‘w/ 10 Incidence trends for age
15 -Acclde 01 1.44% —
= = — o {.band + above and below .}
16 MUSEUICTS 507 1113 0+—T TrTrrrrrrrrrrrr TN LT T T T A2 P ) @ W
i KidneyDisor, 248 -B9% 1979 19811983 19851987 19891991 19531995 19971999 20012003 20052007 20082011 S FFFFFIPIEI S
18 Other 405%
19
o Cause Counts (F) Cancer Age Trends (F)
21
12000 25
2 Count of deaths wCancer £spius
s B Cardiovascular - = -80-84
for top 10 group LT )
24 w RespiratonyC ondition — 7579
25 causes 8000 mMentalNervous T— . 70-74
26 - -
- e = -— - _—
27 e ik = Bood
28 W DigestiveDisorder 10 e e —— 60-64
29 ; Misc
= Incidence trends by age shown
. m Accident
51 for selected group cause in S
32
= focus KidneyDisorder
34 a Other
35
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Points of interest

* Narrative

Forusage 7579

Over 85% of overall deaths for

this population explained by top 5
causes

Cardiovascular and stroke
causes show strong improvement

Respiratory conditions show
more modest improvement

Cancer no change overall

Mental/nervous causes have .
nearly tripled

- Cancer cause focus
— Older age deterioration

— Younger age slight improvement

Group Causes Age Trend (F) Overall Age Rate (F)

Proportion
3523

r 5673 2043%
3837 1382%
2527 910%
1
264 B15%
r

1100 396%

&
s 385883888

506 182%

401 140 -

== ¢

89% 167919811983 19851987 1989 1991 19931995 19971999 20012003 20052007 20092011

SELESLSLESSSLELES

Cause Counts (F) Cancer Age Trends (F)

- Short of reincarnation some improving trends will end (soon
- Data contains noise (changing reporting practices, etc)

- Patterns from age to age typically exhibit “expected”
patterns (increase with age)

Future enhancements can incorporate additional/improved
reports.

1)

J
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Historic results for sub-Group cause

B C D E F H I 1 K L M N o P aQ R 5 T u W W
Country UK
Region England&Wales ToggleSale |
Sex i
SONHIGAIES) Cardiovastular Cardiovascular Causes (M) 75-79 Overall Cardiovascular Rate (M) ~ m;i
Cases for Year 2011 =0 800 ----08
Rank peeRange 7570 4] 1k Cases] _ Proportion o
;‘ 1 Forms of chronic ischaemic heart disea 3,639 442% 00 500 = e
o 2 Acute myocardial infarction 2,085 25.5% \\"‘\ 200 B TN .
3 Aneurysm 702 B.5% 150 -\_\__\L Seeay
4 Valve disorder 366 4.4% \’\ 300 R <
5 Heart failure 257 3.1% 100 S T\ Seee
6 Hypertensive heart and renal disease 234 1.8% JM_\ = = T "
7 Cardiac dysrhythmias 208 25% 50 \: 100 "'"-u.-.:_\.:\
8 Phlebitis and thrombophlebitis 166 20% = RS-
9 _Other Cardiovascular 156 19% D-m [ e o o e e L L L B s e s e e e L o |
| 10 Peripheral vascular disease 133 16% ‘3’5’5 ‘3@‘{"@ ‘3@ \9@ \9@ qu,'* .90',5 & 6}\ eP@ o ‘96‘ ‘P& @0 .a'{” ‘a@"a@ & é‘ .9@‘3@"'-35” ég’ _35)‘ .aqq ’Qiﬁ"ﬁ"@@ 19@ '\.“0
Other All 274 3.3%
Total Deaths 8,230
Total Population 210,590 I Acute myocardial infarction j Togglesale | Highest age band
Rate per 10 000 101.5

4,000

i

3,500

3,000

i

2,000
1,500

1,000

2,500

Cardiovascular Causes (M) 75-79in 2011

350

chranic is chaemid

u
[
m

2
=

=
I

Acute myhcardifl infafction

Arleurys m

Age Progression Acute myocardial infarction

Inay
IMI'

B5plus.

75-719

PSP S PSP
SEFFE I

SELEES P

18 September 2014

20



Historic results for sub-Group cause

- Narrative (Cardiovascular)

D E F G H 1 1 K L M N o P a R S T u v w
Country uk
RRRRR d&Wales ToggleSale |
Sex M
8 5(y .I: d H I Group cause [cardiovascular Cardiovascular Causes (M) 75-79 Overall Cardiovascular Rate (M) —___7>~
— 0 OT Caraiovascular causes = =0 < o
Rank 79 . L3 Cases Proportion|
. ;‘ ic ischaemi i 3,632 222% 00 500
explained by top 5 sub-group - :
702 85% 150 ===
366 2% 20 Sl
257 31% L R — e R T e e
Cau S e S 234 28% —’_’_"g\\ = el <=
208 25% 0 00 e —
166 20% -
156 19% L e e °
. h . . I = o FFELF S PP PSP FFEFLF SIS PP E S
— al Deaths 8,230
Within particular group causes, e =
per 10 000 1015

th e S u b - Cau S es al SO S h OW - é:ar%iwascular Causes (M) 75-79 in 2011 Age Progression Acu:‘e‘;nvwardial infarction
different trends ———— :

— Myocardial infarction shows very
strong improvement

s EEEEEEG

— Phlebitis/thrombosis halved to
1990 and then tripled to 2012

+ Myocardial infarction focus Dynamics at the sub-group level

— Older age slowing improvement exhibit “fractal” like paterns.

— ‘Younger age no improvement
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Insights of relevance for projection

+ Relative force of mortality improvement varies by cause
* For many specific causes , the force of mortality is negative

« For many causes the historic incidence has closely aligned to bio-
mathematical formulae

- Causes that have been the focus of policy intervention (screening,
restrictive laws [smoking, seat belts], MRSA) show clear deviations from
bio-mathematical formulae

* Fitting a rationally derived bio-mathematical formula to specific causes is
able to produce remarkably prescient projections for a 5 to 15 year future
and possibly even for slightly longer term horizons

18 September 2014
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Environment aspirations

Collect data for
— broader range of UK regions

— More attributes where possible — deprivation index, smoker categories, obesity measures,
alcohol consumption, ...

» Longer term allow contributions from regions/countries outside of UK.

- Common environment would permit immersive exploration of patterns (e.g.
do improvement patterns exhibit

— lead change in higher socio-economic regions and
— lag follow from lower socio-economic regions)

- Common environment can be developed to incorporate different technical
approaches and permit cross-comparison.

- Allow different ICD mappings to be used to connect and consolidate
changing ICD series.
18 September 2014 23




The number of causal forces explaining aggregate mortality is
currently dominated by a few causes — this is set to change
from just a few to many.

The mortality causes of interest for projection can and should
be selected in numerous ways — analysis of past trends, advice
from medical/ demographic professionals, etc

Residual causes should be of modest significance allowing
them to be projected in aggregate without severe distortion

The model should eventually allow different causes to be
projected using cause specific mathematical formulae (e.g
sigmoid, linear, exponential).
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10 Age Progression Acute myocardial infarction
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zero)
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Incorporate heat charts

Cross compare different regions (or whatever reporting
selections users would like to see)

Incorporate simplistic modification projections to reflect
Intervention policies — e.g. interventions to modify smoking
habits /alcohol consumption / dietary norms /... in specific
regions/age groups/deprivation categories
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Cause of cause of death models

- What is a Cause of Cause of Death (CoCoD) model?

Practical uses e.g. validating the CMI mortality improvements

Different methods of CoCoD modelling

Data considerations

Challenges
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Cause of Cause of Death (CoCoD) Models

Lung cancer
Neoplasms Breast cancer

Colorectal cancer

_ Myocardial Infarction
Cardiovascular

COPD

Respiratory

Diabetes Mellitus

\ 7/

Other
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How can CoCoD models help?

Tangible
Capture narratives /
correlations / scenarios for
Interactions stakeholders

Enable user to reflect

catalysts of change
not yet manifesting
In experience data

Validation of
central views
| extremes

Basis for
applying ‘expert
judgement’
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Conclusions

« Cause of death model is under construction
 Further development opportunities

* Development opportunities for CoCoD models
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Questions

Expressions of individual views by members of the Institute and Faculty
of Actuaries and its staff are encouraged.

The views expressed in this presentation are those of the presenter.
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