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Motivation

Socio-economic differences in mortality

Male life expectancy at age 65 by
social class -England and Wales

19 -
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Male life expectancy at age 65 by

_ _ deprivation quintile - England
Well-documented relationship 30 . . . .

between mortality and
socioeconomic variables 5,
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Motivation

Socio-economic differences in mortality

Annuity rates at 4% interest for males age 65
as a percentage of the rate for England and

« Important implications on . Wales

social and financial planning 6%
4%

— Public policy for tackling o 2% .

inequalities S 0% . — . .
QL 2%
— Social security design S A%
> -6%
— Annuity reserving and pricing 8%
-10%
— Longevity risk management -12%
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Source: Villegas and Haberman (2014)




Motivation

Cause-specific mortality

* Inform the assumptions underlying overall mortality projections

« Shed light on the drivers of
— Mortality change

— Mortality differentials

 Forecasts of cause-specific mortality required for many
purposes

— E.g Estimation of health care needs and costs




Causes of mortality in England and Wales
Causes distribution in time (ASDR males age 25-84)

Cause distribution

I I I
1360 1970 1980 1330 2000 2010

1.00+

0.78

Cause

Circulatory
Meoplasms
Respiratory
Digestive

Mental & Behavioral
External causes
Other

Fercentage
L]
[hy
=
|

0.25

0.00

year



Causes of mortality in England
Variation by deprivation quintile (ASDR males age 25-84)

Cause distribution in 2007
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Causes of mortality in England and Wales
Causes distribution by age (males 2001-2010)
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Causes of mortality in England and Wales
Main causes for males aged 50-84 (2001-2010)

|schaemic heart diseases — &
Cerebrovascular diseases — J
Other forms of heart disease — &
Malignant neoplasms of digestive organs — ©
Malignant neoplasms of respiratory and intrathoracic organs - *
Malignant neoplasms of male genital organs - .
Chronic lower respiratory diseases — .
Influenza and pneumonia - * Country
Other respiratory diseases [::u.rm|:|[::nall'_-,r affecting t.he interstitium — = + England & Wales
Other diseases of the respiratory system - =
Diseases of liver— =
Other diseases of intestines - =
Diseases of oesophagus, stomach and ducdenum - i ¢ Circulatory
Other diseases of the digestive system - * * Neoplasms
Organic, including symptomatic, mental disorders - * o
Mental and behavioural disorders due to psychoactive substance use - . _ _
Mood [affective] disorders — © * Digestive
Schizophrenia, schizotypal and delusional disorders - = * Mental & Behavioral
Falls = N * External causes
Intentional self-harm - -
: . *  Other
Accidental exposure to other and unspecified factors - *
Pedestrian injured in transport accident - .
Assault - *
Diabetes mellitus - *
Extrapyramidal and movement disorders - ©
Other degenerative diseases of the nernvous system - o
Renal failure - o

lll-defined and unknown causes of mortality — =
! !

0.1 1 1IU 1[5[]
Deaths x 100,000 population

Cause

Respiratory



Causes of mortality in England and Wales
Main causes for males aged 25-49 (2001-2010)

Ischaemic heart diseases — =
Cerebrovascular diseases — =
Other forms of heart disease -
Malignant neoplasms of digestive organs — -
Malignant neoplasms of respiratory and intrathoracic organs - *
Malignant neoplasms of lymphoid, haematopoietic and related tissue — *
Influenza and pneumonia - i
Chronic lower respiratory diseases — * Country
. . Lung.ms_eases due.tn exte.rnal aggnts— * + England & Wales
Other respiratory diseases principally affecting the interstitium — &
Diseases of liver— = Cause
Diseases of oesophagus, stomach and ducdenum -
Disorders of gallbladder, biliary tract and pancreas - * * Circulatory
Other diseases of intestines — * * Neoplasms
Mental and behavioural |:||_5|:|r.|:|ers t!ue to psychna;twe substaﬂce use - . * Respiratory
Organic, including symptomatic, mental disorders - . _ _
Behavioural synd. due to physiological disturbances and physical factors - & * Digestive
Schizophrenia, schizotypal and delusional disorders — = * Mental & Behavioral
Mood [affective] disorders — * + External causes
Intentional self-harm = + Other

Event of undetermined intent -
Accidental poisoning by and exposure to noxious substances -
Motorcycle rider injured in transport accident — *
Assault - .
lll-defined and unknown causes of mortality —
Episodic and paroxysmal disorders — =
Diabetes mellitus — 5

Human immunodeficiency virus [HIV] disease — I
! !

0.001 EI_EH U_I1 1 1IU 160
Deaths x 100,000 population



Modelling mortality by cause of death

Challenges

» Correlation between causes

— Same risk factor can affect several causes (e.g. smoking and some
cancers and heart diseases)

— Reduction in the relative importance of one cause can lead to further
Improvements on other causes

* Increase in dimensionality induced by the disaggregation
— The same modelling methods might not be appropriate for all causes

— Major empirical exercise

» Changes in classification of causes of death difficult the
analysis of trends




Modelling mortality by cause of death

Cause of death coding changes
Age-standardised mortality rate for respiratory

diseases (Male age 25-84 — England and Wales)
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Age-standardised mortality rate for respiratory

diseases (Male age 25-84 — England and Wales)
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Log death rate

E&W: male mortality (1960)
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Modelling mortality

Lee-Carter model

E&W: male mortality (1960-2010)

Log death rate
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Log death rate

E&W: male mortality (1960-2010)
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Log death rate

E&W: male mortality (1960-2010)
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E&W: male mortality (1960-2010)

Log death rate
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Modelling mortality by cause of death

Lee-Carter model with coding changes

o9yt =  ar -+ Bz Kt




Modelling mortality by cause of death

Lee-Carter model with coding changes

o9 it = az + Bz Kt
Age-specific \

mortality pattern Overall time trend of

Age-modulating mortality
parameters




Modelling mortality by cause of death

Lee-Carter model with coding changes

09 piet = aw  +  Pr ki
Age-specific
mortality pattern Overall time trend of
Age-modulating mortality
parameters
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Modelling mortality by cause of death

Lee-Carter model with coding changes

10g fet —
Age-specific \
mortality pattern Overall time trend of
Age-modulating mortality
parameters
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Modelling mortality by cause of death

Lee-Carter model with coding changes — Invariant transformations

hooo
oQ s = ar +  Ba kK Zﬁﬂf@)(ﬂ
i=1

This specification is invariant to the following parameter transformations

Standard Lee-Carter transformations

{E:I?:- fﬂ%t} — {;_26:1' bQHt}




Modelling mortality by cause of death

Lee-Carter model with coding changes — Invariant transformations

hooo
oQ s = ar +  Ba kK 253%(1)(0
i=1

This specification is invariant to the following parameter transformations

Standard Lee-Carter transformations

{E’I? fﬂ%t} — {;_26:1' bQHt}

New transformations

{S‘E% ff::t} — {5@ + a;Ba, Ky — aif(’”(t)} i=1,....h




Modelling mortality by cause of death

Lee-Carter model with coding changes — Identifiability constraints

Standard Lee-Carter

Make the last year in the data the reference

{aw, key = {aw + b1z, ke — by} > Ky, = 0

Normalise the age gradient

{Em,ﬁt} — {iﬁmjbzﬁt} > ZB’I —

bo




Modelling mortality by cause of death

Lee-Carter model with coding changes — Identifiability constraints
(60,71} = {69 + e i - ai O o) it

-0.54




Modelling mortality by cause of death

Lee-Carter model with coding changes — Identifiability constraints

{80, 5ep = {07 + aif e — aif ()}
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Modelling mortality by cause of death

Lee-Carter model with coding changes — Identifiability constraints
(30,7} = {6 + @i - i O (o) iU

-0.54
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Modelling mortality by cause of death

Lee-Carter model with coding changes — Example

Respiratory - Males
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Modelling mortality by cause of death

Lee-Carter model with coding changes — Example
Respiratory-Males

Oly + ES}
5 - Period
— 1960-1983
7 — 1984-1992
o — 1993-2009
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age
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Respiratory - Males
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Modelling by CoD and socio-economic stratification

Three-way Lee-Carter model (Russolillo et al, 2011)

h _ _
100 15y, = +55 w4+ Y oW O
1=1




Modelling by CoD and socio-economic stratification

Three-way Lee-Carter model (Russolillo et al, 2011)

h _ _
100 ey = a5+ aly + B85 w5+ 3 60 @O (r)
1=1

/

Level differentials




Modelling by CoD and socio-economic stratification

Three-way Lee-Carter model (Russolillo et al, 2011)

Iog !J’g:tg - D{C ‘|‘C1’g;g _I_ 6CAC E_I_ Z 56 (’t"-)f‘(i)(t)

_— / -

Level differentials
Improvement

differentials




Modelling by CoD and socio-economic stratification

Three-way Lee-Carter model
h _ _
09 p134y = A + g, + Bedgrf + > 55 F (1)
1=1

- Estimate the model parameters using a two stage estimation
procedure with a reference population

— National population data available for longer periods of time than socio-
economic disaggregated data

— More precise estimation of the long-run mortality trend

— Coherency with the national mortality trend
- Stage 1:

— Estimate o, 3%, k¢, 62’@ using the reference population data
- Stage 1lI:

. fad C 1(3)
_ Estimate “zg'g conditional on @z, Bz K¢, Oz




Case study: Mortality by deprivation in England

Application data

Subpopulation data Reference population data

— England population — England and Wales population
disaggregated by deprivation
quintile using the 2007 version B o ) )
of the English Index of Multiple Ages: 25-29,30-34,...,80-84
Deprivation (IMD 2007) — Period: 1960-2009

— Ages: 25-29,30-34,...,80-84
— Period: 1981-2007




Case study: Mortality by deprivation in England

England and Wales Male population parameters
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Case study: Mortality by deprivation in England

England and Wales Male population parameters
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Case study: Mortality by deprivation in England

England and Wales Male population parameters
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Case study: Mortality by deprivation in England

England and Wales Male population parameters
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Case study: Mortality by deprivation in England

England and Wales Male population parameters

h ) _
10g iS4y = af + 07+ BEA RS + S 00 )

=1
o Cause distribution
. 1.00
Cause
-4~ 0.75 - Circulatory
z Neoplasms
5 % Respiratory
@ 0.50 . .
O Digestive
8- ﬁ‘_’ Mental & Behavioral
0.25- External causes
10 - Other
0.00
T T T T T T 1 T 1 1 T 1 T T T T 1 T
30-34 40-44 50-54 60-64 70-74 80-84 1960 1970 1980 1990 2000 2010
age year
0.15
0.10
0.05
0.00

1 T 1 T T T T T T 1 T 1 1
30-34 40-44 50-54 60-64 T0-74 80-84 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
age year



Case study: Mortality by deprivation in England

England and Wales Male population parameters
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Case study: Mortality by deprivation in England

England and Wales Male population parameters
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Case study: Mortality by deprivation in England

England and Wales Male population parameters
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Case study: Mortality by deprivation in England

En

age

gland and Wales Male population - Residuals
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Case study: Mortality by deprivation in England

Level differences by deprivation quintile (Males)
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Case study: Mortality by deprivation in England

Trend differences by deprivation quintile (Males)
109 prg = 0+, NGRS o)
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Trend differences by deprivation quintile (Males)
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Conclusions and future work

 Introduce an extension of the Lee-Carter model to deal with production
changes in cause-specific mortality

* Embed this model in a multipopulation framework to assess socio-
economic differences in cause of death

- Application in the analysis of the extent of mortality differentials across
deprivation subgroups in England for the period 1981- 2007

— Clear inverse relationship between area deprivation and mortality for
all causes

— Reduction of relative differentials in cancer mortality?

— Offset of this reduction by marked increase in differentials in
digestive, respiratory and mental and behavioural diseases

* Future work
— Consideration of cohort effects (Particularly important for cancer)

— Projection of differentials




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.

12 September 2014 58
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Case study: Mortality by deprivation in England
Application data - IMD 2007

. . . . England - Average Rank District Level
«  Socio-economic classification of the Summary of the IMD 2007

population obtained using the Index of
Multiple Deprivation 2007 (IMD 2007)

« IMD 2007 combines indicators across 7
deprivation domains into a single
deprivation score for each geographically
defined Lower Layer Super Output Area
(LSOA)

— Income, employment, health, education,
housing and services, crime, and living
environment

+ 32,482 LSOA in England with
approximately 1,500 people each

* LSOAs ranked from 1 to 32.482 by their
IMD 2007 score and grouped into
quintiles

— QI1: Least deprived quintile
— Q5: Most deprived quintile

Source: Noble et al (2007)



Case study: Mortality by deprivation in England

by deprivation quintile (Males)
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Case study: Mortality by deprivation in England

Trend differences by deprivation quintile (Males)
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Causes of mortality in England and Wales
Causes distribution in time (ASDR females age 25-84)

Cause distribution
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Causes of mortality in England
Variation by deprivation quintile (ASDR females age 25-84)

Cause distribution in 2007
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Causes of mortality in England and Wales
Causes distribution by age (females 2001-2010)
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Causes of mortality in England and Wales

Main causes for females aaed 50-84 (2001-2010)

lschaemic heart diseases - .
Cerebrovascular diseases - 5
Other forms of heart disease - +
Malignant neoplasms of digestive organs — s
Malignant neoplasms of respiratory and intrathoracic organs — i
Malignant neoplasm of breast - .

Chronic lower respiratory diseases — . Cause

Influenza and pneumonia - . *
Other diseases of the respiratory system - © .
Other diseases of intestines - & *
Diseases of liver - *
Diseases of oesophagus, stomach and ducdenum - ©
Organic, including symptomatic, mental disorders — *
Mental and behavioural disorders due to psychoactive substance use - i
Mood [affective] disorders — *
Falls - .
Accidental exposure to other and unspecified factors - =
Intentional self-harm - *
Other degenerative diseases of the nervous system - *
Diabetes mellitus — s
Other diseases of urinary system - .
1 1I[] 1[5[]
Deaths x 1000

Circulatory
Meoplasms
Respiratory
Digestive

Mental & Behavioral
External causes
Other




Causes of mortality in England and Wales
Main causes for females aged 25-49 (2001-2010)

Cerebrovascular diseases - =
lschaemic heart diseases - *
COther forms of heart disease - ©
Malignant neoplasm of breast - *
Malignant neoplasms of digestive organs — “
Malignant neoplasms of female genital organs — .
Influenza and pneumonia - = Cause
Chronic lower respiratory diseases — & * Circulatory
Other respiratory diseases principally affecting the interstitium — S * Neoplasms
Diseases of liver— i + Respiratory
Other diseases of intestines — 5 + Digestive
Diseases of nesophagus, stomach and ducdenum - . B eninl & Behavionl
Mental and behavioural disorders due to psychoactive substance use - o
Behavioural syndromes associated with physiclogical disturbances and physical factors - . il Extemal causes
Disorders of psychological development — # * Other
Intentional self-harm - .
Event of undetermined intent - ~
Accidental poisoning by and exposure to noxious substances - *
Episodic and paroxysmal disorders - ©
Demyelinating diseases of the central nervous system — .
lll-defined and unknown causes of mortality — .
U_I1 1.I[] 1[]I_EI

Deaths x 1000




Case study: Mortality by deprivation in England

England and Wales Female population parameters
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Case study: Mortality by deprivation in England

England and Wales Female population parameters
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Case study: Mortality by deprivation in England

England and Wales Female population parameters
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Case study: Mortality by deprivation in England

England and Wales Female population parameters
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England and Wales Female population parameters
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h ) _
10G Sy = G+ 00+ B R+ S o

=1
o Cause distribution
25 % 1.00-
Cause
504 0.75 - Circulatory
z Neoplasms
% Respiratory
@ (.50 . .
75— O Digestive
ﬁ‘_’ Mental & Behavioral
0.25- External causes
-10.0 7 Other
0.00+
T 1 1 T T 1 T T 1 T T 1 T T T T 1 T
30-34 40-44 50-54 60-64 70-74 80-84 1960 1970 1980 1990 2000 2010
age year

0.20 7

015+

0107

0.05+

0.00

T T T T T T 1 T 1 1
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
year




Case study: Mortality by deprivation in England

England and Wales Female population - Residuals
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Case study: Mortality by deprivation in England

Level differences by deprivation quintile (Females)
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Case study: Mortality by deprivation in England

Trend differences by deprivation quintile (Females)
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Trend differences by deprivation quintile (Females)
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Trend differences by deprivation quintile (Females)
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Trend differences by deprivation quintile (Females)
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Case study: Mortality by deprivation in England

Trend differences by deprivation quintile (Females)
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Trend differences by deprivation quintile (Females)
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Trend differences by deprivation quintile (Females)
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Case study: Mortality by deprivation in England

Trend differences by deprivation quintile (Females)
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Case study: Mortality by deprivation in England

Level differences by deprivation quintile (Females)
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Case study: Mortality by deprivation in England

Trend differences by deprivation quintile (Females)
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