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Synopsis 

Considerable uncertainty exists in long-term mortality trends. 
Pricing and reserving bases commonly assume a rapid 
deceleration in current rates of improvement. But what 
assumptions on population health and medical developments 
justify these assumptions?  

This session will first present a summary of previous and 
current work in the field by actuaries, medics and 
epidemiologists. We will then host a debate to discuss: 

• the audience’s view of the best approaches for further 
research 

• the appetite for an actuarial working party to advance 
research in this area. 
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Where next? 
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The modelling landscape for longevity trends 
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Drivers for change 
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• Growing awareness that 

life-spans are not entirely 

random  

• Uncertainty of future 

trends  

• Free market competition  

• Medically underwritten 

insurance products  

• Regulatory pressure 

• Human nature! 

DEMAND 

• Improved availability of 

health data  

• Emerging 

epidemiological insights 

• Technology advances 

• New conceptual 

frameworks 

SUPPLY 
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 Objectives 

• To summarise past research: 

– Epidemiological / Medical 

– Actuarial 

• What do we want from a model? 

• Gauge interest in more structured research through the 

profession 
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Epidemiological / Medical 
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Theory of Independent Competing Risks 
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Theory of Independent Competing Risks 
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Theory of Independent Competing Risks 
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Theory of Independent Competing Risks 
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Dependent Competing Risks 
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Multiple Cause of Death Data 

• UK death data records only the underlying cause of death 

• Multiple causes of death (up to 20) are recorded in: 

– US 

– Netherlands 

– Australia (since 1997) 

 

• International algorithm to determine underlying cause of 

death. 

• Death certificates are not meant to record co-morbidities! 
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Mackenbach et al (2005) 

13 
© 2012 The Actuarial Profession  www.actuaries.org.uk 



Colour palette for PowerPoint presentations 

Actuarial Bright Green 

R148  G166  B31 

Actuarial Slate 

R32  G44  B52* 

Secondary Olive Green 

R120  G162  B47 

Secondary colour palette 

Primary colour palette 

Secondary Bottle Green 

R0  G147  B127 

Secondary Turquoise 

R0  G138  B176 

Secondary Aqua Blue 

R26 G160  B170 

Secondary Pastel Green 

R126  G205  B195 

Secondary Light Purple 

R123  G149  B174* 

Secondary Purple 

R97  G107  B156 

Secondary Ecru 

R186  G163  B171 

Secondary Yellow 

R215  G176  B18 

Secondary Orange 

R213  G135  B43 

Secondary Red 

R238  G52  B36 

Secondary Rubine Red 

R226  G1  B119 

*This colour reference is for screen presentations only 

Application to actuarial work 

• Examined use of Copulas to 

define dependence; 

• Different interpretations of 

removal of different causes of 

death; 

 

• Didn’t address issues of how to 

parameterize the model with 

reference to real data. 
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Use of Large Population Based Studies 

• Increasing worldwide establishment of population based 

studies; 

• Many risk factors have moderate effect on a disease… 

• …so larger and more careful studies are now required. 

 

• Notable Historic studies 

– British Doctors Study – 1951 to 2001, 40k people 

– Framingham Heart Study – Ongoing from 1948, 5k people 
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Examples of Current Large Prospective Studies 

• Million Women Study  >1m   

 

• Nurses’ Health Study   121k   

 

• EPIC (Europe)   520k 

• Mexico City   160k 

• Kadoorie (China)   500k 

• UK Biobank   500k   
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The Clinical Practice Research Datalink (CPRD) 

• English NHS observational data and interventional 

research service; 

 

• Aim: to maximise the way anonymised NHS clinical data 

can be linked to enable many types of observational 

research and deliver research outputs that are beneficial to 

improving and safeguarding public health; 

 

• CPRD administer the General Practioners Research 

Database (GPRD) 
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Other recent papers 

• Research into enhancing quality of extrapolative 

processes seem to have been successful; 

• Linking to health indicators and economic correlations, 

sometimes through PCA; 

– Hanewald (2010) – included consideration of cause of 

death 

– Yang et al (2012) 

– French and O’Hare (2012)   
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Cause of death projections 

• Much discussion and criticism levied against cause of death 

models: 

 

– GAD (2001) 

– CMI Working Paper 3 (2004) 

 

– Booth and Tickle (2008)  

– Stephen Richards (2010) 

– Risdale and Gallop (2010)  
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Main Criticisms 

• Independence / Dependence relationships 

• Recording of data on death certificates 

• Tendency to underestimate future mortality improvement 

rates 

– because causes of death that are slow to decline come 

to dominate in the long run (Wilmoth 1995) 
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Further Criticisms 

• Medical resources will shift between causes over time as 

their relative importance changes.  

• There may be causes of mortality at extreme old ages that 

have not yet been identified as other, known, causes have 

resulted in deaths at earlier ages.  

• Need to group illnesses results in lack of granularity; 

• Links to Socio-economic groups; 
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Mortality Projections by Cause Research Group 

• Presented some initial findings March 2009: 
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Mortality Projections by Cause Research Group 
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CMI Working Paper 38 
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Life Tables for the United States Social Security 
Area 1900-2100 (2005) 

• Sex and age specific rates by 7 illness groups; 

• Example, for Ages 50-64 
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Males Females 

1981 – 2001 Assumed Ultimate 1981 – 2001 Assumed Ultimate 

Heart Disease 3.43 2.00 2.61 2.20 

Cancer 1.43 0.40 1.03 0.40 

Vascular Disease 2.19 1.50 1.96 1.60 

Violence 1.62 0.80 1.27 0.80 

Respiratory 

Disease 
1.33 0.60 -1.08 0.70 

Diabetes Mellitus -3.15 0.30 -2.03 0.30 

Other 0.33 0.90 0.06 0.80 

Total 1.92 0.80 1.10 0.70 
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Disease Based Modelling 
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Source: Hande Love, presentation to Emerging Trends in Mortality 

and Longevity Symposium  (September 2011)  
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Disease Based Modelling 
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Source: Hande Love, presentation to Emerging Trends in Mortality 

and Longevity Symposium  (September 2011)  
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Disease Based Modelling 
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Source: Hande Love, presentation to Emerging Trends in Mortality 

and Longevity Symposium  (September 2011)  



Colour palette for PowerPoint presentations 

Actuarial Bright Green 

R148  G166  B31 

Actuarial Slate 

R32  G44  B52* 

Secondary Olive Green 

R120  G162  B47 

Secondary colour palette 

Primary colour palette 

Secondary Bottle Green 

R0  G147  B127 

Secondary Turquoise 

R0  G138  B176 

Secondary Aqua Blue 

R26 G160  B170 

Secondary Pastel Green 

R126  G205  B195 

Secondary Light Purple 

R123  G149  B174* 

Secondary Purple 

R97  G107  B156 

Secondary Ecru 

R186  G163  B171 

Secondary Yellow 

R215  G176  B18 

Secondary Orange 

R213  G135  B43 

Secondary Red 

R238  G52  B36 

Secondary Rubine Red 

R226  G1  B119 

*This colour reference is for screen presentations only 

33 
© 2012 The Actuarial Profession  www.actuaries.org.uk Source: A window into the future, Daniel Ryan, Swiss Re (2011)  



Colour palette for PowerPoint presentations 

Actuarial Bright Green 

R148  G166  B31 

Actuarial Slate 

R32  G44  B52* 

Secondary Olive Green 

R120  G162  B47 

Secondary colour palette 

Primary colour palette 

Secondary Bottle Green 

R0  G147  B127 

Secondary Turquoise 

R0  G138  B176 

Secondary Aqua Blue 

R26 G160  B170 

Secondary Pastel Green 

R126  G205  B195 

Secondary Light Purple 

R123  G149  B174* 

Secondary Purple 

R97  G107  B156 

Secondary Ecru 

R186  G163  B171 

Secondary Yellow 

R215  G176  B18 

Secondary Orange 

R213  G135  B43 

Secondary Red 

R238  G52  B36 

Secondary Rubine Red 

R226  G1  B119 

*This colour reference is for screen presentations only 

RMS Approach – A structural model of the 
drivers of mortality 
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Why do we want these models? 
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What do we want from these models? 

36 
© 2012 The Actuarial Profession  www.actuaries.org.uk 

Provide qualitative scenarios to drive 

different short and long-term mortality 

improvement assumptions, both for the 

purposes of median/best-estimates 

assumptions and also stress scenarios. 

Better quantification of potential 

correlations in mortality improvements 

between different groups, e.g. males 

and females, underwritten lives and 

non-underwritten lives, different socio-

economic groups, different products 

Understand and justify extrapolative 

approaches e.g. how much past data 

should be used in extrapolative 

methods? 

In health related fields, different 

causes of death lead to different end 

of life costs. 



Colour palette for PowerPoint presentations 

Actuarial Bright Green 

R148  G166  B31 

Actuarial Slate 

R32  G44  B52* 

Secondary Olive Green 

R120  G162  B47 

Secondary colour palette 

Primary colour palette 

Secondary Bottle Green 

R0  G147  B127 

Secondary Turquoise 

R0  G138  B176 

Secondary Aqua Blue 

R26 G160  B170 

Secondary Pastel Green 

R126  G205  B195 

Secondary Light Purple 

R123  G149  B174* 

Secondary Purple 

R97  G107  B156 

Secondary Ecru 

R186  G163  B171 

Secondary Yellow 

R215  G176  B18 

Secondary Orange 

R213  G135  B43 

Secondary Red 

R238  G52  B36 

Secondary Rubine Red 

R226  G1  B119 

*This colour reference is for screen presentations only 

Social Cascade of Mortality Drivers 

 

 

 54% of improvements in CHD mortality over 1981-2000 

attributable to smoking  (Unal et al, 2005) 

 Takes 20+years for benefits of smoking cessation to feed 

through to mortality (initially benefits for  heart disease, then 

COPD and cancers) 

 Men used to be more likely to smoke,  and have given up 

smoking in greater numbers => major factor in narrowing in 

gap of male and female longevity. 

 Similarly, higher socio economic classes (SECs) tended to 

give up smoking sooner, and more fully 

 Are short term prospects for high improvements better for 

lower socio-economic groups? 

 

 

 

 

 

 

 

 

The social cascade in action: 

The smoking transition 
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Percentage of adult men who smoke (by SEC)

Professional Employers and managers
Intermediate and junior non-manual Skilled manual
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Non-manual Manual

Short/Medium Term - Social Cascade 

Longer term 

 Driven by new medical treatments becoming available 

 Affordable to the higher socio-economic classes first 

 Will this mean that higher socio-economic groups see bigger 

improvements? 

 Club Vita data consistent with the social cascade  
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Incentivising behaviours   

Source:   Tacking Health Inequalities: 2006-08 Policy and Date Update for the 2010 National Target  

Comparing men in 20% most 

deprived locales and the 

national population 
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Is “Extreme Trend Reversal” possible? 

• For improvements to rapidly tail off.... 

• ....we would need to be seeing the following 

 

– No further smoking cessation 

 

– No further change in diets 

 

– No increase in exercise levels 

 

– Reached optimal uptake of statins / 
hypertensives 

 

Mortality rate per 100,000 men 

aged over 75 by cause of death 

Source:  Own calculations of age-standardised mortality rates based 

upon World Health Organisation data.  

Source:  RMS LifeRisks conference, July 2011 
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Drivers for change 
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• Growing awareness that 

life-spans are not entirely 

random  

• Uncertainty of future 

trends  

• Free market competition  

• Medically underwritten 

insurance products  

• Regulatory pressure 

• Human nature! 

DEMAND 

• Improved availability of 

health data  

• Emerging 

epidemiological insights 

• New technology 

• New conceptual 

frameworks 

SUPPLY 
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Your turn! 

Considerable uncertainty exists in long-term mortality trends. 
Pricing and reserving bases commonly assume a rapid 
deceleration in current rates of improvement. But what 
assumptions on population health and medical developments 
justify these assumptions?  

This session will first present a summary of previous and 
current work in the field by actuaries, medics and 
epidemiologists. We will then host a debate to discuss: 

• the audience’s view of the best approaches for further 
research 

• the appetite for an actuarial working party to advance 
research in this area. 
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Questions or comments? 

Expressions of individual views by 

members of The Actuarial Profession 

and its staff are encouraged. 

The views expressed in this presentation 

are those of the presenter. 
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