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Modeling a neutral view 

In the absence of belief of whether 

life expectancy increase faster in the future 

(e.g. biomedical discoveries) or not (e.g. pollution) 
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Virus 

Youth pill 

mortality improvements  

would you, for a central longevity scenario, rather consider 

same/lower/higher mortality improvements than in the past? 

      EXAMPLE OF BELIEF 



Historical evolutions of life expectancy 

• « +1 quarter per year » • Piecewise lines               

Louis 

Pasteur 

Jacques Vallin and France Meslé (2010) : Espérance de vie: peut-on 

gagner trois mois par an indéfiniment ? Population & Sociétés  473 
Jim Oeppen and James Vaupel (2002) : 

Broken  Limits to Life Expectancy. Science 296 
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In a central scenario, and in the absence of country-specific context, should life 
expectancy rather increase by +{20-25}% year per year? less? more? 

+23%              



Lee Carter uses the same mortality improvements for the 

future as in the past; does it lead to +23% per year? 

• Extract from the original paper:  

• “While many methods assume an 
upper limit to the human life span 
(…) our method allows (…) the 
deceleration of life expectancy  
(…) without any special additional 
assumptions.” 
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Lee Ronald and Lawrence Carter (1992) : 

Journal of the American Statistical Association.  87 
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Hmm… What about the models we use 

internally?... And the risk scenarios… 
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Annual 

Mortality 

improvements 

 Most important ages 

for life expectancy today 

                  in a few decades 

kappa extrapolation 

Resulting 

 

life expectancy 

      ILLUSTRATION 
The Lee Carter model has to 
be used strangely to obtain 
linear life expectancies  

   EXPLANATION 
Most people do 
not die until age 
60, then 70, 100, 
etc.  100? No more 
improvements, flat 
life expectancy 

    CONCERNS VARIOUS MODELS 

Indeed, Using the same mortality improvements for the future than in the past 

leads to life expectancy deceleration when improvements decrease by age 



Model for a comparison: 

a simple logistic regression extrapolates life expectancy linearly 

Shown in Bongaarts J. « Long-Range Trends in Adult Mortality: Models and Projections 

Methods » (2004) : Population Council, WP192    Application: 

 

Same pace as in the past                  : 

+20% per year: ‘Best Practice trend’ : 
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‘A’ is adjusted to last years of data, similarly  to the level of  kappas 

kappa of Lee Carter life expectancy 

Best Practice 

Trend 

Lee 

Carter 

http://www.ressources-actuarielles.net/C1256CFC001E6549/0/9824EB9D1415782AC125730F00193F7D
http://www.ressources-actuarielles.net/C1256CFC001E6549/0/9824EB9D1415782AC125730F00193F7D
http://www.ressources-actuarielles.net/C1256CFC001E6549/0/9824EB9D1415782AC125730F00193F7D
http://www.ressources-actuarielles.net/C1256CFC001E6549/0/9824EB9D1415782AC125730F00193F7D
http://www.ressources-actuarielles.net/C1256CFC001E6549/0/9824EB9D1415782AC125730F00193F7D
http://www.ressources-actuarielles.net/C1256CFC001E6549/0/9824EB9D1415782AC125730F00193F7D
http://www.ressources-actuarielles.net/C1256CFC001E6549/0/9824EB9D1415782AC125730F00193F7D


Lee Carter, Best Practice Trend, and… commonly used actuarial 

tables worldwide. Do actuaries believe in longevity deceleration? 
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What views? What would be a prudent table? 
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Seen in the previous cases (in the case of 

French table, the late deceleration comes from 

a specific closure and does not impact äx) 

Flat or decreasing life expectancy (Lifestyles 

and obesity, crisis, war, pollution, virus…) 

+33% per year (Such happened to best 

practice life expectancy during 7 decades after 

Louis Pasteur’s work) 

Life Extension Velocity (mortality improvements 

of 5% at late ages, starting in 2040) 

Is any view ‘NUTS’? /misbalanced? 

Especially the views at the top, that 

could challenge retirement systems? 



How serious is biogerontology about life extension? 
Do these people believe in longevity deceleration? … 

• Mortality rates by age tell you that tackling aging is key 
• Long-lived mice made 50% and 70% longer lived 

– Same mutation as some human populations that seem 
immune to diabetes and cancer (Larron dwarfs) 
 

• Some wonder-drugs in our armamentarium? 
– Mice live longer under low doses of aspirin, metformin, rapamycin and others. Similar results 

are empirically found in humans: data and clinical trials. Knowledge on lifespan will take decades 
– Give your dog rapamycin or placebo! http://dogagingproject.com/join-us/ 

 

• Companies now propose you more fundamental treatments 
– BioViva’s human longevity gene therapy in Mexico and Columbia, 

with worldwide specialist George Curch: one injection for muscles, 
reduced atherosclerosis, increased telomeres… 

– Intervene Immune grows a brand new thymus in you, to restore your immune system 
– Organovo prints  new organs to replace your most damaged ones (for now simple organs) 

 

• Big data and pharmaceutical industries chime in 
– Google/Alphabet’s Calico and Life Sciences 
– Partners: Abbvie, Novartis, Sanofi, etc. 
– Human Longevity, Inc. By Craig Venter 
– Others like InSilico Medicine 
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.           +70% +50% 

http://dogagingproject.com/join-us/
http://dogagingproject.com/join-us/
http://dogagingproject.com/join-us/
http://i2.wp.com/dogagingproject.com/wp-content/uploads/2014/10/Smiling_Dog_Face.jpg


What potential financial impacts? 
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Estimated impact on reserves of immediate annuities for a French male aged 65 when changing trends 

(different from impact on future results; e.g. due to amortization mechanisms)(discount rate of 2%) 

In 2015 In 2025  

+4.3% +13.6% 

+3.6% +7.7% 

+1.9% +4.0% 

+0.6% +0.7% 

-8.0% -8.1% 

-18.7% -19.5% 

Such scenarios may be 

useful to evaluate 

potential solutions for 

retirement systems  in 

case large medical 

improvements were to 

reach populations soon 
Reminder:  the late deceleration of 
French tables does not affect annuity 
valuations 

(                   ) 



Conclusion 

Does it mean anything for retirement systems 

• Non-decelerating central longevity scenarios could 
be considered 
– Such as simple logistic regressions… 

• Using accelerating longevity scenarios may be 
good to estimate risks and risk mitigating solutions 
– Such as: 

 

• Preemptively increasing retirement age? 

• Hedging longevity risk by investing in 
– Insurance Mortality risk? 

– Businesses that gain with longer lives? Travels, 
pharmaceuticals, ear adapters… 

– Paradoxically, businesses that attempt to extend 
lifespan? Using their results to finance retirement. 
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Thank you for your attention! 

Do actuaries believe in longevity deceleration? Longevity 11, ISFA 2015 15 

•Antolin P, Mosher J (2014): Mortality Assumptions and Longevity Risk. Working Party on Private Pensions. 
•Arnold S, Boumezoued A, Labit Hardy H, El Karoui N (2015): Cause-of-Death mortality: What Can Be Learned From Population Dynamics? <hal-
01157900> 
•Bannister CA, Holden SE, Jenkins-Jones S, Morgan CL, Halcox JP, Schernthaner G, Mukherjee J, Currie CJ (2014): Can people with type 2 diabetes 
live longer than those without? A comparison of mortality in people initiated with metformin or sulphonylurea monotherapy and matched, non-
diabetic controls. Diabetes Obes Metab. 
•Bartke A, Bonkowski M, Masternak M. (2008): How diet interacts with longevity genes. Hormones, 7:17-23. Review. 
•Bernardes de Jesus B, Vera E, Schneeberger K, Tejera AM, Ayuso E, Bosch F, Blasco MA. (2012): Telomerase gene therapy in adult and 
old mice delays aging and increases longevity without increasing cancer. EMBO Mol Med. 4:691-704 
•Bulterijs S, Hull RS, Bjork VC and Roy AG (2015): It is time to classify biological aging as a disease. Front Genet 6, 205 
•Cairns A, Blake D, Dowd K, Coughlan GD, Epstein D and Khalaf-Allah M (2011): Mortality density forecasts: An analysis of six stochastic mortality 
models. Insurance: Mathematics and Economics 48; 355-367 
•Check Hayden E (2014): Pet dogs set to test anti-ageing drug. Nature 514(7524)  
•Coeurnelle D (2013): Et si on arrêtait de vieillir! : Réalité, enjeux et perspectives d'une vie en bonne santé beaucoup plus longue. Editions FYP 
•Cuzick J, Thorat MA, Bosetti C, Brown PH, Burn J, Cook NR, Ford LG, Jacobs EJ, Jankowski JA, La Vecchia C, Law M, Meyskens F, Rothwell PM, Senn 
HJ, Umar A (2014): Estimates of benefits and harms of prophylactic use of aspirin in the general population. Ann Oncol. 
•Debonneuil E, He L, Mosher J, Weiss N (2011): Longevity Risk: Setting the scene. Riskbooks 
•Gems D (2014): What is an anti-aging treatment? Experimental Gerontology 58; 14-18  

Do actuaries believe in life extension? 

Edouard Debonneuil(*), Frédéric Planchet, Stéphane Loisel 

(*) edebonneuil@yahoo.fr 

 



Do actuaries believe in longevity deceleration? Longevity 11, ISFA 2015 16 

•de Grey ADNJ (2015): Ask Aubrey de Grey Anything! Reddit online exchange. 
https://www.reddit.com/r/Futurology/comments/3fri9a/ask_aubrey_de_grey_anything   
•de Grey ADNJ (2004): Escape Velocity: Why the Prospect of Extreme Human Life Extension Matters Now. PLoS Biol 2(6): 723-726 
•Guevara-Aguirre, J; Balasubramanian, P; Guevara-Aguirre, M; Wei, M; Madia, F; Cheng, CW; Hwang, D; Martin-Montalvo, A et al. (2011): "Growth 
Hormone Receptor Deficiency Is Associated with a Major Reduction in Pro-Aging Signaling, Cancer, and Diabetes in Humans". Science Translational 
Medicine 3 (70): 70ra13. doi:10.1126/scitranslmed.3001845. PMC 3357623. PMID 21325617. 
•Harrison DE, Strong R, Sharp ZD, Nelson JF, Astle CM, Flurkey K, Nadon NL, Wilkinson JE, Frenkel K, Carter CS, Pahor M, Javors MA, Fernandez E, 
Miller RA (2009): Rapamycin fed late in life extends lifespan in genetically heterogeneous mice. Nature 460(7253), 392-5. 
•Hayden EC (2015): Anti-ageing pill pushed as bona fide drug. Regulators asked to consider ageing as a treatable condition. Nature 522, 265-266 
•Human Mortality Database. University of California, Berkeley (USA), and Max Planck Institute for Demographic Research (Germany). Available at 
www.mortality.org (data downloaded on April 20th 2015). 
•Kaeberlein M (2015): The Biology of Aging: Citizen Scientists and Their Pets as a Bridge Between Research on Model Organisms and Human 
Subjects. Vet Pathol 
•Lee R and Carter L (1992): Modeling and Forecasting U.S. Mortality. Journal of the American Statistical Association.  87 
•Li N, Lee R, Gerland P (2013): Extending the Lee-carter method to model the rotation of age patterns of mortality decline for long-term projections. 
Demography. 50(6):2037-51. PMID: 23904392 
•Mannick JB, Del Giudice G, Lattanzi M, Valiante NM, Praestgaard J, Huang B, Lonetto MA, Maecker HT, Kovarik J, Carson S, Glass DJ, Klickstein LB 
(2014): mTOR inhibition improves immune function in the elderly. Sci Transl Med ; 6(268):268ra179. doi: 10.1126/scitranslmed.3009892. 
•Martin-Montalvo A, Mercken EM, Mitchell SJ, Palacios HH, Mote PL, Scheibye-Knudsen M, Gomes AP, Ward TM, Minor RK, Blouin MJ, Schwab M, 
Pollak M, Zhang Y, Yu Y, Becker KG, Bohr VA, Ingram DK, Sinclair DA, Wolf NS, Spindler SR, Bernier M, de Cabo R (2013): Metformin improves 
healthspan and lifespan in mice. Nat Commun 4, 2192. 
•Mitteldorf J (2015): Tomorrow’s Anti-Aging Therapy, Available Today (BioViva). Josh Mitteldorf’s Aging Blog. 
http://joshmitteldorf.scienceblog.com/2015/03/18/tomorrows-anti-aging-therapy-available-today/#Bioviva (review) 
•McGreevey M (2015): What is Longevity Investing ? Life Science Investing News 
•Oeppen J and Vaupel J (2002): Broken Limits to Life Expectancy. Science 296 
•Pai A (2014): Ten biggest digital health investments of 2014 so far. MobiHealthNews.com 
•Planchet F (2006): Tables de mortalité d’expérience pour les portefeuilles de rentiers (Tables TGH 05 et TGF 05). Note méthodologique de l’Institut 
des Actuaires. 
•Strong R, Miller RA, Astle CM, Floyd RA, Flurkey K, Hensley KL, Javors MA, Leeuwenburgh C, Nelson JF, Ongini E, Nadon NL, Warner HR, Harrison DE 
(2008): Nordihydroguaiaretic acid and aspirin increase lifespan of genetically heterogeneous male mice. Aging Cell. 7(5): 641–650. 
•Vallin J et Meslé F (2010): Espérance de vie: peut-on gagner trois mois par an indéfiniment ? Population & Sociétés  473 
•Vaupel JW (2010): Biodemography of human ageing. Nature 464, 536-542 
•World Health Organization (2015): World Health Statistics 2015 
•Ye L, Widlund AL, Sims CA, Lamming DW, Guan Y, Davis JG, Sabatini DM, Harrison DE, Vang O, Baur JA (2013): Rapamycin doses sufficient to extend 
lifespan do not compromise muscle mitochondrial content or endurance. Aging 5(7), 539-50. 
•Zhavoronkov A, Debonneuil E, Mirza N, Artyuhov I (2012): Evaluating the impact of recent advances in biomedical sciences and the possible 
mortality decreases on the future of health care and Social Security in the United States. Pensions; 17, 241-251  
•Zhavoronkov A (2013): The Ageless Generation : How Advances in Biomedicine Will Transform the Global Economy. Palgrave Macmillan Trade 
•Zhavoronkov A, Bhullar B (2015): Classifying Aging as a Disease in the context of ICD-11. bioRxiv 

https://www.reddit.com/r/Futurology/comments/3fri9a/ask_aubrey_de_grey_anything
http://www.mortality.org/
http://www.ncbi.nlm.nih.gov/pubmed/23904392
http://joshmitteldorf.scienceblog.com/2015/03/18/tomorrows-anti-aging-therapy-available-today/
http://joshmitteldorf.scienceblog.com/2015/03/18/tomorrows-anti-aging-therapy-available-today/
http://joshmitteldorf.scienceblog.com/2015/03/18/tomorrows-anti-aging-therapy-available-today/
http://joshmitteldorf.scienceblog.com/2015/03/18/tomorrows-anti-aging-therapy-available-today/
http://joshmitteldorf.scienceblog.com/2015/03/18/tomorrows-anti-aging-therapy-available-today/
http://joshmitteldorf.scienceblog.com/2015/03/18/tomorrows-anti-aging-therapy-available-today/
http://joshmitteldorf.scienceblog.com/2015/03/18/tomorrows-anti-aging-therapy-available-today/
http://joshmitteldorf.scienceblog.com/2015/03/18/tomorrows-anti-aging-therapy-available-today/
http://joshmitteldorf.scienceblog.com/2015/03/18/tomorrows-anti-aging-therapy-available-today/
http://joshmitteldorf.scienceblog.com/2015/03/18/tomorrows-anti-aging-therapy-available-today/
http://joshmitteldorf.scienceblog.com/2015/03/18/tomorrows-anti-aging-therapy-available-today/

