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Background

• Maximum length of a human lifespan is an age-old 
question
– Psalm 90 (<500BC; 80 maximum)
– Censorinus (248; 100 or 110)

• In the modern era, some debate about whether the 
human lifespan has reached a limit
– Olshansky (2016); Dong et al (2016); Kirkwood and 

Austad (2000) assert we have reached a maximum 
– Oeppen and Vaupel (2002); Vaupel (2010) and Rootzen 

and Zholud (2017); Zuo et al (2018) assert the opposite



What we do
• Most prior studies use period data (it’s easier)
• We use a method of analyzing cohort data that we have 

developed to estimate the extent to which recent and 
historical mortality improvements at older ages are due to 
postponement or compression

• We find that: 
– historically, mortality improvements at older ages were 

primarily the result of compression, although there have been 
prior episodes of postponement, BUT

– cohorts of current elderly appear to be enjoying a historically 
unprecedented episode of postponement

• We use our results to show why old-age mortality records 
have been so slow to increase

• If current patterns continue, records will rise by large 
margins in the coming decades



Prior publications



This paper

• Substantial media coverage
• Simpler than the others (no allowance for 

changing smoking habits, and no 
curvature, so pure Gompertz)



Basic method
• Fit a mortality model to all extinct cohorts individually 

(can use a variety of models, but Gompertz fits very well 
in recent cohorts) to summarize the mortality experience 
of each cohort using a small number of parameters

• Use these results to obtain a (set of) Bayesian prior(s) 
for how these parameters change over adjacent cohorts

• Combine the prior(s) with the data from all cohorts 
(extinct and surviving) to obtain a joint posterior estimate 
of the entire set of parameters of all cohorts

• Use MCMC methods to obtain the statistical distribution 
of this joint posterior estimate

• Interpret and analyse results



Gompertz law

• Cohort parameters determined at age 50 and set base 
mortality; period effects cause mortality to fluctuate 
around that level 

• But Gompertz fits recently extinct cohorts extremely well



Gompertz law fits extinct cohorts really well
• Distribution of root mean-square error by year of birth 



Gompertz parameters: Sweden
• General drift of parameters upwards and to the left

– Consistent with compression?
– But how much?



Compression vs postponement
• Posit existence of Gompertzian maximum age at which 

mortality hazard first hits 2/3 (Barbi et al, 2018; Alvarez 
et al, 2021)

• Changes in slope needed to preserve GMA we ascribe 
to compression; changes in GMA to postponement

• Split changes in remaining life expectancy at 50 across 
cohorts into that due to compression and postponement



Changes in remaining life expectancy at 50 
due to compression and postponement: 
Sweden
• Before 1860: largely compression; 1860-1900: some 

postponement; 1910-1940: large postponement
• Pattern broadly replicated in other countries



Postponement narrowly concentrated in 
two episodes; compression broader



Age at death of longest-lived person in each 
birth cohort
• Our methodology allows us to estimate the distribution of 

maximum age at death (Gumbel) and the GMA in each 
birth cohort; we compare these with databases of super-
centenarians maintained by the GRG and the ILD (really 
a test of GMA assumption)

• GMA is constant over long periods but not over all of our 
data



All countries
• Model fits most 

countries extremely 
well: 2/3 assumption 
looks accurate!

• Longevity records 
haven’t increased 
because cohorts 
reaching advanced 
ages did not 
experience 
postponement

• Postponement 
seems to be a 
cohort-based 
phenomenon



Overall
• Bayesian methodology allows estimates to be obtained for 

incomplete cohorts
– Requires strong assumptions about cohort mortality 

parameters and period shocks
– Requires a prior to be chosen

• But produces a posterior estimate with confidence intervals 
• Results show that:

– GMA constant over long periods, but there have been prior 
episodes of postponement

– Observed patterns of mortality postponement in recent 
cohorts are extremely unlikely to have arisen by statistical 
error; pattern is similar in males and females and across 
countries

• Explain why mortality records have been slow to fall 
despite postponement



Implications
• Biological – our historical analysis suggests that 

assuming that patterns of old-age mortality are set at 
younger ages (before age 50) works well.  Is there a 
biologival basis for this?

• Financial – while the chance that any one individual will 
live to these extreme ages is low, our results confirm 
prior work suggesting that individuals currently at 
retirement age should lengthen their planning horizons

• Economic – proportion of elderly in populations may rise 
beyond current projections

• Social – if true, our conclusions indicates that younger 
cohorts in some countries (e.g. the US) may have lower 
life expectancy when they reach extreme ages


