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Figure: Mortality Rates, Sweden, 1900 (Panel A) and 2000 (Panel B)
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Introduction

Aim of this work

Populations are heterogeneous.

→ Each subpopulation obey the exponential law.

→ [Avraam et al., 2014] showed that the mortality of the entire
population can be modeled as a mixture of weighted
exponential terms.

→ Can we explain old-age mortality within that framework?

→ Can we explain the homogenisation of the population through
natural selection?
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Model

Gompertz and an extension

Gompertz law of mortality [Gompertz, 1825]:

mx = m0e
βx

An extension of [Avraam et al., 2013]

mx =
n∑

j=1

ρjxmjx =
n∑

j=1

ρjxmj0e
βjx
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Figure: Heterogeneous model, Sweden, 1900 (Panel A) and 2000 (Panel
B)
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Figure: Evolution of the parameters of a
four-subpopulation model, Sweden

→ homogenisation
of the population

9 / 21



On the heterogeneity of human population as reflected by the mortality dynamics

Results

Old age mortality

Mortality at extreme old ages - Different theories, no
common agreement
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Figure: Theoretical trajectories (solid curves) of old-age (80-110)
mortality dynamics of an heterogeneous population composed by two
subpopulations
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Mortality at extreme old ages - Different models

Figure: Models fitted to the Swedish average 1970-2010 death rates for
ages 80+
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Old age mortality

Mortality at extreme old ages - Different models cont’d

Figure: Models fitted to the Swedish average 1970-2010 death rates for
ages 80+
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Old age mortality

Mortality at extreme old ages - Fitted heterogeneous model
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Figure: Model of heterogeneous population fitted to average 1970-2010
death rates for ages 80+ in Sweden (A), Norway (B) and Japan (C)
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Mortality at extreme old ages - Different theories, no
common agreement
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Figure: Theoretical trajectories (solid curves) of old-age (80-110)
mortality dynamics of an heterogeneous population composed by two
subpopulations
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Natural selection

Natural selection - General idea

Individuals with certain heritable traits have the ability to survive
and reproduce offspring more often than individuals deficient of
those traits.

→ The proportion of individuals carrying genotypes that express
these traits is gradually increasing over time;

→ The more likely is an individual to survive and live long
enough to mate and reproduce, the higher his ability to pass
his genes to the next generation → Average number of
children with a specific genotype used as indicator.

→ Base of our model framework
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Figure: Heterogeneous model, Sweden, 1900 (Panel A) and 2000 (Panel
B)
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Natural selection

Natural selection - Assumptions

→ Alleles A and B: 2 distinct traits related to mortality
dynamics;

→ Allele A is dominant → AB and AA follow the same mortality
dynamics;

→ Third subpopulation: individuals carrying genotypes AA and
AB;

→ Forth subpopulation: individuals carrying genotype BB;

→ Reproductive behaviour does not depend on genotype;

→ Reproductive ages: 20-40;

→ Fertility does not depend on age.
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Natural selection

Natural selection - Results

Figure: Population homogenisation
and natural selection
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Conclusion

Concluding remarks

We consider a model of heterogeneous population composed of
several subpopulations having different mortality dynamics.

→ Each subpopulation follows the Gompertz law of mortality.

Two main findings:

→ The model can explain controversial observations in late-life
mortality;

→ By assuming that the population heterogeneity reflects genetic
variation between subpopulations, we showed that natural
selection can explain the homogenisation of the Swedish
population within one century.
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Thank you for your attention!

Severine.Arnold@unil.ch
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