A radically simple way to monitor life expectancy
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Abstarct

Period Life Expectancy is the key summary measure of current mortality. Elimination of the
direct influence of population age structure allows to meaningfully compare mortality levels
and changes across the populations and over time. Calculation of life expectancy demands
high quality detailed data on death and population counts disaggregated by sex and age.

Such data is only available for the more developed countries. Moreover, even in the most
developed countries, it becomes available with a considerable time lag. And for the majority
of countries across the world timely and high quality deaths statistics is not available. In
situations of mortality shocks such as the COVID-19 pandemic near real time mortality level
comparisons are crucial.

Building on the studied regulatities of human mortality, we offer a method of reliable life
expectancy shortcasting based only on the time series of its previous values and the time
series of total deaths counts observed in the population, not disaggregated by sex and age.
The radical simplicity of the method allows to monitor changes in life expectancy in near real
time, if time disaggregated (daily, weekly, or monthly) total death counts are available.

This is very much work in progress. Here we report the first results with minimal comments.
Please excuse the cursory nature of this extended abstract, we want to signal exciting findings

The core idea is very simple, and so far we have produced results that strongly support the
robustness of the idea. The idea is:

We can estimate/predict life expectancy of the population knowing only (1) previous life
expectancy values for a certain period and (2) total deaths counts in the population, not
disaggregated by sex and age. Simple linear relationship between year-on-year changes in the
two allows us to estimate life expectancy given the total death counts. The primary use case
of the method is in monitoring life expectancy. The mortality shock such as the COVID-19
pandemic clearly demonstrated the necessity of such monitoring since period life expectancy
is the best indicator to compare the mortality shock across populations of vastly different age
structure.
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Exploration of the linear relationship between changes in life expectancy at birth and changes
in total death tolls — the 2020 values (black dots) are very much on the trend line. The 2020
values are based on the estimations by

Aburto JM, Schoéley J, Kashnitsky I, Zhang L, Rahal C, Missov T, Mills MC, Dowd JB,
Kashyap R. 2021. Quantifying impacts of the COVID-19 pandemic through life expectancy
losses. medRxiv: 2021.03.02.21252772 DOI: 10.1101/2021.03.02.21252772
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A similar plot for all population in Human Mortality Database, 20 last years.
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Yearly differences in life expectancy at birth: observed (black connected) and predicted (red)



AUS AUT BEL BGR CHL DEUTE

BLR CAN CHE
10
. TN N\/Afj =S~ W T A/.N’W V\'\\/

CZE
0.6 \,\\/f\
0.4

DEUTNP DEUTW DNK ESP EST FIN FRACNP FRATNP GBR_NIR GBR_NP
10 S P\/M/\ e ~_ Aa—T — -~
08 ,\\/"/\\\ \/\\/\r V\“’\/\/
0.6
0.4
GBR_SCO GBRCENW GBRTENW GRC HKG HRV HUN IRL IsL ISR
S 10
o TN TN — ,\’/\_\
208 M"\\/J\/
]
o6
8
£ 04
ITA JPN KOR LTU LUX LVA NLD NOR NZL_MA NZL_NM
1.0
w N —_—
0.8
" /\&/—\,
0.4
NZL_NP POL PRT RUS SVK SVN SWE TWN UKR USA
1.0
~ - I i e
0.8 /\/—’W \\/v\/"” v N
0.6
0.4
'90 2000 10 '90 2000 10 '90 2000 ‘10 '90 2000 ‘10 '90 2000 10  '90 2000 ‘10  '90 2000 10  '90 2000 '10  '90 2000 10  '90 2000 ‘10

year

Goodness of fit statistic, R squared, from the linear models based on 20 years of observed
differences in life expectancy and death tolls to predict next year life expectancy. Thin blue
line marks R?=0.9. For most of the populations, especially the large ones, the relationship is
very strong, see Spain, France, Great Britain, Japan, Russia



