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Female Longevity Puzzle Motivation

Motivation

Signi�cant increases in life expectancy has been observed for the
developed countries.

However, this decline in mortality rates is not a general pattern.

Periods with gender-speci�c divergence between countries have
emerged.

In the Scandinavian countries in the time period 1980-1995 we have
observed

A decrease in the mortality rates for Norwegian and Swedish females.
A stable or in some cases increasing mortality rate for Danish females.

A similar mortality divergence between countries has not been
observed for Scandinavian males.
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Female Longevity Puzzle Motivation

Motivation

Di¤erent mortality patterns across countries and gender.

Danish women experienced no improvements in longevity from
1980-1995.

Kallestrup-Lamb & Rosenskjold (2016) () Female Longevity Puzzle 09/16 3 / 39



Female Longevity Puzzle Motivation

Motivation

This phenomena is not unique to the Scandinavian countries.

Meslé and Vallin (2006) showed that the USA and the Netherlands
exhibit a similar slowdown in life expectancy like the Danish case.
Other countries like France and Japan continue to display a stable
positive growth in life expectancy.

This is an interesting puzzle:

Why do women in some developed countries experience increased
longevity whereas others a decreased longevity?
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Female Longevity Puzzle Motivation

Motivation

Further research is needed in terms of identifying which underlying
factors are driving di¤erences in longevity trends.

Currently, most research is based on aggregated mortality data for
total populations, broken down by age and gender.

However, as Coughlan et al. (2007) point out, population
characteristics relevant to mortality also include marital status, social
class, health, employment, postcode, etc.

This paper aims to identify which speci�c socio-economic groups have
been driving the slowdown in longevity.

Moreover, we investigate the forecasting implications of disaggregating
data into subgroups.
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Female Longevity Puzzle Motivation

Motivation

Use a very unique and extensive multi-population register data
provided by Statistic Denmark and Statistic Norway.

Construct an a­ uence measure based on the individual�s �nancial
status.

Use income and wealth, see Cairns et al. (2016).
Obtain a very �ne and clear partitioning between 10 subgroups in terms
of life expectancy.

Adherence to a particular socio-economic subgroup is closely related
to exposures a¤ecting mortality patterns.

Smoking, drinking, access to health care, visits to the doctor, living
conditions, work environment, job type, labour force participation, etc.

Main result: It is not the least a­ uence groups driving the slow-down.
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Female Longevity Puzzle Literature

Literature

Previous research have investigated the observed slow-down in life
expectancy for Danish women.

Jacobsen et al. (2002, 2006) and Jacobsen et al. (2004) found that
the lower mortality for Danish women is due to a higher mortality for
women born between the �rst two world wars.

Cohort e¤ects not present to a similar extent for Sweden and Norway.
They indicate that lower life expectancy for Danish women could be
due to smoking habits.

Danish women in these cohorts started smoking earlier compared to
Norwegian and Swedish women.

Kallestrup-Lamb & Rosenskjold (2016) () Female Longevity Puzzle 09/16 7 / 39



Female Longevity Puzzle Literature

Literature - Education

Education as a predictor.

The relationship between social groups and life expectancy by using
educational attainment as a measurement for social status has
received growing attention.

Kitagawa and Hauser (1973), Meara et al. (2008), Rostron et al.
(2010), Olshansky et al. (2012), Brønnum-Hansen and Baadsgaard
(2012), Bound et al. (2014).

They �nd large disparities in life expectancy by level of education.

Some authors even �nd increasing inequality in terms of life
expectancy.
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Female Longevity Puzzle Literature

Literature

The use of educational groups has recently been criticised.

Missing values in particular for the oldest old.

Also in a time perspective.

Increasing selectivity of individuals with low education: Low education
used to be common and now it is rare.

Thus by construction the percentage in each group vary from one
cohort to the next.

No consensus regarding the size of the gap in life expectancy.
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Female Longevity Puzzle Literature

Literature - Two Interesting Findings

Two interesting results presented in the literature.

1. Behrman et al. (2011) challenged the notion that higher educational
attainment causes people to have lower levels of mortality.

Unique data set that included pairs of twins, both identical and
fraternal, as well as unrelated adults.

Among identical twin pairs with di¤erent education levels:

Only weak evidence of a relationship between educational attainment
and adult mortality.
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Female Longevity Puzzle Literature

Literature - Two Interesting Findings

2. Brønnum-Hansen and Juel (2004) investigate the impact of smoking
on the social gradient in health expectancy for four educational
groups.

Find that smoking cannot explain the observed di¤erences in health
expectancy between education groups.

This has motivated us to look for a new socio-economic measure to
determine di¤erences in life expectancy.
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Female Longevity Puzzle The Data

Data

Very unique and extensive multi-population register data.

Register data for both the Danish and the Norwegian population for
the time periods 1980-2012 and 1980-2008 respectively.

Track each individual in the population through their Central Person
Register number.

Focus is on advanced ages from 50 to 95 years as both child mortality
and adult mortality under the age of 50 have fallen dramatically.

Further improvements in life expectancy rely almost completely on
mortality decline at old ages.
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Female Longevity Puzzle The Data

Data

Individual speci�c data contains information on yearly income, wealth,
age, gender, year and cause of death, municipality, highest obtained
education level, and marital status etc.

Individual�s medical history and type of drugs they were using on a
daily basis.

Also identify the same information for an individual�s spouse or
partner.

Enabling us to allocate income and wealth between couples and within
households.
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Female Longevity Puzzle The Data

Data

The analysis is based on gender speci�c central death rates calculated
as

m(t, x) =
d(t, x)
E (t, x)

(1)

where d(x , t) is the death count and E (x , t) is exposure-to-risk, x is
age, and t is the time (year).

Exposure-to-risk is de�ned as

E (t, x) = P(t, x)� d(t, x)/2

where P(t, x) is the population aged x on the 1/1 in year t, see
Cairns et al. (2016).
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Female Longevity Puzzle Indexation to Subgroups

Indexation into subgroups

The key covariates income and wealth are used to create the
A­ uence measure see Cairns et al. (2016):

Ait = Wealtht�1 + 15 � Incomet�1

We use the lagged values to circumvent the missing variable problem in
the year of death.

Next we rank the individuals based on this a­ uence measure.

Allocate the 10% least a­ uent to group 1, and so on up to group 10
which contain the 10% most a­ uent.

Thus we obtain ten groups of equal size at each year and age.

Fix the group at age 67 (retirement age).
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Female Longevity Puzzle Indexation to Subgroups

Indexation into subgroups - Why the linear combination?

High wealth or high income ) low mortality.

Low wealth or low income 6) high mortality.

However

Low wealth and income ) high mortality.

Especially for the pension aged individuals.

Living o¤ of either income or wealth.
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Female Longevity Puzzle Indexation to Subgroups

Indexation into subgroups - Why 15?

Why the use of 15 in the a­ uence measure:

Ait = Wealtht�1 + 15 � Incomet�1

15 times income represented the approximate value of an individual�s
future retirement income.

The combination gives an estimate of the individuals "total" wealth.

Equal weighting, as wealth tends to have larger values than income.

Relatively robust to other choices of alpha.
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Female Longevity Puzzle Model

The Benchmark Model

The Lee-Carter Model (1992) is used as the benchmark model.

lnmx ,t = αx + βxκt + εx ,t

αx general death rates for di¤erent ages.

κt index variable capturing an overall trend.

βx relative speed for improvements at di¤erent ages wrt. κt .
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Female Longevity Puzzle Model

The Li-Lee Coherent Model

The Li-Lee Model (2005) is a multi-population model

lnmix ,t = αix + βixκit + BxKt + εix ,t

Bx is the LC estimate of βx for the overall population.

Kt is the LC estimate of κt for the overall population.

αix general death rates for di¤erent ages (Identical to LC).

κit index variable capturing an overall trend.

βix relative speed of improvements at di¤erent ages wrt. κt .
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Female Longevity Puzzle Results

Results - Socio-Economic Status

Investigate the development in life expectancy for Denmark and
Norway.

Speci�cally interested in �extracting�information about the diverging
and converging periods in life expectancy for women.

Can the a­ uence measure based on income and wealth provide
insight into which groups are driving the slow-down?
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Female Longevity Puzzle Results

Results - Socio-Economic Status

Life expectancy for the a­ uence groups 1-10 at age 51, for Danish
and Norwegian men and women for the period 1985-2008/2012.
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Female Longevity Puzzle Results

Results - Socio-Economic Status

Life expectancy is found to be regularly increasing across time in both
countries from the lowest to the highest a­ uence group.

Resembling the behaviour of the total populations.

A gap of eight years for males and six years for females between the
least and most a­ uence group.

No indication that the Danish gap between socio-economic groups is
closing.
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Female Longevity Puzzle Results

Results - Ranking Persists

The clear ranking of life expectancies across subgroups also persist
across ages. Here we plot LE at age 70.

Di¤erences in life expectancy between the subgroups decreases as we
assess older individuals.
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Female Longevity Puzzle Results

Results - Socio-Economic Status

Late-life mortality convergence across age observed for the 10 groups.

The individuals degree of a­ uence becomes less important with age.

A¢ liation to a particular socio-economic groups has almost no impact
for the very old.
Similar pattern across gender and country (see results in the paper).
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Female Longevity Puzzle Results

Results - Socio-Economic Status

Yearly improvements in life expectancy for women from 1985-1995
(left) and 1995-2012 (right) for the ages 51 to 95.
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Female Longevity Puzzle Results

Results - Socio-Economic Status

The decline in mortality for Danish women is present for all subgroups.

Particular large decreases for the middle income groups 3-5.
These groups have been driving the stagnation in life expectancy for
Danish women.

Subgroups for Norwegian women all exhibit positive improvements
over the period.

Interestingly, the two groups with lowest a­ uence measure for Danish
women actually see large improvements in life expectancy.

This corresponds well with the �ndings in Brønnum-Hansen and Juel
(2004).

The decline in longevity for Danish women cannot solely be explained
by higher smoking prevalence for the lower socio-economic groups.

Kallestrup-Lamb & Rosenskjold (2016) () Female Longevity Puzzle 09/16 26 / 39



Female Longevity Puzzle Results

Results - Goodness Of Fit

To examine the in-sample goodness of �t of the models in the period
1985-2012, we calculate coe¢ cients of determination,

R2 = 1� SSR
SST

for the three di¤erent models.

A measure of how much of the variability in the data that is explained
by the models.

Include the common factor model for comparison purpose.

Is it worthwhile to include sub-group speci�c parameters as in the
Li-Lee model.
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Female Longevity Puzzle Results

Results - Goodness Of Fit
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Female Longevity Puzzle Results

Results - Goodness Of Fit

Lower model �t when using the a­ uence groups compared to the
overall population.

Natural consequence of more variability in the data due to using only
10% of the original sample size in each subgroup.

A tendency towards higher R2 values for higher a­ uence groups.

For both men and women we see a clear ranking of the three models
with the Li-Lee model showing the best performance.

Interestingly, despite the reduction in sample size, the Li-Lee model
performs almost as good as the total population.

A rationale for using the more homogeneous populations and exploiting
the speci�c trends within them.
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Female Longevity Puzzle Forecasting

Forecasting - Why is it Important?

Vital to understand future trends - can we expect a catch-up e¤ect
for Danish women?

Governments

Pressure on government expenses through commitments to

Early and old age pension - indexing pension bene�ts to life expectancy.
Healthcare.
Caretaking in retirement homes.
Demographic changes on economic growth.

Pension Funds

Unable to meet their �nancial commitments.

Guaranteed individuals a lifelong income stream independently of how
long they live.
Challenged in terms of pricing, managing and hedging longevity risk.
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Female Longevity Puzzle Forecasting

Results - Forecasting

Constructed 35-year ahead forecasts with both the Lee-Carter and
Li-Lee model.
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Female Longevity Puzzle Forecasting

Results - Forecasting

Cross-over between the most and second most a­ uent groups for
women in Denmark (Norway as well).

Natural implication of extending the in-sample patterns where the 9th
a­ uence group have experienced larger improvements over the period.

Most pronounced is the cross overs from the lowest to the middle
a­ uence groups.

Problematic as we have no economic, political, or intuitive explanation
as to why the lowest socio-economic groups suddenly should start living
longer compared to more a­ uence groups.
Expect catch-up e¤ects or convergence in life expectancy across time,
but not a cross over.
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Female Longevity Puzzle Forecasting

Results - Forecasting

Cross-over Issue is eliminated with LL model.

Clearer ranking obtained.
It account for the general population trend in the group-speci�c
forecasts.

However, we also observe a slight convergence in life expectancy
between groups across time.

No reasonable explanation for this given the past 30 years observations.
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Female Longevity Puzzle Forecasting

Results - Forecasts Performance

We now turn our attention to evaluation of the forecast performance.

Fit the models for the period 1985-2000 and then perform pseudo
out-of-sample forecasts from 2001-2012.

For each a­ uence group, we compare the forecasts with the realized
values in the forecasting period by computing mean squared forecast
errors (MSFE) of the life expectancy.
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Female Longevity Puzzle Forecasting

Results - Forecasts Performance

Let us �rst take a look at the forecasted life expectancy for the total
population together with the realization for all a­ uence groups.
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Female Longevity Puzzle Forecasting

Results - Forecasts Performance

It is clear, that for both men and women, the total population is far
from a good predictor of life expectancy for the majority of the
a­ uence groups.

Only a couple of the groups stay within the 95% con�dence band of
the forecast.
Catch-up e¤ect for Danish females as only the group 3 stay within the
95% con�dence band in 2012.
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Female Longevity Puzzle Forecasting

Results - Forecasts Performance

Signi�cant lower MSFE for each of the a­ uence groups compared
with the realization of the total population (very high values of the
MSFE (black line)).

Again, a clear indication of a catch-up e¤ect for Danish women as the
lesser a­ uent groups have much low values of the MSFE for the total
population.

Kallestrup-Lamb & Rosenskjold (2016) () Female Longevity Puzzle 09/16 37 / 39



Female Longevity Puzzle Forecasting

Conclusion

The ability to account for population characteristics through the
a­ uence measure provide useful insight.

We �nd signi�cant di¤erences in life expectancy between
socio-economic groups for both countries and genders.

The groups 3-5 have been driving the stagnation in life expectancy for
Danish women.

Catch up e¤ect has occurred.

The Li-Lee model produces more realistic forecasts than the LC model
in the sense that they do not cross.

However, an undesirable convergence between the socio-economic
groups is observed.
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Female Longevity Puzzle Forecasting

Future Research

Kallestrup-Lamb (2012) showed that it is single individuals that are
driving the slowdown in female life expectancies.

Investigate further whether singles are overrepresented in the lower to
middle a­ uence groups.

Started investigating cause-of-death for the 10 a­ uent groups.

Visualize why education might be a poorly choice for adherence to a
speci�c socio-economic group.

Consider index-based hedges on the total population and evaluate
whether hypothetical pension plans, determined by a given a­ uence
group, could achieve a satisfactory degree of hedge e¤ectiveness.
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