
Chapter 1
Introduction

Tommy Bengtsson, Nico Keilman, Juha M. Alho, Kaare Christensen,
Edward Palmer, and James W. Vaupel

1.1 The Need for Accurate Mortality Forecasts Is Greater
Than Ever Before

Globally, the twenty-first century will witness rapid population ageing. Already in
2050, one out of five persons in the world, and one out of three in Europe, is
expected to be 60 or over (UN 2015). Moreover, we have entered into a new stage
of population ageing in terms of its causes, which have altered its consequences. In
the first stage, lasting until the middle of the twentieth century in developed
countries, population ageing was entirely due to the decline in fertility, with Sweden
being commonly used as an example (Coale 1957; Bengtsson and Scott 2010; Lee
and Zhou 2017). During this stage, the increase in life expectancy was primarily
driven by declines in infant and child mortality. It worked in the opposite direction to
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the fertility decline, making the population younger since it added more years before,
than after retirement (Coale 1957; Lee 1994). In the second stage of population
ageing, which is the current situation, population ageing is primarily driven by the
increase in life expectancy, which is now due to declining old-age mortality. As a
result, more years are added after retirement than in working ages (Lee 1994). Could
immigration or an upswing in fertility stop population ageing? The short answer is
most likely not. The effect of migration on population aging is generally regarded as
minor (Murphy 2017), and since population ageing is a global phenomenon, it will
be of no general help anyway. A rapid increase in fertility is improbable and, in any
case, an increase would take some 25 years before adding to the labor force. Instead,
attention has been focused on how to adapt our social systems to the increasing
number of elderly per worker – more so since the increase in the elderly-per-worker
ratio came in parallel with a rise in per capita costs for the institutional care, home
care, and general health care for the elderly.

The increase in per capita costs for the elderly is most clearly visible in the United
States and Japan, but also in a selection of European countries, among them Sweden
(Lee and Mason 2011; Qi 2016). Attempts to adapt social care, health care, and
pension systems to this new reality, among other things by increasing the minimum
pension age and even indexing them to life expectancy, are not sufficient. Accurate
life expectancy projections for planning the supply of health care and other services
to the elderly forms of care become then crucial. This said, the public pension system
is still a main driver of costs in a large number of countries, which is why we need to
learn how to design national pension systems that adapt to the ageing process.
Specifically, the re-design of public pension systems has increasingly been directed
to creating public life-cycle savings-transfer schemes that are financially sustainable.

An example of a financially stable pension scheme that by design is demograph-
ically robust is the Non-financial Defined Contribution (NDC) public pension
scheme, introduced in a number of European countries since the mid-1990s (Latvia,
Italy, Poland, Norway, and Sweden). What’s more, the demographic stability fea-
tures of such NDC systems are being emulated by other countries, where Germany is
a prime example. This is not the end of the story, however. In fact, it is more where
the story of this publication begins. What has happened is that life expectancy these
days is an important parameter in calculating newly granted pensions, not only in
public NDC schemes, but also increasingly in occupational and or employer-based
financially defined contribution schemes. Indeed, more and more countries are
converting from defined benefit to defined contribution schemes (e.g. Australia,
Denmark, the Netherlands, Sweden, the United Kingdom and the United States).

What all systems for public and private pension, health care, and elderly care have
in common is that accurate life expectancy and mortality projections are important
for both planning and managing expenditures. This is why the topic of the endeavor
presented in this publication is how to project future mortality accurately. Ideally,
projected values should be very close to outcomes observed later. The problems
arises when there is a systematic tendency to over- or underestimate the remaining
number of years a group of persons of a certain age may be expected to be alive.
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In practice, during recent decades, demographers, actuaries, economists, and
other social scientists have done just this. They have systematically underestimated
improvements in future life expectancy for people 60 and older. This means that
current pension schemes are under-financed. Similarly, to calculate future costs for
social and health care systems, accurate mortality forecasts are equally important.

The demographic models used in projecting mortality are usually based on
statistical modelling of historical data. The question is, is it possible to bring the
results of mortality modelling closer to the ideal, and if so, what do demographers
need to do to achieve this result? This reasoning provided the motivation for forming
the Stockholm Committee on Mortality Forecasting in 2000, and the question is still
a high priority, which is an important message of this publication. Here, we attempt
to identify what we have learned since this collaboration began, and discuss what
remains to be done. Doing so, we go beyond the five themes addressed in our
previous publications. We discuss whether information on socioeconomic status can
be used to improve mortality forecasting – in particular the fact that persons with low
socio-economic status (income, education, occupation) tend to be worse off in terms
of life expectancy than those with higher status.

1.2 Determinants and Dynamics of Life Expectancy –

Pensions Are Upping the Ante for the Challenge Facing
the Art of Projecting Mortality

In 2003, the first chapter of the first volume of the Stockholm Committee on
Mortality Forecasting was titled “Life Expectancy Is Taking Center Place in Modern
National Pension Schemes – A New Challenge for the Art of Projecting Mortality”
(see Chap. 2 in the current volume). Now, 15 years later, we are beginning to get a
clear perspective of the challenge of life expectancy dynamics, and its repercussions
for public policy in general and for pensions in particular. Since 2003, we have
become much more aware of the importance of understanding both the determinants
and dynamics of life expectancy. Below we will argue that accurate projections of
life expectancy are more necessary than before. Pension scheme design is nowadays
increasingly proactive rather than reactive. Life expectancy now has the leading role
in the design of pension schemes – in setting the minimum age at which benefits can
be claimed and how they are calculated.

As we moved into the twenty-first century, the “philosophy” for projecting life
expectancy employed by many official statistical agencies, embraced a general belief
that improvements in mortality could not continue into the twenty-first century at the
same rate as they did in the preceding half century. This belief is exemplified in the
approach adopted in the three country-practice contributions in the first volume of
Perspectives on Mortality Forecasting – Finland (Chap. 3 by Alho), Norway
(Chap. 4 by Brunborg), and Sweden (Chap. 5 by Lundström).
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In projecting life expectancy in the 1990s, Statistics Finland adjusted future
age-specific mortality rates so that the implied increase in life expectancy gradually
slowed down until the line reached a certain target value. Norway employed a
similar procedure, i.e. a trend extrapolation of past rate(s) of change in mortality
with a gradual decrease in the rate of change towards an “end target”. In Sweden, the
extrapolation included a downward adjustment of the historical rate of change, for
the period 2000–2050 as time passed, first by 25 percent and then by 50 percent.

For many, the eye-opening event of the time was Oeppen and Vaupel’s article
“Broken Limits to Life Expectancy”, published in Science. In this article, they
concluded that there is no evidence that the upward linear trend in best-performance
life expectancy is coming to an end:

Continuing belief in imminent limits (to improvements in mortality) is distorting public and
private decision-making.[. . .] If life expectancy were close to a maximum, then the increase
in the record expectation of life should be slowing. It is not. For 160 years, best-performance
life expectancy has steadily increased by a quarter of a year per year, an extraordinary
constancy of human achievement (Oeppen and Vaupel 2002).

In Chap. 13 of the present volume, Oeppen and Vaupel write: “If the trend of the past
160 years continues for the next half century, (best performance) life expectancy in
2050 will reach a record of 97.5.” At the time, the message of these two papers
conflicted with the cautious note “Overly optimistic forecasts of life expectancy have
already influenced important areas of public policy” (Olshansky et al. 2001).

Waldron (2005), commissioned by the USA Office of the Government Actuary,
examined the life expectancy projections underlying the US’s official projections for
Social Security, and even projection models employed in several European countries.
She concluded that, regardless of the choice of procedure, including use of the “state of
the art” Lee-Carter model, ex-post evaluations show that the models systematically
underestimate expected lifespans, frequently owing to the widespread use of “expert
opinion”. Keilman and Pham (2004) evaluated official mortality projections in 14
European countries, published after World War II, against actual outcomes. They
showed slow increases in projected life expectancies. On average, the under-prediction
of life expectancy amounted to 1.0–1.3 years of life for projections 10 years ahead, and
3.2–3.4 years of life 20 years ahead (see Chap. 9 by Keilman).

Mortality rates of the older population have declined faster and faster since at least
the 1960s. At a joint World Bank – Swedish conference held in Stockholm in
December 2009 on NDC pension schemes, a paper examined patterns of mortality
decline in the Scandinavian countries – Denmark, Finland, Norway and Sweden, and
four other countries – Japan, Portugal, the United Kingdom and the United States
(Alho et al. 2013). At that time, Japan (# 3) and Sweden (# 10) were in the top
10 group of performers and Portugal (# 51) and the US (# 47) at the bounds of the top
quartile, with the remaining countries in-between these four. The examination covered
birth cohorts in these eight countries beginning earliest in 1908 and ending in 2007.

The clearest pictures are those for Japan and Sweden. In war-free Sweden, age
groups 65–74 and 75–84 show an unmistakable acceleration in the rate of decline in
mortality around 1945–1950, when death rates started to decline faster than before
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1945. This new trend is still visible in 2014. The same process is observable for Japan,
but it is much stronger and shorter in duration. It begins in the mid-1950s and
continues up to 1990, but even as it decreases in strength, the rate of acceleration in
these age groups is still on a par with all the other countries but the US. The latter
country goes between phases of accelerating and decelerating increases in the rate of
change in mortality. Most noteworthy is that in Japan, from around 1990, acceleration
in the decline in mortality also came to the age group 85–99 and is still going on.

The success of procedures or lack of it, for projecting life expectancy is reflected
directly in the fairness and financial sustainability of national pension schemes. To
begin with, more and more life expectancy is entering directly into determination of
individual benefits in national pension schemes. This means that non-biased cohort
life expectancy projections over a succession of birth cohorts are essential for
fulfilling the social criterion of fairness of individual outcomes within and between
generations, and the fiscal criterion of maintaining financial balance. Both require
that the procedure employed to project life expectancy does not lead to systemati-
cally biased estimates of life expectancy – i.e. systematic under or overestimation of
the life expectancy of the pension insurance pool’s birth cohorts. The other side of
the same coin is that systematic underestimation of life expectancy creates financial
deficits that have to be financed by younger generations, which goes against the
notion of intergenerational fairness.

The challenge is to design statistical models that capture the dynamics of the rate
of decline in mortality. It has been demonstrated that, with data for 2400 individual
birth cohorts for the period 1907–2014 for eight countries,1 both classical period
models and the Lee-Carter model systematically underestimate life expectancy, and
that the scale of the errors is increasing (Palmer et al. 2018). As an alternative, a new
model for projecting cohort life expectancy from the changing relationship between
period and cohort mortalities has been used (Palmer et al. 2018). Applying the new
model to the entire sample, the most important finding is that it delivers systemat-
ically unbiased projections for the individual cohort observations for the eight
countries separately, and in the aggregate. Other promising alternative models are
also being developed that are not systematically biased and that have improved
accuracy (Bergeron-Boucher et al. 2017; Pascariu et al. 2018).

1.3 Cause of Death Forecasts

Is it useful to include causes of death (CoD) in mortality forecasting models? Willett
(Chap. 20) lists some of the problems. First, interactions between different causes are
difficult to model. Second, CoD reporting is unreliable at older ages where most
deaths occur. Third, there is the danger of misclassification of deaths by cause (e.g.,

1Denmark, France, Italy, the Netherlands, Norway, Sweden, the United Kingdom and the United
States.

1 Introduction 5

https://doi.org/10.1007/978-3-030-05075-7_20


primary or secondary cause) particularly for the very oldest. Fourth, there are
important major causes that change over time with medical advances. Finally,
cause classification methods change over time and may distort observed trends
(Tuljapurkar and Boe 1998; Booth 2006). Wilmoth (2005) showed that when trends
are extrapolated linearly, cause-specific mortality forecasts result in lower future
values for life expectancy than do all-cause forecasts, because the CoD that declines
most slowly is the one that dominates in the end. Caselli, Vallin, and Marsili
(Chap. 18) illustrate this point empirically for England and Wales. Alho (1991)
found that using CoD did not improve the accuracy of his mortality forecasts for the
US. A major review of mortality forecasting methods for the UK population
concluded that such forecasts should not be carried out by cause of death (GAD
2001). However, cause-elimination projections may be useful as reference scenarios;
see Rosén (Chap. 19) for an application to Swedish data.

Some causes of death are related to life style factors, such as smoking, obesity,
exercise etc. Examples are lung cancer, cardiovascular diseases, and problems with
the respiratory system. Chetty et al. (2016) analyzed the correlates in local variation
in life expectancy in the United States. They showed that life expectancy was
negatively correlated with rates of smoking and obesity and positively correlated
with exercise rates among individuals in the bottom income quartile. Janssen, De
Beer, and their colleagues have done innovative work and developed mortality
projection models that explicitly account for smoking-related mortality (Janssen
et al. 2013; Stoeldraijer et al. 2013; Janssen and de Beer 2016). They separated
smoking-related mortality from non-smoking-related mortality, estimated age- and
sex-specific mortality rates for both types of mortality, parameterized the age
schedules, and extrapolated the parameters of these schedules. The model contains
separate parameters for the delay of mortality and for the compression of the age at
death distribution; hence the name CoDE-model. To include smoking-related mor-
tality of men and women may potentially result in more accurate mortality pro-
jections, because the onset and the level of the smoking epidemics (and subsequent
fall in prevalence) differ between the sexes. Smoking behavior explains a large part
of the divergence in life expectancies between the sexes after World War II, and their
convergence in recent decades.2

1.4 Period and Cohort Perspectives

Virtually all life expectancies discussed in this volume are computed from period life
tables. A period life expectancy may be interpreted as the expected life length of a
newborn child if all age-specific period mortality rates would remain constant over

2See, for instance, Lindahl-Jacobsen et al. (2016) for the case of Denmark, and Janssen and Van
Poppel (2015) for The Netherlands. See also Sect. 1.5 on joint forecasting of mortality in similar
populations in this Chapter.
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time. It relates to the behavior of many different birth cohorts during just one
calendar year. However, this is a hypothetical situation, and real people do not live
in this way. They are members of only one birth cohort, and they live their lives
during many years.

Survival in real birth cohorts is different from survival in the hypothetical
situation of constant period mortality rates, for various reasons (Borgan and Keilman
2016). First, in times of falling mortality, the life expectancy of a certain birth cohort
is comparable to that based on age-specific mortality rates for a particular year many
decades later. This is what demographers call a “tempo effect”. Second, there are
cohort effects. Mortality decreased regularly for subsequent cohorts, but some
cohorts may display a typical pattern. An example is the case of Denmark, discussed
earlier, where women born in the interwar period adopted unhealthy life styles.

Because of their high mortality, Danish female period life expectancy stagnated
in the 1970s and 1980s (Lindahl-Jacobsen et al. 2016). Then, Danish female period
life expectancy started to rise again as this cohort died out. Third, there is mortality
selection. The frail members of a birth cohort tend to die earlier than members that
are more robust. That leaves a selected population at the higher ages. When
longevity improves, more of the frail cohort members will live longer. Thus for a
country where the living conditions improved early (examples are Norway and
Sweden) the elderly population in our days may contain more frail persons than it
does in countries where the living conditions improved later (for example, in Italy).
On the other hand, factors that enabled more members of a cohort to survive may
have also led to improved health for the members of the cohort that were not at high
risk of death.

Because of these complications, cohort life expectancy may increase faster than
what period life tables suggest. For instance, “best practice” cohort life expectancies
for women born between 1870 and 1920 increased by 0.43 years of age per calendar
year (Shkolnikov et al. 2011) – almost twice as fast as the improvement in best
practice period life expectancy for women since 1840 (0.24 years of age per calendar
year). Here, best practice life expectancy may refer to the maximum life expectancy
observed among national populations in a given year or for a given birth cohort (see
also Oeppen and Vaupel in Chap. 13). Wilmoth (2005) shows empirical evidence for
Sweden for the period 1751–2002 and birth cohorts 1751–1911. Goldstein and
Wachter (2006) use official estimates and projections of female life expectancy
from Sweden and the United States. In addition, they derive analytical expressions
for gaps and lags between the two types of life expectancies. The life expectancy lag
is the number of years it takes for a period life expectancy to reach the current level
of the cohort life expectancy. The gap is the difference between the life expectancy
for a cohort born in a particular year, and the period life expectancy for that year.
Goldstein and Wachter (2006) find that period life expectancies are approximately
equal to cohort life expectancies for cohorts born about 40–50 years earlier. They
note also that the lag lengthens as mortality improves. The life expectancy gap has
risen and then fallen over time. Canudas-Romo and Schoen (2005) analyze the Siler
model of age-specific mortality combined with constant rates of mortality decline,
and find qualitatively similar effects for the lag. Gaps were about one-ninth to
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one-tenth of the lags. Missov and Lenart (2011) assume a Gompertz model for
age-specific mortality and the same yearly improvement in mortality at all ages.
Under these conditions, the temporal change in period life expectancy is approxi-
mately proportional to but less than the change in cohort life expectancy. If period
life expectancy improves by 2 years of age per decade, cohort life expectancy would
improve by 2.5 years per decade, or by 25 per cent more. Wilmoth (2005) assumes
that distributions of deaths by age change over time in accordance with a linear shift
model. Under this model, he also finds that cohort life expectancies increase faster
than period life expectancies. Like Missov and Lennart, he establishes a simple
linear relationship between period and cohort life expectancies.

Another consequence of the distorted view that period life tables give in times of
changing mortality is the compression around the mean or the modal age of the age-
at-death distribution. Ouellette and Bourbeau (2011) show an on-going process of
mortality compression in Canada, France, Japan, and the United States. Keilman
et al. (2018) find the same for Norway. Deaths tend to be progressively concentrated
near the mean or the modal age at death. The findings for these five countries are
based on period data. Observed and projected cohort patterns for the age at death
distribution (AADD) for Norway suggest that compression in cohorts born
1900–1950, measured as a decrease in the standard deviation of the AADD beyond
30 years, is twice as fast compared to compression in period AADDs during the
years 1900–2060. Canudas-Romo (2008) studies the period standard deviation from
the modal age at death, assuming the Siler mortality change model as in Canudas-
Romo and Schoen (2005) and a Gompertz mortality change model. The period
standard deviation is constant under the Gompertz model, but falls regularly under
the Siler model. Ediev (2013) discusses the theoretical link between period and
cohort compression measures. He concludes that compression in periods may very
well go together with decompression in cohorts. Tuljapurkar and Edwards (2011)
show that the variance in the age at death is inversely related to the Gompertz slope
of log mortality.

Given the problems inherent to a period approach, it will not come as a surprise
that methods that project cohort life expectancies perform rather well. Zhao de
Gosson de Varennes et al. (2016) demonstrate that compared to the classical
Lee-Carter method for extrapolating age-specific mortality rates period-wise,
projecting cohort life expectancy based on its rate of change in mortality works
well in eight countries with long data series. See also Sect. 1.2 on determinants and
dynamics of life expectancy in this chapter.

1.5 Joint Forecasting of Mortality in Similar Populations

Since the early days of cohort-component forecasting, official forecasters have been
keen to assure forecast users of the external validity of their results. For example, the
forecast of a given country should not markedly deviate from the developments in
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countries with similar culture, economics, or social life. Secondly, male and female
mortalities should not diverge in an unreasonable manner.

During the past two decades, extrapolation methods have regained prominence in
mortality forecasting, primarily because assessments of earlier judgmental forecasts
have been shown to grossly underestimate future life expectancy. However, separate
extrapolations of the mortality of genders, or of countries, will eventually lead to
divergence. Happily, the time series tools used in extrapolation offer multiple ways
of constraining forecasts to behave in a coherent manner. A rather large literature has
evolved that links varying forms of substantive reasoning regarding trends in
smoking, obesity etc. (Staetsky 2009; King and Soneji 2011) to extrapolation.
Notable statistical contributions include Li (2013), Kleinow (2015), and Raftery
et al. (2014).

However, the empirical evidence regarding the convergence of male and female
mortality, or across countries, is equivocal. Thorslund et al. (2013) provide evidence
of convergence between male and female life expectancy at 65, since the 1990s, in,
for instance, several Northern European countries. However, an analysis of 23
European countries in Alho (2016) shows that both the creation of the male-female
difference occurred differently in different countries and considerable differences in
trends continue to exist to this date. Notably, European countries that have suffered
large war casualties, and the former socialist States, have histories that differ from
those observed in northern Europe, and show little evidence of convergence.

1.6 From Scenarios to Stochastic Modelling

The scenario-based approach as a way to express forecast uncertainty has been
criticized from a statistical point of view (Alho and Spencer 1985; Lee 1998).
Obviously, uncertainty is not quantified as no probability is attached to the high-
low interval. A second drawback is that one assumes perfect correlation over time:
when mortality is low one year, it is also low in all other years. In reality, mortality
shows random fluctuations. Third, the scenario-based approach is inconsistent when
variant assumptions for mortality are combined with variant assumptions for fertility
(or migration). With three variants for each of the two components, nine different
combinations for population results can be made. However, a variant pair that is
extreme for one variable is not necessarily extreme for another variable.

Since the future is inherently uncertain, one should compute a forecast by
stochastic methods. However, official forecasters of mortality have been slow to
adopt such methods. A notable exception is the implementation of a stochastic
approach by the U.N. (Raftery et al. 2012). This work builds on ideas similar to
those of Girosi and King (2008). In both works, data from similar countries is used in
joint forecasting, a feature that is particularly important for countries with poor data.

Raftery et al. (2012) adopted a Bayesian approach to population forecasting. This
view is particularly useful when one combines expert opinions with empirical data.
The application of the Bayesian approach in demography, “Bayesian demography”,
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started to gain popularity about 10 years ago.3 The Bayesian approach to demo-
graphic forecasting is a welcome development in addition to frequentist methods that
have been used more widely. For instance, see Alho and Spencer (2005, p. 235) for
stochastic modelling of future mortality for 18 European countries in the framework
of the Uncertain Population of Europe (UPE) Project.

In contrast to population forecasting by statistical agencies, in actuarial science
stochastic modelling has become, during the past decade, the standard. The difficulty
in using safety margins and other scenarios in the pricing of annuities and other
mortality related insurance products has proven to be difficult, to the point that liquid
markets for such products are few. Notable examples of stochastic modelling are the
formulations by Hahn and Christiansen (2016) and van Berkum et al. (2017), who
both develop full probability models for age-specific mortality of one or more
populations, and compute the posterior distributions of the relevant risk measures
using Markov Chain Monte Carlo techniques.

Macroeconomics is another field where the inadequacy of the scenario-based
assessment of forecast uncertainty is becoming evident. Generational accounting and
the sustainability of pension systems can now be analyzed in stochastic demographic
settings (Alho et al. 2008). Recent analyses (Lassila et al. 2014) allow for adaptive
responses to stochastic shocks. Extensions of stochastic demographic modelling to
migration (Bijak 2011) and household composition (Keilman 2017) are now
available.

1.7 How Conditions in Early Life Affect Mortality
in Later Life

The idea that childhood conditions are important for health in later life, which can be
traced far back in time, came into focus in the 1920–1930s, when demographers and
epidemiologists became aware of a long-term decline in mortality (Derrick 1927;
Kermack et al. 1934; Bengtsson and Mineau 2009). They found that as each birth
cohort got healthier, and infant mortality declined, health improved in the remaining
part of their lives as well. The focus was on infant mortality, regardless of the
determinants of infant mortality, as a predictor of mortality throughout the life
course. The role of fetal development, which also can be traced far back in time,
came into focus much later, in the 1970s (Forsdahl 1977; Barker and Osmond 1986).
It has since then dominated the research, in both medical and social sciences.

Adverse conditions in early life influence cardiovascular diseases, respiratory and
allergic diseases, diabetes, hypertension and obesity, breast and testicular cancers,
neuropsychiatric and some other disorders later in life (Kuh and Ben-Shlomo 2004).
Three specific diseases, respiratory tuberculosis, hemorrhagic stroke, and bronchitis,
which have accounted for two thirds of the total decline in mortality in ages

3See Bijak and Bryant (2016) for a review and Alho and Spencer (1985), for early discussions.
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15–64 years from the mid-nineteenth century to the first decade of the twentieth
century, reflect demonstrable responses from conditions in infancy and childhood
(see Chap. 21 by Lindström and Davey Smith). The question is then, if children early
in life, during fetal stage or in first years of life are “programmed” for a certain health
status, can this information be used to improve mortality forecasting?

Birth weight has become a common indicator of fetal development, both in
medical and economic research. Low birth weight is associated with high blood
pressure later in life. Despite the effects not being large (Huxley et al. 2002),4 this
measure is still correlated with increased risks of heart disease (Barker 1994) and
diabetes (Hales et al. 1991). Many diseases have since then been added to the list of
outcomes associated with low birth weight, including schizophrenia (Brown and
Derkits 2010). Recently, high birth weight, somewhat counterintuitively, has been
associated with increased incidences of breast and prostate cancer (Risnes et al.
2011). Thus, the relationship between birth weight and diseases later in life appears
to be U-shaped.

Low birth weight has also been shown to be linked to educational and labor
market outcomes (Currie and Moretti 2007; Johnson and Schoeni 2011; Royer
2009). Children with low birth weight perform worse in school, and earn less, than
children with normal birth weight do (Currie and Hyson 1999; Case et al. 2005).
However, some studies have only found small effects of birth weight. A study of
Norway using register data, for example, found that a 10% lower birth weight, a
sizable difference from the norm is associated with only 1.2% lower IQ for males,
0.3% shorter height, and 0.9% less earnings (Black et al. 2007).

Birth weight does not change much in the long term, only during extreme
situations, such as during wars and famines, if at all (Abolins 1962). For example,
since 1860 in Norway, adult height, weight and lifespan have increased substan-
tially, and still the average birth weight has only varied within a range of 200 g
(Rosenberg 1988). Since the overall effects on both health and earnings are small,
the birth-weight measure is unlikely to be an important indicator predicting mortality
trends.

Instead, recent research has shown that infections due to certain bacteria, viruses,
and parasites during pregnancy lead to health problems later in life (Adams Waldorf
and McAdams 2013). Children exposed to the 1918 pandemic during the fetal stage,
for example, show elevated risks for cancers and coronary heart disease at older ages
(Mazumder et al. 2010; Myrskylä et al. 2013). Furthermore, children are vulnerable
to maternal and environmental factors not only during the fetal stage but also in the
first years of life. In fact, the development of cells and organs are gradually slowing
down and completed only when the individual is about 20 years of age. Taking the
lungs as an example, they not only keep growing in size after birth, but new alveolar
sacs develop for several years, with this structures being also very sensitive to
infections (Broman 1923).

4See also Chap. 22 by Christiansen.
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Streptococcal infections in early childhood are associated with rheumatic heart
disease in later life (Cunningham 2012), whereas respiratory infections have been
suggested to impair lung function (Bengtsson and Lindström 2003).5 Recent
research, studying effects of exposure to specific diseases, like whooping cough,
in first years of life on mortality over the full life course shows that scarring over-
powers selection at ages around 25 years, where after the net negative health effects
increase with age (Quaranta 2014). Moreover, infections in early life are associated
with cancer and diabetes at older ages (Finch and Crimmins 2004). They may also
cause inflammation in atherosclerosis, which is a risk factor for a variety of diseases
including cardiovascular diseases, diabetes and some forms of cancer later in life
(Libby et al. 2002; Finch 2010).

Getting back to the question of whether information on conditions early in life can
be used to improve mortality forecasting, we conclude that information on birth
weights cannot be relied upon to predict life spans. Instead, infections in the first year
of life, manifested in infant mortality, seems far more promising, as emphasized by
the development of research in the last decade. However, since infant mortality has
declined to very low levels during the twentieth century, this predictor is likely to
lose importance over time, at least for developed countries. The same is likely the
case for information on season of birth, which is another predictor of life expec-
tancy.6 Instead, early life factors at the family level, which in the past were not
associated with mortality, are likely to become more and more important (Bengtsson
and Van Poppel 2011). Whether they can be used for mortality forecasting, is,
however doubtful, since the effect is not strong enough to have any practical
importance for the projections themselves. Alternatively, it seems more promising
to use information on life-style factors such as obesity or smoking, which have
become increasingly relevant predictors for health and mortality (Janssen et al. 2013;
Neovius et al. 2010).

1.8 The Increasing Gap in Life Expectancy with Respect
to Position in the Income Distribution

In this section, we discuss some issues that were not addressed in any of the five
booklets. Recently, socioeconomic differences in length of life have received a lot of
attention, in particular the fact that persons with low socio-economic status (income,
education, occupation) tend to be worse off in terms of adult mortality than those
with higher status. The gradient is stronger among men than among women, and has
grown stronger in the recent past (Elo 2009; Mackenbach et al. 1997; Marmot et al.
1991; Torssander and Erikson 2010; Cutler et al. 2012; de Gelder et al. 2017; Chetty
et al. 2016). While some argue that the socioeconomic differences in adult mortality

5See also Chap. 24 by Bengtsson and Alter.
6See Chap. 23 by Doblhammer.
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have always existed, others are skeptical. Most of this research is based on cross-
sectional data for cities. Studies based on longitudinal data for Sweden, the Nether-
lands, and Canada find barely any social differences in adult mortality in the past
(Bengtsson and Dribe 2011; Bengtsson and Van Poppel 2011).

What characterizes individuals in the lower income deciles is that their relative
income status remains largely unchanged throughout their working lives and follows
them into retirement. Consequently, and not surprisingly, the result is a low pension
in retirement, since all pensions are related one way or another to individual working
life incomes. In addition, many studies for Western European and Anglo-Saxon
countries show population differences in life expectancy with respect to other
socioeconomic characteristics than income, such as education and occupation
(National Academies of Sciences 2015; Chetty et al. 2016). This research has also
shown that income gaps we see at retirement, originate already at younger ages,
sometimes even earlier than age 40. What’s more, it is likely that differences in life
expectancy by income group are partially at least indirectly related to level of
education and choice of occupation, as the empirical evidence reveals that persons
with low education and low-skilled occupations have lower life expectancy than
highly educated persons with occupations requiring high intellectual skills.

What these studies make clear is that the gap in life expectancy by income has
several important characteristics. The first is that seen over a longer period of time, life
expectancy in some populations is largely stagnant in the low deciles. Persons with
higher income and those who live in more economically dynamic local cultures are
experiencing growth in life expectancy. Geography, i.e., the social environment of
peoples’ home communities, also turns out to be important. For example, in NewYork
City, Chetty et al. (2016) find that the life expectancy of low-income individuals is
5 years more than in Detroit, which is attributed to differences in “social” infrastruc-
ture. They also find that the strongest determinant of life expectancy differentials
across income deciles is the prevalence of unhealthy life-style factors (smoking,
drinking, exercise, dietary, etc.) among persons in the lowest deciles.7 One has to
bear in mind, however, that causality runs both ways: not only from low income
(through bad health) to low life expectancy, but also the other way around.

What are the ramifications in the present context? The average total working-life
income of women is generally less than that of men, which means that women are
likely to be overrepresented as low-income individuals in all income deciles. The
reasons are well-known: this is in part due to an uneven division of child care and
care of elderly relatives, in part due to lower earnings for equal work and lower
wages in female dominated occupations (such as the care sector and sales personnel),
partly due to individual decisions to work part time even as children become older. It

7On the other hand, they found that access to health care services was not a significant factor,
indicating that provision is generally sufficient on a regional level in the United States. They also
report that, as a group, first generation immigrants have a longer life expectancy than persons born
in the United States.
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comes as no surprise then that the gender difference in the scale of pensions at
retirement is generally a reflection of women’s working careers.

Despite their lower income, however, the life expectancy of women exceeds that
of men. This gender gap in life expectancy leaves its imprint on the redistribution of
income within a pension insurance pool. As a group, since women live several years
longer than men, money is ultimately transferred from men to women. This has
generally been viewed as an acceptable transfer of resources, partially compensating
within the insurance pool for women’s lower share of the income of male-female
partners prior to retirement.

The general picture emerging from the empirical literature is nevertheless that the
poor are increasingly transferring income to the rich in the universal unisex old-age
insurance pool, if we focus singularly on how annuities are created. And, as a
consequence, the literature is beginning to produce proposals of how to even out
the distributional outcomes within the insurance pool, in the context of a public
pension scheme.

There are two proposals – in addition to maintaining the status quo in insurance
pool distribution. One is a technical tax-transfer solution that can be designed to
redistribute money within the annuity pension pool (Holzmann et al. in preparation).
Alternatively, information on the socio-economic determinants of life expectancy
can be used to create separate insurance pools. For instance, a simple procedure is to
stratify new retirees into separate, say, birth-cohort decile-based insurance pools by
income, as measured by Defined Contributions (DC) account balances at the com-
mencement of retirement.

However, stratifying by income is already what is happening as the default in the
overall DC format in countries that have NDC and/or FDC public pension schemes.
In addition, status quo is that persons with the lowest working-life income in all
countries already receive some form of guarantee or social pension, often means-
tested – financed by general tax revenues. This may nevertheless be a first-best
solution, provided the amount transferred through the guarantee contributes suffi-
cient income for the least well-off 20–30 percent of the pensioners’ population.

What’s more, in a broader perspective, the amount of money on pension account
balances is by far not the only component of overall personal resources, which
include capital income (also with a high-income profile) and other sources that one
would normally take into account in granting a means-tested income transfer for
retired persons. Therefore, in practice the status quo approach might not be so bad
after all. In addition to this, the economists will remind us to bring into the discussion
individuals’ supply of labor, and its determinants, which explains individual lifetime
earnings – and ultimately the magnitude of pensions granted – through individual
preferences for work and leisure.

Let us return now to the discussion from a previous section – that of the
development of mortality and forecasting life expectancy. The point of departure
was the ongoing increase in life expectancy of the older population and developing
projection models that produce unbiased cohort-based forecasts over time. Of
course, the emerging empirical evidence regarding socio-economic heterogeneity
in life expectancy has implications for projections, even only if implicitly.
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To begin with, we are gaining a better understanding of the underlying mecha-
nisms. The knowledge emanating from the empirical research (Chetty et al. 2016),
together with the many “bits and pieces” from other studies, suggests that there
remains considerable potential for further dramatic improvements in life expectancy.
This would occur through improved community social-infrastructure and public
health policy directed towards creating awareness of individuals’ “self-destructive”
life styles. If this is the direction in which we are moving, the result will be that a
larger share of birth cohorts will reach the pension age and beyond, a share that will
enjoy healthier years in old age. This would create then even more decades of
considerable improvements in life expectancy, adding to the effect of continued
advancements in medical technology.
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