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DO LIFE EXPECTANCY
PROJECTIONS NEED TO ACCOUNT
FOR THE IMPACT OF SMOKING?

Summary

In the past, gains in life expectancy have been consistently
underestimated, resulting in a considerable longevity risk that
jeopardizes the financial stability of pension funds, life insurers,
and public budgets. The goal of this paper is to assess whether
consideration of the distorting impact of smoking on mortality
trends helps to obtain more reliable projections of life expec-
tancy and thus reduces the longevity risk. For this purpose, we
review the international literature on that topic and illustrate
the impact of smoking on mortality trends and projections, using
the Netherlands as an example. In this context, we compare and
evaluate the outcomes of the most recent projection models of
the Dutch Actuarial Association (AG) and Statistics Netherlands
(CBS) in 2014, which differ in their treatment of smoking. Our
results confirmed earlier studies in other countries, which
demonstrated that non-smoking trends in life expectancy were
more linear and more similar among men and women than all-
cause mortality trends in life expectancy. Projections of Dutch
life expectancy that accounted for the impact of smoking were
less sensitive towards the choice of the fitting period and thus
resulted in more coherent estimates for men and women. The
multi-country projection models of AG and (BS arrived at compa-
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rable outcomes in 2060 as an isolated Dutch projectionwhere
smoking-associated mortality was removed . Based on the find-
ings presented in the international literature and our own results,
we clearly suggest that smoking should be taken into account to
avoid implausible and diverging long-run projections. However,
taking smoking into account involves costs, particularly due to
additional model assumptions. The comparison of the outcomes
of the AG and (BS models suggests that modelling mortality trends
simultaneously for a group of countries potentially represents

a parsimonious and generic alternative to explicitly modelling
smoking. Further studies should test this hypothesis in more
detail.
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1. Introduction

Reliable projections of life expectancy are becoming increasingly
important since the costs of pensions, healthcare and life insur-
ance products depend to a large extent on the probability that
people reach very high ages. The uncertainty around this prob-
ability, termed as the "longevity risk", affects the capital require-
ments of insurance companies and pension funds to ensure their
solvency, aside from the risks arising from the stock markets

and interest rates (Hari, De Waegenaere et al. 2008). Particularly
sudden and unexpected changes in mortality probabilities over
time, termed as "mortality shocks", pose a threat to companies in
this sector as such a risk is often not covered by adequate capital
reserves. Moreover, ongoing increases in life expectancy challenge
the sustainability of public budgets required for the payment of
state pensions, fueling debates about the increase of the statutory
retirement age.

In general, for most of the Western world the changes in
mortality probabilities developed steadily in the past. Trends
could thus be modeled easily by means of simple extrapola-
tion. For this reason statistical offices in many European countries
based their forecasts of life expectancy for many years on variants
of the Lee-Carter model, one of the most popular extrapolative
forecasting approaches (Stoeldraijer, Duin et al. 2013).

However, the seemingly easy task of predicting life expectancy
trends repeatedly failed in the past — despite its so steadily and
linearly evolving past trend - usually due to further longevity
gains being considerably underestimated (Keilman 2008). In the
Netherlands this failure dates back to the 17th century, where
Johannes Hudde demonstrated that inhabitants of Amsterdam
lived longer than expected, causing the price of life annuities
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sold by the city government to turn out to be much too low

(Ham 2005). More than three centuries later, a similar situation
occurred when the Actuarial Association (Actuarieel Genootschap,
AG) realized that the mortality probabilities in its 2005 projection
table were much too pessimistic (Genootschap 2010). In fact, life
expectancy gains in the Netherlands accelerated rapidly since 2001
after restrictions on hospital budgets were relaxed (Mackenbach,
Slobbe et al. 2011, Peters, Nusselder et al. 2015).

This sharp increase in life expectancy was neither anticipated
by the actuaries nor by official estimates of Statistics Netherlands
(Centraal Bureau voor de Statistiek, CBS). For instance, the life
expectancy predicted in 2000 to be reached by Dutch women
in 2050 (83 years) was already surpassed in 2013. As depicted in
Figure 1, every new official estimate of Dutch life expectancy —
performed every two years by Statistics Netherlands (CBS) — repre-
sents a considerable upward revision of the preceding estimate
(Janssen 2014). The most recent estimate, published in 2014,
expects a more than five year larger gain in Dutch life expectancy
than was the case in 2000 (Janssen 2014). But even the apparently
much more optimistic estimate of 88.5 years for life expectancy
of Dutch women in 2050 may actually turn out to be too pessi-
mistic, given that such a high value is almost reached by Japanese
women today.

The failure to establish reliable projections of life expectancy
poses a risk to the pension and life insurance sector, termed
"longevity risk". In case of an underestimation of the progress in
life expectancy, pension funds must pay life annuities longer than
originally budgeted, thereby negatively impacting their solvency
and possibly resulting in bankruptcy. Likewise, with a too pessi-
mistic forecast of their expected lifespan, individuals are likely
not to invest sufficiently in private pension plans. With an over-
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Figure 1. Biannual official projections of Statistics Netherlands
(CBS) of female Dutch life expectancy at birth between 2000 and
2010. Source: (Stoeldraijer, van Duin et al. 2013)
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estimation of the gain in life expectancy, the pension sector and
individuals may decide on more austere measures than strictly
needed.

In the Netherlands, the longevity risk has been typically
higher than in other countries because its mortality trends devi-
ated from the general pattern of a steady mortality decline with
longer periods of slow progress in life expectancy followed by
a more rapid progress recently (Janssen, Nusselder et al. 2003,
Mackenbach, Slobbe et al. 2011). Thus, there are no stable histor-
ical Dutch mortality trends that could be directly extrapolated into
the future. This extrapolation problem was highlighted already in
1971 by the famous demographer Nathan Keyfitz. He noted that
"as long as a series changes uniformly, extrapolation will give a
perfectly good forecast” (Keyfitz 1971). However, if turning points
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in mortality time series occur — as was the case in the Netherlands
-, then, according to Keyfitz, an adequate forecast "...requires

a model incorporating the mechanism that causes the turning
point" (Keyfitz 1971).

Since it was realized that Dutch trends in life expectancy
fundamentally differed from those observed in other countries,
researchers were hunting for the mechanism(s) that caused the
deviation. Until today this hunt has been only partially successful.
So far there is only consensus that at least one factor can be
taken into account when it comes to predicting Dutch life expec-
tancy: the distorting impact of the smoking epidemic (Janssen,
van Wissen et al. 2013). Contrary to most other factors influencing
mortality trends, information on smoking has the unique char-
acteristic that it meets Keyfitz's condition "to predict the demo-
graphic future before the future happens” so that future trend
changes could be anticipated (Keyfitz 1971). This is because for
smoking — contrary to most other mortality risk factors — there is
a clear causal link to mortality, there are reliable approaches to
quantify its impact, and the distorting effect on mortality trends
follows a regular pattern (Bongaarts 2014). Due to the delay of the
effect of current smoking on mortality by about 25-30 years, infor-
mation on that risk factor could indeed help to anticipate future
trend changes.

Despite the important impact of smoking on mortality trends,
actuarial life tables — such as the one published by the AG -
ignored its influence so far, thereby potentially increasing the
longevity risk considerably. For this reason, this paper seeks to
answer the question whether smoking should be taken into
account in actuarial mortality projections to reduce the longevity
risk. We therefore review the international literature on this topic
and then demonstrate the effect that the smoking epidemic has
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had both for past mortality trends and future projections. Against
this background, we finally compare the outcomes of the most
recent projection of the AG, which did not account for smoking,
with a projection outside of the actuarial field obtained by the
(BS, which explicitly modelled the impact of smoking.
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2. Theory: Why care about smoking?

2.1 The relevance of smoking as a mortality risk factor

Smoking is much more than a normal mortality risk factor.

Unlike for other factors, there exists strong evidence of a causal
link between tobacco smoking and death, and it thereby repre-
sents the "single most important preventable cause of prema-
ture mortality” (Rogers, Hummer et al. 2005). The World Health
Organization estimated that during the twentieth century about
100 million people died worldwide of causes related to smoking,
whereas for the twenty-first century as many as one billion
deaths are held possible (World Health Organization 2008). The
risk for smokers to die prematurely compared to non-smokers is
about three times higher. Smoking is not only the dominant cause
of lung cancer but is also strongly linked to many other cancers
and to virtually every respiratory and cardiovascular disease (Doll,
Peto et al. 1994, Doll, Peto et al. 2004, US Surgeon General 2014).
The life expectancy of smokers is impaired by up to ten years
compared to people who have never smoked (US Surgeon General
2014). There is a long time lag of up to 30 years for the harms of
endured smoking but also for the benefits of smoking cessation
to come to light, (Lopez, Collishaw et al. 1994, Oza, Thun et al.
201). This means that the currently observed smoking-associated
mortality roots in behavior of decades ago, so that the current
smoking prevalence already determines smoking-associated
deaths for the coming decades. Finally, a substantial fraction of
all deaths could be directly attributed to smoking. Currently, this
amounts to about a quarter of all male deaths and about an
eight of all female deaths worldwide, lowering life expectancy on
average by 2.4 years for men and 1 year for women (Renteria, Jha
et al. 2015). In many Western countries, the smoking epidemic
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has had a disastrous impact on life expectancy. For instance in
Denmark and the USA, the loss in life expectancy at age 40 due to
smoking amounted up to 4 years for men and 3 years for women
(Renteria, Jha et al. 2015).

2.2 Two milestones that pave the way for inclusion of smoking
in mortality projections
In 1992 two seminal papers were published that revolutionized
the state of research in their respective fields, paving the way
for the inclusion of smoking in mortality projections. Initially
published for different goals, about two decades later, in 2013,
the synthesis of both articles formed the new modern paradigm
in the research on the projection of mortality trends, particularly
emphasizing the merit of accounting for the impact of smoking.
The first paper, authored by Ron Lee and Lawrence Carter,
demonstrated that the central time trend of log-transformed
age-specific mortality rates "declines at a roughly constant rate
and has a roughly constant variability” (Lee and Carter 1992),
allowing a simple extrapolation of such trends into the future (see
Box 1). Until today the approach proposed by Lee and Carter, i.e.
to decompose the matrix of mortality rates over time in an age
component and an age-time interaction, is referred as the "gold
standard"” of mortality projection and often used as a benchmark
to evaluate new projection techniques (Li and Chan 2007). The
advantage of the Lee-Carter model over other approaches is its
simplicity, the intuitive interpretation of its parameters, and the
possibility of estimating the uncertainty around the outcomes.
The second paper, authored by Richard Peto, Alan Lopez et al.,
provided the first indirect quantification of the total impact of
smoking on mortality at a population level, based on the compar-
ison of the observed number of lung cancer deaths in a given year
and country and the expected number of lung-cancer deaths in
a population of people who had never smoked (see Box 2) (Peto,
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Box 1. The Lee-Carter method to extrapolate mortality rates

1. Basic assumption: A time-series of age-specific mortality rates shares a
common linear time trend.

2. Fitting of a linear model with a factor for age and an age-time interaction
to a matrix of mortality rates over age and time transformed by the
natural logarithm.

3. Forecasting the time component of the model by using a random walk
with drift.

4. Estimating 95% confidence intervals based on the error term in step 3.

Boreham et al. 1992). This represented an important innovation
in the field as, prior to the publication, the damage of smoking
was usually assessed on the basis of self-reported smoking preva-
lence, which is known to underestimate the true smoking inten-
sity, or on the basis of cigarette sales, which does not reliably
reflect the numbers of cigarettes smoked per smoker and does not
discriminate smoking behavior by age and sex (Lopez, Collishaw
et al. 1994). Although lung cancer itself accounts only for about
a third of all smoking-associated deaths, the ratio of observed
and expected lung cancer deaths represents reliable informa-
tion about the cumulative damage of past smoking in a popula-
tion, providing a solid basis for estimating also other causes of
death due to smoking. The indirect Peto-Lopez approach enabled
reliable and universal estimates of the impact of smoking on
mortality, merely requiring information on lung-cancer deaths,
data that were routinely collected anyway for many countries in
the world within the WHO causes-of-death database (currently
about 100 countries) (Mathers, Boerma et al. 2009).

The Lee-Carter approach and the Peto-Lopez approach each
turned out to be useful in many applications and have been
recurrently adapted and improved since their first publication.
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Box 2. The Peto-Lopez Approach to estimate smoking-attributable
mortality

1. Basic assumption: Lung cancer is a reliable indicator for the cumulative
damage of smoking.

2. Estimation of the proportion of smokers and non-smokers that would
result in the sex- and age-specific lung cancer death rate that was
observed in the population of interest. For that purpose, known lung
cancer death rates of smokers and non-smokers were applied, taken from
the American Cancer Society Preventive Study Il (CPS-11), a large prospective
cohort study from the mid-1980s with more than 1 million participants.

3. Multiplication of the estimated proportion of smokers in the population of
interest with relative risks of dying separately for seven different groups of
causes of death (lung cancer, upper aerodigestive cancer, other cancer,
respiratory disease, vascular disease, cirrhosis/accidents/violence, other
medical causes), resulting in smoking-attributable fractions by sex and
age.

4. The smoking-attributable fractions are multiplied by the age- and
sex-specific mortality rates to get smoking-associated mortality rates and
smoking-free mortality rates.

The major improvement of the Lee-Carter model was the insight
that high-income countries share a common trend in the decline
of mortality rates, that could be utilized to perform more robust
estimations of country-specific trends (Li and Lee 2005). A major
improvement over the Peto-Lopez approach, replacing the several
quite arbitrary assumptions involved in the original method, was
the regression-based procedure suggested by Preston et al., to
estimate the total damage from smoking based on observed lung-
cancer death rates (Preston, Glei et al. 2010).

The two approaches were used in isolation from each other
for quite a while until evidence was accumulating that the
Peto-Lopez approach could solve a distinctive drawback of the
Lee-Carter approach.
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2.3 Smoking as a likely cause of irregularities in mortality trends
Although the Lee-Carter model is still one of the most widely
used mortality-projection techniques, its outcomes are particu-
larly sensitive to the choice of historical data employed to fit the
model, unless the central time trend in the data is perfectly linear
(Booth, Maindonald et al. 2002, Janssen and Kunst 2007). While
for many countries such a linear trend has been identified, there
have also been striking exceptions, among them the Netherlands,
with stagnating improvements in mortality observed for males
during the 1950s and 1960s and for females during the 1980s and
1990s (Janssen, Nusselder et al. 2003). Other prominent exceptions
to the linear decline in mortality reported in the literature are
Denmark, Norway, Australia, England and Wales and the United
States, where mortality trends increased slowly if at all for longer
periods of time (Juel, Bjerregaard et al. 2000, Booth, Maindonald
et al. 2002, Meslé and Vallin 2006). More recently, a number of
papers assessed systematically whether there were trend breaks in
the series of the time index of the Lee-Carter model. Such break
points were detected in virtually all high-income countries, espe-
cially during the 19705 and 1980s in males. The presence of such
trend breaks poses a tough challenge for the linear extrapola-
tion of mortality rates, requiring a clear decision on the length of
the historic data included in the projection model (Janssen and
Kunst 2007). For some countries, such as England and Wales, it
was found that the non-linearities rooted in cohort effects posed
additional challenges to the original Lee-Carter model, which
only specified age and period effects (Willets 2006).

Parallel to the literature reporting irregularities in mortality
trends at country level, an increasing number of articles dealt
with the description of the so-called “tobacco epidemic” (Lopez,
Collishaw et al. 1994) by using the Peto-Lopez approach and its
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Figure 2. Stages of the cigarette epidemic in developed countries.
Source: (Thun, Peto et al. 2012)
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variants. A central insight of the latter literature is that mortality
due to smoking evolved in a regular bell-shaped pattern, with
different timing for men and women. The timing of the impact
of this epidemic was subdivided into four stages. This provided
a stylized description of the progression of the epidemic, char-
acterized by a lagged spread of the prevalence in smoking in
women compared to men, followed by a lagged spread of sex-
specific lung-cancer mortality peaking about 30 years later

than the smoking prevalence (see Figure 2) (Thun, Peto et al.
2012). The regularity of this pattern enables prediction of the
future of smoking-attributable mortality, by utilizing trends in
observed lung-cancer rates to complete the bell-shaped pattern
of the impact of smoking for successive age groups (Stoeldraijer,
Bonneux et al. 2014). The application of such models proved to
be useful to resolve important research problems, such as the
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dramatic increase of the gender gap in life expectancy during
the second part of the 20th century, which arose from the earlier
adoption of smoking by men (Luy and Wegner-Siegmundt 2014).
Interestingly, the mortality-projection world ignored the find-
ings of the more public-health oriented literature on the impact
of smoking for a long time.* Rather than thinking about ways to
include this knowledge in projection models, forecasters tried
to tackle the irregularities by including additional parameters
in their models, such as additional factors for time or cohort
(Renshaw and Haberman 2006). However, such more flexible
models often suffered robustness problems, plus they created
the additional problem of lack of clarity as to how the non-
linear components of the trends should be extrapolated into the
future. Another attempt to cope with the irregularities aimed
at identification of the most recent linear segment of trends in
mortality rates that could be linearly extrapolated (Li, Chan et al.
2011). Again, this did not provide a sufficient solution since the
number of years covering the most recent linear segment is often
a much too short time span to enable robust long-term projec-
tions. Furthermore, such trend-detection approaches potentially
extrapolate temporary unusual trends too far into the future.

2.4 Emergence of a new modern paradigm in mortality
projection

About ten years ago, demographers that experimented with
the adjustment of smoking-attributable mortality in series of

1 Except for approaches that aimed at projecting life expectancy disaggregated
by cause of death, where in some cases factors driving these trends, among
them smoking, were included in the model mostly in the form of more or less
arbitrary assumptions about its future impact. However, the practice of
mortality projection by cause of death did not gain wide acceptance due to
methodological problems.



THE IMPACT OF SMOKING 21

mortality rates realized that the irregular mortality trends in the
group of Western countries became much more regular and more
similar to each other after removal of the impact of smoking
(Bongaarts 2006). Over the years evidence on the leading role of
smoking to explain variations in mortality trends accumulated,
partly explaining why the decline in mortality rates slowed down
in females in the second part of the 20th century, why Denmark
performed much worse than Sweden in terms of gains in life
expectancy, and why survival among Dutch men improved faster
in the 1990s than among Dutch women (Janssen, Kunst et al.
2007, Staetsky 2009, Christensen, Davidsen et al. 2010, Rostron and
Wilmoth 20m).

The success of the smoking factor, in combination with its
wide applicability, provoked attempts to directly include the
contribution of smoking into mortality-projection models. This is
undoubtedly a promising enterprise given that smoking explains
non-linear trends, cohort patterns, and trend differentials
among countries and between men and women (Pampel 2005,
Janssen, Kunst et al. 2007, Janssen and Kunst 2007, Bongaarts
2014). Furthermore, the progression of the impact of smoking is
highly regular and thus predictable, and the current prevalence of
smoking — no matter if inferred directly from survey data or indi-
rectly from excess lung-cancer mortality — already determines the
smoking-associated mortality for the coming decades (Janssen
and Kunst 2007, Stoeldraijer, Bonneux et al. 201z).

The basic idea of how smoking distorts the projection of
mortality trends is schematically shown in Figure 3. This shows
that the effect of smoking first slows down and later accelerates
the otherwise perfectly linearly declining trends in mortality. If
projections are based on the period during which the spread of
the smoking epidemic temporarily slowed down the decline in
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Figure 3. Distorting impact of smoking on the projection of
mortality rates. Source: (Bongaarts 2014)
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mortality, the resulting forecasts automatically become too pessi-
mistic. Likewise, if projections are based on the periods where
the abatement of the smoking epidemic temporarily accelerated
the decline in mortality, the resulting forecasts become too opti-
mistic. By contrast, the ideal projection model would extrapolate
the linearly declining non-smoking mortality trend and then add
to that the likely development of smoking-associated mortality
(Janssen, van Wissen et al. 2013).

One of the earliest inclusions of smoking in a mortality projec-
tion was by Pampel, who applied the Peto-Lopez approach to
estimate the damage from smoking to finally improve forecasts
of sex-differences in mortality (Pampel 2005). Taking smoking
into account revealed that in many countries a current increase
in sex-gap in mortality will soon reverse since women catch up
with men in terms of smoking-associated mortality. While Pampel
focused on sex differentials in mortality trends, in the years
following his publication various approaches targeted explicitly on
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incorporating smoking in projections of life expectancy. The most
important contributions are summarized in Table 1.

Bongaarts was the first to adjust mortality rates for the impact
of smoking to improve long-term projections of life expectancy,
arriving at more optimistic trends in particular for females (see
Table 1) (Bongaarts 2006). Bongaarts' analyses demonstrated a
surprising degree of similarity of trends in smoking-free senescent
life expectancy among a group of 16 high-income countries.

The analysis by Janssen and Kunst focused on the impact of
smoking on trends in remaining life expectancy at age 80, thus at
older ages (Janssen and Kunst 2007). Taking smoking into account
resulted in more optimistic long-term projections of life expec-
tancy at age 80, particularly for males. In line with the analysis
of Bongaarts (2006), smoking-free mortality trends among the
countries studied were more similar to each other, except for
Norway.

Stewart et al. simulated the impact of changes in smoking
trends and obesity on the change in life expectancy at age 18
(Stewart, Cutler et al. 2009). They found only a modest effect
when taking smoking into account, probably because they did
not differentiate between females and males and because they
projected life expectancy only up to 2020.

Building on survey data about smoking prevalence, Wang and
Preston demonstrated the usefulness of including the years spent
as current smoker until age 40 as covariate in a Lee-Carter model
that led to more optimistic forecasts of survival, especially for
males (Wang and Preston 2009). These results, based on a direct
measure of smoking intensity, were later confirmed by Preston et
al. by using an indirect method based on a variant of the Peto-
Lopez approach (Preston, Stokes et al. 2014).
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Table 1. Approaches to incorporate smoking in the projection of mortality trends

Basic information on projection How smoking was incorporated

Author(s) Year Sample Time Frame Target Indicator
Year
Bongaarts 2006 USA 1950-2000 2050 Smoking-attributable

mortality (Peto/Lopez)

Janssen/Kunst 2007 7 European  1950-1999 2050 Smoking-attributable
Countries mortality (Peto/Lopez)
Stewart et al. 2009 USA 1973-2005 2020 Distribution of smokers in

L categories

Wang/Preston 2009 USA 1969-2003 2035 Years spent as current
smoker at age 40

King/Soneji 20M USA 1970-2007 2030 Current smoking
prevalence

Janssen etal. 2013 Netherlands 1970-2006 2040 Smoking-attributable

mortality (Peto/Lopez)

Preston etal. 2014 USA 1969-2003 2040 Years spent as current
smoker at age 40, lung
cancer mortality (PGW)

The idea that the current smoking prevalence helps to predict
mortality several decades later was adopted by King and Soneji
within a Bayesian framework (King and Soneji 2011). Due to the
additional inclusion of obesity, the estimates were more opti-
mistic only for men compared to the projection of the Social
Security Administration. They were not optimistic for women, as
the negative effects of the obesity epidemic counterbalanced the
gains from lower damage due to smoking.
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in the projection of mortality trends
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Principal findings

Data Source

vital statistics, WHO

vital statistics, WHO

Survey (NHIS 1978-2006)

Survey (NHIS 1965-2001)

Survey (NHIS 1955-2007)

vital statistics, WHO
Survey (NHIS 1965-2000),

vital statistics (various
sources 1950-2009)

Model

Extrapolation of senescent life
expectancy without smoking for a
group of 16 countries

Extrapolation of non-smoking
mortality rates

Combine projected trends in
distribution of smokers and relative
risks of smokers to die, from survey
data

Covariate in Lee-Carter model

Covariate in linear regression lagged
25 years

Separate extrapolation of
non-smoking and smoking-
attributable mortality

Use smoking prevalence to predict
lung cancer mortality to indirectly
estimate smoking-attributable
mortality

Effect
for males

+2.1 years
LE(0)

+1.35 years
LE(80)

Effect
for females

+3.8 years
LE(0)

+0.78 years
LE(80)

+0.3 years LE(18)

+22.5% better
survival

+1.8 years
higher LE(0)

+0.69 years
gain in LE(o)

+1.54 years
LE(40)

+7.4.% better
survival

none

+0.24 years
gain in LE(o)

+0.85 years
LE(40)

Recently, Janssen et al. proposed a general framework for the
projection of mortality rates, combining all features of previous
approaches that turned out to be advantageous over the years
(Janssen, van Wissen et al. 2013). They confirmed that accounting
for smoking results in more optimistic estimates of life expectancy
in the long run — particularly in males — but at the same time
sometimes also in less optimistic estimates in the short run -
particularly in females. Moreover, their paper could be regarded
as a recipe for how to deal with irregular mortality trends in
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general, since the steps that it involves would also apply if other
factors like smoking could be identified in the future.? For that
reason the framework will be denoted as a “modern paradigm" in
the next section of this paper (Figure 3).
The modern paradigm is a step-wise approach, where in
the first step irregularities due to smoking were removed from
mortality rates over a given period and for a group of countries.
Although there is no consensus as to which method should be
used to quantify the impact of smoking, the literature gener-
ally agrees that different approaches result in similar estimates
(Bronnum-Hansen and Juel 2000, Rostron 2010, 0za, Thun et al.
2011). In their paper, Janssen et al. (2013) used a simplified version
of the Peto-Lopez approach to account for the impact of smoking.
In the second step, a projection model is fitted to smoking-
free mortality for a group of countries instead to the country of
interest, this to prevent divergent trends in the long run. To allow
for country-specific trends in the short run, this estimation is
complemented by fitting a country-specific model to the country-
specific residuals from the pooled model. This augmented version
of the Lee-Carter model for a group of countries, enabling projec-
tion of coherent mortality trends, was suggested by Li and Lee (Li
and Lee 2005).
Since each country could be situated in a different stage of
the tobacco epidemic (see Figure 2), the third step involves the
projection of smoking-attributable mortality separately for the
country of interest. As the intensity of smoking is predominantly
driven by the birth cohort and not by the calendar year, an age-
2 As explained in Chapter 2.1, smoking is a unique risk factor, and the past
decades of research on determinants of mortality trends at population level
have not revealed a factor of comparable quality. Particularly the established

causal mechanism and the long delay between exposure and effect make
smoking valuable for mortality projections.
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period cohort approach was employed for this purpose (Janssen,
van Wissen et al. 2013). A peculiarity in this step is that trends

in smoking-associated mortality could only be projected reli-
ably if the population of interest had already surpassed the peak
of the impact of the smoking epidemic. In the absence of this
peak, additional assumptions are necessary. However, it has been
demonstrated that even very crude assumptions work better than
ignoring smoking (Bongaarts 2014).

In the final step, smoking-free and smoking-related mortality
projections were combined to arrive at projections of all-cause
mortality rates. The different steps are summarized in Box 3
below.

Box 3. Steps involved in projecting mortality according to the
modern paradigm of Janssen et al. 2013

1. Remove irregularities due to smoking for a group of countries.

2. Project regular trends in non-smoking mortality for a group of countries.

3. Project irregular smoking-related mortality trends separately for the
country of interest.

4. Combine the non-smoking and smoking-related projection for the
country of interest.
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3. The case of the Netherlands

3.1 The smoking epidemic in the Netherlands and its effect on
Dutch mortality trends

In the Netherlands, the smoking epidemic started among men
born in the 18505 and much later among women born around
1900 (Figure ). As predicted by the theoretical model of the
smoking epidemic, the proportion of men exposed to smoking
increased exponentially, reaching almost 100% for the birth
cohort 1910 and subsequently declining rapidly to less than
30% for the younger cohorts. For females, the lifetime smoking
exposure is still increasing, and it is less clear at which level the
proportion will peak and when it will decline again (Janssen, van
Wissen et al. 2013, Stoeldraijer, Bonneux et al. 2014).

To estimate the effect of the cigarette epidemic on Dutch
mortality trends, we applied a recently proposed variant of the
Peto-Lopez approach, termed the “Preston-Glei-Wilmoth" (PGW)
approach (Preston, Glei et al. 2010). Same as the Peto-Lopez
approach, the PGW approach uses observed lung-cancer mortality
rates as a proxy for the intensity of smoking and applies multi-
pliers to estimate the total damage of smoking on mortality.? The
data we used for this purpose were lung-cancer deaths for the
age groups (0, 1-4, 5-9, ..., 85-89) from the WHO Causes of Death
Database, and all-cause mortality deaths and exposure for the
age groups (0, 1-4, 5-9, ..., 95-99) from the Human Mortality
Database (Human Mortality Database 2014). We linearly extrapo-

3 The crucial difference is that the multipliers in the PGW approach come from a
regression model where lung-cancer mortality was regressed on mortality rates
from other causes than lung cancer for twenty high-income countries, using
data from 1950-2006. In the Peto-Lopez approach, the multipliers are based
on the relative risks of smokers to non-smokers of lung-cancer mortality and
several other causes of death in the Cancer Prevention Study Il cohort that
started in 1982 in the US.
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Figure 4. Lifetime smoking exposure by age and birth cohort for
males (black) and females (grey). Source: (Janssen and van Poppel
2015)
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lated the smoking-attributable fractions for age 90-94 and 95-99
based on the fraction at age 85-89 and assumed that the fraction
is zero above age 99. The smoking-attributable fractions from the
PGW approach were multiplied by the observed mortality rates
resulting in smoking-free mortality rates.

The time trends of the impact of smoking on age-specific
mortality rates in the Netherlands are in line with the predictions
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Figure 5. Percentage increase of age-specific mortality rates in
Dutch males (left-hand side) and females (right-hand side) due
to smoking, 1950-2012
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of the theory of the smoking epidemic (Figure 5). Same as for the
time trends in smoking exposure, also the time trends as to their
impact on mortality vary between men and women. In Dutch
males, mortality rates were elevated by smoking by more than
70% during the 1970s for the age range between 50 and 70 (left
graph, Figure 5). The same impact for about the same age range
occurred in women not until at least three decades later (right
graph, figure 5). Thus the increase and decrease of the impact

of smoking clearly operated in a cohort direction indicated by
the diagonal developments in Figure 5. This figure clearly shows
furthermore that the smoking epidemic is flattening out for males
but is still on the rise for females.

To quantify the impact of smoking on period life expectancy,
we applied life table techniques to the all-cause and smoking-
free mortality rates (Preston, Heuveline et al. 2001). The resulting
trends in the impact of smoking on life expectancy at birth again
resemble the trends in smoking exposure shown in Figure 4. Our
results showed a loss of one year of life expectancy in 1950 for
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Figure 6. Impact of smoking on the reduction in life expectancy
between 1950 and 2012 for Dutch males and females
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men, increasing up until the 1980s to a loss of almost four years,
and subsequently decreasing again to a loss of merely two years
in 2009 (Figure 6). For women, life expectancy was not affected
by smoking until the 1970s, but since then the cumulative damage
of smoking increased rapidly to a loss of about 1.5 years of life
expectancy in 2009, without any signs of peaking yet.

A closer look at the age-specific mortality trends for males
(Figure 7a) and females (Figure 7b) provides a first hint that
smoking indeed seems to be the major cause of the irregularities
in mortality trends in the Netherlands. Contrary to the increase
and subsequent decrease in the trend of all-cause mortality at
age 60-65 and 70-75 in Dutch males, the smoking-free mortality
trends developed more linearly except for this past decade, when
the mortality decline accelerated. While a straight line explains
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Figure 7a. Trend in male age-specific mortality rates (per 1000
persons) between 1950 and 2012 with and without the removal of
smoking-associated mortality at age 60-65, 70-75, 80-85 and
90-95 in the Netherlands
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merely 60% and 47% in the former case, in the latter case 94%
and 96% of the variation in death rates at age 60-65 and 70-75
were explained (Figure 7a). At older ages this effect still applies,
but here the removal of smoking could not fully remove the
irregular mortality components, in particular the slower decrease
in mortality during the 1990s and the faster decrease during
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Figure 7b. Trend in female age-specific mortality rates (per 1000
persons) between 1950 and 2012 with and without the removal of
smoking-associated mortality at age 60-65, 70-75, 80-85 and
90-95 in the Netherlands
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the 2000s. For females, the trends were already more linear in
all-cause mortality, plus the impact of the smoking epidemic
occurred later in time and with a smaller magnitude than for
males (Figure 7b). Again a steeper mortality decline is visible after
2001.
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Table 2. Fit of a linear model to the trends in age-specific
mortality rates between ages 35-39 and 95-99 and life expec-
tancy at birth (PLE) in the Netherlands, 1950-2012

Indi- Males Females
cator age all-cause no-smoke diff all-cause no-smoke  diff
35-39 89% 87% -2% 86% 88% 2%
LO-4LL 86% 85% -1% 88% 94% 6%
45-49 80% 82% 2% 87% 96% 9%
3 | s0-54 | 80% 89% 9% 87% 97% 10%
g, 55-59 1% 92% 21% 90% 98% 8%
E 60-64 60% 94% 34% 92% 98% 6%
g 65-69 49% 96% 47% 93% 98% 5%
_hé 70-74 47% 96% 49% 95% 98% 3%
§ 75-79 57% 96% 39% 95% 97% 2%
é’o 80-84 2% 93% 21% 95% 97% 2%
° 85-89 76% 83% 7% 92% 93% 1%
90-94 61% 73% 12% 84% 86% 2%
95-99 42% 56% 4% 58% 60% 2%
PLE 0 83% 97% 4% 97% 98% 1%

Table 2 summarizes the effect of the removal of smoking on
the trends in mortality rates and life expectancy. It shows the
R-squared of the fit of a linear model to the trend in age-specific
mortality rates and life expectancy between 1950 and 2012. Except
for the very young age groups in males, in every case the trends
in smoking-free mortality developed more linearly over time than
trends in all-cause mortality. In particular between age 50 and 80
the smoking-free trends evolved quite linearly both in males and
females. At older ages the removal of smoking was apparently less
successful to explain irregularities.

Not only past trends in mortality were heavily impacted by
smoking, also mortality projections were greatly influenced by
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Figure 8. Trends in Dutch male (top, left) and female (top, right)
life expectancy at birth and the female-male gap between 1950
and 2012 and projected trends until 2060, including the effect of
smoking (bottom, left) and with smoking-associated mortality
removed (bottom, right), demonstrating the effect of restricting
the start of the fitting period stepwise by one year from 1950 to
1990 (grey lines)
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Note: Mortality rates were truncated at age 100 in all models

this factor. That is because any Lee-Carter-based projection model
merely extrapolates past trends, observed for a restricted period of
time, into the future (Figure 8). We simulated the consequences
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of choosing different fitting periods by fitting Lee-Carter models to
data in the 1950-2012 range and then removing stepwise one year
until merely 1990-2012 was included in the model fit, resulting

in forty different projections. This exercise demonstrated that the
projection of all-cause life expectancy is, especially in males,
extremely sensitive towards the choice of the fitting period (Figure
8, upper left corner). The projected level of life expectancy in 2060
varies between 82 and 87 in males but only between 87 and 88

in females. This translates into a difference between male and
female life expectancy in 2060, ranging between merely one year
and almost six years, thus either resulting in an again increasing
male-female gap in life expectancy or in an almost full closure

of the gap until 2060 (Figure 8, lower left). After the impact of
smoking was removed, the resulting projections became much
more robust to the choice of the fitting period and more coherent
among men and women (Figure 8, upper right). The estimated
levels of life expectancy in 2060 vary only little at a value of
about 86 years in males and about 89 years in females, irrespec-
tive of the choice of the fitting period. Interestingly, the gap
between Dutch men and women, when adjusted for the impact of
smoking, is projected to remain roughly constant between about
1970 and 2060 at a value of three years (Figure 8, lower right). This
indicates that the widening and subsequent narrowing of the
male-female gap in Dutch life expectancy is apparently almost
completely driven by the impact of smoking.

3.2 Two competing Dutch projection models

The first official Dutch life expectancy projection that followed
the modern paradigm was published by the Rijksinstituut

voor Volksgezondheid en Milieu (RIVM) in 2010 (Luijben and
Kommer 2010). Later this approach was also adopted by Statistics
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Netherlands (CBS) in their 2012 and 2014 projections of life expec-
tancy (Stoeldraijer, van Duin et al. 2013, van Duin and Stoeldraijer
2014). The removal of smoking-attributable mortality in the
Netherlands did not reveal an underlying perfectly linearly
evolving trend. Although adjusting for smoking resulted in more
linear trends in female Dutch life expectancy, the trends in Dutch
males became less linear, and in both cases there was a clear
acceleration in the progress of life expectancy after about 2002
(see observed values for 1980-2009 in Figure 9 and Figures 7a and
7b) (Mackenbach, Slobbe et al. 201, Stoeldraijer, van Duin et al.
2013, Janssen, Rousson et al. 2015). For this reason, step 2 of the
modern paradigm (estimating non-smoking mortality for a group
of countries) turned out to be especially important to project the
irregular Dutch mortality trends without too much divergence to
other Western countries for the long run. Due to the inclusion of
experiences of other countries, the resulting projections of Dutch
life expectancy were much more optimistic than previous official
projections by (BS (see Figure 1). At the same time, the separate
smoking-based projections took into account the temporary
slower increase of female life expectancy in the near future due to
the still growing impact of the smoking epidemic.

Applying a new approach, the AG published its AG2014 projec-
tion tables in 2014 (Acturieel Genootschap 2014). Contrary to earlier
models, where improvement factors in Dutch mortality rates were
extrapolated into the future (Peters, Nusselder et al. 2012), the
new approach applied the Li-Lee technique to fit a Lee-Carter
model, first simultaneously to a group of countries and second to
the country-specific residuals of the first step. The Li-Lee tech-
nique involves the assumption that, in the long run, the rates of
mortality improvement are similar among all countries. Another
new feature is the much longer horizon of the projection, now
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Table 3. Comparison of the approaches to project Dutch life
expectancy of AG and (BS in 2014

Specifications AG2014 CBS2014
Time span 1970-2013 1970-2013
Sample 15 countries 12 countries
GDP above European average Western Europe
Forecast horizon 2184 2060
Modelling of sex yes (separately) yes (separately)
Modelling of country yes (common) yes (common)
Modelling of smoking No yes (separately)

ranging until 2184 so that trends in cohort life expectancies can be
estimated.

Despite the consistent findings in earlier literature on the
relevance of including information on smoking, the AG did not
account for this even though it did admit that "it is generally
known that smoking has a negative effect on life expectancy”
(Acturieel Genootschap 2014). Nevertheless, both (BS and AG also
took mortality trends of other countries into account to model
mortality in the Netherlands. Thus, by comparing the predic-
tions of AG2014 with those of (BS2014, one could directly assess
the consequences of including smoking and thereby answering
the question whether it matters after all - at least for the
Netherlands.

The set-up of the competing Dutch projection models is
compared in Table 3. Aside from the differing decisions about
modelling of smoking, the two projections also differ slightly
with respect to the groups of countries included in their analyses.
While the (BS simply focused on Western Europe, the AG used
average GDP in Europe as a threshold to exclude countries that
differ too much from the Netherlands in terms of economic devel-
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opment, i.e. Southern European countries. Since both approaches
took many other countries into account, the small differences

in composition of the sample are unlikely affect the projections
substantially.

3.3 Assessing differences in model outcomes
To assess the model outcomes, we calculated period life expec-
tancy by using the age-specific death probabilities published
by AG2014, (BS2014, and the observed values from the Human
Mortality Database 1970-2012 (Human Mortality Database 2014).
We truncated all of the data at age 100 so that the more unstable
patterns of mortality at higher ages do not affect the comparison
of the models.* In addition, all outcomes were evaluated only
up to 2060, to which year both projections provided estimates.
First, we compared the AG2014 and (BS2014 model outcomes
with respect to life expectancy at birth and the male-female
gap in life expectancy at birth to a benchmark. In this bench-
mark, Lee-Carter models were fitted to the same age and time
range, using Dutch data on all-cause mortality and smoking-free
mortality based on the PGW approach (for details see Appendix
A1-A3). Second, differentials of the AG2014 and (BS2014 models in
period life expectancy at birth were contrasted by indicators that
are more relevant for the pension and insurance sector, namely
remaining period life expectancy at age 65, remaining cohort life
expectancy at age 65, and the present value of future pension
payments at age 65 (for details see Appendix Ay).

Figure 9 presents a comparison of the model outcomes of the
AG2014 and (BS2014 approaches with the benchmark models,

4 From age 90 onwards, the AG approach estimates the schedule of age-specific
mortality rates based on the Kannisto method, which may result in larger
differences from the CBS approach at higher ages.
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Figure 9. Comparison of model outcomes of the projections AG2014
and (BS2014 and of a Lee-Carter model with (no-smoke) and
without (all-cause) adjusting for smoking, showing life expec-
tancy for males (left), life expectancy for females (center) and sex-
differences in life expectancy (right)
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where the impact of smoking was ignored (all-cause) and
where smoking-associated mortality was removed beforehand
(no-smoke). The projected values of life expectancy of the AG2014
and (BS2014 range between this upper and lower benchmark,
exhibiting striking similarities. Compared to the lower bench-
mark, both approaches are in the long run much more opti-
mistic over time, even converging to the upper benchmark for
males at the end of the projection horizon. In addition, the (BS
approach seems to be slightly more optimistic than that of the AG
in general, but the differences are small compared to the much
larger difference between the upper and lower benchmark.

The right hand side of Figure 9 shows the development of the
male-female gap, indicating the strong impact of smoking on
trends in sex-specific life expectancy in the past. While the gap
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remained constant at a level of about three years in smoking-free
mortality trends, the gap increased to almost seven years around
1980, subsequently declining fast to less than four years. The
projections based on the high and low benchmark involve a value
of the male-female gap in 2060 of about three years. By contrast,
the (BS and AG models predict a steeper narrowing of the male-
female gap in life expectancy below the benchmark values. While
the gap according to the AG2014 model keeps narrowing up until
2060 to almost two years, the decrease in the gap according the
(BS2014 model levels off around the year 2030 at a value of about
2.5 years.

To study the seemingly small differences in model outcomes of
AG2014 and (BS2014 as expressed by period life expectancy at birth
in more detail, we also used alternative indicators that focus on
mortality beyond age 65, both in a period and cohort perspective
(Table o).

In terms of period life expectancy at birth, the differences
between the two projections never exceeded one percent in 2014-
2060, with slightly higher values for the (BS model (Table 4, panel
A). In 2060 the values differed by merely 0.4 years for males and
0.6 years for females. These absolute differences were about the
same for remaining life expectancy at the age of 65, where the
(BS model predicts a 0.4 years higher life expectancy for males
and a 0.2 years higher life expectancy for females (Table 4, panel
B). The relative differences when using this indicator were slightly
higher, ranging up to 3.4%, but this is mainly due to the fact that
the values of remaining life expectancy at the age of 65 are much
smaller than at birth. While (BS always predicts a higher life
expectancy at birth than AG, the AG model is more optimistic for
remaining life expectancy at age 65 in 2030 for females. However,
in the long run (BS is more optimistic both for females and males.
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Table 4. Projected period life expectancy at birth (Panel A),
remaining period life expectancy at age 65 (Panel B), remaining
cohort life expectancy at age 65 (Panel C) and the present value
of future pension payments at age 65 (Panel D) for Dutch males
and females according to the AG and (BS 2014 models for selected
calendar years

A: period life expectancy at birth

Sex Approach 2014 2020 2030 2040 2050 2060
Males AG2014 79.7 80.8 82.6 84.2 85.7 87.0
CBS2014 80.4 81.4 83.1 84.6 86.1 87.4
Difference -0.9% -0.7% -0.6% -0.5% -0.4% -0.4%
Females AG2014 83.2 84.1 85.6 87.0 88.3 89.4
CBS2014 83.7 84.4 85.7 87.3 88.8 90.0
Difference -0.6% -0.3% -0.1% -0.3% -0.6% -0.7%
B: remaining life expectancy at age 65
Sex Approach 2014 2020 2030 2040 2050 2060
Males AG2014 18.2 19.0 20.2 21.4 22.5 23.6
CBS2014 18.8 19.5 20.7 219 23.0 24.0
Difference -3.4% -2.6% -2.2% -2.0% -1.8% -1.8%
Females AG2014 21.0 21.8 22.9 23.9 24.9 25.8
CBS2014 21.5 21.9 22.6 23.8 25.0 26.0
Difference -1.9% -0.5% 1.1% 0.4% -0.5% -1.0%
C: remaining cohort life expectancy at age 65
Sex Approach 1970 1980 1990 2000 2010 2020
Males AG2014 14.7 15.3 16.7 18.9 20.4 21.8
CBS2014 14.7 15.3 16.7 19.1 21.0 223
Difference 0.0% 0.0% 0.0% -1.4% -2.8% -2.6%
Females AG2014 19.3 20.1 20.9 22.2 23.4 24.6
CBS2014 19.3 20.1 21.0 22.5 23.4 24.2
Difference 0.0% 0.0% -0.4% -1.3% 0.1% 1.3%
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D: present value of future pension payments at age 65

Sex Approach 1970 1980 1990 2000 2010 2020
Males AG2014 11.7 12.1 12.9 14.3 15.1 15.9
CBS2014 11.7 121 12.9 14.3 15.5 16.2
Difference 0.0% 0.0% 0.0% -0.3% -2.2% -2.0%
Females AG2014 14.5 15.0 15.4 16.2 16.8 17.4
CBS2014 14.5 15.0 15.4 16.3 16.8 17.2
Difference 0.0% 0.0% -0.3% -0.9% 0.2% 1.2%

Note: Mortality rates were truncated at age 100 in all models

By switching from the period to the cohort perspective in life
expectancy, the calendar years for which projections are available
move back in time (Table 4, panel C). For instance, the computa-
tion of remaining cohort life expectancy at age 65 in 1970 requires
projected values up to 2004 and in 2020 up to 2054. In such a
cohort perspective, the values for remaining life expectancy at
age 65 are about three years higher in 2020 than in a period
perspective. Aside from this, the absolute differences between
AG2014 and (BS2014 are still rather small, ranging up to 0.5 years
for males and 0.4 years for females in 2020. However, for females
the (BS model is slightly less optimistic than the AG model in the
long run. These patterns are virtually the same when using the
present value of future pension payments at age 65 as indicator.
Again, (BS is slightly more optimistic for males in 2020, while AG is
slightly more optimistic for females in that same year. The abso-
lute and relative differences are even smaller than for cohort life
expectancy at age 65.
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L. Conclusion

Accounting for the impact of smoking has become common

in international projections of life expectancy during the past
decade. A consistent result of these studies has been that
mortality trends became more linear and more similar among
countries, thus more predictable, after the effect of the impact
of the smoking epidemic was removed. Furthermore, projected
trends in life expectancy were more optimistic in the long run
when taking smoking into account. Thus, the current literature
clearly indicates that taking smoking into account can consider-
ably reduce the longevity risk that arises from overly pessimistic or
overly optimistic projections of life expectancy.

Simulating mortality projections based on different historical
periods, we analyzed the potential merits of including infor-
mation on smoking-associated mortality in the Netherlands, a
country where mortality trends have developed in @ much more
irregular way than in most other Western countries. We found that
also in such a deviating country, trends in smoking-free mortality
rates were more linear over time and more similar among males
and females than trends in all-cause mortality rates. A further
merit of modelling smoking-free mortality was that the projec-
tion outcomes depended less on the choice and length of the
historical period used to fit the model. Thus, more robust and
more plausible extrapolations of past mortality trends are feasible
for trends in Dutch smoking-free mortality.

A comparison of the most recent mortality projections by AG,
which ignored the impact of smoking, and by (BS, which took
smoking into account, indicated only small differences between
the projected values of life expectancy at birth in 2014-2060.

This finding, which contrasts with the prior simulation exercise,
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where removing the impact of smoking had huge consequences,
could be explained by the fact that both the (BS and AG models
took also trends of many other Western countries into account.
Furthermore, the estimates of both multi-country projection
models ranged between the projected values of the two bench-
mark models, where we projected Dutch life expectancy based
on Dutch mortality rates only with and without removing the
impact of smoking. Generally, the (BS model was slightly more
optimistic than the AG model, except for long-term trends in
cohort life expectancy at the age of 65 and the present value of
future pension payments at age 65, with AG being slightly more
optimistic for females. This is because the (BS model anticipates a
stronger impact of the smoking epidemic on females in the near
future, lowering their progress in life expectancy temporarily.
Given the evidence from the literature review and our simu-
lation exercise, we suggest that accounting for smoking should
become a standard procedure in the projection of mortality rates,
as that would facilitate the management of the longevity risk,
particularly because the outcomes are more robust to different
choices of the historical period. An approach for taking smoking
into account is readily available, as suggested by Janssen et al.
(2013), that is, combining the concept of quantifying the impact
of smoking on mortality trends with the idea that mortality rates
could be linearly extrapolated into the future if a stable under-
lying time trend could be uncovered. This concept could be
applied both for the general population, but also for the specific
composition of an insurer's portfolio. In the latter case, the
projected sex- and age-specific mortality rates for the general
population, where smoking is taken into account, could be used
as reference to be applied to a specific portfolio population by
using for instance a relational model (Charpentier 201g). If the
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main interest is the trends of life expectancy in the very long run,
as is often the case in actuarial applications, it could even be
sufficient to only project smoking-free life expectancy without

an additional model for smoking-associated mortality and then
to add a fixed constant to account for a persistent fraction of
smokers (Bongaarts 2006, Bongaarts 2014). This is because it could
be argued that the impact of smoking is probably negligible in
the long run, in particular for men where the most significant
distorting effects of the smoking epidemic on mortality trends
occurred in the past. If also the short-term trends in mortality
projections are relevant, a separate projection of non-smoking
and smoking-attributable mortality trends would seem to be
preferable, as this would allow modelling of the nonlinear impact
of smoking in the near term. That would be particularly relevant
for women, where the most important effects of the smoking
epidemic are yet to come to light.

Although taking smoking into account has many advantages,
the disadvantages inevitably involved need to be evaluated
before deciding on a projection model. First, to account for
smoking requires that reliable data on age-specific lung-cancer
mortality are available for a long period of time. Such is the case
in the Netherlands and in many other high-income countries, but
not in all and certainly not in less developed countries. A second
aspect of the inclusion of smoking in a projection model is that
assumptions on the further progression of the smoking epidemic
are necessary. This is less of an issue in subgroups (e.g. men in
the Netherlands) where the bell-shaped pattern of the impact
of the smoking epidemic is almost completely expressed, so that
the remaining part could easily be completed by simple means.
However, in subgroups where the major part of the impact of
the smoking epidemic lies in the future (e.g. women in Southern



THE IMPACT OF SMOKING L7

Europe), the separate projection of smoking-associated mortality
is more challenging.

Pooling of countries in mortality projections may provide a
convenient alternative to explicitly modelling the impact of
smoking on mortality trends, which we conclude from the rela-
tively small differences between the outcomes of the (BS and AG
models. Both models projected more optimistic mortality trends
than our benchmark case, where only Dutch all-cause mortality
rates were projected into the future. A possible explanation for
this result is that the pooling of countries that are in different
stages of the smoking epidemic helps to extract a more robust
underlying trend that is unrelated to smoking. However, this
hypothesis has not been evaluated so far and should be care-
fully assessed in further research. Until the pros and cons of pure
multi-country projections are evaluated in more detail, fore-
casters would be well advised to follow the modern paradigm and
thereby also take the distorting effects of the impact of smoking
into account.
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Technical Appendix

A1. Data

To derive mortality rates and construct life tables, we used sex
and age-specific population counts and death counts from the
Human Mortality Database in the age groups (0, 1-4, 5-9,...,95-99
years) (Human Mortality Database 2014). We furthermore obtained
sex and age-specific lung-cancer death rates for the age groups
(35-40, ..., 80-84 years) from the WHO mortality database on
causes of death, as input for the indirect estimation of smoking-
attributable mortality (World Health Organization 2013).

A2. Methods: Fitting the LC model

To extract a central time trend of mortality, we applied the LC
model as expressed in equation (1) (Lee and Carter 1992). In this
model, the average log mortality rate at each age a(x) is sepa-
rated from the central time trend x(t) while allowing for slower
and faster rates of decline at every age through the interaction

term B(x)

logm(x,t)=a(x)+p(x)x(x)+e(x,t) (1)

To fit the LC model introduced in (1), we followed Brouhns et al.
(Brouhns, Denuit et al. 2002), who assumed that deaths were
drawn from a Poisson distribution with person-years lived as
offset and estimated the LC parameters via maximum likeli-
hood (Brouhns, Denuit et al. 2002). This provided a more realistic
assumption for the variance in death rates (Pitacco, Denuit et al.
2009). To achieve a unique solution of model (1) the following
restrictions were made, in line with earlier studies (Cairns, Blake
et al. 2009):
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Etk(t)=0 (2)
and
> =1 6)

The model was fitted in R using the lifemetrics package (avail-
able at: http://www.macs.hw.ac.uk/~andrewc/lifemetrics/). We
fitted the LC model to all-cause mortality rates and to mortality
rates where the impact of smoking was removed beforehand, as
described below.

A3. Methods: Estimating the impact of smoking on mortality
We applied the indirect approach suggested by Preston, Glei, and
Wilmoth (the PGW approach) to estimate the fraction of mortality
attributable to smoking (Preston, Glei et al. 2010). Here, the basic
idea is that the total cumulative damage of past smoking on all
causes of death could be indirectly inferred from observed lung-
cancer mortality rates. Defining smoking as the only source of
variation in lung cancer rates [M(], the intensity of smoking is
computed as the difference between the observed M; and the M;
among never-smokers at the same age and sex obtained from
the Cancer Prevention Study Il (a cohort study started in 1982

in the USA). To obtain the fraction attributable to smoking for
causes other than lung cancer [Mo], the computed intensity of
smoking is multiplied by a sex, age, and time-specific transla-
tion factor (Preston, Glei et al. 2010). These factors were obtained
by regressing M; on My for a group of high-income countries
between 1950 and 2006. Since the original approach provided
translation factors only above the age of 50, we also used the
additional factors computed by Martikainen et al. (2014) to esti-


http://www.macs.hw.ac.uk/~andrewc/lifemetrics/
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mate smoking-attributable mortality between age 35-50 and
between age 85-89 (Martikainen, Makela et al. 2014).

Ay. Methods: Computing the present value of future pension
payments

As described in Peters at al. (2012) we computed the present value
of future pension payments at age 65 by first calculating cohort
survival trajectories at age 65, based on the fitted and projected
death probabilities q(x,t) provided by the AG 2014 and (BS 2014
projection, as shown in (4).

L(x,t)=1-TI%_1-q(x,t+(x-c)) ()

Here, Ic describes the cohort survival for those at age ¢=65 in year
t up until the highest age w=99.

» Lixt
at)=. ¢ (1+(:)X)C (5

Finally, the present value of all future pension payments a(t) is
computed by adding up the survivorship values I discounted by
the interest rate r (here r = 0.03 was used). Thereby, one year of
survival is translated into a pension of 1 euro.
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Do life expectancy projections need to account
for the impact of smoking?

Previously the gains in life expectancy have been consistently
underestimated resulting in a considerable longevity risk jeopardizing
the financial stability of pension funds, life insurers and public budgets.
The goal of this paper is to assess whether taking into account the
distorting impact of smoking on mortality trends helps to provide more
reliable projections of life expectancy and thus reduces the longevity
risk. For this purpose, Frederik Peters, Johan Mackenbach and Wilma
Nusselder (all Erasmus MC) review the international literature on that
topic and illustrate the impact of smoking on mortality trends and
projections for the example of the Netherlands.
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