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Abstract
Human longevity is rising rapidly all over the world, but are longer lives more
satisfied lives? This study suggests that the answer might be no. Despite a substan-
tial increase in months of satisfying life, people’s overall life satisfaction declined
between 1985 and 2011 in West Germany due to substantial losses of life satisfaction
in old age. When compared to 1985, in 2011, elderly West Germans were, on aver-
age, much less satisfied throughout their last five years of life. Moreover, they spent
a larger proportion of their remaining lifetime in states of dissatisfaction, on average.
Two important mechanisms that contributed to this satisfaction decline were health
and social isolation. Using a broad variety of sensitivity tests, I show that these results
are robust to a large set of alternative explanations.

Keywords Life satisfaction · Happiness · Longevity · Terminal satisfaction ·
Happy life expectancy · Sullivan’s method

JEL Classification I10 · I31 · J11

1 Introduction

Over the last four decades, human life expectancy has, on average, increased by one
year every four years in OECD countries (OECD 2016). The rise in life expectancy
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holds true for both men and women, at various ages, and across countries, although
recently life expectancy has plateaued, if not fallen, in the UK and the USA (e.g.,
Case and Deaton 2015; Chetty et al. 2016; Marmot et al. 2020). But are longer lives
more satisfied lives? This question is vital for individuals and public policymakers
because longer lives might come at the price of lower quality and life satisfaction
in old age. Longer lives will be less valuable to people if the additional life years
are spent in dissatisfaction and this causes overall life satisfaction (i.e., life satisfac-
tion totaled over the life course minus a death value) to decrease. Both issues are
pivotal in the context of private and public decision-making, where decision makers
may face the tradeoff between lengthening human life and enhancing the quality of
life.

Despite its importance for public policy and individuals, little is known about
how life satisfaction in old age has changed with improved longevity over time.
The previous literature has almost exclusively focused on health-related measures
(e.g., Crimmins and Beltrán-Sánchez 2011; Jagger and Robine 2011; and Chatterji
et al. 2015 for recent reviews), although health is only one determinant of life sat-
isfaction (Easterlin 2002, 2003) and people partially adapt to poor states of health
(Oswald and Powdthavee 2008; McNamee and Mendolia 2014). Evidence on life sat-
isfaction and related concepts of well-being is limited to studies that investigate time
trends of average and cumulative life satisfaction (e.g., Perenboom et al. 2004; Yang
2008; Realo and Dobewall 2011), or that analyze patterns of life satisfaction across
a person’s lifecycle (e.g., Blanchflower and Oswald 2004, 2008; Baird et al. 2010).
However, these studies fail to control for time to death (Gerstorf et al. 2010) and
reveal little about changes in terminal life satisfaction over time. Moreover, due to
their reliance on cross-sectional data, studies are often unable to separate age, cohort,
and period effects (Schilling 2005).

In this study, I combine two approaches to investigate how life satisfaction in old
age has changed with improved longevity in West Germany between 1985 and 2011.
The time-to-death approach estimates time trends of average life satisfaction by time
to death. This approach focuses on the last five years of life because, unlike earlier
life years in old age, these years are characterized by a sharp satisfaction decline
(Gerstorf et al. 2008a, b, 2010). Due to its distinction by time to death, this approach
can uncover varying end-of-life satisfaction patterns in aging societies across time,
such as a shift in the onset or a change in the slope of terminal decline. Hence, this
approach is particularly useful for informing end-of-life decision-making in mod-
ern societies. The life-expectancy approach estimates time trends of satisfied life
expectancy at age 60. Satisfied life expectancy at age 60 is a summary measure that
collapses age-specific mortality and satisfaction prevalence rates observed in a given
year into a single number. It provides information on the number of satisfied life
years that a member of a 60-year-old life table cohort can expect to live given age-
specific mortality and satisfaction prevalence rates as of that year. This approach adds
to the time-to-death approach by accumulating satisfied life years beyond the age of
60 (analysis in absolute terms) and relating them to total remaining lifetime (analysis
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in relative terms) for the average individual. In doing so, it weighs increases in (satis-
fied) lifetime against possible satisfaction losses at the end of life and, thus, informs
policymakers about the overall value of longer lives.1

To overcome the major shortcomings of previous studies, I use data from the
longest running household panel with continuous information on overall life satis-
faction, the German Socio-Economic Panel (GSOEP). This data set is unique in that
it allows researchers to closely follow a respondent’s life satisfaction over the life
course until death for more than 30 years now. Due to its longitudinal structure and
a large set of controls, this data set allows me to rule out many alternative expla-
nations for the observed life satisfaction changes over time, including, for example,
compositional, cohort, period, and time-in-panel effects.

This study contributes to the existing literature in four important ways. First, it is
the first study to analyze how life satisfaction in the final period of life has changed
with improved longevity over time. It provides evidence that the terminal decline in
life satisfaction holds over time but has increased in length and magnitude of decline,
thereby adding to the small but growing literature on end-of-life satisfaction (e.g.,
Gerstorf et al. 2008a, b, 2010; Palgi et al. 2010; Berg et al. 2011). Second, this study
challenges the conclusions that were drawn about life satisfaction in aging societies
based on the age-satisfaction curve (e.g., Steptoe et al. 2015). By introducing a novel
framework, this study highlights the importance of the final period of life, as opposed
to age, when drawing conclusions about satisfaction patterns in aging societies across
time. Third, contrary to most related studies that exploit variation in longevity over
time to study well-being in aging societies (e.g., Perenboom et al. 2004; Yang 2008),
this study carefully explores the role of explanations other than improved longevity.
Therefore, it can exclude a large set of alternative explanations for the satisfaction
decline in West Germany over time. Fourth, this study furthers our understanding of
successful aging by shedding light on two important mechanisms: health and social
isolation. Although these mechanisms are not new to the literature (see Oswald and
Powdthavee 2008 for the former and Helliwell 2003, 2006 for the latter), this study is
the first to show that health and social isolation also play an important role in aging
societies over time.

This paper proceeds as follows. Section 2 provides some background informa-
tion and gives an overview of related studies. Section 3 discusses the framework that
motivates the two empirical approaches of this paper. Section 4 describes the data.
Section 5 presents the time-to-death approach and its results. Section 6 presents the
life-expectancy approach and its results. Section 7 discusses two potential mecha-
nisms (health and social isolation) and provides some evidence for these mechanisms.
Section 8 concludes and provides some policy implications.

1In what follows, the term final period of life refers to the last five years of life (time-to-death approach)
or the period of terminal satisfaction decline, which may comprise more or less than five years, depending
of the country and the reference year. The term remaining period of life refers to all life years after age 60
(life-expectancy approach).
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2 Background

Life satisfaction is an important contributor to the general construct of subjective
well-being. It indicates the extent to which people positively evaluate the overall
quality of their life as-a-whole (Veenhoven 1996b). That is, in contrast to hedonic
(e.g., feelings of happiness, sadness, stress) or eudemonic measures of well-being
(e.g., sense of meaning and purpose in life), it provides a global assessment of the
people’s quality and goodness of life (Steptoe et al. 2015). Life satisfaction is com-
monly assessed by single direct questions in surveys, with assessment scales ranging
from very satisfying to very dissatisfying.2

Empirical research on life satisfaction has grown exponentially since its start in
the 1970s (Veenhoven 2015). This growth is likely explained by three matters: First,
single-item direct questions on life satisfaction were integrated in many national
and international surveys (see Dolan et al. 2008 for an overview). Second, previous
research in psychology, sociology, and economics has shown that life satisfaction
correlates well with a large set of outcomes and major life events (e.g., Di Tella et al.
2001; Frijters et al. 2004b; Deaton 2008; Clark et al. 2008), and predicts relevant
future behavior (e.g., Koivumaa-Honkanen et al. 2001 for suicide). Overall, the reli-
ability, validity, and sensitivity of life satisfaction measures is fairly high.3 Third,
life satisfaction is coming to the forefront of the public policy discourse, in which
the improvement of population satisfaction is emerging as a key societal aspiration
(Steptoe et al. 2015).4

Facing the challenges of population aging, an important field of research on life
satisfaction has investigated the association between age and satisfaction (see Steptoe
et al. 2015 for an excellent review). Using data from large-scale national and inter-
national surveys, studies in this field often, but not always, find that the association
between age and life satisfaction is U-shaped with a strong dip in life satisfaction in
middle age, and possibly another downturn in old age (e.g., Blanchflower and Oswald
2004, 2008, 2019; Wunder et al. 2013; Graham and Ruiz Pozuelo 2017; Blanchflower
2021). However, the downturn in old age almost vanishes upon controlling for time
to death (e.g., Gerstorf et al. 2008a, 2010). This suggests that life satisfaction in old
age is a function of time to death rather than age. Nevertheless, patterns of terminal
life satisfaction decline may depend on age. Exploring interindividual differences in
terminal satisfaction decline, Gerstorf et al. (2008b), for example, show that individ-
uals dying at older ages spend more time in the period of terminal satisfaction decline
than individuals dying at earlier ages. However, it is yet unknown how such cross-
sectional results translate to changes in overall life satisfaction in aging societies over
time.

2However, multi-item measures such as the satisfaction with life scale also exist (Diener et al. 1985).
3There is, however, an ongoing debate about whether or not multi-item measures outperform single-item
measures in terms of such outcomes (Veenhoven 1996a; Diener et al. 2013).
4The recent issue “On Happiness Being the Goal of Government” from Behavioural Public Policy provides
an excellent overview on whether happiness research using, e.g., subjective well-being measures should
inform public policy. In Frijters et al. (2020), the authors provide a strong argument for the use of life
satisfaction as the goal of government, but also discuss current barriers to its adoption.
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A second strand of research has analyzed changes in life expectancy in well-
being within a country across time. Most studies in this field estimate healthy life
expectancy and—depending on the health indicator and country of investigation—
report mixed results (see Jagger and Robine 2011 for a review). Only two studies
use concepts of well-being that are more closely related to satisfaction. Perenboom
et al. (2004) estimate life expectancy in hedonic well-being at the ages 16 and 65
and show that it significantly increased for men and women between 1989 and 1998
in the Netherlands. Yang (2008) computes happy life expectancy for both men and
women at various ages in the United States. He finds that happy life expectancy at all
ages rose in both absolute (number of years) and relative terms (proportion of life)
between 1970 and 2000. Thus, both studies suggest that increases in longevity came
with improvements in well-being. However, it is yet unknown whether these results
also generalize to other countries and later time periods.

In what follows, I present a simple framework that furthers our understanding of
the age-satisfaction association within the context of an aging society.

3 A framework

To evaluate the impact of improved longevity, it is necessary to compare the overall
quality of two representative lives that differ with respect to their length. In eco-
nomics, the quality of life is measured by lifetime utility. Lifetime utility captures the
idea that people attach value to both length and quality of life, thus accounting for
the fact that the value of a longer life strongly depends on its quality. As life satisfac-
tion is a good proxy for utility (Benjamin et al. 2012, 2014; Fleurbaey and Schwandt
2015), a measure of overall life satisfaction is obtained by replacing contemporane-
ous utility scores in the lifetime utility function with their corresponding reported
life satisfaction scores. Assuming that people attach equal weight to each year of life
(i.e., there is no discounting), overall life satisfaction of the representative agent is
then given by

T LS =
A∑

a=0

(LSa − LSd) , (1)

where A ∈ R+ is the age in the last year of life, LSa ∈ [
LS, LS

]
is the life satisfac-

tion score at age a, and LSd ∈ [
LS, LS

]
is the life satisfaction score that is attached

to death. The normalization by LSd accounts for the fact that there are states of life
that are considered not worth living (e.g., Ditto et al. 1996; Rubin et al. 2016). In
this framework, an increase in longevity from A to A′ is considered to be welfare
improving if T LS′ > T LS, i.e., if overall life satisfaction of the representative agent
increases.

One major drawback of this framework is its reliance on the cardinality assump-
tion. This is because life satisfaction in surveys is typically measured on an ordinal
scale. To remain as close as possible to the notion of overall life satisfaction without
having to rely on cardinality, I use a combination of two approaches: the time-to-
death approach and the life-expectancy approach. The former, new to the satisfaction
literature, rests on a minimum set of assumptions and can be sufficient to conclude
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that past increases in lifetime were welfare improving. The life-expectancy approach
complements it for the cases where increases in (satisfied) lifetime have to be
weighed against losses in end-of-life satisfaction. This latter approach requires some
additional assumptions, most importantly, the choice of a cutoff value to distinguish
between states of satisfaction and dissatisfaction.5

In the following, the underlying idea of the approaches will be presented. For the
time-to-death approach, it is useful to observe two important facts about the evolution
of life satisfaction in old age:

1. Stability-despite-loss paradox: For years more distant from death, life satisfac-
tion is relatively stable in old age despite aging-related losses (Diener et al. 1999;
Kunzmann et al. 2000; Schilling 2006).

2. Terminal decline: For years close to death, life satisfaction strongly declines with
proximity to death. This decline is linear, possibly with a more pronounced drop
in the last year of life, and it starts, on average, roughly three to five years before
death (e.g., Gerstorf et al. 2008a, b, 2010; Palgi et al. 2010; Berg et al. 2011).

This suggests that it is crucial to investigate changes in terminal life satisfaction
over time to understand whether overall life satisfaction has increased with improved
longevity in aging societies.

Characteristics of the terminal life satisfaction decline might change with
improved longevity. It is, for example, possible that the terminal decline extends,
leading to much lower life satisfaction scores immediately before death. Alterna-
tively, there might be a shift in the onset of terminal decline to an older age, or a
change in the slope of terminal decline. Figure 1 illustrates some of these possible
changes for the representative agent (graphs on the left). How these changing ter-
minal life satisfaction patterns over time can be uncovered by analyzing time trends
of average life satisfaction by time to death is illustrated in Fig. 1 on the right.6 If,
for example, a downward sloping time trend of average life satisfaction for the last
year of life is observed, this is consistent with an extension of the terminal decline
(see panels a and d). A change in the slope of terminal decline over time is reflected
by narrowing (see panel c) or widening (see panel d) gaps between the average life
satisfaction trends over time.

A clear indication for a welfare improvement in terms of overall life satisfaction
is the pattern of average life satisfaction trends that are upward sloping or flat over
time. This is easily seen for the limiting case, which is depicted in panel b of Fig. 1. If
the shift in the onset of terminal decline exactly corresponds to the shift in the age at

5The life satisfaction scale of the GSOEP, for instance, does not specify where “dissatisfied” stops and
“satisfied” starts.
6As usual, I compute averages to get from individuals to the representative agent of a society. Interest-
ingly, time trends of the proportion of elderly people in each state of satisfaction would lead to the same
conclusion as average life satisfaction trends. This implies that, despite averaging, the results do not rest
on the cardinality assumption.
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Fig. 1 Illustration of the time-to-death approach. This figure illustrates how possible changes of terminal
life satisfaction patterns for the representative agent over time (graphs on the left) can be uncovered by
focusing on the last five years of life and analyzing time trends of average life satisfaction by time to death
(graphs on the right). Each panel (a to d) shows a different change in terminal life satisfaction patterns.
Source: Author’s representation

death, the additional lifetime is exclusively spent in satisfaction. Further, considering
that life satisfaction scores in the terminal decline phase are identical, it must be that
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overall life satisfaction of the representative agent increases. This holds even in the
absence of the cardinality assumption.7 In contrast, if average life satisfaction trends
are downward sloping, this is a necessary but not sufficient condition for a welfare
loss in terms of overall life satisfaction. The reason is that downward sloping time
trends indicate a deterioration of the final period of life that can be compensated
by an increase in satisfied lifetime. That is, overall life satisfaction may increase or
decrease, depending on how losses in terminal life satisfaction are valued relative
to gains in satisfied lifetime. Hence, in this case a summary measure is required to
obtain clear predictions.

As this summary measure, I use satisfied life expectancy at age 60. It does not
rely on the cardinality assumption, but requires weighting increases in satisfied life-
time against increases in dissatisfied lifetime to allow for welfare comparisons across
time. To do so, I compare the proportion of expected satisfied lifetime to expected
total lifetime at the age of 60 across time. Under the assumption that at the age of 60,
people prefer a high proportion of satisfied lifetime over a higher number of satisfied
life years, successful aging requires this proportion to be non-decreasing over time.
This implies, however, that people are willing to accept an extension of the dissatis-
fied lifetime at the end of their life, provided that it is not too long compared to the
extension in satisfied lifetime. This is one important feature that also finds empirical
support in discrete choice experiments on the willingness-to-pay for life extensions
(Pennington et al. 2015; Ahlert et al. 2016; Fischer et al. 2018).

Overall, this section argues that we need to observe an increase in the proportion of
satisfied lifetime at the age of 60 to conclude that overall life satisfaction has increased
with improved longevity. This is clearly the case if average life satisfaction trends by time
to death are upward sloping or flat. However, it may also be the case if we observe a
deterioration of the final period of life (downward sloping trends) because a possible
increase in satisfying lifetime may compensate for a worse final period of life.

4 Data

This study uses data from the German Socio-Economic Panel. The GSOEP is
a nationally representative longitudinal study of households in Germany. It was
launched in 1984. Initially, it included West German households only. After the Ger-
man reunification, a representative sample of East German households was added.
Currently, more than 20000 adult residents are interviewed on an annual basis. The
survey content includes rich information on demographics, household composition,
health, attitudes, and values.8

7However, in the absence of the cardinality assumption, the magnitude of the welfare gain cannot be
quantified. Under the cardinality assumption (and in continuous time), in panel B overall life satisfaction
for 1985 or 2010 would correspond to the area between the respective age-satisfaction curve and the
horizontal line at LSd . The welfare gain would correspond to the difference between the two areas for
2010 and 1985, i.e., the area between the black and the red age-satisfaction curves, and the horizontal line
at LSd .
8For further information on content and sampling structure of the GSOEP, see Wagner et al. (2007).
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Information on overall life satisfaction has been gathered annually since 1984. It is
collected using the question “How satisfied are you with your life currently, all things
considered?” The answer is measured on an 11-point Likert scale, ranging from 0
(very dissatisfied) to 10 (very satisfied). Information on mortality and the year of
death is obtained either directly at the yearly interviews from remaining household
members, relatives, and neighbors, or indirectly from official registries, which were
contacted throughout dropout studies. Time to death is calculated by subtracting the
survey year from the year of death. Lacking information on the month of death, I
refer to people as being one year, two or three years, and four or five years before
death in what follows.

Beyond the GSOEP data, two additional data sources are used. I use data from the
official German Death Statistics (GBE 2016) to adjust the estimates throughout the
time-to-death approach. This adjustment was necessary because women are under-
represented among older GSOEP participants. Scale weights were constructed based
on gender, five-year age-at-death intervals, German nationality, and time to death.
They were merged to the GSOEP by year of death and group characteristics (i.e.,
gender, age, and German nationality), implicitly assuming that the composition of the
population in West Germany was constant in the five years before death. To compute
satisfied life expectancy at age 60, I use gender-specific period life tables for West
Germany. They have been provided by the German Statistical Office on an annual
basis since the late 1950s (German Federal Statistical Office 2012a, b).

The two main samples were obtained as follows: I used data from the GSOEP
samples A to F.9 The elderly in East Germany were excluded because their life sat-
isfaction levels were strongly affected by the institutional and ideological changes
in East Germany following German reunification (e.g., Frijters et al. 2004a; Vogel
et al. 2017). This renders their data less appropriate for longitudinal comparisons.
Furthermore, I excluded migrants because the composition and the share of migrants
changed over time. These changes are likely problematic because reported satisfac-
tion levels vary with nationality (Steptoe et al. 2015). Finally, I restricted the analysis
to the elderly, i.e., I focused on respondents who died at age 60 or older and were
within five years of death (time-to-death sample) or respondents who were aged 60
plus at the time of the survey interview irrespective of their remaining lifetime (life-
expectancy sample). The age threshold of 60 was chosen because in the last three
decades the vast majority of age-related deaths in West Germany occurred at the age
of 60 or older.10

Figure 2 shows the distribution of life satisfaction scores for the time-to-death
and life-expectancy samples. It illustrates for both samples that the life satisfaction
distribution is highly left-skewed. For the life-expectancy sample, almost 50% of the
responses are concentrated on the categories seven and eight, and only 7.7% of the
respondents report a life satisfaction score below five (the midpoint of the scale). The

9The samples A and B represent the original samples of West German households. The samples C to F
were added at later stages to include East German households and to compensate for attrition.
10According to the official German Death Statistics (Gesundheitsberichterstattung des Bundes (GBE)
2016), in West Germany less than 8% of the people with German nationality died before age 60 in 1985.
In 2010, this share was even lower at 4.6%.
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Fig. 2 Distribution of life satisfaction scores by sample. N = 9371 (time-to-death sample) and N = 26870
(life-expectancy sample). Life satisfaction is measured on an 11-point Likert scale, ranging from 0 (very
dissatisfied) to 10 (very satisfied). Source: Author’s calculations based on SOEPv30 (1984–2013)

distribution of the time-to-death sample is less skewed than the distribution of the life-
expectancy sample. The stronger concentration of responses at lower life satisfaction
scores for the time-to-death sample is consistent with the terminal decline in life
satisfaction.

5 Time-to-death approach

This section analyzes how terminal life satisfaction changed with improved longevity
across time. Before presenting the results, additional details on the estimation are
provided.

5.1 Empirical strategy

Time trends of average life satisfaction were estimated based on 2446 West German
respondents who were within five years of death between 1985 and 2011 (unbalanced
sample). Satisfaction trends are shown separately by time to death to allow us to
uncover changes in both slope and onset of terminal satisfaction decline. I estimated
three-year moving averages in order to smooth the satisfaction trends slightly. Esti-
mates in a given year rely on roughly 200 to 400 observations. Weighted estimates
are reported throughout using the scale weights that were described in Section 4.

A meaningful interpretation of these estimates relies on the assumption that
changes in terminal life satisfaction over time can only be attributed to increased
longevity. This requires ruling out a large variety of time-varying factors that may
also contribute to changes in terminal life satisfaction over time. Therefore, fol-
lowing the results, a broad set of sensitivity checks shows that the time-to-death
results cannot be explained by compositional, cohort, or time-in-panel effects, gen-
eral macroeconomic trends or aging-unrelated period effects, an endogenous onset
of disease and terminal life satisfaction decline, an increasingly negatively selected
sample due to the age restriction, or increasing attrition among the elderly across
time.

566



Increasing longevity and life satisfaction: Is there a catch . . .

5.2 Results

Figure 3 depicts the time trends of average life satisfaction and average age at death
for elderly West Germans without a migration background who were one year (solid
line in dark gray), two or three years (dashed-dotted line in black), and four or five
years (dashed line in light gray) prior to death.11 This figure clearly suggests that the
last five years of life, on average, deteriorated with improved longevity over time.
The graph on the left indicates that average life satisfaction prior to death strongly
declined over time, irrespective of the time to death. Between 1985 and 2011, aver-
age life satisfaction decreased by almost one Likert point, which corresponds to
about half a standard deviation of life satisfaction.12 The decline in life satisfac-
tion reaches statistical significance, and it is large, when compared to the change in
life satisfaction that is caused by a change in alternative respondents’ characteristics
such as education or employment status (e.g., Oreopoulos 2007 for education and
Clark and Oswald 1994, Winkelmann and Winkelmann 1995, and Kassenboehmer
and Haisken-DeNew 2009 for unemployment and job loss). The graph on the right
demonstrates that the decline in life satisfaction went along with an increase in the
average age at death.13 Time series correlation coefficients for the satisfaction and
age at death trends range between −0.58 and −0.78.

Linking the results in Fig. 3 to the stylized profiles in Fig. 1, Fig. 3 offers some
additional insights. First of all, it shows that the terminal life satisfaction decline also
holds in aging societies across time. In each given year, life satisfaction declines,
on average, with proximity to death. However, patterns of the terminal satisfaction
decline have changed with improved longevity over time. Until 2000 average sat-
isfaction trends fell in parallel. This is consistent with an extension of the terminal
decline and, thus, substantially lower life satisfaction scores in the last five years of
life (cf. panel a in Fig. 1). After 2000, average life satisfaction continued to decrease
for the elderly who were more than one year prior to death, but stayed relatively con-
stant for those in the last year of life. This narrowing gap between the average life
satisfaction trends is consistent with a flattening slope of terminal decline over time
(cf. panel c in Fig. 1). Finally, as average life satisfaction four to five years prior to
death did not stay constant but decreased over time, the possible shift in the onset of

11Each trend line stops at a different point in time as a GSOEP respondent’s death is only observed until
the mid of 2013. Respondents who died in 2013 were one year prior to death in 2012, three years prior
to death in 2010, and five years prior to death in 2008. To avoid compositional changes in the study
population across years when computing three-year averages, the corresponding trend lines end in 2011,
2009, and 2007.
12For more distant years before death trend lines stop earlier. Hence, the observed satisfaction decline is
smaller. With 0.64 and 0.89 Likert points it corresponds to about one-third and two-fifths of a standard
deviation.
13In a balanced panel (i.e., in the absence of attrition and sample refreshment), time trends of the average
age at death should be identical in shape. They would simply be shifted to the right with increasing prox-
imity to death because people who were, for example, four or five years prior to death in 1985 correspond
to those who were two or three years prior to death in 1987. The fact that I find time trends of the average
age at death that are parallel to each other (also pre-weighting) suggests for the GSOEP that attrition with
respect to age is neither increasing nor decreasing in the final period of life over time, despite improved
longevity.
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death, 1985–2011, by time to death. Estimated based on the time-to-death sample. Estimates in a given
year represent three-year averages. Life satisfaction is measured on an 11-point Likert scale, ranging from
0 (very dissatisfied) to 10 (very satisfied). Age at death is measured in years. Source: Author’s calculations
based on GBE (2016) and SOEPv30 (1984–2013)

terminal decline was smaller than the shift in the age at death (cf. limiting case in
panel b in Fig. 1). That is, the duration of the terminal decline phase extended. This
extension came with satisfaction losses in old age that go beyond the last five years
of life.

5.3 Sensitivity tests

This section discusses the results of a large battery of sensitivity checks. Supporting
figures and tables are provided in Appendix 1.

To assess the role of compositional effects, cohort effects, and time-in-panel
effects, I estimated weighted individual-level life satisfaction regressions by time to
death.14 Using the pooled three-year average data set, I regressed life satisfaction on a
set of year dummies, subsequently adding distinct sets of controls to the regressions:
To account for compositional effects, I added a dummy for males, years of education,
net household income, dummies for the interview month, and dummies for the state
of residence; to account for cohort effects, I added five-year cohort dummies; and to
account for time-in-panel effects, I added a linear term for time-in-panel duration.15

14Cohort effects may arise because of Germany’s unique history during and after World War II. For exam-
ple, because of their war experience earlier born cohorts may more positively assess their current life
than later born cohorts when making intrapersonal comparisons, though empirical evidence in this regard
is mixed (Baird et al. 2010; Gwozdz and Sousa-Poza 2010)). Time-in-panel effects can appear because
reported life satisfaction is negatively related to the duration spent in a panel (e.g., Kassenboehmer and
Haisken-DeNew 2012; Baetschmann 2014).
15The classical identification problem between age, year, and cohort does not arise because age is not
included in these regressions. The coefficient on time-in-panel duration is identified due to sample refresh-
ment and non-response. Household income is deflated and need-weighted, i.e., it adjusts for purchasing
power, and household size using modified OECD equivalence weights.
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Figure 7 in Appendix 1 graphically depicts the year dummy coefficient estimates of
these regressions relative to the year 1985. It demonstrates that the decline in ter-
minal life satisfaction across time persists, even after controlling for compositional,
cohort, and time-in-panel effects, although there is some evidence that time-in-panel
effects contributed to the decline of end-of-life satisfaction over time.16

To investigate whether the decline in terminal life satisfaction over time is driven
by macroeconomic effects (e.g., German reunification) or simply represents a gen-
eral aging-unrelated time trend, I used a difference-in-difference type of approach.17

More specifically, I estimated time trends of average life satisfaction for three control
groups of West German respondents that were formed based on age. In order to rule
out the possibility that macroeconomic events or a general time trend contributed to
the terminal life satisfaction decline over time, life satisfaction trends for the control
groups should be upward sloping or flat. Figure 8 in Appendix 1 shows that there is at
most a small decline in average life satisfaction over time for all three control groups.

Previous literature suggests that more satisfied people tend to live longer (see
Veenhoven 2008 for a review). Here, reverse causality is problematic for two reasons.
First, the age restriction for the time-to-death sample may lead to an increasingly
negatively selected sample over time. Second, at the individual level, onset of dis-
ease, onset of terminal life satisfaction decline, and age at death are endogenous. To
address the concern of increasing sample selectivity, I dropped the age restriction,
i.e., I added 383 people who died before age 60 to the sample. Figure 9 in Appendix 1
shows that average life satisfaction trends exhibit the same slopes of decline, thereby
ruling out this potential explanation. To address the concern of endogeneity at the
individual level, I re-estimated average life satisfaction trends using objective death
probabilities instead of actual distance to death. Objective death probabilities were
retrieved from period life tables (German Federal Statistical Office 2012a, b) and
indicate a person’s probability of dying before her next birthday. If population aging
rather than endogenous shifts in the onset of terminal life satisfaction decline led
to the decline in terminal life satisfaction over time, average life satisfaction trends
should be downward sloping. Figure 10 in Appendix 1 shows that for West Germans
aged 60 and older, this was indeed the case.

Finally, to investigate whether differential attrition patterns over time contributed
to the downward slope of average life satisfaction trends, I estimated a linear proba-
bility model for study dropout using the unbalanced time-to-death sample. Table 2 in
Appendix 1 reports the regression results. It shows for the last five years of life that
less satisfied elderly West Germans are more likely to drop out of the GSOEP, but
that the attrition pattern with respect to life satisfaction did not change over time.

16This result also holds if I control for relative as opposed to absolute income (e.g., poverty indicators,
distance to median income). Moreover, I find that an urban-rural drift in the place of living is unlikely to
account for the decline in terminal life satisfaction over time. Since information on community size only
became available in 1995, I did not control for it in the regressions presented here.
17A general aging-unrelated time trend may result from (unobserved) time-varying factors such as, for
example, technological progress that is unrelated to aging, change in nutritional habits, or improvements
in access to health care.
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6 Life-expectancy approach

This section investigates whether increases in satisfied lifetime compensated for the
worse final period of life such that people became better off in terms of overall
life satisfaction (i.e., the proportion of expected satisfied lifetime after age 60) with
improved longevity. Again, details on the estimation are provided first.

6.1 Empirical strategy

Time trends of satisfied life expectancy at age 60 were estimated based on Sullivan’s
method (Sullivan 1971).18 The idea of this method is quite simple. It divides total
life expectancy at age 60 into satisfied and dissatisfied life expectancy at age 60
by combining data from two different sources. While the person-years lived in each
age interval are obtained from period life tables, satisfaction prevalence rates for
the corresponding age intervals are estimated based on survey data and then used to
weight the person-years lived in each age interval. After weighting, the computation
of satisfied life expectancy is equivalent to that of standard life expectancy. That is,
satisfied life expectancy at age 60 is computed by summing up the weighted person-
years lived after age 60 and then dividing it by the number of 60-year-old survivors.
Formally, Sullivan’s estimator is defined as

ês
60 =

∑
x∈A60

ĥs
x,nx

Lx,nx

l60
, (2)

where A60 represents the set of starting ages x such that x ≥ 60, ĥs
x,nx

denotes the
sample fraction of satisfied survey respondents in the age interval [x, x + nx), Lx,nx

indicates the person-years lived in the age interval [x, x + nx), and l60 gives the
number of 60-year-old survivors.19 Dissatisfied life expectancy at age 60 is estimated
either by replacing ĥs

x,nx
with the sample fraction of dissatisfied survey respondents,

ĥds
x,nx

= 1 − ĥs
x,nx

, in (2) or by directly subtracting satisfied life expectancy at age 60
from total life expectancy at age 60.

I used five-year age intervals, i.e., nx = n = 5 for all but the last age interval,
which ranged from 85 to the oldest observed age. Gender-age-specific satisfac-
tion prevalence rates were estimated by the gender-age-specific sample fractions of
GSOEP respondents in any of the three states: dissatisfied (life satisfaction of 0 to 6),
moderately satisfied (life satisfaction of 7 or 8), and very satisfied (life satisfaction of
9 or 10). The threshold values correspond to the first and third quartiles of the pooled

18This method differs from the multistate life table method in that it uses stock rather than flow data.
Despite this difference, both methods produce similar results if changes over time are smooth and occur
regularly (Mathers and Robine 1997).
19To understand (2), consider the following example. Suppose that in a population 100 people at age 60
are still alive. Half of them suddenly drop dead on their 61st birthday (i.e., they live another year), the
other half on their 63rd birthday (i.e., they live another three years). During their remaining lifetime, half
of the people are satisfied, while the other half is not. In this case, total life expectancy at age 60 equals
two years (= (100+50+50)/100), whereof one year is spent in satisfaction, on average. That is, satisfied
life expectancy at age 60 equals one (= (100 · 0.5 + 50 · 0.5 + 50 · 0.5)/100).
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life satisfaction distribution in the life-expectancy sample. Consistent with the data
from period life tables, I estimated the satisfaction prevalence rates using three-year
averages.20 Estimates were weighted using cross-sectional survey weights in order to
account for the sampling structure of the GSOEP.

To allow for comparisons of satisfied life expectancy at age 60 across time, esti-
mates are reported for the years 1985, 1990, 2000, and 2010 in both absolute (number
of years) and relative (proportion of life) terms. For testing purposes, standard errors
were derived based on the delta method (see Appendix 2). They differ from those that
are usually employed in the literature, because I use longitudinal data and pool the
data of three years when estimating the satisfaction prevalence rates for a given year.
While testing, I implicitly assume that the covariance between two life expectancy
estimates can be ignored because I independently computed the standard errors of
satisfied life expectancy across the different years. Since this assumption is most
plausible for the largest time difference, I only report test results for the difference
between 1985 and 2010. For this difference, less than 5% of the observations stem
from respondents who took part in the survey in both years (including the surrounding
years).

6.2 Results

Table 1 presents the estimates of satisfied life expectancy at age 60 for West Ger-
mans without migration backgrounds by gender and year and contrasts them with
the increase in total life expectancy at age 60. Between 1985 and 2010, total life
expectancy for a 60-year-old man continuously grew from 17.1 years in 1985 to 21.4
years in 2010. In 2010, he was expected to spend about 15 years of his life in states of
satisfaction, which made up for 70% of his remaining lifetime. More than half of the
additional lifetime was, on average, spent in states of satisfaction, despite the steady
decline in very satisfied lifetime after 1985. For a 60-year-old woman, the pattern
across time was very similar, but the increase in average satisfied lifetime of 1.4 years
was substantially lower than that for a 60-year-old man. It only accounted for 40% of
the overall increase in a 60-year-old woman’s lifetime. Nevertheless, in 2010, women
at the age of 60 were also expected to spend a fairly high fraction (about two-thirds)
of their remaining lifetime in states of satisfaction.

However, there also was a flip side to the coin. The extension of the terminal
decline period as well as the larger fraction of dissatisfied West German elderly peo-

20Sample sizes used to estimate the gender-age-specific satisfaction prevalence rates in a given year range
from 120 to 1546 observations. Two exceptions represent the estimates for men aged 85 and older in 1985
and 1990.
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ple within five years of death (cf. results in Section 5.2) were reflected in a significant
rise of expected dissatisfied lifetime. The rise in expected dissatisfied lifetime out-
weighed the rise in expected satisfied lifetime such that the proportion of satisfied
lifetime to total lifetime fell after 1985.21 In 2010, the decline in the proportion of
satisfied lifetime equaled 3 to 4 percentage points. This corresponds to a 5% reduc-
tion in the proportion of satisfied lifetime or a 12% increase in the proportion of
dissatisfied lifetime, on average. The decline in the proportion of satisfied lifetime is
statistically significant for both men and women, albeit for men only at the 10% level
in a one-sided test. Thus, if we rely on the assumption that at the age of 60, people
prefer a high proportion of satisfied lifetime over a higher number of satisfied life
years (cf. Section 3), the life-expectancy results suggest that the overall quality of life
deteriorated with improved longevity in West Germany between 1985 and 2010.22

To better understand what contributed to the changes in satisfied life expectancy
at age 60 over time, I estimated counterfactual satisfied life expectancy at age 60,
keeping age-specific mortality rates constant as of 1985. This allows me to distin-
guish between changes that result directly from declines in mortality and changes
that result both indirectly from declines in mortality and from changes in satisfaction
prevalence.23 Figure 4 presents the estimates of counterfactual life expectancy at age
60 by gender and year and contrasts them with the estimates of actual life expectancy
at age 60 that were presented in Table 1. At each point in time, total life expectancy
— as indicated by the full length of a bar — is divided into the number of years that
a 60-year-old survivor can expect to live in the very satisfied, moderately satisfied,
and dissatisfied states. Changes in satisfied life expectancy that result from changes
in satisfaction prevalence and the indirect mortality effect are shown within the bar
charts for counterfactual life expectancy. In contrast, changes that result solely from
declines in mortality (direct mortality effect) are assessed by comparing changes of
actual and counterfactual satisfied life expectancy across the bar charts for men or
for women.

A comparison of counterfactual estimates within the bar charts for men and
women suggests that the observed decrease in very satisfied life expectancy between
1985 and 2010 was fully attributable to a decline in satisfaction prevalence over time,
as reflected by the strong decrease in counterfactual very satisfied life expectancy
over time.24 The direct effect of declining mortality did not contribute to the decline
in very satisfied life expectancy, as the comparison of actual and counterfactual esti-
mates shows. The opposite holds true for the changes in dissatisfied life expectancy.
Almost the full increase in dissatisfied life expectancy at age 60 between 1985 and

21This holds because the proportion of expected satisfied lifetime was over 50% in 1985.
22Again, the life-expectancy results are slightly more pessimistic for women. This might be explained by
a level effect. With increasing life expectancy, over time it might get harder to ensure a high quality of life
towards the end of people’s lives.
23If I were to vary only the mortality rates, I would clearly capture the effect of population aging. However,
I would neglect the effect that declining mortality may have on satisfaction due to a shift in the onset of
terminal decline, possibly overestimating the negative effect of population aging.
24Further analysis revealed that time-in-panel effects strongly contributed to the decline in satisfaction
prevalence over time.
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Fig. 4 Actual and counterfactual satisfied life expectancy at age 60 by gender and year, West Germany
(1985–2010). LE, life expectancy. This figure shows the evolution of total and satisfied life expectancy
at age 60 in West Germany by gender (actual LE, cf. Table 1) and contrasts it with the evolution that
would result if mortality rates were kept constant as of 1985 (counterfactual LE). In each year, total life
expectancy is divided into the expected number of very satisfied (life satisfaction of 9 or 10), moderately
satisfied (life satisfaction of 7 or 8), and dissatisfied (life satisfaction of 0 to 6) life years. Changes in
satisfied life expectancy that only result from reduced mortality (direct mortality effect) are assessed by
comparing changes of satisfied life expectancy across actual and counterfactual bar charts for men and for
women. Changes that result from changes in satisfaction prevalence but also include an indirect mortality
effect (due to possible shifts in the onset of satisfaction decline) are assessed by comparing satisfied
life expectancy within the counterfactual bar charts for men or for women across time. Source: Author’s
calculations based on German Federal Statistical Office (2012a, b) and SOEPv30 (1984–2011)

2010 is explained by direct declines in mortality. Changes in satisfaction prevalence
over time contributed, if at all, only very little to the increase in dissatisfied life
expectancy over time. This result is crucial because it suggests that explanations
other than improved longevity, including period, cohort, and time-in-panel effects,
are unlikely to explain the increase in dissatisfied life expectancy.

6.3 Sensitivity tests

The life satisfaction scale in the GSOEP does not indicate where on the scale “dis-
satisfied” stops and “satisfied” starts. This challenges the interpretation of scores. To
explore the sensitivity of the life-expectancy results, I used two alternative classifi-
cation schemes. First, I used the midpoint of the Likert scale to distinguish between
dissatisfied and moderately satisfied states and kept the threshold value for the very
satisfied state constant. Second, I used an equal point split classification. That is,
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I classified respondents as dissatisfied (moderately satisfied, very satisfied) if they
reported a life satisfaction score between 0 and 4 (5 and 7, 8 and 10).

Figure 11 in Appendix 1 depicts the results. Under the midpoint split classification
(left panel), I continue to find qualitatively the same results. That is, between 1985
and 2010, there was again a strong increase in dissatisfied life expectancy at age 60 in
both absolute and relative terms. However, the change in relative terms was no longer
statistically significant. Under the equal point split classification (right panel), a dif-
ferent picture emerges. Here, expected satisfied lifetime at age 60 increased between
1985 and 2010, as did expected dissatisfied lifetime, but the increase in the former
was, on average, more than 10 times larger than in the latter. Therefore, with a thresh-
old value of four for dissatisfied states, the proportion of expected satisfied lifetime
to expected total lifetime at age 60 no longer decreased, but stayed at a constant level
of about 91 to 92%, which corresponded to a total of about 20 expected satisfied life
years across sexes in 2010.

6.4 Discussion

The life-expectancy results differ from those reported in Perenboom et al. (2004)
and Yang (2008). This discrepancy in findings may be explained by three crucial
differences across studies. First, the other two studies rely on different measures of
well-being. While Perenboom et al. (2004) measure hedonic well-being based on the
negative items of the Bradburn Affect Balance Scale,25 Yang (2008) uses happiness
— a concept that is more closely related to life satisfaction. However, in his study,
happiness is only measured on a 3-point scale. This may hide important data patterns,
in particular, if states of satisfaction and dissatisfaction are pooled in the intermedi-
ate category. In fact, I can replicate his findings when pooling states of satisfaction
and dissatisfaction in the intermediate category under the equal point split classifi-
cation. Second, the other two studies focus on earlier time periods. Since in earlier
time periods life expectancy levels were lower, the differences in results may also be
explained by a level effect. In all three studies, the observed gender differences would
be consistent with such a level effect. Third, the other two studies focus on differ-
ent countries. Veenhoven (1996a) showed that happy life expectancy strongly differs
across countries, and that contextual factors such as affluence, freedom, and toler-
ance explain 70% of the statistical variance in happy life expectancy. In line with his
findings, I find that the results for West Germany are worse than for the Netherlands
and the United States.

7 Mechanisms

This section discusses two important mechanisms for the decline in terminal life
satisfaction over time: health and social isolation.

25The Bradburn Affect Balance Scale gathers information on feelings. It consists of 10 items: five positive
and five negative (Bradburn 1969).
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7.1 Health

Health gradually declines with age (DePinho 2000; Rosenthal and Kavic 2004) and
poor health is negatively related to life satisfaction (e.g., Oswald and Powdthavee
2008). Thus, one obvious channel through which increased longevity can affect life
satisfaction is health.

Figure 5 shows time trends of the main health indicators in the GSOEP by time
to death. It suggests that a deterioration of health is likely an important mechanism.
Three out of the four objective health indicators show a sharp rise with increased
longevity (top and middle graphs). The share of elderly people within five years of
death who had a severe disability more than doubled between 1985 and 2011.26 In
2011, more than every second elderly person exhibited a health impairment imme-
diately before death. Subjective health measures (bottom graphs) also indicate a
significant decline in health for all but the last year of life, however, the size of the
decline is small. One likely explanation for this difference between objective and
subjective health measures is interpersonal comparison (Steffel and Oppenheimer
2009).27

Figure 12 in Appendix 1 provides further evidence for the health mechanism. It
demonstrates that the decline in terminal life satisfaction over time becomes much
smaller after controlling for health indicators in individual-level life satisfaction
regressions. Health satisfaction explains roughly one-third of the decline in life satis-
faction of respondents who were two or three years before death, while the disability
status fully explains the decline in life satisfaction of respondents who were four
or five years before death. Overall, these results support the expansion of morbidity
hypothesis (Gruenberg 1977; Olshansky et al. 1991).

7.2 Social isolation

Social isolation and inactivity are negatively associated with life satisfaction (e.g.,
Chappell and Badger 1989; Pinquart and Sörensen 2000; Powdthavee 2008), also
prior to death (Gerstorf et al. 2016). Among various measures of social isolation,
disconnectedness with social peers and a low number of friends have the most detri-
mental impact on life satisfaction (Chappell and Badger 1989; Pinquart and Sörensen
2000). Due to a reduction of multigenerational households (German Federal Statis-
tical Office 2016) and increased geographical distance between adult children and
elderly parents in Germany (e.g., Mahne and Huxhold 2017), fewer personal contacts
with family members likely contributed to the decline in terminal life satisfaction
over time. Moreover, given the increased variation in longevity at age 60 in indus-
trialized countries (Engelman et al. 2010), it is possible that elderly West Germans
became more likely to experience a friend’s death early in life, reducing the frequency

26The decline in the share of severely disabled elderly people between 1996 and 2000 resulted from a
revision of the assessment criteria for legally attested disability status in 1996.
27Interpersonal comparisons do not equally apply to life satisfaction as well (Junghaenel et al. 2018). One
possible explanation for this observation is that interpersonal comparisons are more difficult to make when
rating life satisfaction because life satisfaction is affected by many domains of life.
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Fig. 5 Average health indicators for elderly West Germans within five years of death, 1985–2011, by time
to death. Estimates in a given year represent three-year averages. Having a severe health impairment is
measured by legally attested disability status. Doctor visits refer to the last three months. Hospital stays
refer to the last year. Health satisfaction is measured on an 11-point Likert scale, ranging from 0 (very
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satisfaction indicator. s1, s23, and s45 indicate the slope estimates for fitted linear trend lines (not shown in
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of personal contacts with friends over time. In addition, fewer personal contacts
with family and friends might have resulted from reduced mobility because mobility
strongly declines with age among the elderly people (Ferrucci et al. 2016), likely due
to impoverished health.
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Fig. 6 Share of elderly West Germans within five years of death that had mutual visits with family and
friends, 1990–2008, by frequency of visits. Due to missing information (information only available for five
years) and item non-response estimates were obtained from a smaller sample than in Fig. 3. A distinction
by time to death (cf. Figs. 3 and 5) was not meaningful because of small sample sizes. Shares do not add
to 100% as the category “weekly visits” is not shown. Source: Author’s calculations based on GBE (2016)
and SOEPv30 (1984–2013)

Figure 6 shows that the frequency of mutual visits with family and friends strongly
decreased over time for the West German elderly who were within their last five
years of life.28 Between 1990 and 2008, the shares of the elderly with less than
monthly mutual visits (only for mutual visits with friends) and without any vis-
its (for both types of mutual visits) each increased by more than five percentage
points. I investigated three additional indicators of social isolation: single household
status, partnership status, and widowhood. I find that these indicators contributed
to the decline in terminal life satisfaction over time as well, also after controlling
for health.29 Overall, these results suggest that increased social isolation was an
additional explanation for the steady decline in terminal life satisfaction over time.

8 Conclusion

Given the rapid increase in human life expectancy throughout the last decades, this
study asks: Are longer lives more satisfied lives? Using data from the German Socio-
Economic Panel, this study suggests that the answer might be no. Although expected
satisfied lifetime increased for West Germans at the age of 60 by two years between
1985 and 2010, this increase likely did not compensate for the substantial losses of
life satisfaction that occurred at the end of people’s lives. In 2010, average life satis-
faction scores in the last five years of life were roughly one-third to half a standard
deviation lower than in 1985. Moreover, the period of terminal satisfaction decline
was substantially longer. With, on average, slightly more than two additional dissat-

28Information on these indicators was only collected in five years between 1985 and 2011. Therefore, in
this figure, I pool the data of two years together (if applicable) and do not distinguish by time to death.
29The magnitude of effect was similar to the one observed for the other two social isolation indicators, but
it did not work as much through the health channel (results available upon request).
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isfied life years, 60-year-old survivors in 2010 were expected to spend 10% more
of their remaining lifetime in states of dissatisfaction, which suggests a drop in this
study’s measure of overall quality of life. Nevertheless, in 2010, the proportion of
expected satisfied lifetime to expected total lifetime at age 60 was still relatively high,
with an average level of about 65% to 70%.

To better understand what contributed to the decline in terminal life satisfaction
in West Germany, I explored the role of two potential mechanisms: health and social
isolation. Several health indicators (e.g., severe disability, number of hospitalizations)
indicated a deterioration of the end-of-life health status over time and, thus, provided
support for the expansion of morbidity hypothesis (Gruenberg 1977; Olshansky et al.
1991). Among all health indicators, the increase in legally attested disability had the
most detrimental impact on terminal life satisfaction. All measures of social isolation
contributed to the decline in terminal satisfaction over time, but individual-level life
satisfaction regressions indicated that increased isolation mainly worked through the
health channel. These results are in line with studies that show that the onset of dis-
ability relates to a lasting well-being decline (Lucas 2007; Oswald and Powdthavee
2008), and that a socially active life is associated with higher late-life well-being,
less pronounced late-life decline, and a later onset of terminal satisfaction decline
(Gerstorf et al. 2016).

One likely explanation for the findings of this study is the decline in sudden death.
Over the last three decades, age-standardized mortality from ischaemic heart disease
has fallen by more than half in high income countries (Finegold et al. 2013; Hartley
et al. 2016). So while in earlier times, when smoking was still very common, quite
healthy and satisfied people suddenly dropped dead, nowadays new medical tech-
nologies (e.g., drug-eluting stents) allow the medical profession to extend people’s
lives even with disease. As a consequence, people are much more likely to experience
novel types of diseases as well as an increased burden and complexity of multi-
morbidity (WHO 2010). Moreover, thinking of slowly progressing diseases such as
Alzheimer’s disease or dementia that come with a progressive decline in memory
and cognitive function and eventually lead to severe disability (Alzheimer’s Associ-
ation 2016), it is very plausible that people are much less satisfied throughout their
final period of life nowadays. Overall, higher dissatisfaction levels may result from
the burden associated with disease, including increased social isolation, as well as
the fact that people know that there is no cure or modifying treatment for a disease
(Daviglus et al. 2010).

The final conclusion that the overall quality of life decreased with improved
longevity between 1985 and 2011 rests on a very strong assumption, namely that
at the age of 60, people value a high proportion of satisfied to total lifetime more
strongly than the actual number of satisfied life years. Although consistent with the
literature (Pennington et al. 2015; Ahlert et al. 2016; Fischer et al. 2018), this assump-
tion may not hold. Another related issue is that of acceptable satisfaction levels. Many
people would argue that satisfaction levels above the neutral (i.e., 5 on the 0 to 10
scale) are still quite satisfying and, thus, the elderly in our sample, though more dis-
satisfied in the final period of life, were still quite satisfied in 2011. However, there
is a well-documented issue of over-reporting satisfaction scores in surveys with face-
to-face interviews (see Diener et al. 2013 for review). Even satisfaction scores of
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about four (on the 0 to 10 scale) may be predictive of suicide (Koivumaa-Honkanen
et al. 2001). If people nevertheless believe that life is still satisfying at very low sat-
isfaction scores (i.e., three and lower), then the final conclusion of this study will no
longer hold.

Should people and policymakers further invest in life extensions? This study
shows that it is important to complement investments that extend the length of human
life with investments that improve the quality of life in old age. Under-investments in
the latter result in declining satisfaction levels at the end of people’s lives. Quality-
of-life-improving policies may have a more positive effect on increasing overall life
satisfaction. This is because they would increase satisfaction during a person’s life-
time, and furthermore, may also extend the length of life itself since more satisfied
people tend to live longer (Veenhoven 2008; Steptoe et al. 2015).

Which quality-of-life-improving policies should be targeted? As suggested by the
analysis of potential mechanisms, potential candidates would be policies that aim to
prevent noncommunicable diseases (e.g., via reduced tobacco use, healthy diets, or
physical activity) and policies that aim to achieve a better integration of the elderly in
today’s societies (e.g., via better provision of public transportation in remote areas).
Further research on these and other potential mechanisms is required to decide upon
the policies that are most promising. Moreover, future research needs to explore
potential heterogeneity in order to better target policies to groups of recipients.

Appendix 1: Supplementary tables and figures
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Fig. 7 Role of compositional, cohort, and time-in-panel effects: Year dummy coefficient estimates from
terminal life satisfaction regressions, by time to death and regression specification. This figure shows the
change of year dummy coefficient estimates after sequentially adding controls for compositional effects
(add controls), cohort effects (add cohort effects), and time-in-panel effects (add time-in-panel effects) to
weighted individual-level life satisfaction regressions that linearly regress terminal life satisfaction on a
set of year dummies (baseline specification). Separate regressions were estimated by time to death and
results are shown in distinct graphs (with increasing time to death from the left to the right). Coefficient
estimates are relative to the year 1985. Trends for the baseline specification correspond to those in Fig. 3.
Upward tilting trends indicate a contribution of the added set of controls to the decline of terminal life
satisfaction over time. Source: Author’s calculations based on GBE (2016) and SOEPv30 (1984–2013)
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Fig. 9 Average life satisfaction and average age at death for West German adults within five years of
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Fig. 10 Average life satisfaction and average age for elderly West Germans, 1985–2011, by objective
death probability (ODP). ODPs indicate a person’s period life table probability of dying before her next
birthday. Estimates in a given year represent three-year averages. The sample corresponds to that in Fig. 3,
except that it also includes non-deceased respondents. Downward sloping time trends suggest that the
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Table 2 Linear probability
model estimates for study
dropout

Dropout

Constant 0.029
(0.030)

Life satisfaction −0.004†

(0.002)

Post1995 −0.000
(0.020)

Post1995 × life satisfaction 0.003
(0.003)

2 or 3 years before death 0.036***
(0.006)

Male −0.009
(0.006)

Age 0.001†

(0.000)

Low education −0.006
(0.006)

Poor household 0.017*
(0.008)

Single household −0.023***
(0.006)

Adj. R2 0.01

N 7383

†p < .10; *p < .05; **p < .01;
***p < .001. The sample
corresponds to that in Fig. 3,
except that it excludes
respondents who were one year
before death. Low education is
an indicator for those with less
than 11 years of schooling. Poor
household is an indicator for
those living in households with
net household income below the
60% poverty line. Clustered
standard errors are reported in
parentheses. Source: Author’s
calculations based on SOEPv30
(1984–2013)
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Germany (1985–2010). LE, life expectancy. This figure shows the sensitivity of the life-expectancy results
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German Federal Statistical Office (2012a, b) and SOEPv30 (1984–2011)
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Fig. 12 Role of health: Year dummy coefficient estimates from terminal life satisfaction regressions,
by time to death and regression specification. This figure shows the change of year dummy coefficient
estimates after adding a linear term for health satisfaction (add health satisfaction) or indicators for the
disability status (add disability status) to the weighted individual-level life satisfaction regressions of the
final specification in Fig. 7 (now called adjusted baseline). Indicators for the disability status were con-
structed based on the disability degree: not disabled (0), low (1 to 49), medium (50 to 79), high (80 to
99), and fully disabled (100). Again, separate regressions were estimated by time to death and results are
shown in distinct graphs (with increasing time to death from the left to the right). Coefficient estimates are
again relative to the year 1985. Upward tilting trends indicate a contribution of the added health indicator
to the decline of terminal life satisfaction over time. Source: Author’s calculations based on GBE (2016)
and SOEPv30 (1984–2013)
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Appendix 2: Standard error of satisfied life expectancy at age 60

In this appendix, I derive the standard error of satisfied life expectancy at age 60,
which is used to test for significant differences across time. Using Chiang’s (1984)
result, I first rewrite the formula of satisfied life expectancy in terms of survival
probabilities, px,nx . Then, I use the delta method to obtain the standard errors for this
non-linear function of random variables.

Chiang (1984) showed that the person-years lived in the age interval [x, x + nx),
Lx,nx , are a linear function of the cumulative survival probability up to age x, which
itself is a product of the probabilities of surviving from each starting age x to age
x + nx , px,nx :

Lx,nx = nxlx+nx + nxax(lx − lx+nx ) (3)

lx = l0
∏

i∈Bx

pi,ni
, (4)

where Bx = {i ∈ B : x > i} and ax the average proportion lived by people who die
in the age interval [x, x + nx). Inserting (3) and (4) in the formula of satisfied life
expectancy at age 60 (see (2) for its empirical counterpart), I obtain

es
60 =

∑
x∈A60

hs
x,nx

[nx

∏
i∈Bx+nx

pi,ni
+ nxax(l0

∏
i∈Bx

pi,ni
− l0

∏
i∈Bx+nx

pi,ni
)]

l0
∏

i∈B60
pi,ni

. (5)

That is, satisfied life expectancy at age 60 is a nonlinear function of the age-specific
survival probabilities, px,nx , and the satisfaction prevalence rates, hs

x,nx
, all of which

are random variables.
Next, the delta method is applied to this non-linear function of random variables.

As the age-specific satisfaction prevalence rates are estimated based on a different
data source than the age-specific survival probabilities, they can be considered inde-
pendent of the age-specific survival probabilities, and the covariance terms between
these variables can be ignored (Mathers 1991). Moreover, given that the survival
probabilities for two non-overlapping age intervals are estimated based on two dis-
tinct groups of people, the estimated survival probabilities are uncorrelated across
age intervals (Chiang 1960). This argument also holds for German period life tables,
which rely on repeated cross-sectional data and pool the data of three years to obtain
the life table estimates for a given year.

A similar argument would apply to the age-specific sample fractions of satisfied
survey respondents, if pooled data of repeated cross-sections were used. In my case,
however, this argument does not apply because I use longitudinal data and com-
pute three-year averages. Taking into account that I use five-year age intervals, the
sample fractions of satisfied GSOEP respondents at a given point in time are corre-
lated across two adjacent age intervals, while they continue to be uncorrelated across
the other non-overlapping age intervals. Thus, the delta method yields the following
variance of satisfied life expectancy at age 60:

V ar
(
es

60

) = ∑
x∈A60

(
∂es

60
∂px,nx

)2
V ar

(
px,nx

) + ∑
x∈A60

(
∂es

60
∂hs

x,nx

)2
V ar

(
hs

x,nx

)

+2
∑

x∈A60\w
∂es

60
∂hs

x,nx

∂es
60

∂hs
x+nx ,nx+nx

Cov
(
hs

x,nx
, hs

x+nx,nx+nx

)
,

(6)
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where w is the starting age for the oldest age interval. The first term describes the
variation in survival (or mortality), while the second and third terms describe the
variation in satisfaction prevalence.

According to Newman (1988), the variation resulting from mortality rates will be
negligible if the sample size of the survey population relative to the sample size of
the population on which the mortality data are based is small. Therefore, I ignore the
first term in (6).30 After explicitly writing down the derivatives, the standard error of
satisfied life expectancy at age 60 is then given by

se
(
es

60

) =
(∑

x∈A60

(
Lx,nx

l60

)2
V ar

(
hs

x,nx

)

n

+ 2
∑

x∈A60\w
Lx,nx

l60

Lx+nx ,nx+nx
l60

Cov
(
hs

x,nx
,hs

x+nx ,nx+nx

)

n

) 1
2

,

(7)

where n is the sample size of the survey population which is used to estimate the
satisfaction prevalence rates, hs

x,nx
. The estimator is obtained by using the informa-

tion from period life tables and replacing the population variances and covariances
in the final equation with their sample counterparts. Unlike in studies that use
repeated cross-sectional data, I compute clustered variances and covariances for the
satisfaction prevalence rates in a given year to account for serial correlation across
observations of the same respondent within age intervals and across two adjacent age
intervals.
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Gerstorf D, Hoppmann CA, Löckenhoff CE, Infurna FJ, Schupp J, Wagner GG, Ram N (2016) Terminal
decline in well-being: the role of social orientation. Psychol Aging 31(2):149–165

Gesundheitsberichterstattung des Bundes (GBE) (2016) Sterbeziffern je 100000 Einwohner (alters-
standardisiert) (ab 1980). Gliederungsmerkmale: Jahre, Region, Alter, Geschlecht, Nationalit?t,
Todesursachen laut Europ?ischer Kurzliste, Art der Standardisierung. www.gbe-bund.de/stichworte/
Todesursachenstatistik.html. Accessed 14 June 2016

Graham C, Ruiz Pozuelo J (2017) Happiness, stress, and age: how the U curve varies across people and
places. J Popul Econ 30(1):225–264

Gruenberg EM (1977) The failures of success. Milbank Mem Fund Q Health Soc 55(1):3–24
Gwozdz W, Sousa-Poza A (2010) Ageing, health and life satisfaction of the oldest old: an analysis for

Germany. Soc Indic Res 97(3):397–417
Hartley A, Marshall DC, Salciccioli JD, Sikkel MB, Maruthappu M, Shalhoub J (2016) Trends in mortality

from ischemic heart disease and cerebrovascular disease in Europe. Circulation 133(20):1916–1926
Helliwell JF (2003) How’s life? Combining individual and national variables to explain subjective well-

being. Econ Model 20(2):331–360

587

www.destatis.de/DE/Publikationen/Thematisch/Bevoelkerung/Bevoelkerungsb ewegung/PeriodensterbetafelnPDF_5126202.pdf?_blob=publicationFile
www.destatis.de/DE/Publikationen/Thematisch/Bevoelkerung/Bevoelkerungsb ewegung/PeriodensterbetafelnPDF_5126202.pdf?_blob=publicationFile
www.destatis.de/DE/Publikationen/Thematisch/Bevoelkerung/Bevoelkerungsbewegung/PeriodensterbetafelnBundeslaender5126204117004.pdf?_blob=publicationFile
www.destatis.de/DE/Publikationen/Thematisch/Bevoelkerung/Bevoelkerungsbewegung/PeriodensterbetafelnBundeslaender5126204117004.pdf?_blob=publicationFile
www.destatis.de/DE/Publikationen/Thematisch/Bevoelkerung/Bevoelkerungsbewegung/PeriodensterbetafelnBundeslaender5126204117004.pdf?_blob=publicationFile
https://www.destatis.de/DE/PresseService/Presse/Pressekonferenzen/2016/zusammenleben_generationen/zusammenleben_generationen_uebersicht.html
https://www.destatis.de/DE/PresseService/Presse/Pressekonferenzen/2016/zusammenleben_generationen/zusammenleben_generationen_uebersicht.html
https://www.destatis.de/DE/PresseService/Presse/Pressekonferenzen/2016/zusammenleben_generationen/zusammenleben_generationen_uebersicht.html
www.gbe-bund.de/stichworte/Todesursachenstatistik.html
www.gbe-bund.de/stichworte/Todesursachenstatistik.html


J. Nemitz

Helliwell JF (2006) Well-being, social capital and public policy: what’s new? Econ J 116(510):C34–C45
Jagger C, Robine JM (2011) Healthy life expectancy. In: Rogers GR, Crimmins ME (eds) International

handbook of adult mortality. Springer, Dordrecht, pp 551–568
Jagger C, Van Oyen H, Robine JM (2014) Health expectancy calculation by the Sullivan method: a

practical guide (4th ed.). Technical Report, Institute for Ageing, Newcastle University
Junghaenel DU, Broderick JE, Schneider S, May M, Bolton A, McCarrier KP, Stassek LM, Keithly

SC, Stone AA (2018) Frames of reference in self-reports of health, well-being, fatigue, and pain: a
qualitative examination. Appl Res Qual Life 13(3):585–601

Kassenboehmer SC, Haisken-DeNew JP (2009) You’re fired! The causal negative effect of entry
unemployment on life satisfaction. Econ J 119(536):448–462

Kassenboehmer SC, Haisken-DeNew JP (2012) Heresy or enlightenment? The well-being age U-shape
effect is flat. Econ Lett 117(1):235–238
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