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Healthy Lifespan Statistics Derived From Cross-Sectional
Prevalence Data Using the Sullivan Method are Informative
Summary Measures of Population Health
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Abstract: Health expectancy (HE), commonly derived from cross-sectional
prevalence data using the Sullivan method, serves as the most frequently used
summary measure of population health. Like lifespan distribution statistics, which are
often discussed alongside life expectancy (LE) in demographic studies, analogous
statistics on healthy lifespans can provide valuable information on population
health. We examine whether healthy lifespan distribution statistics beyond HE
can be estimated based on cross-sectional prevalence data and the life table, the
data inputs of the Sullivan method. To do so, we treat the Sullivan method as an
extension of the stationary population model to health and distinguish between
health conditions with and without recovery from the state of decreased health. Our
empirical demonstration is based on the prevalence of chronic diseases in selected
European countries in 2017 from the Survey of Health, Ageing and Retirement in
Europe (SHARE), as well as on life tables from EUROSTAT.

We find that the Sullivan method, when considered as an extension of the
stationary population model to health, allows for the estimation of a healthy survival
distribution and its statistics, beyond HE, for health characteristics with no recovery
from the state of decreased health. We show that for such health conditions, the
method requires that the number of persons in full health in a stationary population
does notincrease with age. We argue that for such health dimensions, HE conditional
on being in good health at the life table radix age is of relevance for health policy
interventions.

In our empirical application, we show that the conditional and unconditional
measures of HE can give substantially different pictures of population health.
Furthermore, we show that across European countries, in contrast to the negative
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relationship between LE and lifespan inequality, higher HE is associated with greater
inequality in healthy years lived when conditional on being healthy at age 50.
Overall, the Sullivan method, when considered as an extension of the stationary
population model, proves to be a valuable tool for deriving summary statistics of
population health beyond HE, which are highly relevant to public policy.

Keywords: Population health - Health expectancy - The Sullivan method - Healthy
survival - Healthy lifespan

1 Introduction

Health expectancy (HE) is the most common summary measure of population health
and is most often derived using the Sullivan method. Despite its well-discussed
limitations (Barendregt et al. 1994, 1997; Laditka/Hayward 2002; Rogers et al. 1990),
the Sullivan method remains the most widely used method to estimate HE due to
its minimal data requirements and computational simplicity. The method is based
on cross-sectional health prevalence data combined with the stationary population
distribution of a period life table. Other methods for deriving HE are double
decrement life tables, multistate life tables, multistate Markov chain models with
rewards, and microsimulation models. Some of the solutions of the Sullivan method
have previously been used to derive measures of healthy lifespans other than HE.
First, Caswell and Zarulli (2018) propose a Markov chain with rewards model to
derive the first three moments of the healthy longevity distribution. The first three
moments allow, in addition to HE, to estimate the variance and skewness of the
distributions of healthy longevity. Second, Permanyer et al. (2022) use Sullivan data
inputs to derive "age-at-disability onset distributions” (p.3). From these distributions,
the authors derive HE and inequality in the age of disability onset, quantified by the
Gini coefficient. Finally, based on health-adjusted life expectancy (HALE) values from
the Global Burden of Diseases Study (GBD), Permanyer et al. (2023) and Zarulli and
Caswell (2022) reconstruct healthy lifespans and estimate healthy lifespan inequality
statistics.

In this study, we revisit the Sullivan method and show that, when considered as
a stationary population model, it gives the theoretical foundation needed to derive
healthy lifespan distributions in period life tables. We identify the limitations of the
above-mentioned previous studies and show that our method significantly improves
their solutions. We also identify the necessary assumptions and limitations of our
method and apply it to a comparative study of the distribution of years lived in full
health in selected European countries in 2017.
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2 Methods
2.1 The Sullivan method basics

Research questions answered by the Sullivan method refer to the average experience
of a synthetic life table cohort. The Sullivan method, however, is based on the
stationary population model. The link between the stationary population model and
the synthetic life table cohort is the period life table, from which they both derive
(Heuveline 2023; Preston et al. 2000). According to the Sullivan method, the number
of persons alive in each age group in the stationary population, as implied by a
period life table, is partitioned into subgroups by health state according to the age-
specific probabilities of being in each health state. These probabilities are estimated
from the observed age-specific prevalence of health states in cross-sectional data,
usually a survey. The resulting number of persons alive at age x in a given health
state ( in a stationary population (L ; using life table notation) is then interpreted as
the statistic of the corresponding life table synthetic cohort of the total years lived
in a given age interval [x, x + n) and health state i (Cambois et al. 1999; Rogers et al.
1990). The HE of persons alive at age x is then derived by summing the years lived in
good health at ages x and above.”

Imai and Soneji (2007) provide statistical proof that, to derive an unbiased and
consistent estimator of HE, in addition to the standard assumptions of the life table
stationary population model, the requisite assumption under the Sullivan method
is that the age-specific prevalence of health conditions remains constant over time
long enough for the population to become stationary. The authors refer to this
assumption as “stationarity of age-specific disability prevalence” (Imai/Soneji 2007:
1203). The prevalence of a health state is a stock variable, resulting from flows
between health states, and all assumptions of the stationary population model
concern population flows. Therefore, the extension of the stationary population
model to health states requires there to be the assumption that the transition rates
between health states result in a constant age-specific probability of being in each
of the selected health states. Furthermore, the lifespans of individuals by health
status can only be derived from life table mortality rates and health prevalence
data if the Sullivan method is considered as an extension of the stationary model to
health status.? In the following sections of the paper, “Sullivan method” means “the
Sullivan method considered as an extension of the stationary population model”.

This method, known as the Sullivan method, actually differs from the one originally proposed by
Sullivan (1971). In the original method, the number of years lived free of disability in an age group
x was derived by redistributing the number of years lived in an age group x in a life table synthetic
cohort in accordance with the average share of disability days in a study year per person aged x, as
observed in a study population.

Alternatively, the Sullivan method can be considered as a solution to derive HE as the multiplication
of the average number of years of life of the life table cohort (LE) by the average healthy period per
year of life.
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2.2 Types of health dimensions and life table notations

In this paper, we focus on the Sullivan method applied to health conditions with
a binary specification of health states, i.e. full or decreased health, which is the
most common in demographic studies. Our method can be extended to health
dimensions with more than two health states, and other specifications of health
dimensions as in Caswell and Zarulli (2018), as long as the requirements specified
in the next sections are met. The Sullivan method is based on the prevalence of
decreased health by age. As in any population, prevalence at age x is implicitly an
outcome of transitions between health states in ages below x. Accounting for these
transitions, we distinguish between health conditions with an irreversible (Fig. 1a)
and reversible state of decreased health (Fig. 1b).

Fig. 1: Diagrams of the population stocks and flows between health states in
two types of health dimensions with a binary specification of health
state

(@) Irreversible state of decreased health (b) Reversible state of decreased health

healthy | " | unhealthy || healthy <7 ¢ -1 unhealthy

dead

Notes: The specific transitions in the diagrams are highlighted in order to facilitate the
explanation of the methods in the text.

Source: Own design

In Table 1, we define the notations used throughout this paper. The notations are
defined for an age interval [x, x + n) from an abridged life table, where n defines the
width of the age interval.

2.3 Stationary population by health state in a single-age life table

Since the Sullivan method derives the number of persons alive and healthy in
each age group in the stationary population of a period life table, it also provides
an estimate of the average number of persons healthy in each age group in this
population.

According to the Sullivan method, the number of persons in full health in a
stationary population at age x at any point in time is a subset of the number of
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Tab. 1:  Notations for population stocks and flows in the stationary population
and the synthetic cohort models of an abridged life table”

Variable Stationary Population Synthetic Cohort

nlx Number of persons alive at any point  Person-years lived between ages
in time between ages x and x + n xand x +n

nl'x Number of persons healthy at any Person-years lived in full health
point in time between ages x and between ages x and x + n
X+n

nQx Mean time elapsed at death since Mean person-years lived between
xth birthday for deaths occurring ages x and x + n by those dying
between ages xand x + nin a in the age interval
calendar year

X + 0y Mean age at death for deaths -
occurring between ages x and
X + nin a calendar year

lx + hay Average number of persons alive Number of persons left alive at age
at any point in time between ages X + pay
x and x + n in a calendar year™

Uy + pay Average number of persons who Number of persons in full health at
are healthy at any point in time age x + pdy
between ages xand x + nin a
calendar year™

Ty Share of persons who are unhealthy ~ Average share of years lived as
among those alive between ages unhealthy out of the total person-
xand x +n years lived between ages xand x + n

ndy Annual number of deaths between Number of persons dying between
agesxand x +n agesxand x +n

nd'yx Models with an irreversible state of decreased health

Annual number of persons leaving
the stationary population by a
decrease in health or death between
agesxand x +n

Number of persons becoming
unhealthy or dying between ages
xand x +n

Models with a reversible state of decreased health

Annual difference in the number
of persons recovering and
persons becoming unhealthy plus
deaths between ages x and x + n

Difference in the number of persons
recovering and persons becoming
unhealthy or dying between ages x
andx +n

*

l'y + 0.5 Ty dy, d'y, accordingly;

*k

in Section 2.4.
Source: Own specifications based on Preston et al. (2000: 54, 57), Jagger et al. (2014)

for a single-age life table: n = 1, hay = 0.5, the notations are simplified to Ly, L'y, lx + 0.5

this is a novel interpretation of the value of [, , ,a, and follows the explanations provided
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persons alive at that age, proportional in size to the probability that a person alive
at age x is in full health (1 - )3

Lxy=Q-m)Lx M

where the probability that a person alive at age x is in full health is estimated from
the proportion of respondents who are in full health out of the total number of
respondents at age x in a survey, or other source.

Inasingle-agelifetable, itiscommonly assumed that deaths are evenly distributed
across the age intervals, with the exception of the first age and the last open interval.
Under this assumption, the period life table relies on the trapezoidal rule to provide
a discrete approximation of the underlying continuous age distribution of the
stationary population. The trapezoidal rule is routinely used in calculus to estimate
the definite integral of a continuous function as the sum of the areas of trapezoids
that approximate it in small intervals. The area of a trapezoid is half the sum of the
lengths of its bases multiplied by its height. As shown in Figure 2b, the area of the
trapezoid in the age interval [x, x + 1) equals Ly, i.e. the number of persons alive at
age x in a stationary population of a single-age period life table. Since the base of
the trapezoid is the length of the age interval, its area is calculated as half of twice
the length of the age interval multiplied by [y + ¢.5, which simplifies to:

Ly~Ix+05 2)

where [y + 0.5 is the number of persons who survive to the middle of the age
interval, which, assuming that deaths are evenly distributed over the age interval, is
also the average number of persons alive in the age interval [x, x + 1). Similarly, in a
single-age life table, the number of those in full health at age x (L'y) is equal to the
average number of persons who are healthy at age x, which is the number of healthy
individuals in the middle of the age interval ('y + 0.5). Since the Sullivan method
allows us to derive the number of healthy individuals at age x using equation (1), we
can also apply it to calculate the average number of people who are healthy at this
age:

Ix+05=00-m) Ix+0.5 3)
Compare Figures 2a and 2b for a graphical explanation of these relationships.
2.4 Stationary population by health state in an abridged life table
In an abridged life table, the average number of years lived by persons who die in

an age interval [x, x + n), denoted as pay, is not well-approximated by the interval
midpoint. For the case of abridged life table data, we presume that pay is either

3 Ina single-age life table, we refer to the age interval [x,x + 1) as "age x".
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Stationary populations in a single-age life table and the flows between

health states
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given as a life table column or, if it is not given, it can be derived from other life
table columns. The average number of persons alive in the age interval [x, x + n) is
approximately equal to the number of persons aged x + pay (denoted as Iy + pay)-
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Accordingly, the number of persons alive in a stationary population of a period life
table at age [x, x + n) is approximated by (see Fig. 3b)

nLx®n - Iy + nax )

When pay > 0.5n the distribution is right skewed and vice versa. In the example
in Figure 3b, pay > 2.5, which implies that dy 1 > dy 2. Here, dy 1 denotes deaths that
occur in the first part of the age interval, [x, x + pay), and dy > denotes deaths in the
second part of the age interval, i.e. [x + pay x + n). In Figure 3b, the total number of
years lost in the first sub-interval [x, x + hay) by persons who die in this sub-interval
is denoted by Dy 1 and derived as:

dx 1 n9x
Dy1=—5—

’ 2 ©)

Similarly, years lost upon death in the second sub-interval [x + pay, x + n) by persons
who die in this sub-interval is denoted by Dy » and derived as:

Dyp= dyx,2 " [n - nax]

: 5 ®)

According to the trapezoidal rule, the sum of the number of years lost by persons
who die in the two age sub-intervals, i.e. [x, x + hay) and [x + pay x + n), is equal
(Dx,1 = Dx,2). It therefore corresponds to the equations (5) and (6), with the total
number of deaths in the age interval [x, x + n) denoted as dy = dy 1 + dx 2, Where dy 1
is the number of deaths in the age interval [x, x + 5ay) and derived as:

nax
dy1 = [1 - ]dx 7)

Therefore, survivors to age x + ,ay, and the average number of persons alive in
the age interval [x, x + n) is approximated as

nax
Q”%:Q—P—n]@ ®)

According to the Sullivan method, the number of persons alive and in full health
in a stationary population at age [x, x + n) is a subset of the total number of persons
alive in that age interval, and its size is proportional to the prevalence of full health
in that age interval (1 — pmy) :

nL'x= (1 = nTty) nLyx )
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Fig. 3: Stationary populations in an abridged life table and the flows between
health states
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Hence, the number of persons who are healthy at age x + pay, and, at the same
time, the average number of persons who are healthy in an age interval [x, x + n), is
derived as:

Iy +nax=1 = g ly + nay (10
where [, , pay follows from equation (8).

2.5 An additional requirement for extending the stationary population
model to health status

When using the empirical prevalence data, as in the empirical example of this
study, an increase in the average number of persons who are healthy between two
neighbouring age groups is sometimes observed (n'x + n > nl'x). Thisisimpossible in
health models based on health characteristics with an irreversible state of decreased
health, and by extension, is not possible in the corresponding stationary population
model.# In the case of a model with a reversible state of decreased health, an increase
in the number of persons in full health from one age group to the next can only
occur if the recovery rates are higher than the incidence, but this situation is rather
unlikely. As shown, for example, by Guillot and Yu (2009) and Lievre et al. (2003), the
incidence of disability increases with age, and recovery from disability decreases
with age. As the Sullivan method has not been commonly seen as an extension of
the stationary population model to health, to our knowledge, this is the first time
that this additional requirement has been recognised.’

The problem of an increase in the number of healthy individuals between two
adjacent age groups can be resolved by any of the methods for data smoothing,
for example, as presented in di Lego and Sauerberg (2023) in this special issue. In
our empirical application, rather than making a greater intervention in the data
by smoothing the entire survival curves, we choose to correct only individual
observations where the number of healthy individuals in a given age group is higher
than in a younger age group. In such cases, the number of individuals who reach a
given age in full health is replaced by the average of those who reach the age group
before the study group in full health and those who reach the age group after the
study group in full health, i.e. lry=@.

4 However, an increase in the prevalence of full health from one age group to the next is possible. This

can occur if the mortality of those experiencing diminished health is much higher than that of those
in full health and the transitions from full to decreased health do not compensate for this difference
in mortality.

> The Sullivan method commonly applies the total number of persons who are healthy in an age

interval (,L',). An increase in the number of healthy persons from one age interval to the next, is
equivalent to an increase in the average number of healthy persons between two neighbouring age

intervals of the same length (,'y + > nl'y). Therefore, an increase in the total number of healthy
persons from one interval to the next is not possible either.
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2.6 Statistics of the healthy lifespan distribution

Based on period life tables and cross-sectional health prevalence data, we can
derive the population stocks (denoted as [y + .5 and I’y + o.5 in Figures 2c and 2d, or
asly . payand 'y , , + hay + n in Figures 3c and 3d). The period life tables also give
us the total number of deaths at age x. However, we do not have information on the
exact number of transitions between health states (denoted as d[-j (e{1,2},j€{1,23]},
in Figures 1a and 1b).

For a health model with an irreversible state of decreased health, the healthy
stock in a stationary population (l',) is equivalent to the healthy survivorship in a
synthetic cohort of the same life table (see Table 1). From the healthy survivorship,
we infer attrition from full health, either through death (d13 in Figure 1a) or health
deterioration (d12). In a single-age life table, the number of persons who cease to
be in full health in the age interval [x + 0.5, x + 1.5) is denoted as d' = d1p + dq3 in
Figure 1a and derived as (see Figure 2c):°

dx+05=Ix+05-I'x+1.5 (11)

In an abridged life table, the number of persons who cease to be in full health in
the age interval [x + ,a,, x + n + ,a, , ,) is derived as (see Figure 3c):

' T o
ndX+nax_Ix+nax X+n+ndx+n (12)

For a health dimension with a reversible state of decreased health, the value
of d'x + 0.5 (Or nd'x + pay) 9ives the number of “net” transitions from a state of full
health (d' = d12 — d21 + d13 in Figure 1b), or in other words, a difference between
outflows to and inflows from the state of decreased health (d12 — d>1) plus deaths
of healthy people (d13). The number of useful summary statistics that can be derived
for the distribution of d' for a reversible state of decreased health is limited to
HE. Since inflows and outflows are not observed separately for the Sullivan input
data, it is not possible to derive a distribution of healthy and unhealthy lifespans
for individuals when return to full health is possible, and by extension, one cannot
estimate statistics of inter-individual inequality in healthy lifespans. Furthermore, it
is not possible to derive the inflows and outflows according to health status at the
threshold age. Nor is it possible to estimate the number of healthy years lived by
persons who are healthy at the threshold age for these health dimensions. As result,
HE that are conditional on being healthy at the threshold age cannot be derived for
health dimensions with a reversible state of decreased health. All statistics in the
following sections are derived for health dimensions with an irreversible state of
decreased health.

® The proposed method of deriving the quantities (', and d'y for a health model with an irreversible
state of decreased health differs from the double-decrement model (see, for example, Katz et al.
(1983)), as the latter is derived based on transition rates between health states.
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Below, we provide solutions to derive statistics for data from abridged life tables,
as these formulas can be easily adapted to a single-age life table. A statistic of HE
conditional on being healthy at age x for a synthetic cohort of an abridged life table
is estimated as

T __ 1 1)
e hx e hx+nax T Zz=x LZT[Z (13)
X+ pax

Since the distribution of healthy individuals by age can only be inferred at the
exact ages x + pay, the remaining HE of persons who are healthy at age x can only be
approximated by the statistic at age x + pay. This statistic differs from the standard
HE, derived as

1 1

— w—n — w

ehx - 1 Zz:x LZT[Z - 41! zZ=X LZT[Z (14)
x xTix

where [y | hay IS the average number of persons who are unhealthy at any point
in time between ages x and x+n in the stationary life table population and, at the
same time, the number of persons in a decreased health status at age x + pay in the
synthetic life table cohort.

While the conditional HE (e'hy) represents the mean number of healthy years
remaining among persons who are healthy at age x, the standard HE (ehy) represents
the mean number of healthy years remaining among persons who are alive at age
x, regardless of their initial health status. In the case of a health dimension with an
irreversible state of decreased health, persons who are unhealthy at age x have no
healthy life years ahead of them. Thus, the standard statistic of HE averages the
remaining healthy years between the two subgroups: healthy persons, who could
potentially accumulate the healthy years in their lives, and persons who are already
unhealthy, who cannot. The conditional statistic of HE averages the healthy years
ahead only over the group of healthy people who could potentially live those years,
in the same way as remaining life expectancy (LE) at age x is conditional on survival
to age x. HE conditional on being healthy in the presence of irreversible disease can
be interpreted as the mean age of decline in health, similar to LE being interpreted
as the mean age of death in a stationary population. Figure 4 shows the difference
between HE and HE conditional on being healthy at age 50 + sas. LE at age 50 is
conditional on survival to this age and is equal to the area under the survival curve [y
(Preston et al. 2000: 69) in Figure 4a. HE is the area under the healthy survival curve
['y in Figure 4a. HE conditional on survival to age 50 + sas is equal to the area under
the healthy survival curve in Figure 4b. The healthy survival curve, denoted as ll_x

50
in Figure 4a, is derived by dividing the number of healthy persons at any age by the
number of healthy persons at the initial age 50 + gas.

In this study, we quantify healthy lifespan inequality using the standard deviation.
However, it is also possible to estimate any additional statistic of lifespan disparities
for a distribution of healthy survival in health dimensions with an irreversible state of
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Fig. 4: Health expectancy (left panel) and health expectancy conditional on
being healthy at age 50 (right panel)

I'x
1'50

health expectancy conditional health expectancy

Source: Own design

decreased health (for example, compare the statistics of lifespan variation discussed
in Wilmoth and Horiuchi (1999)). For a synthetic cohort of an abridged life table, the
standard deviation of healthy lifespans conditional on being healthy at the threshold
age x is estimated as:

w-1

1
(z—[e'hy +x])? ,d';, (15)

ll

X+ pQy z=x

S'hy = S'h,, nlx

where

d ay+d . na
=%+ x,2 nYx x+1,1-nYx+n (16)

dy2+dy+1,1

approximates the average age at death in the interval [x + pay, x + n + pay + pn),
which is also assumed to equal the average age at which a person stops being
healthy. dy> denotes the number of deaths that occurred in the age sub-interval
[x + pay, x +n), and dy + 11 denotes the number of deaths that occurred in the
age sub-interval [x + n, x + n + pay 4+ pn) (compare equations (5)-(7)). l'y ; pay is the
number of people who reach age x + payin full health, nd'y + nay is the total number
of transitions from full health between ages x + pay and x + n + pay + p, as defined
in equations (3) and (10) (see Fig. 2c and 3c). The conditional standard deviation at
age x is approximated by this statistic for age x + pay x.
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2.7 Improvements over previous methods

Caswell and Zarulli (2018) propose using Markov chain models with rewards to
derive various statistics of healthy lifespans based on prevalence data. The proposed
inequality statistic is the variance of healthy lifespans. This statistic accounts for the
variance due to stochasticity in survival and due to the random outcome of the
probabilities of collecting the reward of a year of healthy life. In the model of Caswell
and Zarulli (2018), due to the limitations imposed by the health prevalence data,
the distribution of the probability of collecting a reward of a year of healthy life, as
well as the probability of death, are identical for healthy and unhealthy individuals.”
Hence, years of life and years of healthy life are assigned randomly to the living
individuals, independent of current health status. In this article, we show that for a
health dimension with an irreversible state of decreased health, the healthy life years
of individuals belonging to a stationary population can actually be derived from
information on survival and prevalence of decreased health.

Life tables commonly use the standard trapezoidal rule to approximate the
survival curve at each age interval. In our study, and also in the study undertaken
by Permanyer et al. (2023), we derive healthy survival distributions using the same
approximations as those used in the period life tables. This improves the solution
proposed by Permanyer et al. (2022), in which the healthy survival curve is estimated
based on the assumption that transitions between health states occur at the
beginning of each age interval.

In this study, we distinguish between health dimensions with an irreversible and
a reversible decreased health state and demonstrate that healthy life years can be
deconstructed only for the former. This distinction was not formally made in these
prior studies. Furthermore, in the empirical demonstrations of all these studies, the
health dimensions applied are all reversible health conditions (including the study
of Zarulli and Caswell 2022).

3 Data

The health prevalence data is estimated based on cross-sectional data from the
Survey of Health, Ageing and Retirement in Europe (SHARE) (Bérsch-Supan 2020;
Bérsch-Supan et al. 2013). To construct our full sample, we combine respondents
observed in wave 7 with respondents who dropped out of the panel sample and
whose health status at wave 7, including the status of being dead, was imputed in a
microsimulation model. This imputation procedure and its implications are discussed
in detail in Muszyriska-Spielauer and Spielauer (2022). Similar to the original method
of deriving cross-sectional individual weights in the SHARE survey (De Luca/Rosetti
2019), we derive cross-sectional individual weights for our full sample by raking to

" The probability of collecting a reward of a year of healthy life depends on the current health status

in the incidence-based models of Caswell and van Daalen (2021).
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sex, 10-year age groups and NUTS-1 population margins from EUROSTAT (2022),
using the function anesrake from the anesrake package in R (Pasek/Pasek 2018).

We include 13 European countries that participated in wave 7 and had non-
missing information on NUTS-1 place of residence. Additionally, to avoid random
variation in prevalence due to small sample sizes, only countries with a sample
of at least 2,000 respondents per sex were included in the study. The survey was
conducted in the study countries in 2017. We also use the 2017 abridged life tables
from EUROSTAT (2022).

Health state is measured across 13 irreversible chronic diseases. A person with
at least one of these conditions is considered to be in a decreased state of health.
A list of the diseases included in the study can be found in the Online Appendix in
Table AT.

Tab. 2:  Total" and observed sample size, by country and by sex

Women Men
Country Total Observed Total Observed
1 Belgium 5518 2720 4472 2153
2 France 4868 1930 3581 1378
3 ltaly 4739 2514 3763 2043
4 Czech Republic 4631 2523 3204 1679
5 Germany 4309 2024 3605 1777
6 Spain 4169 2619 3273 2063
7 Estonia 3953 3113 2497 1945
8 Sweden 3469 1724 2803 1463
9 Greece 3209 1768 2498 1292
10 Slovenia 3121 2127 2413 1532
11 Austria 3117 1876 2168 1297
12 Poland 3056 2595 2391 2071
13 Denmark 2742 1760 2320 1474

The total sample consists of respondents observed in wave 7 and respondents who were
not observed in wave 7 because they had dropped out of the panel sample prior to this
wave. The health state at wave 7 of attrited respondents is derived in a microsimulation
model as described in Muszyriska-Spielauer and Spielauer (2022).

Notes: Countries are ranked by the size of the total sample of female respondents.

Source: Own estimations based on data from SHARE (Bérsch-Supan 2020; Bérsch-Supan et al.
2013)

4 Results

Figure 5 shows the healthy survival distributions. For this specific example, we select
the five countries with the largest total samples in SHARE wave 7, as shown in Table 2.
The reason for this selection is that we intend to show the cases where an increase
in the number of persons in full health from one age to the next in the stationary
population is a systematic pattern and not a random fluctuation due to a small
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sample size. In this study, following the simple method described in the Methods
section, we correct individual observation points of a higher average number of
persons in full health than in a previous age group in the selection of countries.
The number of persons in full health was corrected for German men and women in
the age group [65,70), Italian and Belgian men aged [55,60) and men in the Czech
Republic at age [80,85). As far as the men in the Czech Republic are concerned, since
no values of l'y for the age group 85+ can be derived based on the SHARE data, we
assume a constant healthy survival after the age group [75,80). The newly derived
number of persons who reach a given age in full health by sex (shown as dashed
lines in Fig. 5) replaces the corresponding number in the healthy survival curve (solid
lines) and is then used to derive the number of healthy years lived (L'y) in estimating
health expectancies in accordance with the standard Sullivan method. The corrected
counts are further applied to derive the number of persons who cease to be in full
health (d'y). Table A1 in the Supplementary Material shows the number of persons
in full health by age and sex in all 13 countries studied, according to the raw and
smoothed estimates of ['y.

Table 3 presents statistics of HE at age 50 for years lived before age 85. We
approximate HE conditional on being in good health at age 50 using the average
number of healthy years lived between ages 50 + asy and 80 + ag of persons
who were healthy at the exact age 50 + asg. Where as € [2.7,2.8] and 80 + ag
(agg € [2.5,2.8], agg and agg vary between the study countries). The three statistics
of HE are estimated for the same age interval, i.e. [50 + a5(,80 + aggl. The age
restriction is related to the fact that the SHARE survey covers respondents of age
50+, and the EUROSTAT population data required to adjust survey weights has an
open age interval of 85+. To simplify the presentation, we also refer to the standard
statistic of HE as "HE at age 50", and shorten the name "HE at age 50 conditional
on reaching age 50 in full health” to “conditional HE at age 50". All the statistics are
based on the adjusted [y data, i.e. healthy survival distributions corrected for the
increasing number of persons in full health from one age group to the next.

HE at age 50 is on average a year lower than the same statistic estimated on the
basis of the raw 'y data, and variation in the gap between the two statistics across
the countries is small. The largest gap is of 1.6 years for Italian men and is due to
the large difference in the number of persons in full health in the age group [55,60]
between the raw and corrected data, as shown in Figure 5. For women, the largest
difference between the two HE is of 1.3 years in Greece and Spain.

The gap between conditional HE at age 50 and HE at age 50 depends on the
difference between survival to age 50 (lsg) and healthy survival (I'sg), but is also
proportional to the total number of years lived in full health above age 50. The
average HE at age 50 in the study countries is 8.3 years for women and 8.1 for men,
and the average conditional HE at age 50 is 15.5 for women and 15.8 for men. This
implies that the HE for persons who are healthy at age 50 is almost twice as high
as for all persons who are alive at age 50. The largest absolute difference in the HE
variants is for women in Belgium (10.5 years) and for men in Spain (13 years). These
differences are the result of a very high conditional HE value coexisting with the
lowest values of standard HE. Coefficients of variation in the statistic, i.e. disparities
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Source:

Own estimations based on data from SHARE (Bérsch-Supan 2020; Bérsch-Supan et al.
2013) and Eurostat 2022

between countries relative to the average value of the statistic, are only slightly
higher for HE than for conditional HE, and show no notable differences between the
sexes. As shown in Table 4, different conclusions are reached for men when studying
population health based on the ranking of countries according to the conditional
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Tab. 3: Health expectancy (HE) based on raw data (eh), HE based on smoothed
data (eh), HE conditional on being healthy at age 50 (e'h), and the
difference between the last two HE (e'h — eh), by sex in selected
European countries in 2017

Women Men
Country eh eh eh-eh eh eh-eh| eh eh eh-eh eh eh-eh
Austria 10.7 99 -08 18.7 8.7 11.5 10.3 -1.1 14.2 3.8
Belgium 6.9 6.4 -0.5 16.9 10.5 8.0 7.3 -0.6 16.4 9.0
Czech Republic 6.6 5.9 -0.7 13.6 7.7 5.7 5.1 -0.6 14.2 9.1
Denmark 1.3 104 -09 17.3 6.9 10.1 9.3 -0.8 16.2 6.9
Estonia 8.9 8.0 -0.9 15.3 7.3 8.9 8.2 -0.7 15.1 6.9
France 8.7 7.9 -0.9 15.9 8.0 8.9 8.1 -0.8 16.0 79
Germany 8.5 7.4 -1.1 16.2 8.8 7.6 6.9 -0.7 16.8 9.9
Greece 9.5 8.2 -1.3 12.0 3.8 9.3 7.9 -1.4 1.1 3.1
Italy 11.2 101 -1.1 16.6 6.5 11.0 9.3 -1.6 17.5 8.1
Poland 7.1 6.3 -0.8 13.4 7.2 7.3 6.4 -09 12.8 6.4
Slovenia 9.9 8.7 -1.2 15.9 7.2 9.4 8.4 -1.0 16.0 7.6
Spain 8.6 7.3 -1.3 1.4 4.1 8.4 76 -0.8 20.6  13.0
Sweden 120 109 -1.0 17.8 6.9 1.4 106 -08 18.9 8.3
Mean 9.2 8.3 -1.0 15.5 7.2 9.0 8.1 -0.9 15.8 77
Standard Deviation 1.7 1.6 0.2 2.1 1.7 1.6 1.5 0.3 2.4 2.4
100*CV 18 19 -23 14 24 18 18 -33 15 32

Notes: CV = Coefficient of variation. The statistics are estimated at age 50 + asg € [52.7 - 52.8],
with the value of asqg differing between the countries. 50 + asgis the average age at death
within the age interval [50, 55).

Health expectancy refers to the expected number of healthy years lived between age 50 + asg
and 80 + agg, where 80 + agg € [82.5,82.8], depending on the study country.

Source: Own estimations based on data from SHARE (Bérsch-Supan 2020; Bérsch-Supan et al.
2013) and Eurostat 2022

HE at age 50 and the ranking according to HE at age 50, as these rankings are not
correlated (the Spearman correlation coefficient is insignificant). For women too,
differences emerge in the rankings. However, a positive and significant correlation
between the ranking of countries according to the two HE values is observed for
women.

Figure 6 shows HE and HE conditional on being healthy at a given age, by
age and sex. For this presentation, we chose five countries with the highest and
lowest differences between the two statistics at age 50, following Table 3. In all
countries, we observe a decrease in HE with age, but not necessarily a decrease
in HE conditional on being healthy at a given age. Such a universal decline in the
conditional HE only starts at age 70. The exceptions are Spanish and German men,
for whom the decrease in the statistic begins in the youngest age groups already.
For the remaining country-sex observations, the statistic remains relatively stable
until age 70.
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Fig. 6: Health expectancy (HE) and HE conditional on being healthy at a given

age, by age and sex in selected European countries in 2017
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2013) and Eurostat 2022

The values of the standard deviation of healthy lifespans conditional on being
healthy at age 50 are presented in Figure 7b, with the exact numbers listed in
Table 5 in the Supplementary Material. The average value of the statistic in the study
countries is 8.6 years for women and 8.7 years for men, and its level is similar across
the study countries, as indicated by a small standard deviation of the statistic (0.7
for women and 0.9 for men). The largest disparity in healthy lifespans is found in
Belgium, where the standard deviation of conditional healthy lifespan at age 50 is 9.5
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Fig. 7: Life expectancy (LE) and lifespan inequality (Sx) at age 50, prior to
age 85 (a), health expectancy (e'h) and healthy lifespan inequality (S'h)
conditional on being healthy at age 50" (b), by sex in selected European
countries in 2017
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Statistics are estimated at age 50 + asg € [52.7 — 52.8], depending on country. Both statistics
are estimated for healthy years between age 50 + asgand age 80 + agg € [82.5,82.8].
Source: Own estimations based on data from SHARE (Bérsch-Supan 2020; Bérsch-Supan et al.
2013) and Eurostat 2022
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Tab. 4:  Ranking of the study countries based on an increasing value of health
expectancy (HE) at age 50 (eh) and on an increasing value of HE
conditional on being healthy at age 50 (e'h), by sex

Women Men
Rank eh e'h eh e'h
1 Czech Republic Spain Czech Republic Greece
2 Poland Greece Poland Poland
3 Belgium Poland Germany Austria
4 Spain Czech Republic Belgium Czech Republic
5 Germany Estonia Spain Estonia
6 France France Greece Slovenia
7 Estonia Slovenia France France
8 Greece Germany Estonia Denmark
9 Slovenia Italy Slovenia Belgium
10 Austria Belgium Denmark Germany
11 Italy Denmark Italy Italy
12 Denmark Sweden Austria Sweden
13 Sweden Austria Sweden Spain
Spearman cor. coeff. 0.62** 0.24

***a < 0.01, *a < 0.05, *a < 0.1

Source: Own estimations based on data from SHARE (Bérsch-Supan 2020; Bérsch-Supan et al.
2013) and Eurostat (2022)

years for women and 10.3 years for men. The smallest disparity in healthy lifespans
is observed in Greece, with 8.7 and 8.9 years for women and men respectively. The
distributions of the mean and standard deviation of years lived and healthy years
lived across the study countries are presented in Figure 7. In the 13 study countries,
a higher LE coincides with larger inter-individual differences in longevity. For both
sexes, the correlation coefficient between LE and lifespan disparity (both estimated
for ages between 50 and 85 years) is significant and the relationship is almost linear.
However, the relationship between HE and healthy lifespan inequality is positive in
the study countries, i.e. higher average healthy lifespans are associated with higher
inter-individual differences in healthy lifespans within the countries. The correlation
coefficient between the two healthy lifespan statistics is significant and positive for
both sexes (Fig. 7b). Both statistics are conditional on being healthy at age 50.

5 Summary and discussion

We propose a method to derive healthy survival distributions by extending the
stationary population model to health status using the Sullivan method. We discuss
the method’s assumptions and conclude that the method is only valid for health
models with an irreversible state of decreased health. For these models, we identify
an additional requirement of the method, namely that the number of healthy
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individuals cannot increase from one age to the next. For health models with an
irreversible state of decreased health, in addition to HE, we introduce summary
statistics of population health derived from healthy survival and conditional on
being healthy at the threshold age: health expectancy (HE) and healthy lifespan
inequality. Our empirical application is based on the prevalence of chronic diseases
in selected European countries in 2017, utilising health data from the SHARE cross-
sectional study and the EUROSTAT life tables.

We conclude that, when health is measured across irreversible diseases, the
indicator of HE conditional on being healthy at a given age is a more informative
measure for health policy interventions, particularly those aimed at delaying the
onset of health conditions, than the standard HE. The reason is that persons who
are already unhealthy have zero potential for healthy years lived and the standard
measure of HE is an average of their HE and that of persons who are healthy and
thus still have some healthy years ahead of them. In the case of irreversible diseases,
policies to improve the health of the population would potentially affect only the
latter group, and therefore only the HE of this group is potentially of interest.
Policymakers should consider using HE conditional on being healthy at a selected
threshold age as a key measure of population health, particularly when targeting
interventions to improve healthy ageing. The importance of discussing the policy
relevance of conditional HE is further underscored by the results of this study, which
show that, for men, different conclusions can be drawn from examining population
health based on the ranking of countries according to conditional HE versus standard
HE at age 50. Furthermore, the two HEs show different age patterns: a decreasing
pattern for the standard HE, and a relatively stable level of the conditional HE
until age 70, only then followed by a rapid decline with age. Additionally, in the 13
European countries studied, the HE of persons who are healthy at age 50 is almost
twice as high as the standard HE, i.e. HE for all persons alive at age 50 irrespective
of their health status.

Across the European countries studied, in contrast to the well-known negative
relationship between LE and lifespan inequality (e.g. d’Albis et al. 2014; Smits/
Monden 2009; Vaupel et al. 2011), higher HE coexists with larger disparities in healthy
years between individuals (both statistics conditional on being healthy at age 50).
The positive relationship between HE and healthy lifespan inequality for health
dimensions with an irreversible health state of chronic disease, means that higher
HE is achieved in countries where the onset of a disease is postponed to older
age groups for a fraction of individuals. Countries where chronic disease onset is
concentrated at earlier ages are also characterised by lower HE. This result differs
from that reported by Permanyer et al. (2022), where higher conditional HE at age
35 is associated with lower inequality in healthy lifespans across educational groups
in Spain, but is consistent with the findings of Permanyer et al. (2023) who report a
positive relationship between the HALE statistic and the healthy lifespan inequality
statistic.

The limitations of the proposed method are the same as the well-recognised
problems of the Sullivan method for deriving HE, and arise from the limitations
of health prevalence data (see, for example, Barendregt et al. 1994, 1997; Laditka/
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Hayward 2002; Rogers et al. 1990). The method proposed in this article is based
on approximations of several quantities related to the average age of health
deterioration in an interval, resulting in complicated formulas. The method proposed
by Permanyer et al. (2022) to approximate the number of persons who are alive
and healthy at the beginning of the age interval leads to simpler formulas than
those proposed in the article. If the bias introduced by the Permanyer et al. (2022)
approximation is small, it is better to choose this approximation — even if it is less
accurate than that proposed in this article — because it reduces formula complexity.
As the bias depends on the prevalence of decreased health and years lived at each
age interval, it needs to be assessed for each empirical study. Therefore, even if it
were assessed on the basis of the data in this article, it would not be possible to draw
general conclusions about its level.

This study improves on previously developed methods for deriving healthy life
distribution statistics in addition to HE from cross-sectional health prevalence data
and period life tables, by showing that the Sullivan method — when considered as
an extension of the stationary population model to health — provides a solution for
deriving additional statistics of healthy survival distributions for health dimensions
with an irreversible state of decreased health.

Acknowledgments

MMS was supported by the European Research Council within the EU Framework
Programme for Research and Innovation Horizon 2020, ERC Grant Agreement No.
725187 (LETHE) and the Austrian Science Fund (FWF) [Grant-DOI 10.55776/V1011].
The funding sources had no involvement in the study design, collection, analysis,
and interpretation of data or writing of the articles, nor in the decision to submit it
for publication.

This paperusesdatafrom SHAREWaves 1,2,4,5,6,and 7.The SHARE data collection
has been funded by the European Commission through FP5 (QLK6-CT-2001-00360),
FP6 (SHARE-I3: RII-CT-2006-062193, COMPARE: CIT5-CT-2005-028857, SHARELIFE:
CIT4-CT-2006-028812), FP7 (SHARE-PREP: GA N.211909, SHARE-LEAP: GA N.227822,
SHARE M4: GA N°261982, DASISH: GA N.283646) and Horizon 2020 (SHARE-DEV3:
GA N.676536, SHARE-COHESION: GA N.870628, SERISS: GA N.654221, SSHOC: GA
N.823782) and by DG Employment, Social Affairs Inclusion. Additional funding from
the German Ministry of Education and Research, the Max Planck Society for the
Advancement of Science, the U.S. National Institute on Aging (U01-AG0974013S2,
P01-AG005842, PO1-AG08291, P30-AG12815, R21-AG025169, Y1-AG-4553-01, IAG-
BSR0611, OGHA-04-064, HHSN271201300071C) and from various national funding
sources is gratefully acknowledged (see www.share-project.org).



78 « Magdalena Muszynska-Spielauer, Tim Riffe, Martin Spielauer

References

Barendregt, Jan J.; Bonneux, Luc; Van der Maas, Paul J. 1994: Health Expectancy: An Indicator
for Change? Technology Assessment Methods Project Team. In: Journal of Epidemiology
and Community Health 48,5: 482-487. https://doi.org/ 10.1136/jech.49.3.330

Barendregt, Jan J.; Bonneux, Luc; Van Der Maas, Paul J. 1997: How Good is Sullivan’s Method
for Monitoring Changes in Population Health Expectancies? In: Journal of Epidemiology
and Community Health 51: 578-582. https://doi.org/10.1136/jech.51.5.578

Bérsch-Supan, Axel 2020: Survey of Health, Ageing and Retirement in Europe (SHARE) Waves
1-7. Release Version: 7.1.0. SHARE-ERIC Data Set.

Borsch-Supan, Axel et al. 2013: Data Resource Profile: The Survey of Health, Ageing and
Retirement in Europe (SHARE). In: International Journal of Epidemiology 42,4: 992-1001.
https://doi.org/10.1093/ije/dyt088

Cambois, Emmanuelle; Robine, Jean-Marie; Brouard, Nicolas 1999: Life Expectancies Applied
to Specific Statuses. A History of the Indicators and the Methods of Calculation. In:
Population: An English selection 11: 7-34.

Caswell, Hal; van Daalen, Silke 2021: Healthy longevity from incidence-based models: More
kinds of health than stars in the sky. In: Demographic Research 45: 397-452.
https://doi.org/10.4054/DemRes.2021.45.13

Caswell, Hal; Zarulli, Virginia 2018: Matrix Methods in Health Demography: A New Approach
to the Stochastic Analysis of Healthy Longevity and DALYs. In: Population Health Metrics
16: 1-14. https://doi.org/10.1186/s12963-018-0165-5.

d’Albis, Hippolyte; Esso, Loesse Jacques; Pifarré i Arolas, Héctor 2014: Persistent Differences in
Mortality Patterns across Industrialized Countries. In: PLOS one 9,9: e106176.
https://doi.org/10.1371/journal.pone.0106176

De Luca, Giuseppe; Rosetti, Claudio 2019: Weights and Imputations. In: SHARE Wave 7
Methodology: Panel Innovations and Life Histories: 167-189 [http://www.share-project.
org/fileadmin/pdf_documentation/MFRB_Wave7/SHARE_Methodenband_A4_WEB.pdf,
25.07.2022].

di Lego, Vanessa; Sauerberg, Markus 2023: The Sensitivity of the Healthy Life Years Indicator:
Approaches for Dealing with Age-Specific Prevalence Data. In: Comparative Population
Studies 48: 117-150. https://doi.org/10.12765/CPoS-2023-06

EUROSTAT  2022: Eurostat Database [https://ec.europa.eu/eurostat/data/database,
20.12.2022].

Guillot, Michel; Yu, Yan 2009: Estimating health expectancies from two cross-sectional
surveys: The intercensal method. In: Demographic Research 21: 503-533.
https://doi.org/10.4054/DemRes.2009.21.17

Heuveline, Patrick 2023: Interpreting Changes in Life Expectancy during Temporary Mortality
Shocks. In: Demographic Research 48,1: 1-18. https://doi.org/10.4054/DemRes.2023.48.1

Imai, Kosuke; Soneji, Samir 2007: On the Estimation of Disability-free Life Expectancy: Sullivan’s
Method and its Extension. In: Journal of the American Statistical Association 102,480: 1199-
1211. https://doi.org/10.1198/016214507000000040

Jagger, Carol; Van Oyen, Herman; Robine Jean-Marie 2014: Health expectancy calculation by
the Sullivan method: a practical guide. 4 Edition. Newcastle University.

Katz, Sidney et al. 1983. Active Life Expectancy. In: New England Journal of Medicine 309,20:
1218-1224. https://doi.org/10.1056/NEJM198311173092005


https://doi.org/10.1093/ije/dyt088
https://ec.europa.eu/eurostat/data/database
https://doi.org/10.1198/016214507000000040
https://doi.org/10.4054%2FDemRes.2009.21.17
https://doi.org/10.1198/016214507000000040

Healthy Lifespan Statistics Derived From Cross-Sectional Prevalence Data =« 79

Laditka, Sarah B.; Hayward, Mark D. 2002: The Evolution of Demographic Methods to Calculate
Health Expectancies. In: Robine Jean-Marie et al.: Determining Health Expectancies. John
Wiley Sons, Ltd.: 221-234. https://doi.org/10.1002/0470858885.ch11

Lievre, Agnes, Brouard, Nicolas; Heathcote, Christopher 2003: The estimation of health
expectancies from cross-longitudinal surveys. In: Mathematical Population Studies 10,4:
211-248. https://doi.org/10.1080/713644739

Muszynska-Spielauer, Magdalena; Spielauer, Martin 2022: Cross-sectional Estimates of
Population Health from the Survey of Health and Retirement in Europe (SHARE) are Biased
due to Health-related Sample Attrition. In: Social Science and Medicine - Population
Health 20, 101290. https://doi.org/10.1016/j.ssmph.2022.101290

Pasek, Josh 2018: Package ‘anesrake’. The Comprehensive R Archive Network.
Pasek, Josh; Pasek, Maintainer Josh 2018: Package ‘anesrake’. Compr. R Arch. Netw.

Permanyer, Ifaki; Spijker, Jeroen; Blanes, Amand 2022: On the Measurement of Healthy
Lifespan Inequality. In: Population Health Metrics 20,1: 1-9.
https://doi.org/10.1186/s12963-021-00279-8

Permanyer, Ifiaki; Villavicencio, Francisco; Trias-Llimés, Sergi 2023: Healthy lifespan inequality:
morbidity compression from a global perspective. In: European Journal of Epidemiology
38: 511-521. https://doi.org/10.1007/s10654-023-00989-3

Preston, Samuel; Heuveline, Patrick; Guillot, Michael 2000: Demography: Measuring and
Modeling Population Processes. Malden, MA: Blackwell Publishers.

Rogers, Andrei 1992: Heterogeneity and Selection in Multistate Population Analysis. In:
Demography 29,1: 31-38. https://doi.org/10.2307/2061361

Rogers, Andrei; Rogers, Richard G.; Belanger, Alain 1990: Longer Life but Worse Health?
Measurement and Dynamics. In: The Gerontologist 30,5: 640-649.
https://doi.org/10.1093/geront/30.5.640

Smits, Jeroen; Monden, Christiaan 2009: Length of Life Inequality around the Globe. In: Social
Science and Medicine 68,6: 1114-1123. https://doi.org/10.1016/j.socscimed.2008.12.034

Solé-Auré, Aida; Guma, Jordi 2023: (Healthy) Aging Patterns in Europe: A Multistate Health
Transition Approach. In: Journal of Population Ageing 16: 179-201.
https://doi.org/10.1007/s12062-022-09403-4

Sullivan, Daniel F. 1971: A Single Index of Mortality and Morbidity. In: HSMHA Health Reports
86,4: 347-354. https://doi.org/10.2307/4594169

Vaupel, James W.; Zhang, Zhen; van Raalte, Alyson A. 2011: Life Expectancy and Disparity: An
International Comparison of Life Table Data. In: BMJ Open 1,1: €000128.
https://doi.org/10.1136/bmjopen-2011-000128

Wilmoth, John R.; Horiuchi, Shiro 1999: Rectangularization Revisited: Variability of Age at
Death within Human Populations. In: Demography 36,4: 475-495.
https://doi.org/10.2307/2648085

Zarulli, Virginia, Caswell, Hal 2022: Longer healthy life, but for how many? Insights on healthy
lifespan inequality from the Global Burden of Disease Study. In: medRxiv.
https://doi.org/10.1101/2022.12.06.22283153


https://doi.org/10.1002/0470858885.ch11
https://doi.org/10.1002/0470858885.ch11
https://doi.org/10.1080/713644739

80 « Magdalena Muszynska-Spielauer, Tim Riffe, Martin Spielauer

Date of submission: 13.03.2023 Date of acceptance: 21.11.2023

Dr. Magdalena Muszynska-Spielauer (2<). Institute of Applied Statistics, Johannes Kepler
University Linz. Linz, Austria. E-mail: Magdalena.Muszynska-Spielauer@jku.at
https://orcid.org/0000-0002-1591-6893

Tim Riffe. University of the Basque Country (UPV/EHU). Leioa, Spain; Ikerbasque (Basque
Foundation for Science). Bilbao, Spain; Max Planck Institute for Demographic Research
(MPIDR). Rostock, Germany.

E-mail: tim.riffe@ehu.eus. https://orcid.org/0000-0002-2673-4622

URL: https://www.ehu.eus/en/web/opik/tim-riffe

Dr. Martin Spielauer. Austrian Institute of Economic Research. Vienna, Austria.
martin.spielauer@wifo.ac.at
https://www.wifo.ac.at/en/martin_spielauer



Comparative Population Studies

www.comparativepopulationstudies.de

ISSN: 1869-8980 (Print) — 1869-8999 (Internet)

Published by

Federal Institute for Population Research

(BiB)
65180 Wiesbaden / Germany

Managing Publisher
Dr. Nikola Sander

COEZTN| 2024

Editor
Prof. Dr. Roland Rau
Prof. Dr. Heike Trappe

Managing Editor
Dr. Katrin Schiefer

Editorial Assistant

Beatriz Feiler-Fuchs
Wiebke Hamann

Layout
Beatriz Feiler-Fuchs

E-mail: cpos@bib.bund.de

Scientific Advisory Board
Kieron Barclay (Stockholm)
Karsten Hank (Cologne)
Ridhi Kashyap (Oxford)
Natalie Nitsche (Canberra)
Alyson van Raalte (Rostock)
Pia S. Schober (Tlbingen)
Rainer Wehrhahn (Kiel)

Board of Reviewers

Bruno Arpino (Barcelona)

Laura Bernardi (Lausanne)
Gabriele Doblhammer (Rostock)
Anette Eva Fasang (Berlin)
Michael Feldhaus (Oldenburg)

Alexia Flrnkranz-Prskawetz (Vienna)

Birgit Glorius (Chemnitz)
Fanny Janssen (Groningen)
Frank Kalter (Mannheim)
Stefanie Kley (Hamburg)
Bernhard Képpen (Koblenz)
Anne-Kristin Kuhnt (Rostock)
Hill Kulu (St Andrews)

Nadja Milewski (Wiesbaden)
Thorsten Schneider (Leipzig)
Tomas Sobotka (Vienna)
Jeroen J. A. Spijker (Barcelona)
Helga de Valk (The Hague)
Sergi Vidal (Barcelona)
Michael Wagner (Cologne)





