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ABSTRACT

The main objective of this article is to compare standard and alternative methodologies in measuring demographic ageing at the
regional level in Czechia. We apply different indicators, such as the proportion of elderly people, the ageing index, the old-age
dependency ratio, the pensioners to workers ratio, and real elderly dependency ratio, at the NUTS 2 regions of Czechia between
2003 and 2023. The concept of prospective age and linear interpolation method were also used in this article. The analysis revealed
a continuing increase in the regional heterogeneity of Czechia in demographic ageing, as well as significant differences in the level
of ageing between standard and alternative methodological approaches. When using alternative indicators, the North-west region
can be considered the oldest, while the Prague region appears to be the youngest. It should also be noted that alternative indicators
exhibit higher sensitivity to external mortality influences.
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1. Introduction

The number of older people has increased in recent
years in almost every society in the world, (e.g. Greg-
ory and Patuelli 2013; Sanderson and Scherbov
2013; Spijker and Maclnnes 2013). This complex
and multidimensional phenomenon is known as
demographic ageing, a topic that has become one of
the most intensely discussed issues of the 21st cen-
tury. Although this phenomenon is unprecedented
in human history, it should be perceived as a natural
aspect of human development, which is closely linked
to changes in the age and sex-age structures of the
population. But why is the professional community so
concerned with the study of demographic ageing and
population structures? The study of the sex-age struc-
ture has the potential to assist experts in approximat-
ing the historical development of the population and
to create a basis for estimating future developments.
The early identification of potential social and eco-
nomic challenges based on expected changes in the
sex-age structure of the population plays an impor-
tant role in terms of the design of policy measures,
especially with concern to the social, health and eco-
nomic systems of regions and the labour market (e.g.
labour shortages, the participation of seniors etc.)
(Siegel 2002).

The development of the population and demo-
graphic ageing are affected primarily by three basic
factors, the first of which is the birth rate, i.e. fertil-
ity, and primarily unrealised fertility. The long-term
decline in realised fertility, which has resulted in the
stabilisation of the level of fertility at low values, has
been attributed primarily to changes in family life
and delayed parenthood. The concept of the second
demographic transition (van de Kaa 1997; Lesthae-
ghe 2010) attempts to explain the declining fertility
issue. However, the number of live births is related
not only to the level of fertility but is also influenced
by the number of women of reproductive age. The
above-mentioned processes together influence demo-
graphic ageing from the bottom of the age pyramid
upwards.

The second factor is referred to as the mortality
component. Demographic ageing is influenced by
increasing life expectancy both at birth and in old
age. According to Omran (1971), the improvement in
mortality rates is the result of a reduction in, or the
disappearance of, mortality associated with certain
causes of death, which is closely related to his the-
ory of epidemiological transition. In contrast to this
claim, the theory of morbidity expansion (Gruenberg
1977) claims that improving the health status of the
population and increasing the quality of human life is
not always associated with improving mortality rates.
However, the increase in life expectancy leads in many
ways to the deepening of the demographic ageing pro-
cess, in which case we consider ageing from the top of
the age pyramid downwards.

The last, and least stable, factor that impacts popu-
lation ageing comprises migration, one of the impor-
tant specific features of which concerns variations in
its impact on the composition of the population in
proportion to the size of the population of the moni-
tored area. According to Eurostat (2025), immigrants
have an average median age that is lower than the
native population, which results in the “rejuvenation”
of target regions, or in other words cohort turnover
effect (the ability to compensate for the deficit of the
working-age population) (Ghio et al. 2022). On the
other hand, a corresponding decrease in the rep-
resentation of, especially, working age persons can be
expected in regions that experience emigration, which
inevitably impacts the population ageing process. We
can name it ageing (or rejuvenation) from the middle
of the age pyramid. Today, migration is becoming, or
has already become, an integral part of the reproduc-
tion dynamics of many European regions (Sidlo et al.
2020a) and it can be assumed that its importance in
terms of human reproduction and population growth
will continue to increase.

The initial age structure undeniably influences
the trajectory of demographic ageing. Its imbalanc-
es, stemming from the historical development of the
observed population, may either accelerate or slow
down the process of demographic ageing (through
the shifting of various cohorts into older ages). This
process is referred to, as previously mentioned, as the
cohort turnover effect (Ghio et al. 2022).

Most of the methods currently applied to analyse
demographic ageing continue to be based on a set
of multiple standard indicators (the ageing index,
old-age dependency ratio, average age, etc.), which,
however useful, provide only a limited and partial-
ly distorted view of the ageing issue. The amount of
research on demographic ageing increased signifi-
cantly in the first decade of the 21st century; howev-
er, despite the increasing interest in the topic, no sig-
nificant changes have been applied to the approaches
and analytical tools employed to measure the level of
demographic ageing (Sanderson and Scherbov 2007).

Most of the analyses at the time (as well as mostly
today) were based on the afore-mentioned set of indi-
cators with the consideration of the number of years
lived. The authors of standard (retrospective/classic)
studies apply a fixed value of old age as determined
according to the time of the lived (chronological) age
(e.g. 65 years), which results in a partially limited and
distorted view of the ageing issue. A further disadvan-
tage of the use of these indicators concerns the fact
that they remain unchanged in time and space, which
results in non-objective comparisons of populations
with different mortality rates and, potentially, in dis-
torted conclusions (Sanderson and Scherbov 2007,
2013). Several authors have attempted to contribute
to solving this problem, mainly over the last twen-
ty years, by applying the so-called prospective age
concept, according to which the age limit of old age
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is based on the same remaining life expectancy (see
the following chapter). In summary, we can consider
two basic approaches to the analysis of demographic
ageing: standard (retrospective), which expresses the
number of years that a given person has already lived,
and alternative (including prospective indicators),
which is understood as the number of years that a
given person probably has left to live (Sanderson and
Scherbov 2007).

This article outlines and applies both main
approaches to demographic ageing and, further,
seeks to complement them with potential alterna-
tive indicators (e.g. Spijker 2015), thus providing an
interesting and unique approach to the development
of population ageing with particular reference to the
NUTS 2 regional level in Czechia between 2003 and
2023. The first aim of this article is to highlight the
regional differences in the level of demographic age-
ing between the NUTS 2 regions of Czechia. The sec-
ond aim is to analyse and compare progress in the lev-
el of demographic ageing by selected indicators (e.g.
the proportion of elderly people, the ageing index, the
old-age dependency ratio, the pensioners to workers
ratio and the real elderly dependency ratio) of stand-
ard and alternative (including prospective indicators)
methodologies during the studied period and simulta-
neously focusing on the effect of Covid-19 pandemic.

1.1 The concept of prospective age

Demographic ageing can be described as a complex
phenomenon that affects almost every aspect of
human life. The biggest “problem” in the analysis of
demographic ageing concerns the determination of
the boundary, threshold or limit of old age, which
is related primarily to the continuous increase in
life expectancy. In most cases (e.g. Lutz et al. 200843,
2008b; Sidlo et al. 2020a), the age limit (following
the standard/chronological approach associated
with standard indicators) is set at 65 years. However,
determining a fixed age limit based on the chronolog-
ical age has a number of disadvantages. Differences
in life expectancy at age 65 vary considerably over
time and between populations; thus, the compari-
son of persons of the same chronological age across
time and space is both problematic and even confus-
ing (Sanderson and Scherbov 2008; Sidlo et al. 2019;
Sprocha and Duréek 2019), as confirmed by our views
of the world around us. For example, it is becoming
increasingly common to see people aged 65 and older
living independent and active lifestyles, and a signif-
icant number of them prefer to remain active in the
labour market.

The potential for adopting an alternative approach
to the analysis and calculation of demographic ageing
indicators was first mentioned by Norman B. Ryder in
the 1970s in his paper on stable populations (1975).
He suggested replacing the set age limit (65 years)
with a tabular age (i.e. using life tables) at which a

given population has 10 years left to live based on his
view of chronological age, which loses its meaning
for adults (in his opinion, it is valid only from birth to
adulthood). Although it was a relatively revolutionary
idea, his proposal came at a time when demographic
ageing was not particularly relevant and was, there-
fore, of no real interest to either the professional or
the lay public. Nevertheless, Ryder’s ideas were grad-
ually adopted by several other authors (e.g. Siegel and
Davidson 1984; Seigel 1993), who proposed a further
modification, i.e. changing the age limit to the age at
which the tabular population has 15 years left to live.

However, Warren Sanderson and Sergei Scherbov
(2005, 2007, 2008, 2010, 2013, 2016) made the most
significant contribution to following up on Ryder’s
suggestions via the determination of new approach-
es to the analysis of demographic ageing via the con-
cept of prospective age. The authors’ consideration
and subsequent modification of the afore-mentioned
standard (retrospective) indicators led to the creation
of a completely new approach applying prospective
indicators, which consider information on changes in
life expectancy over time. Bloom, Canning and Fink
(2010) provided support for this approach, argu-
ing that, due to increasing life expectancy, people
are spending more time in retirement than before.
Sanderson and Scherbov (2005) stated that it is
important to take into account changes in life expec-
tancy values over time, especially with concern to the
older part of the population. Today’s older popula-
tions differ from past older populations in terms of
almost all the applied key characteristics. Put simply,
this means that a person aged 65 today has different
options and perspectives (e.g. concerning healthcare,
disease prevention, the environment, education) than
had a person of the same age in 1921, 1963 or 1998, or
will have in 2050. According to Klapkova et al. (2016),
people live their last years of life at increasingly older
ages, which acts to significantly affect their quality of
life during these years. This appears to indicate that
societies today should focus more on the number of
years people have left to live than on the number of
years they have already lived. Standard indicators
based on the number of years lived do not take into
account significant regional, national or gender-based
differences (Sidlo et al. 2020b), whereas the concept
of prospective age can be applied both to the analysis
of changes over time and the analysis of differenc-
es between individual regions (Sprocha et al. 2018;
Sprocha and Duréek 2019; Gietel-Basten et al. 2020).

Just as the boundaries of entry into the final stage
of life are changing, on the opposite side of the age
spectrum the age of entry to work is also changing;
today, the age of 15 no longer corresponds to reality
in most cases due to the lengthening of the period of
education. Participation in the labour market for peo-
ple between the ages of 15 and 19 is relatively rare;
therefore, the age of 20 is increasingly being consid-
ered and applied as the age of the commencement of



Filip Cabela, Ludék Sidlo

economic activity, although this is still a not general-
ised approach.

A 2007 study by Sanderson and Scherbov assigned
each person two ages (retrospective/chronological
and prospective/remaining), which represented dif-
ferent aspects of old age, while complementing each
other. The application of the dual age principle was
not new and, indeed, had been applied in practice for
some time for example in the healthcare sector, where
concerning selected procedures related to the mus-
culoskeletal system (total endoprostheses), doctors
take into account whether a replacement will signifi-
cantly increase the number of years of mobility of the
patient (Klapkova et al. 2016).

In recent decades, demographic ageing has
increasingly been studied from the economic per-
spective, with the focus on its impacts on nation-
al economic systems (e.g. income growth or fiscal
sustainability and stability) (Cuaresma et al. 2014;
Bloom et al. 2010). Holzmann (2013), who examined
the economic determinants of demographic ageing in
depth, called for the reshaping of existing indicators
and identified the key factors involved in the reform
of pension systems.

The importance of the study of demographic ageing
is confirmed by increasingly frequent concerns about
the sustainability and stability of national social and
pension systems, which are clearly justified. However,
the majority of concerns are based on chronological
(standard) indicators based on a fixed old age value
(Klapkova et al. 2016). Seniors are living longer today,
and studies indicate that life expectancy will contin-
ue to increase in the future. Moreover, the health of
older people is improving due to increasing numbers
of seniors adopting an active ageing approach in both
their leisure and work activities (Sidlo et al. 2020b).

The above examples highlight the importance of
determining an alternative approach to the analysis
of demographic ageing. In addition to Sanderson and
Scherbov, the issue is addressed by Spijker (2023,
2022, 2015); Skirbekk et al. (2019); Riffe (2015); Spij-
ker et al. (2014) and Spijker and Maclnnes (2013).
Their publications approach demographic ageing
applying previously established standard, as well as
alternative (including prospective) indicators, related
to, for example, employment, the health status of the
population and time-to-death (TTD). The main idea
behind these new alternative indicators is to improve
the added value of the indicators that are entered into
the calculation process (related not only to the age
structure, but for example, to those in paid employ-
ment [regardless of age], to all those who receive a
pension, to the number of years spent in health or
with a disability, or to economic indicators [e.g. GDP],
etc.). One of the most important directions in terms
of alternative indicators of demographic ageing con-
cerns their connection with the influence of health-
care on the lives of individuals. The analysis of demo-
graphic ageing through alternative indicators (e.g. a

constant prospective age) has the potential to provide
a higher informative value (Cabela and Sidlo 2024);
moreover, it also has the potential for use in other,
previously unconsidered, areas.

2. Data and methods

This paper bases the analysis of demographic age-
ing on both standard (chronological/retrospective)
indicators and their alternative equivalent (including
prospective) indicators, which adapt to changes in
life expectancy values. The basic and most important
foundation stone for calculating most of the alterna-
tive indicators concerns the determination of the pro-
spective age, which is understood as “the age that is
assigned to a given population in a given year based
on the same remaining life expectancy in the reference
year (and population)” (Klapkova et al. 2016, p. 131).
According to Sanderson and Scherbov (2005), the
prospective age can be defined as the number of years
that a given person/population still has ahead of them
according to the relevant mortality rates (i.e. the num-
ber of years of life remaining until the probable age
of death). Spijker (2015, p. 6) describes prospective
age as “the age of a person in the standard life table
who has the same remaining life expectancy as the per-
son of interest”. The exact prospective age needed for
the calculations can be estimated applying the linear
interpolation method according to the following for-
mula (see e.g. Jezek 2016, p. 20):

X1—X0

x=xp+(z—2p) P
where the quantity x refers to the age and the quantity
z denotes the remaining average life expectancy at age
x. The designation x, subsequently denotes the age at
which the remaining life expectancy is higher than
the value that we wish to determine, while x; refers
to the age (higher than x;), when the remaining life
expectancy is already lower than the specified value.
Concerning the quantity z (the remaining life expec-
tancy at the prospective age we wish to determine),
the designation z, denotes the life expectancy at age
Xp and z; the remaining life expectancy at age x;.

The so-called Constant Prospective Age was cho-
sen for the analytical needs of the paper in accordance
with similar studies, i.e. a remaining life expectancy
(RLE) of 15 years (CPA RLE 15-). This age is based
on the fact that for each population in each year we are
attempting to determine the age with a remaining life
expectancy equal to 15 years (Sanderson and Scher-
bov 2013), for which the linear interpolation method
can also be applied. The constant prospective age can
be employed, for example, when calculating the pro-
portion of elderly people in the selected population.
One of the specific indicators concerns the Propor-
tion of the Population at Ages with Remaining Life
Expectancy of 15 Years or Less (Prop.RLE 15-), for
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which the criterion 15 years of life remaining is equiv-
alent to the standard indicator the Proportion of the
Population at Ages 65 Years or Above (Prop.65+);
moreover, according to Sanderson and Scherbov
(2008, 2010); or Lutz et al. (2008a, 2008b), the indi-
cator sets an alternative age threshold of 65 years.
The calculation formulae are as follows:

Prop.RLE 15— =

PXRLElS— %100
P
Prop.65+ = £ 100

Further indicators considered in this paper com-
prise the Prospective Ageing Index (PAI) and its
standard counterpart the Ageing Index (AI). Both
are calculated as the ratio of the number of people
at older ages (specifically ages with a remaining life
expectancy of 15 years or less - P,p;p15- or the num-
ber of people aged 65 and over - Pgs,) to the number
of people from birth to the completed age of 19 years
(Py-19)- The corresponding formulae are as follows:

PAI =PJ‘I§L¢5—*100

0-19

Al = 25+ 4100

Py—19

A further indicator used in the analysis of demo-
graphic ageing concerns the Prospective Old-Age
Dependency Ratio (POADR); this very specific indi-
cator is calculated by combining the prospective and
retrospective ages. It can be expressed as the relation
between the number of people with a remaining life
expectancy of 15 years or less to the number of people
between the age of 20 and the considered prospec-
tive age limit (constant prospective age) (Sanderson
and Scherbov 2008). The retrospective analogy of the
POADR indicator comprises the standard Old-Age
Dependency Ratio (OADR). The calculation of the
indicators can be illustrated as follows:

PXRLElS—

POADR = * 100

20-XRLE>15

OADR = P"ﬁi* 100

20—-64

where Py(_.riE>15 defines the number of persons from
20 years of age to the constant prospective age.
Changes in the age structure significantly (e.g.
the demographic dividend) affect economic growth
(Bloom et al. 2010), where investment in the devel-
opment of human capital and technological progress
serve to increase the economic productivity of socie-
ties and regions (Spijker 2015). The “economic mira-
cle” in East Asia from the mid-1960s to the early 1990s
provides a typical example of the use of changes in the
age structure (Bloom et al. 2010). The main impact
of demographic ageing on the economy concerns the
increasing number of older economically inactive

(dependent) citizens compared to the economically
active population. However, it is important to consid-
er that the size of the economically active population
does not depend only on age (Spijker and Maclnnes
2013). Historically, it was influenced by, for example,
lower female employment rates, which have increased
dramatically over the last 50 years (the elimina-
tion of gender discrimination and the weakening of
the “male breadwinner” paradigm) (Spijker 2015).

In addition, a significant part of the working-age
population cannot be considered to be part of the
labour force since they are not active in the labour
market (students etc.), whereas conversely, in some
countries persons over 65 years of age are consid-
ered to be economically active (Spijker 2015), which
is related to personal preferences, the inability to live
solely on the amount of pension received or, simply,
the absence of a national old-age pension system.
On the other end of the scale, certain high-income
countries have statutory retirement ages of lower
than 65 years (e.g. France and Japan), in which case
the number of people receiving a pension is likely to
exceed the number of people aged 65 and over (Bon-
gaarts 2004).

Based on the above-mentioned factors, efforts
have been made since the turn of the millennium to
determine alternative demographic ageing indica-
tors, e.g. Bongaarts (2004) considered the Pension-
ers to Workers Ratio (PWR) to be a more accurate
indicator of the burden on the economically active
population:

PpPENS

According to Spijker (2015), this ratio attains much
higher values than the conventional OADR, especially
in certain high-income countries (especially France
and Italy). Interesting proposals include, for example,
that only those in paid employment (PPE) should pay
for the health and well-being of older (PPENS) people
(not all people of working age) (Spijker and Maclnnes
2013). Subsequently, an indicator known as the Real
Elderly Dependency Ratio (REDR) was proposed
whereby Spijker (2023) and Spijker and Maclnnes
(2013) applied their ideas in combination with the
methodology considered by Sanderson and Scher-
bov (2007) that applied the constant prospective age
method to determine the older part of the population.
The calculation formula is as follows:

PxRLE15— % 100

REDR = —55

where the numerator (P,p;515-) refers to the num-
ber of men and women with a remaining life expec-
tancy of 15 years or less and the denominator (PPE)
indicates the number of men and women in paid
employment. One of the disadvantages of the REDR
proposal concerns the fact that it considers all people
in paid employment to be equally productive despite
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probable differences (e.g. in the hours worked) (Spi-
jker 2015).

The authors of this article selected the NUTS 2
regions of Czechia for their relatively detailed anal-
ysis of the development of the chronological and
alternative indicators of demographic ageing aimed
at both determining and clarifying the development
of regional differences over the period 2003-2023.
NUTS regions were created so as to allow for the com-
parability of statistical data within the EU. Given the
differences in the spatial characteristics of the NUTS 3
regions of Czechia, it was considered that more relia-
ble outcomes would be determined via the compari-
son of the statistical data for the higher order NUTS 2
regions. It is evident that although demographic age-
ing is, in most cases, studied at the national level, pop-
ulations do not age uniformly at the regional level.
Since the aim of this article is to determine in which
parts of Czechia the level of demographic decline is
most advanced and in which, conversely, the popula-
tion is ageing more slowly, it was deemed most appro-
priate to study the NUTS 2 regions.

The time period was chosen aimed at both captur-
ing developments and changes essentially from the
beginning of the new millennium to the present day
and taking into account the impact of the Covid-19
pandemic on the considered indicators at the region-
al scale. The Public Database of the Czech Statistical
Office (CZS0) and the Product Catalogue (Statistical
Yearbooks of the Czech Republic 2004-2024) (CZSO
2024a; CZSO 2024b) served as the data bases. Spe-
cifically, detailed mortality tables for each year were
employed (life expectancy at specific ages) together
with the sex-age structure according to age units for
the given years (number of persons at a specific age).
The basic characteristics of the economic status of
the population aged 15 and over were taken from a
labour force sample survey (the number of persons in
paid employment) together with selected indicators
for the NUTS 2 and NUTS 3 regions for each given year
(the number of pensioners).

Within the research, two main hypotheses were
formulated. The first hypothesis posits the absence
of homogenisation in the level of demographic age-
ing across the NUTS 2 regions of Czechia over time.
The second hypothesis states that the values of alter-
native (including prospective) indicators - based on
life table measures - are more sensitive to external
mortality influences, such as various epidemics (e.g.
Covid-19), thereby resulting in greater differentiation
of these indicators over time.

3. Results

The study of the development of demographic ageing
at the regional level in Czechia, specifically NUTS 2
regions, in the period 2003 and 2023 revealed sig-
nificant inter-regional differences. In terms of the

constant prospective age (CPA RLE 15-), differenc-
es were evident both between the genders and the
NUTS 2 regions (Fig. 1). The constant prospective
age values for men were significantly lower than for
women within the individual regions, which is not
surprising given the higher excess mortality of men
at middle and older ages due to their more at-risk
behaviour (Rochelle etal. 2015) and higher consump-
tion of addictive substances (Clark and Peck 2012).
Women, on the other hand, devote more attention
to their health and more often undergo preventive
health check-ups (Clark and Peck 2012). A further
reason concerns genetic predisposition, e.g. women
have higher levels of oestrogen in their blood, a hor-
mone that protects against cardiovascular diseas-
es (Rochelle et al. 2015). In addition, the research
revealed greater interregional differences for the
male part of the population than for the female part.

The lowest values of the indicator were recorded
for both sexes in the North-west and Moravian-Sile-
sian regions (Fig. 1), both of which exhibit lower than
average life expectancy at birth and in older ages,
higher unemployment rates and the highest levels of
air pollution in Czechia due to the historically high
presence of heavy industry. Conversely, the highest
values were observed in the Prague region. These
three regions recorded the lowest and highest life
expectancy values throughout the studied period
both at birth and at age 65, as well as at the constant
prospective age. Moreover, it was observed that the
age for determining the expected last 15 years of life
was higher than the limit of 65 years for women in
all the monitored regions throughout the period, and
since 2007 it did not fall below 68 years in any of the
regions. The constant prospective age for men did not
reach values above 65 years throughout the period
in any of the regions studied, with the exception of
the Prague region in the first of the monitored years,
i.e. 2003. During the first 10 monitored years, all the
regions reached the value of 65 years for men, except
for the afore-mentioned North-west region where this
value was exceeded only 5 years later, in 2016.

The highest gender differences between the
regions were observed for 2021, which was most like-
ly linked to the Covid-19 pandemic, concerning which
a paper by Dzirova and Hulikova (2021) noted a high-
er level of excess mortality in the male part of the pop-
ulation from Covid-19 than in the female population.
This was further confirmed by the higher decline in
life expectancy values for men in Czechia during the
Covid-19 pandemic than for women (Appendix 1).

One possible explanation for the regional differ-
ences relates to the higher quality of life in cities (the
Prague region comprises only the city of Prague).
Large cities and their hinterlands (the Central Bohe-
mia region can be considered the Prague hinterland)
have higher levels of employment in the tertiary sec-
tor than other parts of the country and lower levels of
physically demanding professions. This is supported
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Fig. 1 Constant Prospective Age (CPA RLE 15-), Males (1A) and Females (1B), NUTS 2 Regions of Czechia, 2003-2023.
Note: PR = Prague region (CZ01), CB = Central Bohemia region (CZ02), SW = South-west region (CZ03), NW = North-west region (CZ04),
NE = North-east region (CZ05), SE = South-east region (CZ06), CM = Central Moravia region (CZ07), MS = Moravian-Silesian region (CZ08),

CZ = Czechia. Source: CZSO; authors’ calculations.

by the fact that more people with higher levels of
education who, according to Murtin et al. (2017) have
higher average life expectancy rates, live in larger cit-
ies. In addition, Czechia routinely reports relatively
higher differences in life expectancy values based on
the level of education achieved than other European
countries (Murtin et al. 2017).

The proportions of people in older age catego-
ries (the proportion of the population aged 65 and
over - Prop.65+, and the proportion at ages with
a remaining life expectancy of 15 years and less -
Prop.RLE 15-) is one of the characteristics that is
often used to quantify and analyse the population
ageing process. Moreover, the values applied in the
two approaches differ significantly (Appendix 2). The
Prop.RLE 15- in the individual regions evinced lower
values than the Prop. 65+ throughout the monitored
period. Values obtained for 2021 revealed the signif-
icant influence of the Covid-19 pandemic via the con-
vergence of the values of the two approaches, which
resulted in a decrease in the life expectancy values of
older age groups in society and, thus, a decrease in the
constant prospective age values.

The differences between the two approaches
evinced a mainly increasing trend. The Prague region
exhibited the greatest differences between the two
approaches throughout the monitored period (with
the exception of 2019 and 2023), while the North-
west region evinced the lowest differences - even

in 2003 the values of the standard proportion were
lower than the prospective share in this region. The
authors assume that the main reason for the North-
west region achieving the lowest differencies concern
the low values of the life expectancy (thus also low
values of constant prospective age) in this region. The
North-west region is also characterized by the rela-
tively high unemployment rate (CZSO 2025), which is
reflected in the emigration of younger, more educated
people from this region.

Fig. 2 illustrates the shares of people with a
remaining life expectancy of 15 years or less. The
NUTS 2 regions did not experience particularly sharp
increases in the values during the monitored period.
This was due to the application of a variable age limit,
which is the basis of the prospective age concept.

While the share of people aged 65 and over
evinced almost linear growth in most Czech NUTS 2
regions between 2003 and 2023 (Fig. 2), the share of
people with a remaining life expectancy of 15 years
or less exhibited a sharp increase in values in 2020
and 2021. Moreover, the values of the two indicators
converged significantly in these two years. This fac-
tor was attributed to the Covid-19 pandemic, which
reduced life expectancy values at older ages (Dzdrova
and Hulikova 2021).

Other indicators employed to analyse demograph-
ic ageing include the prospective ageing index and
the prospective old-age dependency ratio, and its
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Fig. 3 Prospective Ageing Index (PA/) (3A) and the Ageing Index (A/) (3B), NUTS 2 regions of Czechia, 2003-2023.
Note: see Fig. 1.Source: CZSO; authors’ calculations.

standard counterparts, i.e. the ageing index and the

old-age dependency ratio.

Both pairs of indicators are closely related both
to mortality at older ages and the fertility levels of

people in the productive age group. Based on the
time development of the prospective ageing index
(Fig. 3), the NUTS 2 regions could be divided into
two groups. The first group comprised the Prague
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and Central Bohemia regions, for which a decreasing
trend in the development of values was observed. The
second group consisted of the remaining six regions,
for which the development trend was mainly of an
increasing character. The standard ageing index val-
ues exhibited an increasing trend.

Once again, the highest differences were recorded
in the NUTS 2 region of Prague, and in the last two
years of the monitored period also in the Central
Moravia region (Appendix 3). The lowest differences
were observed in the North-west and Central Bohe-
mia regions, as well as in the Moravian-Silesian region
at the beginning of the monitored period. Although
both the Prague and Central Bohemia regions were
amongst the oldest regions in Czechia at the beginning
of the monitored period (Fig. 3), they were amongst
the youngest regions at the end of the period. The
Central Bohemia region was a stagnant region with a
decreasing population in the early 1990s; however, by
2010 it had become the most populous and in 2011
the youngest region in Czechia (CZSO 2023). One
possible explanation for the downward trend in both
regions concerns their mutual demographic, social
and economic interconnection. For example, the Cen-
tral Bohemia region is today considered a suburban
area of the Prague region and according to Kashnit-
sky etal. (2020), mainly younger people of productive
age move to the hinterlands of large cities, where they
start a family, thus increasing the number of those in
the pre-productive age category (0-19 years).

This change was confirmed by the CZSO (2023),
which reported that the spread of suburbanisation
from Prague to Central Bohemia is associated with
intensive housing construction, especially in the
immediate vicinity of Prague and in areas with good
transport accessibility. According to Cabela (2023),
the LAU 1 regions of Prague-West and Prague-East
(the immediate hinterland of Prague) evince the low-
est prospective ageing index values in Czechia. In addi-
tion, a lower proportion of people with a remaining
life expectancy of 15 years and less has been record-
ed in both NUTS 2 regions since 2010. The decrease
in the prospective ageing index in the Prague region
can be attributed to both the highest life expectancy
in Czechia and the permanently negative migration
of people aged 60 and older from this region (CZSO
2012), as well as the immigration of younger people
for study or career purposes.

Very similar trends can be observed in the devel-
opment of both the prospective and standard old-age
dependency ratios (Fig. 4). Again, significant increas-
es are evident in the values of the standard indicator,
while the increase in the prospective index is gradual
with slight fluctuations at around 2015 caused by an
increase in the intensity of mortality in Czechia (Kur-
kin et al. 2016) and at around 2020 and 2021 due to
the Covid-19 pandemic (Dzurova and Hulikova 2021).
The differences between the values of the measure-
ment approaches again increased throughout the

period (Appendix 4), apart from the pandemic years
2020 and 2021. Concerning the prospective ageing
index and the prospective old-age dependency ratio,
a decrease in values can be observed in all the regions,
which was most probably due to the end of the Cov-
id-19 pandemic. A further explanation is provided by
the wave of immigration since the outbreak of the war
in Ukraine, when approximately 300 thousand people,
mainly young mothers with small children, immigrat-
ed to Czechia; this served to increase the number of
people in both the productive and pre-productive age
categories (Styglerova and Némeckova 2023).

The pensioners to workers ratio comprises one
of the more recent alternative indicators considered
in the article. This indicator includes all pensioners
regardless of whether they receive an old-age or other
pension and all economically active residents regard-
less of age (from 15 years old). This indicator poten-
tially provides a more accurate insight into the real
situation in terms of dependency; moreover, it serves
for the comparison of all dependent residents (= pen-
sioners) in Czechia (except for the pre-productive age
category) with those who contribute to the pension
system (= workers). Fig. 5 illustrates the significant
regional differences in the PWR values. The differenc-
es in the values between 2003, 2013 and 2023 are
shown in Appendix 5.

The value of the indicator decreased between 2003
and 2023 in the Prague region due most likely to an
increase in the number of workers by more than 70
thousand, while the number of pensioners remained
essentially the same (CZSO 2024b). A further possible
explanation is that many people rather than spending
their pension years in the hustle of a large city, prefer
to live in more peaceful rural areas. A decrease in this
indicator was also evident for the Central Bohemia
region, where, although the number of pensioners
increased slightly, the number of workers increased by
more than 120 thousand people in the studied period
(CZS0 2024b). The PWR indicator values increased in
all the other NUTS 2 regions between 2003 and 2023.
However, it was interesting to note that between 2013
and 2023, all the regions evinced decreases in this
indicator value (Appendix 5). Thus, overall increas-
es in the PWR values of the NUTS 2 regions in the
first half of the monitored period were followed by
decreasing values in the second half of the period. The
highest values achieved during the monitored period
related to the NUTS 2 region Moravian-Silesian, which
was most probably due to this region having the high-
est numbers of pensioners of all the regions and, con-
versely, one of the lowest proportions of workers. The
high number of pensioners could be attributed to the
historical predominance of the mining industry and
the associated earlier retirement age of miners (Stef-
ko 2018).

The real elderly dependency ratio indicator serves
for the comparison of the number of people with
a remaining life expectancy of 15 years or less to
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the number of people in paid employment. Spijker
and Maclnnes (2013) introduced this indicator on
the grounds that only those who are employed and
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Fig. 6 Real Elderly Dependency Ratio (REDR), NUTS 2 regions

of Czechia, 2003-2023.
Note: see Fig. 1. Source: CZSO; authors’ calculations.

receive a salary should be considered as the popula-
tion that finances the health and wellbeing of older

people rather than all working-age people.
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The development of the real elderly dependency
ratio demographic ageing indicator during the mon-
itored period was very similar to that of the prospec-
tive old-age dependency ratio indicator. This was not
a coincidence since both indicators are very similar
in terms of the calculation approach. The comparison
of the REDR (Fig. 6) with the POADR (Fig. 4) revealed
more significant differences between the individu-
al regions for the REDR indicator. The highest REDR
values were observed at the beginning of the moni-
tored period for the Moravian-Silesian region and
the lowest for the Prague region, whereas at the end
of the period the highest values were observed for
the North-west region and, again, the lowest for the
Prague region. The North-west region has one of the
highest unemployment rates in Czechia (CZSO 2025)
and a relatively low quality of life. Appendix 6 shows
that between 2003 and 2023, the value decreased
only in the Prague and Central Bohemia regions, while
the values increased in all the other regions.

Significantly high relative increases were record-
ed in all the regions in the period 2013-2023, which
was probably at least partly due to the sharp increase
in values during the Covid-19 pandemic; the indica-
tor values had not returned to pre-Covid values at
the end of the monitored period. The development
of the REDR for the Prague region in 2020 and 2021
is interesting; all the other regions recorded a sharp
increase in this indicator value, whereas the increase
for the Prague region was notably less intense (as was
the subsequent decrease). The decrease in the values
after 2021 in all the regions was, again, due mainly to
the end of the Covid-19 pandemic.

4. Discussion

Changes in the age structure of the population, as
associated with the process of demographic ageing,
exert a wide range of socioeconomic consequences.
For example, they lead to an increased burden on
the pension system, higher healthcare costs, greater
demands in terms of caring for the elderly and labour
shortages. Simply put, many countries are witnessing
a situation in which in today’s media age, the term
demographic ageing is perceived negatively by the
majority of society, a situation that is compounded by
the fact that the extension of life expectancy at old-
er ages does not automatically mean an extension of
life expectancy in good health (e.g. Straka et al. 2024).
This has resulted in an interesting paradox, i.e. one of
the greatest achievements of the modern human era
- increasing life expectancy - is generally perceived as
an existential problem for the population (Spijker and
Maclnnes 2013). Although the potential impacts of
ageing populations are significant in many areas, this
phenomenon should not be viewed solely from the
negative perspective. It should also be seen as a chal-
lenge for society, one that opens up new opportunities

in the context of active ageing (e.g. Forster and Walker
2015), the participation of seniors in the labour mar-
ket (e.g. Posthuma and Campion 2009) and research
and development and innovation targeted at the spe-
cific needs of seniors.

The application of standard demographic ageing
indicators based on chronological age is limited by
the ability to compare these indicators across time
and space. Alternative (including prospective) indica-
tors, however, benefit from the fact that rather than
employing fixed age limits, they consider changes
in life expectancy values, i.e. variable age limits that
better capture the real picture of the demographic
ageing of society. For example, in many countries, the
alternative principle for the measurement of ageing is
used to set the retirement age (e.g. the Netherlands,
Denmark and Greece, as well as Czechia - at the end
of 2024, a pension reform was approved concerning
the application of the alternative approach in the cal-
culation of this age). However, the two approaches are
interconnected and should not be applied in isolation.
Together, they allow for the analysis of both the age
dimension and the assessment of the ageing process
of the population as a whole, which is also confirmed
in the article by Sprocha and Duréek (2018).

The comparison of development trends is better
able to clarify ongoing changes and potential impacts
on the age structure of the population. The increasing
differences in the values of the indicators between
the two approaches are the consequence of increas-
ing life expectancy, which acts to increase the value of
the constant prospective age (and, at the same time,
diverges from the fixed age limit of 65 years). On the
other hand, the convergence of the values of the indi-
cators of the two approaches (e.g. as during the Cov-
id-19 pandemic) reflects a decrease in life expectancy
as a cross-sectional indicator in a given calendar year
even though this impact is not particularly noticeable
in the resulting representation of the number of peo-
ple of senior age.

One of the disadvantages of applying alternative
(including prospective) indicators of demographic
ageing concerns their higher variability than more
traditional indicators and susceptibility to minor
fluctuations during the monitored period. Moreo-
ver, since their calculation is tied to cross-sectional
mortality tables, these indicators fully reflect those
changes that cause temporary fluctuations to current
mortality rates. Despite these minor disadvantages, it
is reasonable to assume that the application of a con-
cept based on the number of years of life remaining
to social, economic and healthcare systems has the
potential to reduce state expenditure. Moreover, the
authors recommend that these approaches be used to
provide support primarily for those who really need
it. At the same time, however, it is important to note
that population ageing is associated solely with age.
A certain degree of dependency in society is associat-
ed purely with pensioners or with the real number of
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people in paid employment (PWR and REDR). These
alternative indicators provide proof that the demo-
graphic ageing of the population can be viewed in
various ways, which influence the perception of pop-
ulation ageing.

However, since this article aimed to describe
changes at the regional level, it is important to consid-
er why the analysis of regional differences is crucial in
terms of demographic ageing. National averages often
mask significant heterogeneities between regions.
However, analysis at the regional level allows for the
more detailed understanding of the dynamics of age-
ing in different parts of a country, which often exhib-
it different fertility, migration and mortality trends.
These differences may be due to historical, economic,
sociocultural and geographical factors. For example,
regions with a traditionally strong industrial sector
may face specific challenges associated with the out-
flow of young labour, while rural areas may face more
rapid population ageing due to the migration of young
people to large cities. The distinctiveness of individual
regions thus indicates the need for a specific, target-
ed approach to local policy intervention, e.g. regions
with more progressive demographic ageing rates
must adopt more active approaches to addressing,
for instance, the construction of residential facilities
for seniors or the support of other forms of social ser-
vices for this group. It is important that, in coopera-
tion with health insurance companies, such regions
should optimise the network of healthcare providers
so as to be able to meet the increasing demand for
healthcare associated with advancing age and adapt
local infrastructures, including public transport,
and services to better meet the needs of an ageing
population.

5. Conclusions

In today’s world of easily accessible information,
society is being influenced from all sides by opinions
regarding the development and necessity of solving
the issue of demographic ageing. Negative attitudes
often prevail in the media, which is due largely to the
standard (retrospective) approach to measuring the
level of demographic ageing. Unfortunately, empha-
sis is often placed only on increasing numbers over
time, without the explanation of their values, in terms
of either the causes of, or connections between, rapid
increases in standard indicator values.

The aims of this article were to both draw atten-
tion to this issue and compare standard and alterna-
tive approaches to measuring ageing, and to provide
new insights into regional differences in terms of the
development and pace of demographic ageing at the
Czech NUTS 2 regional level. Although it may seem at
first glance that these regions are relatively stable and
mutually comparable, the results of the analysis indi-
cate the opposite. Persistent differences were revealed

between more economically developed regions and
regions that are struggling with socioeconomic prob-
lems, which often have their roots in the transfor-
mation of the industrial base and related structural
changes. A number of indicators even pointed to an
increase in heterogeneity, thus supporting the first
selected hypothesis. Accordingly, it is essential that
society responds adequately to these changes via the
introduction of policy measures at both the national
and local government levels. The second hypothesis,
suggesting that alternative indicators of demographic
ageing are more sensitive to external mortality influ-
ences, was likewise confirmed (e.g. Covid-19 pandem-
ic). Following a constructive approach to demograph-
ic ageing has the potential to uncover more positive
responses to the various social challenges associated
with this major 21st century phenomenon aimed at
combating the negative perceptions that are currently
prevalent in society.
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Appendix 1 Life Expectancy at Age 65 (egs5) and the Constant Prospective Age (CPA RLE 15-), Males and Females, Czechia, 2003-2023.

ifference F vs. M

2003 13.90 63.31 17.29 67.92 3.40 4.62
2004 14.25 63.86 17.68 68.42 3.43 4.56
2005 14.43 64.13 17.83 68.61 341 4.48
2006 14.79 64.68 18.21 69.07 3.42 4.39
2007 15.01 65.02 18.34 69.22 3.33 4.21
2008 15.22 65.34 18.57 69.51 3.35 4.17
2009 15.14 65.22 18.53 69.46 3.39 4.24
2010 15.29 65.46 18.75 69.75 3.45 4.29
2011 15.48 65.74 18.91 69.95 3.43 4.21
2012 15.55 65.83 19.04 70.09 3.49 4.26
2013 15.59 65.89 19.12 70.23 3.53 4.34
2014 15.93 66.40 19.58 70.75 3.64 4.35
2015 15.76 66.13 19.26 70.37 3.51 4.23
2016 16.09 66.61 19.70 70.88 3.61 4.27
2017 16.09 66.60 19.62 70.78 3.53 4.19
2018 16.14 66.69 19.71 70.90 3.57 4.21
2019 16.29 66.89 19.94 71.17 3.65 4.28
2020 15.22 65.32 19.17 70.19 3.95 4.87
2021 14.51 64.27 18.65 69.71 4.14 5.44
2022 16.05 66.52 19.81 70.96 3.76 4.44
2023 16.70 67.42 20.43 71.73 3.73 4.32
2023-2003 abs. +2.80 +4.11 +3.14 +3.81 +0.34 -0.30
2023-2013 abs. +1.11 +1.53 +1.31 +1.51 +0.20 -0.02
2013-2003 abs. +1.69 +2.59 +1.82 +2.30 +0.14 -0.28
2023-2003 rel. +20.1% +6.5% +18.1% +5.6% +10.0% -6.6%
2023-2013 rel. +7.1% +2.3% +6.9% +2.1% +5.7% -0.5%
2013-2003 rel. +12.2% +4.1% +10.6% +3.4% +4.0% -6.1%
Maximum 16.70 67.42 20.43 71.73 4.14 5.44
Minimum 13.90 63.31 17.29 67.92 3.33 4.17
Range 2.80 4.11 3.14 3.81 0.81 1.27

Source: CZS0O; authors’ calculations.

Appendix 2 Differences between the Proportion 65+ and the Proportion RLE 15—, NUTS 2 regions of Czechia (in percentage points).

2003 1.82 0.52 0.98 -0.47 0.93 1.45 1.44 0.38
2008 3.98 2.00 3.05 1.57 3.03 3.57 3.13 2.24
2013 6.52 3.84 4.69 2.78 5.30 5.07 4.47 3.27
2018 6.65 5.11 5.44 4.34 5.64 5.90 6.15 4.89
2021 5.34 3.14 3.46 1.56 3.51 4.58 3.53 2.89
2023 6.24 5.66 6.36 4.53 6.35 6.77 7.23 5.95

Source: CZSO; authors’ calculations.
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Appendix 3 Differences between the Ageing Index (A/) and the Prospective Ageing Index (PA/), NUTS 2 regions of Czechia.

Region/Year PR CB Sw NW NE SE CcM MS

2003 9.88 242 4.46 -2.06 4.15 6.53 6.46 1.64
2008 23.23 9.60 15.02 7.30 14.51 17.49 15.24 10.62
2013 37.10 18.31 24.02 13.66 26.45 25.98 23.03 16.63
2018 34.52 23.22 27.24 21.17 27.73 29.49 31.18 24.82
2021 26.58 13.76 16.90 7.54 16.90 22.05 17.46 14.35
2023 29.73 24.17 30.37 21.53 29.85 31.77 35.06 29.12

Source: CZS0O; authors’ calculations.

Appendix 4 Differences between the Old-Age Dependency Ratio (OADR) and the Prospective Old-Age Dependency Ratio (POADR),
NUTS 2 regions of Czechia.

2003 3.36 0.99 1.83 -0.87 1.76 2.73 2.69 0.70
2008 6.92 3.64 5.53 2.82 5.54 6.51 5.73 4.08
2013 11.72 7.21 8.82 5.26 9.98 9.51 8.44 6.16
2018 12.65 10.24 11.01 8.84 11.59 11.80 12.36 9.80
2021 10.85 6.76 7.61 3.51 7.85 9.83 7.81 6.28
2023 12.27 11.76 13.43 9.78 13.68 14.16 15.35 12.58

Source: CZS0O; authors’ calculations.

Appendix 5 Differences in the Pensioners to Workers Ratio (PWR), NUTS 2 regions of Czechia, 2023-2003, 2023-2013, 2013-2003.

2013-2003 -0.05 -0.02 5.21 6.92 6.77 1.54 4.77 1.45
2023-2013 -5.18 -1.46 -1.04 -2.09 -1.06 -0.78 -1.14 -0.99
2023-2003 -5.23 -1.48 4.17 4.84 5.71 0.75 3.62 0.45
2013-2003 rel. (%) -0.10 -0.04 9.86 12.82 12.33 2.67 8.37 2.37
2023-2013 rel. (%) -10.88 -2.77 -1.80 -3.43 -1.72 -1.32 -1.85 -1.59
2023-2003 rel. (%) -10.97 -2.80 7.89 8.95 10.40 1.31 6.36 0.74

Source: CZSO; authors’ calculations.

Appendix 6 Differences in the Real Elderly Dependency Ratio (REDR), NUTS 2 regions of Czechia, 2023-2003, 2023-2013, 2013-2003.

2013-2003 -5.14 -2.99 -0.82 1.27 -1.45 -1.98 1.11 0.75
2023-2013 3.59 2.89 4.18 5.39 6.55 3.51 2.33 2.97
2023-2003 -1.55 -0.10 3.36 6.66 5.10 1.54 3.45 3.72
2013-2003 rel. (%) -19.10 -10.58 -3.00 4.45 -5.21 -6.99 4.03 2.56
2023-2013 rel. (%) 16.51 11.45 15.71 18.09 24.79 13.36 8.13 9.84
2023-2003 rel. (%) -5.75 -0.34 12.24 23.34 18.29 5.44 12.49 12.65

Source: CZSO; authors’ calculations.

Abbreviations

EU = European Union NE = North-east region (CZ05)

PR = Prague region (CzZ01) SE = South-east region (CZ06)

CB = Central Bohemia region (CZ02) CM = Central Moravia region (CZ07)
SW = South-west region (CZ03) MS = Moravian-Silesian region (CZ08)

NW = North-west region (CZ04)



