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Article

Introduction

In most countries, the numbers of elderly and their popula-
tion shares have been increasing rapidly in recent decades, 
and these trends are expected to accelerate in the coming 
decades. Population aging will likely to be the most impor-
tant social change of the 21st century (Lutz, Sanderson, & 
Scherbov, 2008a). Aging is occurring rather quickly in 
Europe and in Asia. The shares of elderly in the total popula-
tion are the highest in European countries, whereas the abso-
lute numbers of older people are the highest in Asian 
countries (United Nations [UN], 2016). However, these esti-
mates on the alarming increase in the share of elderly are 
based on a fixed old-age threshold of 65 years.

An important drawback of the conventional measures of 
aging—such as the proportion of people aged 65 or 80 years 
and above, or the old-age dependency ratio (Lutz, Sanderson, 
& Scherbov, 2008b)—is that they do not take into account 
the large increases in life expectancy that have been observed 
in almost all parts of the world over the past five decades 
(Spijker, 2015). In many parts of the world, the elderly who 
are alive today are healthier and have less severe disabilities 
than their earlier counterparts (Christensen, Doblhammer, 
Rau, & Vaupel, 2009). The conventional measures do not 
account for such major improvements in health and life 

expectancy. Hence, there is a tendency to overestimate the 
impact of population aging when these indicators are used 
(Spijker & MacInnes, 2013).

Of the various alternative approaches to measure aging 
(Chu, 1997; d’Albis & Collard, 2013; Ryder, 1975; Kot & 
Kurkiewicz, 2004; Skirbekk, Loichinger, & Weber, 2012), the 
prospective age approach was a significant progress toward the 
measurement of population aging (Sanderson & Scherbov, 
2005, 2007, 2008, 2010). In the original prospective age 
approach, the size of the elderly population (i.e., the people 
who are older than the old-age threshold) is estimated based not 
on chronological (and thus on retrospective) age but on a for-
ward-looking approach that defines the old-age threshold based 
on a constant remaining life expectancy (RLE) of 15 years. The 
basic idea behind the prospective age approach is that, for a 
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certain country, a 65-year-old person in 1970 is likely to be 
very different from a 65-year-old person in 2010, because of 
increases over time in life expectancy and because a person’s 
behavior is influenced more by a person’s expected remaining 
years of life than by a person’s previous years of life. Sanderson 
and Scherbov (2005, 2007, 2008, 2010, 2013, 2015a, 2015b, 
and 2015c) therefore argue—in line with the earlier argumenta-
tion by Ryder (1975)—that it is better to use an old-age thresh-
old that is defined based on a fixed RLE instead of a fixed 
chronological age. That is, for a certain country, a person with 
15 remaining years of life in 1970 is considered closely compa-
rable to a person with 15 remaining years or life in 2010. By 
redefining aging based on a fixed RLE, the prospective age 
approach proposed a dynamic old-age threshold that changes 
over time by accommodating the improvements in the life 
expectancies of populations over time.

Later, the prospective age approach was further modified 
(Sanderson & Scherbov, 2013, 2015a, 2015b, 2015c; 
Scherbov & Sanderson, 2016) and generalized in the, so 
called, “characteristic approach.” Instead of working with a 
constant RLE of 15 years, other characteristics which have 
direct implications for aging like mortality rate, grip strength, 
chair rise speed, or equitable pension age (defined by life 
course ratio) can also be used to redefine aging. For example, 
if the average grip strength at age 70 years in the year 2000 
was equal to that at age 60 years in the year 1950, the 
approach considered age 60 years in 1950 the same as age 70 
years in 2000 (Sanderson et al., 2016). Within the general-
ized framework of the “characteristic approach,” the pro-
spective age approach using RLE = 15 years remains its 
most popular application (Sanderson & Scherbov, 2013).

Although the prospective age approach and the more gen-
eral characteristics approach was successful in obtaining a time 
horizon constant aging measure, it has limitations for compari-
sons across countries with varying mortality patterns. In a 
country with high mortality at young and adult ages, reaching 
the age at which the RLE is 15 years will be more exceptional 
than in a country with lower mortality. How exceptional it is to 
reach a particular old age in a country will determine the atti-
tudes toward and status of the elderly (Angus & Reeve, 2006; 
Dowd & Bengtson, 1978; Giles & Reid, 2005). Someone who 
reaches the age at which the RLE is 15 years in a country where 
only a small percentage of the population reaches this age is 
likely to be considered older than a person who reaches this age 
in a country where this is quite common. This hampers the 
comparability of aging across countries.

In this article, we compare population aging in Europe and 
Asia using a measure that is both consistent over time and 
appropriate for cross-country comparison. More specifically, 
within the framework of the characteristic approach, we com-
bine a country specific life course characteristic (adult survival 
ratio [ASR]) with a constant characteristic (RLE = 15 years) 
in benchmark country Japan. By doing so, we accommodate 
for differences in the chances of reaching the age at which 
RLE = 15 years across countries. Using a selected set of 

countries from Europe and Asia, we demonstrate how our 
measure is more useful for the cross-country comparison of 
aging in Europe and Asia as compared with the RLE15 method 
while maintaining comparability over time as well.

Data and Method

Data

For our analysis, we used life table and population data by age 
and sex for Asian and European countries, for different years 
(1972, 1992, 2012). We used two sources. For the Organisation 
for Economic Co-operation and Development (OECD) mem-
ber countries in Europe and for Japan, we used the available 
data from the Human Mortality Database (2015). For the 
remaining countries, and the regions (see below), data from 
the World Population Prospects Revision 2015 (UN, 2015) 
prepared by the Population Division of the Department of 
Economic and Social Affairs of the UN are used.

Whereas the Human Mortality Database provides annual 
population and life table data by single year of age, the UN 
database provides data by 5-year age groups for 5-year time 
intervals. We used UN data for 1970-1975, 1990-1995, and 
2010-2015 as an estimate for the year 1972, 1992, and 2012, 
respectively.

To obtain data by single year of age based on the UN data 
available by 5-year age groups, we applied linear interpola-
tion to the population and life table data (lx, RLE; Shryock, 
Stockwell, & Edward, 1976). A sensitivity analysis in which 
we used a more advanced interpolation technique (e.g., 
TOPALS; de Beer, 2012) revealed the same results.

Method

In the original prospective age approach, the prospective old-
age threshold (POAT) (=the age from which people can be 
considered older) is defined as the age at which the RLE is 
15 years (Sanderson & Scherbov, 2007). The value of 15 was 

Table 1. Age at Which RLE is 15 years and Percentage of 
Survivors to the Age at Which RLE = 15 Years for Japan, the 
Netherlands and India, 2012.

Country
Age at which  

RLE = 15 years

Percentage of survivors to 
the age at which RLE = 15 

years (%)

Japan 73 81
Norway 71 84
The Netherlands 71 82
Ukraine 65 72
China 67 81
Azerbaijan 66 77
India 64 70

Note. RLE = remaining life expectancy.
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chosen because in Europe, in 1980, the RLE at age 65 years 
was indeed 15 years, and because the use of a RLE of 15 
years was considered less sensitive to data issues than the use 
of other values such as the 10 years suggested by Ryder 
(1975; Sanderson & Scherbov, 2008).

However, the original prospective age approach cannot 
sufficiently account for cross-country differences in aging. 
That is, the chances of survival to the age at which RLE is 15 
years may be considerably different between countries with 
different mortality experiences. Table 1 illustrates this for 
selected countries within our final analysis (see the section 
“Empirical Application”). In 2012, 81% of the Japanese pop-
ulation, 84% of the population of Norway, 72% of the popula-
tion of Ukraine, and 70% of the population of India were still 
alive at the age at which RLE = 15 years (Table 1). As people 
living in Ukraine or India were less likely to reach the age at 
which RLE = 15 years than people living in Japan or Norway, 
these people constitute a more special group than in Japan and 
Norway, and therefore are more likely to be considered older.

When examining aging trends across countries, it is 
essential to take into account differences between countries 
in the exceptionality of reaching a RLE of 15 years to avoid 
comparing groups that are less or more special.

Our new measure, which we call the comparative pro-
spective old-age threshold (CPOAT), adapts the original 
POAT by taking into consideration the differentials of reach-
ing a RLE of 15 years due to variations in adult survival 
between countries and over time. Our method can be regarded 
an extended application of the overarching characteristic 
approach (Sanderson & Scherbov, 2013, 2015a, 2015b; 
Scherbov & Sanderson, 2016), in that it also uses different 
characteristics to measure aging but does so in a way to 
enable optimal cross-county comparison.

Our approach takes into account changes over time and 
differences across countries in the ASR which is calculated 
as

ASR x i
x i

i

l

l,
,

,

.=
15

The ASR for an age x  for a country i  is the ratio of the 
population surviving to age x  in country i  (lx,i) to the popu-
lation surviving to age 15 years in country i in a life table 
population (l15,i). The values of lx i,  and l i15,  are obtained 
from the life tables of the respective countries.

We considered the ASR and not the complete survival 
chances. In considering the survival of adults after age 15 
years, we have excluded infant and child mortality which are 
not that relevant for determining whether a person can be 
considered “older.” If survival at young ages is low but sur-
vival changes from age 15 years are quite high, then reaching 
a certain high age will very likely be considered not that 
exceptional. Also, if survival at young ages is high but adult 
survival changes are low (like in Russia), then reaching a 
certain high age is very likely to be considered exceptional.

We multiply the RLE at each age by the ASR, that is, by 
the probability that a person aged 15 years will survive to 
that age. As the benchmark country, we selected Japan in the 
year 1972. The reason is that for Japan in 1972 the age at 
which RLE = 15 years was 65 years (Human Mortality 
Database, 2015). The ASR up to age 65 years in Japan in 
1972 was 82.9%. Multiplying the RLE and ASR yields 12.4 
years. This can be interpreted as the number of years that 
someone in Japan aged 15 years in 1972 could expect to live 
after age 65 years taking into account the probability that the 
person will survive to age 65 years.

Our CPOAT for each country and each year is the age at 
which the value of ASR × RLE is closest to 12.4 years. 
Thus if in one country the value of ASR × RLE exceeds 
12.4 years at age 65 years, the old-age threshold is higher 
than 65 years. This may be due to the fact that the ASR at 
age 65 years is higher than 82.9% (in that country it is more 
common to reach age 65 years than in Japan in 1972) or that 
RLE is higher than 15 years (people aged 65 years may 
expect to live longer than Japanese aged 65 years in 1972).

To calculate the share of elderly, we divided the popula-
tion size equal and higher than the old-age threshold with the 
total population size.

Empirical Application

In our empirical application, we will show the results of our 
new comparative prospective aging measure in terms of both 
the old-age threshold in 1972, 1992, and 2012 and the share 
of elderly in 2012.

For a selection of countries, we will compare the results 
of our new method with the results using the prospective 
RLE15 method, and the traditional measure using chrono-
logical age 65 years as old-age threshold, in table format. 
For this purpose, we selected “typical” countries from the 
five Asian regions and four European regions that the UN 
distinguishes (UN, 2018). These were China (East Asia), 
Thailand (Southeast Asia), India (South Asia), Azerbaijan 
(West Asia), Uzbekistan (Central Asia), Norway (Northern 
Europe), the Netherlands (Western Europe), Spain 
(Southern Europe), and Ukraine (Eastern Europe). For 
these countries, similar results were obtained regarding the 
comparison of CPOAT and POAT as compared with the 
regions to which the countries belong. We also show the 
results for the totals in Europe and Asia, based on the aggre-
gate life table and population figures from the UN. 
Furthermore, we distinguish within Europe between Eastern 
Europe and the rest of Europe (non-Eastern Europe) and 
within Asia between Eastern Asia and the rest of Asia (non-
Eastern Asia), because of the different results we observed 
for these regions. For Eastern Europe and Eastern Asia, we 
used as well the aggregate life table and population figures 
from the UN. For the “rest of Europe” and the “rest of 
Asia,” however, we applied unweighted averages to our 
results for the different subregions that it consists of.
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In addition, we will map the share of elderly using our 
new measure for all European and Asian countries in 2012, 
using QGIS 2.14.3 and the world map provided by the QGIS 
website (QGIS Development Team, 2016). To match our 
data with the map, we had to exclude the Channel Islands 
when mapping the results. In Supplemental Appendix Figure 
III, we will show similar maps for the RLE15 method and 
using age 65 years as old-age threshold.

Results

Table 2 shows the old-age threshold, that is, the age at which 
people can be considered “older,” for both our new method 
and the RLE15 method, for the different Asian and European 
countries, in 1972 and 2012.

In Japan, in 1972, the age at which RLE = 15 years was 
65 years. The POAT using the RLE15 method was therefore 
65 years in Japan in 1972. The ASR at age 65 years in Japan 
in 1972 was 82.9%. Because we consider Japan as the bench-
mark country in our new CPOAT, the CPOAT for Japan in 
1972 equals the POAT for Japan in 1972. In the other years 
for Japan and in the other countries, however, the CPOAT 
resembles the age at which ASR × RLE = 0.829 × 15 = 
12.4 years.

For Japan, the age at which RLE = 15 years increased to 
73 years in 2012. Because, in Japan, the ASR up to age 73 
years in 2012 (0.832) largely resembles the ASR up to age 65 
years in Japan in 1972, the CPOAT is similar to the POAT in 
Japan in 2012 as well.

For the other countries, however, interesting differ-
ences exist between the POAT values and the CPOAT val-
ues. In general, the CPOAT values are smaller than the 
POAT values (see the negative values in the last two col-
umns of Table 2). Differences are especially large for 
Thailand, India, Uzbekistan, and Ukraine. Figure 1 shows 
for 2012 that the lower CPOAT values compared with 
POAT values can be most clearly observed for Eastern 
Europe and the majority of Asian regions. Supplemental 
Appendix Figure 2, which shows the results for all indi-
vidual European and Asian countries, illustrates this as 
well. The use of CPOAT over POAT therefore results in 
more diversity in old-age thresholds both within Europe 
and within Asia.

All in all, in 2012, our CPOAT and POAT was highest 
among the selected countries, in Japan (73 years) and Spain 
(72 years), and lowest in Ukraine (63 years) and India (63 
years). Our old-age threshold was higher than 65 years in 
2012 in most countries, except in Southeastern Asia, Southern 
Asia, Central Asia, and many Eastern European countries. 
This in comparison to the POAT in 2012 which is 65 years or 

Table 2. Comparison of the CPOAT With the POAT, for Selected Countries in 1972 and 2012.

Country

CPOAT POAT
Difference  

(CPOAT – POAT)

1972 2012 Change 1972 2012 Change 1972 2012

Japan 65.00 73.31 8.31 65.00 73.29 8.29 0.00 0.02
China 59.74 66.92 7.18 61.26 67.13 5.86 −1.53 −0.21
Thailand 59.85 67.76 7.91 63.80 70.01 6.21 −3.95 −2.25
India 56.22 63.05 6.82 58.28 64.90 6.62 −2.06 −1.86
Azerbaijan 62.95 64.93 1.98 64.96 65.81 0.85 −2.00 −0.88
Uzbekistan 62.79 63.51 0.73 65.26 65.59 0.33 −2.47 −2.08
Norway 66.40 71.22 4.82 67.30 70.97 3.68 −0.89 0.25
Netherlands 65.78 70.90 5.12 67.03 70.73 3.70 −1.25 0.16
Spain 65.55 72.13 6.58 66.39 71.96 5.57 −0.84 0.17
Ukraine 64.16 62.86 −1.30 66.39 65.02 −1.38 −2.24 −2.16
Asia 58.72 65.93 7.21 60.77 67.27 6.50 −2.05 −1.34
Europe 64.09 69.01 4.92 65.46 70.65 5.19 −1.37 −1.64

Note. CPOAT = comparative prospective old-age threshold; POAT = prospective old-age threshold.

Figure 1. Comparison of the CPOAT with the POAT, for Asian 
and European regions, 2012.
Note. CPOAT = comparative prospective old-age threshold; POAT = 
prospective old-age threshold.
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higher. For Europe as a whole, the CPOAT in 2012 was 3 
years higher compared with Asia, 69 years and 66 years, 
respectively. Whereas Southern and Western Europe exhib-
ited the highest average CPOAT (72 years), the lowest aver-
age CPOAT was observed for Southern Asia and Central 
Asia (63 years) (Tables 1 and A1 and Figure 1).

Table 2 also gives information about the change in the old-
age thresholds from 1972 to 2012. In all selected countries, and 
using either our new measure or the RLE = 15 years measure, 
the old-age threshold has increased. Thus, in 2012 people are 
considered “old” when they are older as compared with 1972. 
One exception is for Ukraine, which shows a decline in the old-
age threshold, as a result of the health crisis (Leon, 2011; McKee 
& Shkolnikov, 2001; Vallin & Meslé, 2004). For Central Asia, 
the old-age thresholds have been stable. According to our new 
measure, and for the selected countries, the increase in old-age 
thresholds has been strongest for Japan and Thailand (+8) and 

stronger for Asia (+7) as compared with Europe (+5). 
Interestingly, the changes over time we observed for the CPOAT 
measure are almost similar to the changes over time in the 
POAT measure. That is, a maximum difference of two is 
observed solely in Thailand and Western Asia.

Table 3 shows the share of elderly based on our new 
method for selected European and Asian countries in 2012. 
According to our method and among the countries consid-
ered, Ukraine has the highest share of elderly (17%), whereas 
Uzbekistan has the lowest share of elderly (5%). Europe has 
a share of elderly that is double from that of Asia, 13% and 
6.5%, respectively.

Table 3 also compares the share of elderly in 2012 
obtained by our new method with the share of elderly using 
the RLE15 method, and the share of elderly using the tradi-
tional old-age threshold of 65 years. In addition, Figure 2 
graphically shows the differences between the share of 
elderly in 1972 and 2012 for our new method and the RLE15 
method. In line with our results on the old-age thresholds, we 
can see that the shares of elderly obtained for countries with 
low adult survival rates (most Asian countries, Ukraine) are 
slightly higher when our new method is used than when the 
RLE15 method is applied. The shares of elderly obtained for 
Southeastern Asia, Southern Asia, and Eastern Europe using 
the new method are also higher than the shares obtained 
using the traditional old-age threshold of 65 years. For Asia 
and Europe as a whole, the shares of elderly are as well 
slightly higher when using our method compared with the 
RLE15 method, but lower as compared with using age 65 
years as old-age threshold. Examining the change in the 
share of elderly over time (Figure 2), we can observe both for 
our measure and the RLE15 method that the shares have 
been declining for most regions, except Southern Europe, 
Eastern Europe, and Eastern Asia, where the shares have 
been increasing.

Figure 3 maps the shares of elderly for all European and 
Asian countries calculated using our method for the year 
2012. Clear differences in the shares of elderly between and 

Table 3. Share of Elderly (%) With Our New Method, the 
RLE15 Method, and 65 as Old-Age Threshold, Selected European 
and Asian Countries Plus Average Asia and Europe, 2012.

Country

Share of elderly 2012

Our method RLE15 method
Old-age threshold  

65 years

Japan 13.86 13.86 23.70
China 7.27 7.27 8.65
Thailand 7.38 6.22 9.44
India 6.31 5.29 5.29
Azerbaijan 5.77 5.50 5.77
Uzbekistan 4.98 4.30 4.62
Norway 9.71 9.71 15.40
Netherlands 10.19 10.19 16.24
Spain 11.04 11.04 17.36
Ukraine 17.26 15.23 15.23
Asia 6.47 5.93 7.03
Europe 12.98 11.35 16.77

Note. RLE = remaining life expectancy.

Figure 2. Share of elderly in 1972 and 2012 according to POAT 
and CPOAT.
Note. POAT = prospective old-age threshold; CPOAT = comparative 
prospective old-age threshold.

Figure 3. Share of elderly (%) in Europe and Asia using our new 
method, 2012.
Note. CPOAT = comparative prospective old-age threshold.
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within the two continents exist. Within Asia, the United Arab 
Emirates and Qatar had the lowest shares of elderly (0.52% 
and 0.77%, respectively), whereas Japan and Georgia had 
the highest shares of elderly (13.86% and 13.48%, respec-
tively). The resulting range (13.3) and variance (7.1) are sub-
stantially lower when 65 years is used as old-age threshold 
(22.9 and 15.8, respectively), and slightly higher (variance 
only) when the RLE15 method was used (13.3 and 6.9, 
respectively) (see Table 4 and Supplemental Appendix 
Figure III). Within Europe, Ireland and Iceland had the low-
est share of elderly (7.37% and 7.50%, respectively) using 
our method for the year 2012, and Latvia and Lithuania had 
the highest shares (18.56% and 18.08%, respectively). The 
resulting range (11.2) and variance (7.5) are slightly higher 
than when 65 years is used as old-age threshold (10.8 and 
6.5, respectively) but especially higher than when the RLE15 
method was used (9.3 and 4.9, respectively). For all Asian 
and European countries combined, our CPOAT resulted in 
more diversity compared with the POAT and less diversity 
compared with the use of 65 years as old-age threshold.

Discussion

Summary of Results

We compared population aging in Europe and Asia using a 
measure that is both consistent over time and appropriate for 
cross-country comparison.

Our prospective and comparative old-age threshold 
(CPOAT) was lower than 65 years in 2012 in Central Asia, 
Southern Asia, Southeastern Asia, and many Eastern European 
countries. This in comparison to the POAT—as part of the 
RLE15 method—showed values of either 65 years and above. 
Consequently, the latter regions/countries experienced a 
higher share of elderly compared with both the use of 65 years 
as old-age threshold and the RLE15 method.

Our method resulted as well in more geographical diver-
sity in the old-age threshold and the shares of elderly com-
pared with the RLE15 method. Within Europe, our method 
also resulted in more diversity compared with the use of 65 
years as old-age threshold.

Our CPOAT generally increased from 1972 to 2012 (Asia 
from 59 to 66; Europe from 64 to 69), in a similar manner as 
the POAT (Table A1). Changes over time in the shares of 
elderly were also roughly similar for the two methods and 
were almost absent for Asia and Europe as a whole (Table 
A2).

Explanation of the Observed Results

The lower CPOAT values compared with POAT values can 
be largely explained by differences in adult survival. 
Supplemental Appendix Figure 1 illustrates this for Thailand 
in 1972, for which we observed a CPOAT value of 60 that 
was 4 years lower than the POAT value of 64. Whereas, in 
1972, RLE = 15 years occurs at age 64 years in Thailand 
(=POAT value) compared with age 65 years in Japan, the 
ASR64 for Thailand (0.658) is much lower than the ASR65 for 
Japan in 1972 (0.829). In other words, in Thailand which 
exhibits relatively high mortality at adult ages, many people 
do not survive to the age at which RLE = 15 years, or the 
traditional old-age threshold of 65 years. Controlling for 
these cross-national differences in the exceptionality of 
reaching RLE = 15 years, therefore, results in a lower old-
age threshold as compared with the POAT for Thailand in 
1972. By taking into account not only mortality in later life, 
as in the RLE method, but also differences between countries 
in survival rates across the life course, we clearly can account 
for differences in the exceptionality of reaching a certain old 
age.

Similarly, the other regions/countries for which we 
observe a lower CPOAT value compared with the POAT 

Table 4. Comparison of the Range and Variation in the Share of Elderly for CPOAT, POAT, and 65 years as Old-Age Threshold, 2012.

Maximum value Country with maximum Minimum value Country with minimum Range Variance

Asia
•• CPOAT 13.86 Japan 0.52 United Arab Emirates 13.34 7.08
•• POAT 13.86 Japan 0.52 United Arab Emirates 13.34 6.87
•• 65 years 23.70 Japan 0.85 United Arab Emirates 22.85 15.77

Europe
•• CPOAT 18.56 Latvia 7.37 Ireland 11.19 7.53
•• POAT 16.70 Latvia 7.37 Ireland 9.32 4.89
•• 65 years 20.84 Italy 10.08 Republic of Moldova 10.76 6.50

Asia and Europe
•• CPOAT 18.56 Latvia 0.52 United Arab Emirates 18.04 20.05
•• POAT 16.70 Latvia 0.52 United Arab Emirates 16.18 18.11
•• 65 years 23.70 Japan 0.85 United Arab Emirates 22.85 37.92

Note. CPOAT = comparative prospective old-age threshold; POAT = prospective old-age threshold.
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value (Eastern Europe, and the majority of Asian regions) 
exhibited relatively low adult survival, and consequently, 
chances of reaching a certain old age were lower. For Eastern 
Europe, the low adult survival can be largely linked to the 
health crisis that was experienced from 1975 onward as a 
result of communist regimes’ policies (Leon, 2011; McKee 
& Shkolnikov, 2001; Vallin & Meslé, 2004). For Asia, this 
can be linked to higher levels of adult mortality due to com-
municable diseases in the 1970s (Murray, Yang, & Qiao, 
1992). Accounting for this low adult survival, and conse-
quently, the exceptionality of reaching a certain old age as 
experienced in most Asian and Eastern European countries, 
as we do in our method, leads to a lower old-age threshold 
and, consequently, a higher share of elderly, as compared 
with the RLE15 method.

For these regions, our old-age threshold were lower and 
the shares of elderly were higher as compared with the tradi-
tional use of 65 years as the beginning of “old age” as well. 
Population aging, thus, seems to have been underestimated, 
so far, in most Asian and Eastern European countries.

Using the RLE15 method, not only the levels of popula-
tion aging have been underestimated but also the differ-
ences between countries. That is, our method also resulted 
in more geographical diversity in the old-age threshold and 
the shares of elderly compared with the RLE15 method. 
Differences between methods proved especially strong 
within Europe when comparing Eastern European countries 
with the rest of Europe, and when comparing most Asian 
countries with non-Eastern European countries. In these 
comparisons, the RLE = 15 years clearly underestimates 
the differences (Supplemental Appendix Figure 2, Table 4) 
by not accommodating for the chance to reach RLE = 15 
years. Within Europe, our method even resulted in more 
diversity in the shares of elderly compared with the use of 
65 years as old-age threshold. This has important policy 
implications (see the section “Recommendations”).

Evaluation of Our Method

Within the general framework of the characteristics approach, 
we defined the prospective and comparative old-age thresh-
old as the age at which the RLE multiplied by the ASR equals 
the value in a certain benchmark country in a given year.

The main argument for using the age at which RLE = 15 
years and the ASR together is that (a) the RLE takes into 
account that older people are likely to be healthier if their life 
expectancy is higher (and, thus, that people are considered 
old at an older age) and (b) the ASR takes into account how 
common it is for people to reach a certain age (if many people 
survive to a certain age, that age is not considered old). One 
benefit of using CPOAT is that we only have to choose one 
benchmark country and the value for the RLE that we con-
sider (RLE = 15 years in our case). The year and the value of 
the multiplication follow from that. Thus, if we choose Japan 
as benchmark country, the year in which RLE = 15 years at 

age 65 years is 1972. In that year, the ASR at age 65 years in 
Japan was 82.9. Thus our criterion for each country is the age 
at which ASR × RLE = 12.4 years. As both RLE and ASR 
decrease monotonously with age, for each country there is 
only one age at which ASR × RLE equals 12.4 years. This 
age is high in countries where survival in adult age is high 
(high value of ASR) and/or in countries in which health 
among elderly persons is good (high value of RLE).

Our new method is able to capture differences in the 
exceptionality of reaching “old” age between countries. 
However, an important feature of the RLE15 method is that 
it is also able to take into account life expectancy develop-
ments over time in a specific country (Sanderson & Scherbov, 
2007). In fact, Sanderson and Scherbov (2007) showed, 
based on both analytical and empirical analyses, that the 
RLE15 method is rather insensitive to whether it is measured 
using period or cohort life tables. Our observation that the 
changes over time in old-age thresholds, and consequently 
shares of elderly, are almost similar over time for our new 
approach in comparison to the RLE15 method indicates that 
our measure is capable of accommodating for the improve-
ments in mortality in different countries across time as well. 
Our new method, thus, not only maintains the feature of 
time-consistency of the RLE15 method but adds to it a way 
to better compare population aging among countries with 
diverse mortality patterns and improvements in ASRs.

In choosing our benchmark country, our starting point 
was that we want to examine changes in population aging 
over the last 40 years. As we wanted to compare our measure 
with (a) a constant threshold age of 65 years and (b) a thresh-
old age based on the RLE = 15 years approach, we selected 
a country where the age at which RLE = 15 years was 65 
years somewhere in the early 1970s. Another criterion was to 
select a country in which the value of ASR at that age was 
relatively high. The reason is that we wanted to select a 
country in which it was more common to reach that age com-
pared with countries with a lower value of ASR. During the 
last 40 years, Japan has been a country with both high values 
of RLE and ASR. Another reason to select Japan as bench-
mark country was that in Japan, the ASR up to age 73 years 
in 2012 largely resembles the ASR up to age 65 years in 
1972. As a result, the CPOAT is similar to the POAT in Japan 
in both 1972 and 2012.

We compared our new measure with the RLE15 method 
because the RLE15 method is the most popular application 
of the “characteristic approach” (Sanderson & Scherbov, 
2013). Another meaningful comparison would be with an 
alternative character or indicator of aging proposed by 
Sanderson and Scherbov (2013): the life course ratio. The 
life course ratio refers to the ratio of person years lived above 
an equitable pension age x and beyond to the number of per-
son years lived from the onset of working ages (15 or 20 
years) onward. It is measured by dividing Tx with T15 or T20 
as obtained from the life table. Additional analysis in which 
we performed such a comparison (using Tx / T15; Appendix 
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B) revealed similar conclusions as when comparing our new 
method with the RLE15 method: Our method resulted in a 
higher share of elderly in 2012 in most Asian and Eastern 
European countries, and in more geographic diversity in the 
shares of elderly. This is not a surprising outcome, given 
that—similar to the RLE15 method—the life course ratio 
method only accounts for differences over time, but not for 
cross-national differences. Our new measure can better aid 
policy making as compared with the RLE15 method. Using 
the RLE15 method, aging will be diminished not only by 
improving the health of elderly (resulting in an increase in 
RLE15) but also by higher premature mortality. When less 
people reach the age at which RLE = 15 years, this will 
result in less older people and, consequently, less aging. 
Increasing premature mortality can, however, not be a goal 
of policy makers, of course. Using the CPOAT measure, 
aging will be diminished both by improving the health of 
elderly (increase in RLE) and by better survival to the age at 
which RLE = 15 years (increase in ASR). Which will be 
more in line of health policy.

Recommendations

We observed that the old-age threshold, calculated by means 
of our time-consistent and country-comparative measures, is 
lower than previously estimated in countries with low ASRs, 
for example, most Asian and Eastern European countries. As 
a result, the old-age dependency ratio is larger in these coun-
tries than was estimated using age 65 years as the old-age 
threshold or the RLE15 method. This observation has impor-
tant implications for policy makers. These countries not only 

perform worse on health measures, but they also appear to 
have larger shares of elderly people than previously esti-
mated, which warrants attention.

Our measure advances the previous methods in that it 
takes into account not only improvements over time in life 
expectancy at older ages but also differences between coun-
tries in the commonality of surviving until a particular RLE 
threshold. However, in addition to life expectancy and sur-
vival, also morbidity, productivity, skills, cognition, and 
labor force participation could influence what can be consid-
ered old across countries. We therefore recommend future 
research on aging measures to consider more distinct human 
capital features and differences therein between countries 
(Day & Dowrick, 2004; Engelhardt, Buber, Skirbekk, & 
Prskawetz, 2010; Skirbekk, 2004; Skirbekk et al., 2012).

Moreover, given the differences in life expectancy between 
various subgroups, such as sex, class, and regions (Crimmins 
et al., 2011; Jasilionis & Shkolnikov, 2016; Luy & Minagawa, 
2014; Rieker & Bird, 2005), and the differences in human 
capital in general between different subgroups (Balachandran 
& James, 2019; Becker, 1985; Blau & Kahn, 2000; Bloom, 
Canning, & Malaney, 2000; Goujon & Samir, 2008; Prskawetz 
et al., 2006; Skirbekk, 2004), it might be worthwhile for these 
and future measures of aging to provide group-specific esti-
mates. We believe that our measure also has implications for 
other social science disciplines like economics, sociology, and 
political science, and thus can be applied in these disciplines. 
For example, our measure can possibly substitute the current 
traditional measures of aging in many cross-country compari-
sons of macroeconomic models that study savings, expendi-
ture, health care reforms, and fiscal burdens due to aging.



348 Journal of Aging and Health 32(5-6)

Appendix A

Table A1. Comparison of the CPOAT With the POAT, for Selected Countries and the Different Regions, Asia and Europe, 1972, 
1992, 2012.

Country

1972 1992 2012

CPOAT POAT CPOAT – POAT CPOAT POAT CPOAT – POAT CPOAT POAT CPOAT – POAT

Japan 65.00 65.00 0.00 70.56 71.21 −0.64 73.31 73.29 0.02
China 59.74 61.26 −1.53 63.51 64.51 −1.01 66.92 67.13 −0.21
Thailand 59.85 63.80 −3.95 65.39 67.34 −1.95 67.76 70.01 −2.25
India 56.22 58.28 −2.06 59.28 61.39 −2.11 63.05 64.90 −1.86
Azerbaijan 62.95 64.96 −2.00 63.48 65.39 −1.92 64.93 65.81 −0.88
Uzbekistan 62.79 65.26 −2.47 62.77 65.49 −2.72 63.51 65.59 −2.08
Norway 66.40 67.30 −0.89 68.47 69.24 −0.77 71.22 70.97 0.25
Netherlands 65.78 67.03 −1.25 68.40 69.21 −0.81 70.90 70.73 0.16
Spain 65.55 66.39 −0.84 69.33 70.22 −0.90 72.13 71.96 0.17
Ukraine 64.16 66.39 −2.24 62.40 64.51 −2.10 62.86 65.02 −2.16
Asia 58.72 60.77 −2.05 63.35 64.18 −0.82 65.93 67.27 −1.34
Eastern Asia 61.47 62.57 −1.10 65.10 65.59 −0.50 67.99 68.75 −0.76
Southeastern Asia 58.00 60.38 −2.38 62.55 63.83 −1.28 64.35 66.19 −1.83
Southern Asia 56.66 58.78 −2.12 59.78 61.53 −1.75 63.24 65.19 −1.95
Western Asia 59.93 62.68 −2.75 63.03 65.32 −2.29 65.94 67.35 −1.41
Central Asia 62.57 65.47 −2.89 62.43 65.31 −2.88 63.11 64.91 −1.80
Non-Eastern Asia 59.29 61.83 −2.54 61.95 64.00 −2.05 64.16 65.91 −1.75
Europe 64.09 65.46 −1.37 65.36 67.48 −2.12 69.01 70.65 −1.64
Northern Europe 65.00 66.04 −1.03 67.37 68.42 −1.05 71.22 70.97 0.25
Western Europe 65.00 65.79 −0.79 68.53 69.35 −0.83 72.02 72.69 −0.67
Southern Europe 64.69 65.89 −1.20 68.57 69.21 −0.65 72.13 71.96 0.17
Eastern Europe 63.22 64.87 −1.65 61.82 64.52 −2.69 64.93 67.33 −2.40
Non-Eastern Europe 64.90 65.90 −1.01 68.15 69.00 −0.84 71.79 71.87 −0.08

Note. CPOAT = comparative prospective old-age threshold; POAT = prospective old-age threshold.

Table A2. Comparison of the Share of Elderly Calculated With the New Measure, the RLE = 15 Years Measure, and Using 65 Years 
as Old-Age Threshold, for Selected Countries and the Different Regions, Asia and Europe, 1972, 1992, 2012.

Country

With our 
method

With RLE15 
method

With 65 years 
as old-age 
threshold

With our 
method

With RLE15 
method

With 65 years 
as old-age 
threshold

With our 
method

With RLE15 
method

With 65 years 
as old-age 
threshold

1972 1992 2012

Japan 7.70 7.70 7.70 8.33 8.33 14.10 13.86 13.86 23.70
China 6.75 6.22 4.11 6.79 6.16 6.16 7.27 7.27 8.65
Thailand 5.44 3.95 3.58 5.40 4.49 5.40 7.38 6.22 9.44
India 7.98 6.84 3.49 7.04 5.95 4.03 6.31 5.29 5.29
Azerbaijan 6.02 5.11 5.11 6.71 5.39 5.39 5.77 5.50 5.77
Uzbekistan 6.57 5.68 5.68 5.36 4.10 4.49 4.98 4.30 4.62
Norway 12.74 11.80 13.67 12.39 12.39 15.77 9.71 9.71 15.40
Netherlands 9.91 9.16 10.66 10.91 10.11 13.31 10.19 10.19 16.24
Spain 9.50 9.50 10.25 11.09 10.11 15.03 11.04 11.04 17.36
Ukraine 11.58 9.72 10.56 16.31 13.46 13.46 17.26 15.23 15.23
Asia 7.05 6.45 4.01 6.42 5.86 5.30 6.47 5.93 7.03
Eastern Asia 6.63 5.54 4.44 6.87 6.34 6.87 7.69 7.03 9.66
Southeastern Asia 6.85 5.82 3.68 5.86 4.89 4.41 5.98 5.05 5.45
Southern Asia 7.31 6.18 3.45 6.38 5.45 4.06 6.00 4.97 4.97
Western Asia 6.80 5.38 4.44 5.08 4.60 4.60 4.70 4.35 5.05
Central Asia 6.53 5.53 5.53 6.56 5.13 5.13 5.77 4.95 4.95
Non-Eastern Asia 6.87 5.73 4.27 5.97 5.02 4.55 5.61 4.83 5.11
Europe 12.50 11.51 11.51 13.65 11.70 13.65 12.98 11.35 16.77
Northern Europe 13.63 12.65 13.63 13.40 12.49 15.21 10.88 10.88 16.51
Western Europe 13.92 12.92 13.92 12.02 11.07 14.86 11.53 10.58 18.37
Southern Europe 10.80 9.99 10.80 11.99 10.98 14.99 11.63 11.63 18.21
Eastern Europe 11.66 9.74 9.74 15.04 12.14 12.14 14.01 12.54 14.01
Non-Eastern Europe 12.78 11.85 12.78 12.47 11.51 15.02 10.88 10.88 16.51

Note. RLE = remaining life expectancy.
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Appendix B

Comparison of Our New Measure With the Life Course Ratio Measure

Table B1. Comparison of the CPOAT With the Old-Age 
Threshold Obtained With the LCROAT, 2012.

Country CPOAT LCROAT

Difference 
(CPOAT – 
LCROAT)

Japan 73.31 72.03 1.28
China 66.92 70.11 −3.19
Thailand 67.76 70.72 −2.96
India 63.05 70.01 −6.96
Azerbaijan 64.93 66.21 −1.28
Uzbekistan 63.51 65.42 −1.91
Norway 71.22 69.72 1.5
Netherlands 70.90 75.71 −4.81
Spain 72.13 71.26 0.87
Ukraine 62.86 68.07 −5.21
Asia 65.93 70.51 −4.58
Eastern Asia 67.99 70.35 −2.36
Southeastern Asia 64.35 69.49 −5.14
Southern Asia 63.24 70.50 −7.26
Western Asia 65.94 69.19 −3.25
Central Asia 63.11 65.53 −2.42
Non-Eastern Asia 64.16 68.68 −4.52
Europe 69.01 69.26 −0.25
Northern Europe 71.22 70.14 1.08
Western Europe 72.02 71.97 0.05
Southern Europe 72.13 70.84 1.29
Eastern Europe 64.93 66.34 −1.41
Non-Eastern Europe 71.79 69.82 1.97

Note. CPOAT = comparative prospective old-age threshold; LCROAT = 
life course ratio old-age threshold.

Table B2. Comparison of the Share of Elderly Calculated With 
Our New Measure and Using LCR as Old-Age Threshold for 
Selected Countries and the Different Regions, Asia and Europe, 
2012.

Country
With our 
method

With LCR as old-age 
threshold

Japan 13.86 16.12
China 7.27 5.52
Thailand 7.38 6.22
India 6.31 3.24
Azerbaijan 5.77 5.50
Uzbekistan 4.98 4.62
Norway 9.71 11.22
Netherlands 10.19 10.19
Spain 11.04 12.68
Ukraine 17.26 17.26
Asia 6.47 4.95
Eastern Asia 7.69 5.84
Southeastern Asia 5.98 4.76
Southern Asia 6.00 2.74
Western Asia 4.70 3.65
Central Asia 5.77 4.95
Non-Eastern Asia 5.61 4.03
Europe 12.98 11.35
Northern Europe 10.88 11.67
Western Europe 11.53 12.48
Southern Europe 11.63 13.45
Eastern Europe 14.01 13.28
Non-Eastern Europe 10.88 12.72

Note. LCR = life course ratio.

Table B3. Comparison of the Range and Variation in the Share of Elderly for CPOAT and LCR as Old-Age Threshold, 2012.

Maximum value Country with maximum Minimum value Country with minimum Range Variance

Asia
•• CPOAT 13.86 Japan 0.52 United Arab Emirates 13.34 7.08
•• LCR 13.48 Georgia 0.40 United Arab Emirates 13.08 5.27

Europe
•• CPOAT 18.56 Latvia 7.37 Ireland 11.19 7.53
•• LCR 17.18 Lithuania 7.13 Netherlands 10.05 5.93

Asia and Europe
•• CPOAT 18.56 Latvia 0.52 United Arab Emirates 18.04 20.05
•• LCR 17.18 Lithuania 0.40 United Arab Emirates 16.78 18.56

Note. CPOAT = comparative prospective old-age threshold; LCR = life course ratio.
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