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Foreword

The European population is aging rapidly, what never happened in the past.
Because of increasing longevity and low fertility, the share of oldest olds in the
society is increasing. As a consequence of a roughly invariant age at retirement, the
balance between active and non-active populations will grow in favor of the second
involving numerous socio-economic implications. Nevertheless, reaching the age of
100 years or being centenarian remains exceptional and it attracts a lot of attention
from both scientists and the general public. As a matter of fact, reaching 100 years
is not different from 99 or 98 but our numerical system, introduced by the Romans
more than two millennium ago, makes this round age a unique milestone. Living
along a whole century is an exceptional situation even if nowadays it becomes more
common than in the past; a French woman born in 1920 out of fifty may expect to
reach 100. Most centenarians become public persons and are often officially
honored by their community and the national authorities. Many European countries
have a special office attached to the President or to the King/Queen that organizes
ceremonies to congratulate centenarians for their 100th birthday. Recently, in some
countries, their number is growing so quickly that the threshold was set at 105 years
and only these semi-supercentenarians are celebrated officially.

Until recently, national statistical institutions were reluctant to publish data on
age composition above age 100. Usually most statistical tables were disseminated
with an open class of 80+, 90+ and sometimes 99+. Moreover, these open classes
include persons with unknown age and persons whose age is not validated. Why?
Because some centenarians are only administratively alive in population registers or
databases whereas they probably died long time ago, somewhere abroad and their
death was not officially reported. In this context, collecting and visualizing data and
validated comparative figures on centenarians at European level is a challenge that
Laetitia Teixeira and her colleagues succeed to face with great interest. Comparable
data at European level are so much inconsistent and misleading. Accordingly, the
present exercise finds its utility to describe the number and the socio-demographic
characteristics of people that are part of the most increasing age group in the whole
population. The unpreceded increase in number of centenarians started only a few
decades ago even if centenarians were proved to exist since several centuries. Such
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growing trends will not slow down in the near future as the new centenarians will
belong to the larger birth cohorts following WWI.

The data collection undertaken by Porto team is unique as it is the first time that
comparative tables are compiled describing the main characteristics of centenarians
in all European countries. Therefore, they had to face the three major problems
associated to data collection: availability (and even accessibility), validity (as data
on centenarians might be biased by the existence of numerous false centenarians),
and comparability (a problem faced on a daily base by international statistical
institutions like Eurostat). I sincerely appreciated this book as it provides for the
first time some ideas on the European variability of the centenarians’ main char-
acteristics.

Michel Poulain
Emeritus Professor, UCLouvain

Ottignies-Louvain-la-Neuve, Belgium

Senior Researcher, Tallinn University
Tallinn, Estonia
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Preface

As the oldest continent of the word, Europe presently faces an unprecedented
demographic scenario. The number of individuals reaching very advanced ages is
growing significantly, and within this age group a very particular one: centenarians.

Living up to be 100 years of age, although reachable to only a few of us, is likely
to become more common, and this posits important social and health care demands.
Long lives’ “secrets” are to be answered by a wide range of professionals like
geneticists, biologists, ecologists, and physicians, but also demographers and other
social scientists that must disentangle group and individual life trajectories in his-
torical time and space, making sense of extraordinary lives that more frequently
than ever challenge our imagination as well as our capacity to deliver adequate
services and friendly and inclusive societies to accommodate them.

With this book, we intend to provide a profile of European centenarians and fill a
void on the available information on this population. In an eminently descriptive
way, the book intends to first and foremost provide an overview of this population’s
characteristics in terms of sex ratio, educational level, marital status, living context
and living arrangements, health profiles, and main causes of death. It does not
intend to present an extensive justification on the differences observed throughout
Europe nor on the geographical tendencies we might observe on their distribution
and characteristics. It ultimately aims to provide researchers from these countries
and from abroad who are currently working with this population, or intend to do so,
an overview of their country outline in comparison with others.

The story of how this book came into being dates back to IAGG 2017 World
Congress of Gerontology and Geriatrics meeting where we presented a first draft of
our work on “Centenarians in Europe”. Three years before we had started collecting
data for the first population-based study with centenarians ever conducted in
Portugal, the Oporto Centenarian Study (PT100), and wanted to have a global
perspective of an up-to-date profile of exceptional longevity at a European level. In
conjoining efforts to further elaborate a more detailed profile following IAGG’s
presentation, we started receiving a very enthusiastic feedback on the information
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provided. We then realized the attractiveness of the topic, particularly for
researchers from other continents, but it mostly reassured the fact that limited
amount of systematized information, even at a descriptive level, was available on
these matters.

In conceptualizing this book, we draw on the expertise gained within the
International Centenarian Consortium (ICC) that congregates researchers from all
over the world and that has been having regular annual meetings since 1994.
Although our presence in the ICC only dates to the meeting of 2014 in Japan, we
soon realized the importance of being in touch with some of the world-reference
researchers in this field. Some of the ideas we share throughout this book come
from those enriching meetings and from the insightful comments we had the chance
to receive.

Along with the ICC researchers, there is a wide range of people who we would
like to express our gratitude. Within such a group we include all the centenarians
and their caregivers we had the chance to meet and talk to, and who gave us an
unique perspective on what it is like to be that old, and that surely goes far beyond
what the numbers we here provide can tell us about them; furthermore, we would
also like to express our gratitude to all of the PT100 research team members and
faculty colleagues who kept on motivating us in writing the book.

Porto, Portugal Laetitia Teixeira
Lia Araújo

Constança Paúl
May 2020

Oscar Ribeiro

viii Preface



Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 The Oldest Old Population in the European Union . . . . . . . . . . . . 1
1.2 This Book’s Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2 Methodological Note . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1 Measures of Exceptional Human Longevity . . . . . . . . . . . . . . . . . 9
2.2 Database Sources, Concepts/Measures, and Statistical

Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

3 Profiling European Centenarians . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.1 The Increasing Number of (Super) Centenarians . . . . . . . . . . . . . . 21
3.2 The Feminization of Exceptional Longevity . . . . . . . . . . . . . . . . . 27
3.3 The Diversity of Educational Attainment . . . . . . . . . . . . . . . . . . . 31
3.4 Urbanized Centenarians? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
3.5 A Population of Expected Widows . . . . . . . . . . . . . . . . . . . . . . . 37
3.6 Living Mostly at Home . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
3.7 The Impact of Cardiovascular Diseases in

Mortality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

4 Centenarian Studies Across Europe . . . . . . . . . . . . . . . . . . . . . . . . . 53
4.1 Ongoing International Collaboration Initiatives . . . . . . . . . . . . . . . 54
4.2 Overview of European Studies on Centenarians . . . . . . . . . . . . . . 58

5 Final Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

ix



Chapter 1
Introduction

1.1 The Oldest Old Population in the European Union

Europe is the oldest continent in the world and its population is getting remarkably
older. The overall improvement of living conditions like sanitation, food access, and
security, together with medical progress, lead to a substantial reduction of infant
mortality and avoidance of premature death. These two outcomes were achieved in
the 80s and nowadays the most common age of death is 85 years for women, and
80 years formen (Robine, 2019), which explains the raise of the oldest old population
that is currently showing the highest rate of growth.

Currently, those individuals who are in their 70s, 80s or even 90s are benefiting
from growing longevity. According to last statistical information on the lives of the
European Union’s (EU) older generations (European Union, 2019), between 2018
and 2050 the number of people aged 85 years or more in the EU is projected to more
than double up 130.3%;more precisely, the number is projected to increase from 13.8
million in 2018 to 31.8 million by 2050, being that those aged 100 years or more is
projected to grow from close to 106,000 in 2018 to more than half a million by 2050.
Figure 1.1 shows the evolution and projections of the number of centenarians for the
EU in the period 1990–2050. As we can see, the number of centenarians has been
expressively growing over the last decades. It is projected to be 109,497 in 2020 and
reach 509,926 by 2050. An exception could be observed for the period 2015–2010,
which corresponds to the 100th anniversary of World War I.

In a closer look at the evolution and projections of the number of centenarians by
EU country (Table 1.1), we can see that France, Germany and Italy are the three top
countries where the number of centenarians is projected to be higher in 2050: the
first with 98,317 centenarians, the second with 76,478, and the third with 74,284.
Considering the percent variation of number of centenarians between 2010 and 2050
showed in Fig. 1.2, the countries where the expected increase is more expressive are
Lithuania and Poland.

A complex and integrative set of individual and environmental factors, rather than
a single one, explains the high number of centenarians in our societies. The century

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2020
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2 1 Introduction

Fig. 1.1 Evolution and projections of the number of centenarians in EU (1990–2050) (Source
UNdata | last update: 17 June 2019 | reference years: 1990 to 2050 | download date: 2 January 2020)

in which this generation was born was of great change and advance (see Fig. 1.3
for a selection of events between 1910 and 2010), particularly in such basic and
important aspects like nutrition and sanitation, but also in significant socio historical,
political and technological transformations. Over the past 100 years the world has
changed, and its implications for human lives has been substantial. From two world
wars, public health advances, the introduction of automobiles, radio and television
in the first half of the twentieth century, to the contemporary and mainstream use
of personal computers, internet and smartphones, centenarians have faced and face
several challenges of adaptation.

Along with the physiological changes and social processes of ageing that are
specific to individuals (age effects), also period effects and cohort effects play an
important role in longevity.Thefirst ones result fromexternal factors that affect all age
groups at a particular calendar time (e.g., war, famine, economic crisis), whereas the
second ones correspond to variations that result from the unique experience/exposure
of a cohort as they move across time. Either from an epidemiological or sociological
point of view, both effects shape the experience of individual ageing as they are
in the intersection of History and personal biographies. Ageing necessarily refers
to a set of chronologically ordered events that simultaneously combine personal,
group and historical markers: within these, life events can have positive/negative and
proximal/distal effects in centenarians’ health and overall quality of life (Martin &
Martin, 2002).

Due to the societal improvements in the first half of the last century, a high
proportion of early twentieth century cohorts survived to middle age. Indeed, birth



1.1 The Oldest Old Population in the European Union 3

Ta
bl
e
1.
1

E
vo
lu
tio

n
an
d
pr
oj
ec
tio

ns
of

nu
m
be
r
of

ce
nt
en
ar
ia
ns

by
E
U
co
un
tr
ie
s
(1
99
0–
20
50
)

C
ou
nt
ry

19
90

19
95

20
00

20
05

20
10

20
15

20
20

20
25

20
30

20
35

20
40

20
45

20
50

A
us
tr
ia

19
7

28
3

42
1

63
4

96
7

1,
29
8

1,
15
5

2,
12
4

2,
42
1

2,
60
7

3,
46
2

4,
71
9

5,
29
1

B
el
gi
um

40
9

57
0

82
6

1,
08
7

1,
41
9

1,
76
9

1,
88
5

3,
30
4

4,
11
2

4,
90
9

5,
47
9

6,
04
5

8,
59
8

B
ul
ga
ri
a

18
4

14
0

12
4

15
5

22
6

16
5

17
9

40
3

53
9

67
6

75
1

93
1

1,
33
8

C
ro
at
ia

74
95

14
6

21
1

40
3

38
7

23
6

37
8

56
4

71
8

91
0

97
0

1,
29
6

C
yp
ru
s

16
16

21
30

49
77

99
13
1

19
3

26
0

37
1

50
8

71
9

C
ze
ch
ia

97
12
3

18
4

27
3

41
1

58
3

38
7

1,
20
4

1,
53
2

1,
90
8

2,
24
0

3,
53
4

5,
37
4

D
en
m
ar
k

34
3

43
4

55
3

69
8

90
2

1,
14
0

1,
32
6

1,
70
8

1,
93
7

2,
18
8

2,
93
2

4,
13
3

6,
11
1

E
st
on

ia
50

50
59

74
10
0

14
8

13
8

24
5

39
9

49
6

67
6

77
8

77
7

Fi
nl
an
d

12
6

17
2

24
0

33
4

52
7

75
6

97
5

1,
38
9

1,
75
8

2,
02
4

2,
50
1

3,
23
3

5,
09
2

Fr
an
ce

3,
48
1

5,
03
8

7,
42
8

10
,9
06

15
,9
80

20
,6
76

19
,4
43

35
,0
97

43
,1
13

50
,7
10

55
,6
49

63
,0
36

98
,3
17

G
er
m
an
y

2,
45
2

3,
39
4

5,
13
4

7,
84
4

11
,5
52

14
,5
75

19
,2
95

32
,3
82

39
,2
05

45
,3
09

65
,6
11

70
,5
51

76
,4
78

G
re
ec
e

41
9

62
4

89
2

1,
13
0

1,
50
4

2,
00
7

2,
68
1

4,
18
8

6,
59
1

9,
31
0

11
,2
20

11
,3
42

15
,0
94

H
un
ga
ry

15
4

20
3

29
2

38
8

56
7

86
1

61
8

1,
74
7

1,
89
3

2,
47
7

3,
02
2

3,
90
7

4,
87
8

Ir
el
an
d

12
2

13
4

16
2

20
4

29
3

45
9

64
0

84
8

91
7

1,
13
9

1,
57
3

2,
14
4

3,
15
1

It
al
y

2,
23
5

3,
24
6

4,
85
5

7,
53
5

11
,8
72

17
,2
19

16
,5
17

27
,7
43

35
,1
24

42
,3
11

52
,7
72

57
,5
94

74
,2
84

L
at
vi
a

13
8

14
5

14
0

16
4

18
9

38
6

55
9

1,
23
9

2,
00
2

2,
37
5

2,
38
1

3,
14
1

2,
72
1

L
ith

ua
ni
a

49
8

41
3

26
7

23
4

25
9

24
7

57
1

1,
83
2

3,
57
2

4,
93
5

5,
46
0

6,
19
1

5,
78
9

L
ux
em

bo
ur
g

15
22

35
56

82
74

63
84

11
4

13
9

15
1

17
2

23
2

M
al
ta

8
13

20
28

41
56

78
12
1

16
9

24
0

32
8

45
5

75
7

N
et
he
rl
an
ds

75
9

94
8

1,
16
6

1,
37
4

1,
65
6

2,
19
6

2,
96
3

4,
06
6

4,
88
1

6,
12
4

7,
56
7

9,
91
5

14
,7
28

Po
la
nd

61
2

67
5

92
9

1,
43
8

2,
23
8

3,
79
7

5,
02
4

11
,2
38

17
,4
81

22
,9
22

27
,2
91

29
,3
03

47
,4
38

(c
on
tin

ue
d)



4 1 Introduction

Ta
bl
e
1.
1

(c
on
tin

ue
d)

C
ou
nt
ry

19
90

19
95

20
00

20
05

20
10

20
15

20
20

20
25

20
30

20
35

20
40

20
45

20
50

Po
rt
ug
al

27
1

38
0

50
6

78
0

1,
19
4

1,
58
9

1,
96
1

2,
88
9

3,
95
0

5,
34
3

6,
28
8

7,
39
5

9,
36
9

R
om

an
ia

17
4

23
6

32
2

54
0

88
2

1,
32
1

1,
16
2

2,
19
6

3,
11
6

3,
92
4

4,
87
1

4,
70
5

6,
65
6

Sl
ov
ak
ia

52
60

93
13
5

17
3

20
6

16
4

33
9

41
9

55
3

68
0

96
5

1,
44
0

Sl
ov
en
ia

20
29

57
83

15
0

25
1

19
1

38
7

53
9

71
9

85
2

1,
04
2

1,
28
0

Sp
ai
n

1,
65
0

2,
19
2

3,
04
0

4,
79
6

6,
79
3

9,
99
0

13
,0
83

18
,8
31

26
,4
67

33
,0
33

32
,6
75

40
,6
86

50
,1
96

Sw
ed
en

55
5

70
6

91
4

1,
18
2

1,
52
2

1,
94
5

2,
27
0

2,
86
3

3,
02
5

3,
26
4

3,
95
4

5,
61
3

7,
52
6

U
ni
te
d
K
in
gd
om

4,
06
2

5,
27
9

6,
61
5

8,
54
4

11
,1
91

14
,0
82

15
,8
34

20
,0
08

23
,2
15

26
,7
79

31
,8
27

40
,0
55

54
,9
96

E
U

19
,1
73

25
,6
20

35
,4
41

50
,8
57

73
,1
42

98
,2
60

10
9,
49
7

17
8,
98
4

22
9,
24
8

27
7,
39
2

33
3,
49
4

38
3,
06
3

50
9,
92
6

So
ur
ce

U
N
da
ta
|l
as
tu

pd
at
e:
17

Ju
ne

20
19

|r
ef
er
en
ce

da
ta
:1

99
0–
20
50

|d
ow

nl
oa
d
da
te
:2

Ja
nu
ar
y
20
20



1.1 The Oldest Old Population in the European Union 5

Fig. 1.2 Percent variation of number of centenarians in the period 2010–2050 in EU (Source
UNdata | last update: 17 June 2019 | reference years: 2010 and 2050 | download date: 2 January
2020)

year cohort, as well as other factors like ethnicity, environment (industrialized/rural
settings), education level and socioeconomic status, for instance, are important vari-
ables to take into account when describing the characteristics of those people iden-
tified as centenarians. Health progresses coming from effective disease prevention
(e.g., vaccines, available drug therapies) and increased educational achievement are
also particularly critical aspects to consider.

1.2 This Book’s Objectives

This book focuses on the characteristics of those people identified as centenarians
in several international available databases. The main purpose is to draw a profile of
these individuals acrossEUcountries. It starts by addressing some elementary aspects
regarding the exceptional human longevity research (core concepts and approaches)
and themethodological options we have assumed in our data analysis in what regards
data sources and measures. Then, we continue by presenting the number of cente-
narians and supercentenarians by country and their distribution by sex. Educational
levels attained by this population, their geographic distribution (rural vs. urban areas),
marital status, elementary living situation (household type and household composi-
tion) and main causes of death are also described. After this description, an overview
of main identified studies presently being conducted within the EU on centenarians
is presented, namely their research focus and international collaborations. The book
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Fig. 1.3 Timeline of events—a selection (1910–2010)
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ends with some final thoughts bearing in mind the need of further combining the
eminently descriptive information presented with the information increasingly made
available by each country’s ongoing centenarian studies.



Chapter 2
Methodological Note

2.1 Measures of Exceptional Human Longevity

Research focused on extreme longevity is not new and the first papers concerning
this topic appeared in the 40s, the majority in the field of medicine. Over the last
decade, new ideas and opportunities regarding extreme longevity research emerged,
namely through the lenses of diverse scientific approaches. One of the main issues in
this research topic is the need to “quantify longevity”, and within such need several
measures have been proposed and used.

The first and simplest measure used to characterize and compare centenarian’s
populations is prevalence. This measure is the most commonly used in the literature
given its facility to obtain by dividing the number of living centenarians in a given
population by the total resident population. However, the results obtained with this
formula can conduct to biased conclusions. For example, populations with immigra-
tions flows in younger generations or a baby boom, resulting in an increase in the
total resident population, will observe an underestimation of the prevalence of cente-
narians; in the other sense, populations that observed an emigration phenomenon,
resulting in a decreasing number of the total resident population, will observe an
overestimation of such prevalence. Therefore,migration and fertility indexes strongly
influence this measure, and in these situations its use is not recommended (Herm,
Cheung, & Poulain, 2012; Poulain, Herm, & Pes, 2013).

A second commonly used measure to study extreme longevity populations is
cohort life tables. A life table is a table that shows, for each age, the probability
of a person of that age to die before his/her next birthday. So, these tables use
information about annual death statistics and age-specific population estimates on
1st January of each year. However, for oldest ages and specifically for centenarians,
these tables cease to be reliable (Meslé & Vallin, 2002a), because the number of
centenarians is small, which precludes firm estimation of the level and pattern of
probability of dying (Modig, Andersson, Vaupel, Rau, & Ahlbom, 2017). Some
authors have adapted the method to obtain life tables that are more accurate for the

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2020
L. Teixeira et al., Centenarians, SpringerBriefs in Aging,
https://doi.org/10.1007/978-3-030-52090-8_2
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oldest old (Meslé & Vallin, 2002a). Nevertheless, only a few number of countries
produce cohort life tables including people 100+. Within Europe, examples include
countries like France and Italy.

A third common indicator of longevity is lifespan. National institutes and
researchers often use this measure, as it has the advantage of being quickly updated
each year. It can be calculated for different ages (e.g., life expectancy at age 60),
and the mostly used is the life expectancy at birth. Several publications revealed
that life expectancy at birth has been increasing in the last decades. However, this
increase could be related with the growing of the centenarian population and with
the reduction in mortality below the age of 100 years, and not with the improve-
ment in mortality amongst centenarians (Medford, Christensen, Skytthe, & Vaupel,
2019; Modig et al., 2017). As a matter of fact, although human life expectancy and
median length of life rose dramatically over the past century, maximum life span has
remained largely unchanged (Pignolo, 2019).

Over the last years, a set of measures has been increasingly used to explore and
compare longevity populations. These include the Extreme Longevity Index (ELI)
(Poulain et al., 2004), the Centenarian Doubling Time (CDT) (Robine & Caselli,
2005) and the Centenarian Rate (CR) (Robine & Caselli, 2005). The first one,
ELI, is defined as the percentage of people born in a specific area (e.g., a country,
a region or a city) who reached the age of 100 years old considering a specific
cohort of interest. This index gives the probability that a person born in a given
place has to become a centenarian; nevertheless, it presents the same pitfalls as the
prevalencemeasure, given that it doesn’t take into account fertility, infantmortality or
migrations. CDT, on the other hand, represents the time trends in the annual rates of
increase in the number of centenarians; it has emerged after some studies concluded
that the number of centenarians doubles every ten years in low mortality countries
since 1960s (Vaupel & Jeune, 1995). Finally, the CR was proposed to overcome
the problems associated to the previous measures. This indicator is obtained by the
ratio of the number of centenarians to the number of the people aged 60 years forty
years before, expressed per 10,000. Considering as reference group (denominator)
the people aged 60 years forty years earlier, the concerns with effects of fertility,
infant mortality and migrations in a cohort are minimized, contributing to a more
reliable longevity measure. Through the CR it is possible to compare countries and
changes over time.

The measures previously described have been considered in several demograph-
ical studies, allowing obtaining valid and important information about population
longevity and trends in the demographics of longevity. An important example is
the case of the “Blue Zones” (BZ), a geographic clustering of exceptionally long-
lived individuals. The concept, proposed in 2013 by Poulain et al. is defined as “a
rather limited and homogeneous geographical area where the population shares the
same lifestyle and environment and its longevity has been proved to be exceptionally
high” (p. 89) (Poulain et al., 2013). Examples of validated blue zones are Ogliastra
in Sardinia, Okinawa in Japan, the Nicoya peninsula in Costa Rica, and the island of
Ikaria in Greece.
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In terms of individual longevity, several examples can be reported and they often
derive from well-known international records, as it is the case of the Guinness World
Records.One the bestwell-knownGuinnessWorldRecord on longevitywas assigned
to Jeanne Calment, a woman born in France in 1875 who has been considered as the
longest-living person to date—she reached the age of 122 years and 164 days. Her
age was exhaustively verified by several researchers (Jeune et al., 2010; Robine &
Allard, 1999) and considered as the gold standard of the highest data quality formany
decades in the scientific literature, despite several doubts have been expressed on her
extreme outlying age (cf.: (Gavrilov & Gavrilova, 2000; Robine, Allard, Herrmann,
& Jeune, 2019; Zak, 2019)). More illustrative cases of exceptional longevity include
the case of the “first properly verified case of a 114-year-old man in human history”
who was thought to be the “oldest man alive” back in 1996 (Wilmoth, Skytthee,
Friou, & Jeune, 1996), and a recent record reached by two Portuguese brothers,
Albano Andrade (born 14 December 1909) and Alberto Andrade (born 2 December
1911)whopresented the highest combined age for two living siblings: their combined
age as of 2 April 2019 was 216 years and 230 days (Ribeiro et al., 2020).

Regardless of the approach to be considered within demographical and individual
longevity studies, an important note is to be given to age validation, as it is crucial in
centenarians’ studies. In fact, for measuring longevity the accurate identification of
the age of the centenarian is a topic of incontrovertible importance (Hermet al., 2012),
as inaccuracies in the measurement of extreme ages have been reported in popula-
tionswithout efficient civil registration. Themore adequate attitudewith this potential
problem is to be positively critical, and develop adequate age validation exercises
before launching larger research projects in order to identify populations with excep-
tional longevity (Poulain, 2010). The procedures of age validation are complex and
comprise several steps that involve different sources such as consulting population
registers, analyzing the identity card, and looking for reliable death records—if the
person is dead. Given that data errors tend to increase with age, it is expected to
have less accuracy of age information at 105+ years (Gavrilov & Gavrilova, 2019),
with a need of extra attention in this group. More details about age validation can be
obtained in Poulain (2010).

2.2 Database Sources, Concepts/Measures, and Statistical
Analyses

In order to achieve this book’s objectives, and considering the extent of measures
that are available for reporting exceptional human longevity, some methodolog-
ical options were taken and are addressed below. They mostly concern the list of
countries from which data was retrieved and the reference year, data sources, core
concepts/measures, scope search procedures and statistical analyses.
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Countries and reference year
The reference year considered throughout this book was the year of 2018 (or nearest
year). For some indicators, the reference year was last census (year 2011) as it was
the only one presenting reliable information. Table 2.1 lists the EU countries here
considered.1

Table 2.1 EU countries and
acronyms

Country Acronym

Austria AT

Belgium BE

Bulgaria BG

Croatia HR

Cyprus CY

Czechia CZ

Denmark DK

Estonia EE

Finland FI

France FR

Germany DE

Greece EL

Hungary HU

Ireland IE

Italy IT

Latvia LV

Lithuania LT

Luxembourg LU

Malta MT

Netherlands NL

Poland PL

Portugal PT

Romania RO

Slovakia SK

Slovenia SI

Spain ES

Sweden SE

United Kingdom UK

1As of 1st February 2020, the United Kingdom is no longer part of the EU. However, given that the
book use information from previous years, the authors opted to maintain UK as EU member.
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Sources
This book relies on official data sources, exception comprising the International
Database on Longevity, the Gerontology Research Group, and the Human Mortality
Database. The option to use this kind of sources (and no other studies) is
related with the representativeness of centenarians (normally, this specific group
is underrepresented) and/or the absence of studies for some EU countries.

In overall, data used in each chapter came from six different sources:

• CENSUS HUB: the 2011 Census database is the result of a major joint effort
by the European Statistical System (ESS) to better disseminate the results of
the Population and Housing Censuses in Europe; it provides users with easy
access to detailed census data that are structured in the same way, and can be
methodologically comparable between countries (European Comission, 2014).

https://ec.europa.eu/CensusHub2/query.do?step=selectHyperCube&qhc=false.

• InternationalDatabase onLongevity (IDL): The IDL is the result of an ongoing,
concerted effort to provide thoroughly validated information on individuals who
have attained extreme ages. The IDL allows for the demographic analysis of
mortality at the highest ages, and currently has information on supercentenarians
for 13 countries: 11 European countries, as well as for Canada (Quebec only),
and the United States of America (International Database on Longevity, 2020).

https://www.supercentenarians.org.

• Gerontology Research Group (GRG): the GRG is an important authority on the
world’s oldest humans, specifically supercentenarians research, authentication
and database (Gerontology Research Group, 2020).

http://www.grg.org/SC/WorldSCRankingsList.html.

• Human Mortality Database (HMD): the HMD was created to provide detailed
mortality and population data. This database contains original calculations of
death rates and life tables for national populations (countries or areas), as well
as the input data used in constructing those tables. The input data consist of
death counts from vital statistics, plus census counts, birth counts, and population
estimates from various sources (Human Mortality Database, 2020).

https://www.mortality.org/.

• UNdata: UNdata is a web-based data service for the global user community that
assemble a variety of statistical resources compiled by the United Nations (UN)
statistical system and other international agencies (United Nations, 2019b).

http://data.un.org/.

• World Health Organization (WHO) Mortality Database: the WHO Mortality
Database is a compilation of mortality data by age, sex and cause of death, as

https://ec.europa.eu/CensusHub2/query.do?step=selectHyperCube&amp;qhc=false
https://www.supercentenarians.org
http://www.grg.org/SC/WorldSCRankingsList.html
https://www.mortality.org/
http://data.un.org/
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reported annually by Member States from their civil registration systems (World
Health Organization, 2020).

https://www.who.int/healthinfo/mortality_data/en/.

Core concepts and measures

• Centenarian: Person with 100+ years old

• Supercentenarian: Person with 110+ years old

• Centenarian Ratio (CR): Ratio of the number of people aged 100 years to the
number of the people aged 60 years, forty years before, expressed per 10,000
(Robine & Caselli, 2005). In this book, considering 2018 as the reference year,
CR is the ratio of the number of people with 100 in 2018 to the number of people
with 60 years in 1978, expressed by 10,000. For some countries, information was
not available for 2018, and the nearest year was considered: 2017 for Denmark,
Netherlands, Poland, Spain and UK; 2016 for Portugal; and 2015 for Italy. Seven
countries were excluded because some information was not available: Croatia,
Cyprus, Germany, Greece, Malta, Romania and Slovenia. CR was calculated for
the total population and by sex:

CR =
(
Number of people aged 100 years in 2018/

Number of people aged 60 years in 1978

)
× 10, 000

CRmale =
(
Number of male aged 100 years in 2018/

Number of male aged 60 years in 1978

)
× 10, 000

CR f emale =
(
Number of f emale aged 100 years in 2018/

Number of f emale aged 60 years in 1978

)
× 10, 000

• Sex Ratio (RRsex): Rate between CRfemale and CRmale. In this work, the 99%
confidence interval for the RRsex was also calculated.

RRsex = CR f emale/CRmale

• International Standard Classification of Education (ISCED): Reference inter-
national classification for organizing education programs and related qualifica-
tions by levels and fields. For ISCED 1997, 7 levels were defined: ISCEDLevel 0.
No formal education; ISCED Level 1. Primary education; ISCED Level 2. Lower
secondary education; ISCED Level 3. Upper secondary education; ISCED Level
4. Post-secondary non-tertiary education; ISCED Level 5. First stage of tertiary
education; ISCED Level 6. Second Stage of tertiary education (Eurostat, 2018).
In this book, levels 3 into 6 were aggregated.

https://www.who.int/healthinfo/mortality_data/en/
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• Urban/Rural: Because of national differences in the characteristics that distin-
guish urban from rural areas, the distinction between the urban and the rural
population is not yet amenable to a single definition that would be applicable to
all countries or, for the most part, even to the countries within a region (United
Nations, 2017). The definitions used by individual countries can be conferred
at the 2018 Demographic Yearbook from the United Nations (United Nations,
2019a). In this work, the category “urban” was the one selected to be explored
and the 99% confidence interval for the proportion was calculated.

• Marital status: civil (or marital) status of an individual, i.e., the legal, conjugal
status of an individual in relation to the marriage laws or customs of the country
(single, married, widowed and not remarried, divorced and not remarried, married
but separated) (United Nations, 2017). In this work, the categories “divorced
and not remarried” and “married but separated” were merged in one category
“divorced and not remarried or married but separated”, and the categories “single
(never married)” and “married” were further explored by sex.

• Household: A household may be located in a housing unit or in a set of collective
living quarters such as a boarding house, a hotel or a camp, or may comprise the
administrative personnel in an institution. The household may also be homeless
(United Nations, 2017). According to the UN (United Nations, 2017), households
should be classified by type according to the number of family nuclei they contain
and the relationship, if any, between the family nuclei and the other members of
the household. The relationship should be through blood, adoption or marriage,
to whatever degree is considered pertinent by the country. The types of household
to be distinguished could be: (a) One-person household; (b) Nuclear household;
(c) Extended household, (d) Composite household; (e) Other/Unknown. In this
book, the categories “collective living quarters” and “one-person household”were
further explored by sex.

• International Classification of Diseases (ICD): ICD-10 defines the universe of
diseases, disorders, injuries and other related health conditions. This classification
was used for the cause of death information (World Health Organization, 2011).
In this book, information for the main causes of death was described for people
with 95+ by sex (information for 100+ was not available).

Scope search procedures
The databases Web of Science2 and Scopus3 were searched (8th May 2020) seeking
to map existing literature on centenarian studies in terms of its nature, features and
volumeover the last twenty years (2000–2020). The key term considered in the search
was “centenarian” (title, abstract, keyword) and each one of the previously listed

2Web of Science is a publisher-independent global citation database (https://clarivate.com/webofs
ciencegroup/solutions/web-of-science/).
3Scopus is a source-neutral abstract and citation database curated by independent subject matter
experts (https://www.elsevier.com/solutions/scopus).

https://clarivate.com/webofsciencegroup/solutions/web-of-science/
https://www.elsevier.com/solutions/scopus
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countries (affiliation or address). Only publications in English language and referring
to human longevity were selected, i.e., documents reporting topics on Archaeology,
Architecture or Agriculture were excluded. A summary of findings is presented as
figures and/or tables, based on three main topics:

• Year of publication

• Country
Information about the countries involved in a publication was obtained based on
the address of the authors (Web of Science) or on the affiliation of the authors
(Scopus).

• Research area
Research area classifications are different in the two sources considered. In the
Web of Science database, research areas are classified into five broad cate-
gories: Arts & Humanities, Life Sciences & Biomedicine (which includes Geri-
atrics and Gerontology), Physical Sciences, Social Sciences, and Technology. In
Scopus, there are four main subject areas: Health Sciences, Life Sciences (which
includes a second level subject field entitled “Biochemistry, Genetics and Molec-
ular Biology” that includes the topic “Aging”), Physical Sciences, and Social
Sciences.

Statistical analyses
Throughout the book, descriptive analyses of the measures selected for each chapter
and described above are presented using tables and/or figures, by EU country. Addi-
tionally, 99% confidence intervals for RRsex (Sect. 3.2) and for proportion of cente-
narians that lived in urban areas (Sect. 3.4) were calculated. Chi-Square test or
Fisher exact test was performed in order to evaluate the association between sex
and household (considering 0.01 as level of significance), by EU country (Sect. 3.6).

For some topics and/or countries, informationwas not available or was not consid-
ered reliable (information about data reliabilitywas provided by each source). In such
cases, the country was excluded if information “not available” and/or “not reliable”
was higher than 5%of the total information. For each topic, and considering the coun-
tries with available data, information about the total centenarian population (TOT)
was also considered. Table 2.2 lists the countries included in each chapter, according
to the information available.

Table 2.3 presents the sources used in each chapter.
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Table 2.3 Sources used in each chapter

Source Chapter

3.1 Cents
and
supercents

3.2
Sex

3.3
Education

3.4
Rural/Urban

3.5
Marital
status

3.6
Household

3.7
Causes
of death

CENSUS
HUB

•

IDL •

GRG •

HMD • •

UNdata • • •

WHO
mortality
database

•



Chapter 3
Profiling European Centenarians

3.1 The Increasing Number of (Super) Centenarians

The number of centenarians has been rising all over EU in the last decades. This
phenomenon of longevity can be analyzed comparing different countries, as possible
through the CR presented in Fig. 3.1 and Table 3.1.

The total CR value is 107, which corresponds to 30,053 person aged 100 years to
2,815,868 persons aged 60 of the same cohort. Only three countries have ratios of
reaching age 100 years above the total and higher than 100: France with a CR equal
to 188, followed by Spain and Italy, with a CR equal to 147 and 128, respectively.

The high proportion of centenarians observed in some countries is largely the
result of their lower mortality rates and older population age structures. Along with
having the largest populations, in these three countries life expectancy is particularly
high: 82.7 for France, 83.4 for Spain, and 83.1 for Italy, whereas for the EU is 80.9
years old (Eurostat, 2019). Another common aspect to the three countries is the
geographical location in the south and Mediterranean zone of Europe, which has
been considered a longevity zone due to the Mediterranean lifestyle, especially in
terms of diet (Martinez-Gonzalez & Martín-Calvo, 2016), as well as related with
the French paradox, i.e., the lower-than-expected coronary heart disease mortality
(De Lorgeril et al., 2002). Although this analysis is focused on country differences,
several authors have been drawing attention to the high variability within the same
country across different zones and regions, which is particularly frequent on these
southern countries (Caselli & Lipsi, 2016; Gómez-Redondo & González, 2010).

At the other extreme in terms of CR are Bulgaria, Slovakia and Czechia with a CR
between 15 and 31. The lower ratios of centenarians in countries of the former east-
bloc and, in some cases, post-Soviet states can be associated to a general crisis that
considerably hampered their progress, namely in health politics, and life expectan-
cies that dropped steeply in the 1990s (Meslé & Vallin, 2002b). Cardiovascular
diseases are more frequent in these countries due to higher consumption of alcohol

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2020
L. Teixeira et al., Centenarians, SpringerBriefs in Aging,
https://doi.org/10.1007/978-3-030-52090-8_3
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Fig. 3.1 Centenarian ratio byEUcountry (Source HumanMortalityDatabase andExternal Sources
(Estimates are original creations of the Human Mortality Database (Human Mortality Database,
2020), with exception of estimates of people aged 60 years for some countries, where estimates
came directly from external sources, namely: Austria (Statistik Austria, 2020), Bulgaria (National
Statistical Institute, 2020), Denmark (Danmarks Statistik, 2020), Finland (Statistics Finland, 2020),
France (Vallin & Meslé, 2001), Latvia (Central Statistical Bureau (CSB) of Latvia, 2020), Nether-
lands (Centraal Bureau voor de Statistiek, 2020), Slovakia (Statistical Office of the Slovak Republic,
2020) and Sweden (Lundström, 2020).) | last update: according to the country (Austria: 03/09/2018;
Belgium: 06/09/2019; Bulgaria: 27/09/2019; Croatia: 14/09/2018; Czechia: 25/03/2019; Denmark:
23/04/2018; Estonia: 20/09/2018; Finland: 02/12/2019; France: 01/11/2019; Germany: 17/12/2018;
Greece: 17/04/2018; Hungary: 26/09/2018; Ireland: 01/10/2019; Italy: 26/09/2017; Latvia:
20/09/2018; Lithuania: 20/09/2018; Luxembourg: 10/12/2019; Netherlands: 10/05/2018; Poland:
30/08/2018; Portugal: 26/09/2017; Slovakia: 06/12/2018; Slovenia: 06/12/2018; Spain: 05/10/2018;
Sweden: 06/02/2019; United Kingdom: 28/05/2018.) | reference year: 2018 (or nearest year) |
download date: 2 January 2020)

and tobacco. The breakdown of social safety nets, rising social inequality, and inad-
equate health services are pointed as important causes of a lower life expectancy
(Rechel et al., 2013).

Researches from different disciplines (e.g., demography, epidemiology, biomed-
ical sciences) have been proving that the higher rates of centenarians are mainly
related to the decrease in mortality at old age (Robine & Caselli, 2005). On this
matter, Vaupel (2010) adds that death is being delayed because people are reaching
old age in better health. The author also draws attention to the importance of remark-
able progresses, as the declines in mortality at early ages observed at the beginning
of the twentieth century, the reduction in mortality from heart disease during the last
third of that century, and the declining mortality in old age in recent decades (Vaupel,
2010). It is important to refer, however, that recent studies on the pattern of mortality
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above the age of 100 years suggest that it is not changing despite improvements at
younger ages (Modig et al., 2017).

Along with the increasing number of individuals reaching the boundary of 100
years old, great interest has arisen around those who have reached an ever more
exceptional age—supercentenarians, i.e., individuals who had reached 110 years
of age. For this particular population, more than the inquisitiveness on factors

Table 3.1 Centenarian Ratio (CR) by EU country

Country No. of persons with an
exact age of 60 years in
1978a

No. of persons with an
exact age of 100 years in
2018a

Centenarian Ratio (CR)

Austria 92,884 394 42

Belgium 64,817 581 90

Bulgaria 42,533 65 15

Croatia NA 62 –

Cyprus NA NA –

Czechia 56,546 176 31

Denmark 53,045 505 95

Estonia 8,861 51 58

Finland 44,117 365 83

France 300,721 5,641 188

Germany NA 3,651 –

Greece NA NA –

Hungary 63,484 215 34

Ireland 26,778 197 74

Italy 603,006 7,698 128

Latvia 15,527 49 32

Lithuania 18,455 59 32

Luxembourg 2,889 29 100

Malta NA NA –

Netherlands 121,432 959 79

Poland 206,064 1,178 57

Portugal 89,334 782 88

Romania NA NA –

Slovakia 21,498 54 25

Slovenia NA 52 –

Spain 306,992 4,523 147

Sweden 95,498 907 95

United Kingdom 581,387 5,625 97

(continued)
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Table 3.1 (continued)

Country No. of persons with an
exact age of 60 years in
1978a

No. of persons with an
exact age of 100 years in
2018a

Centenarian Ratio (CR)

Total 2,815,868 30,053 107

NA Data not available
Source Human Mortality Database and External Sourcesb | last update: according to the countryc |
reference year: 2018 (or nearest year) | download date: 2 January 2020
aSee methodological note
bEstimates are original creations of the Human Mortality Database (Human Mortality Database,
2020), with exception of estimates of people aged 60 years for some countries, where estimates
came directly from external sources, namely: Austria (Statistik Austria, 2020), Bulgaria (National
Statistical Institute, 2020), Denmark (Danmarks Statistik, 2020), Finland (Statistics Finland,
2020), France (Vallin & Meslé, 2001), Latvia (Central Statistical Bureau (CSB) of Latvia, 2020),
Netherlands (Centraal Bureau voor de Statistiek, 2020), Slovakia (Statistical Office of the Slovak
Republic, 2020) and Sweden (Lundström, 2020)
cAustria: 03/09/2018; Belgium: 06/09/2019; Bulgaria: 27/09/2019; Croatia: 14/09/2018; Czechia:
25/03/2019; Denmark: 23/04/2018; Estonia: 20/09/2018; Finland: 02/12/2019; France: 01/11/2019;
Germany: 17/12/2018; Greece: 17/04/2018; Hungary: 26/09/2018; Ireland: 01/10/2019; Italy:
26/09/2017; Latvia: 20/09/2018; Lithuania: 20/09/2018; Luxembourg: 10/12/2019; Netherlands:
10/05/2018; Poland: 30/08/2018; Portugal: 26/09/2017; Slovakia: 06/12/2018; Slovenia:
06/12/2018; Spain: 05/10/2018; Sweden: 06/02/2019; United Kingdom: 28/05/2018

associated with their very long lives (Maier, Gampe, Jeune, Robine, & Vaupel,
2010), particular attention has been given to the way they live the period between
100 years of age and death. In fact, this has become a key issue for researchers
interested in the study of these rare and special cases.

Different sources can be used to obtain information about supercentenarians,
namely the IDL, the GRG and the HMD. The first two sources give information
at individual level (considering age validation procedures to identify supercentenar-
ians), whereas the third one provides information at population level (considering
information about population and/or death for specific cohorts).

The IDL, which is an international collaborative group of researchers dedicated
to gather validated demographic data on supercentenarians, currently presents the
greatest amount of data regarding these extreme long-lived individuals. The first
cases of validated supercentenarians appeared in the 1960s but their numbers have
steadily increased since the mid 1980s. The IDL currently has information on super-
centenarians for 13 countries, of which 9 are within the EU. The candidates for
inclusion in the IDL database are from records of government agencies based on
records of deaths obtained from the vital registration system. These candidates meet
strict criteria for the validity of their age and, for this reason, the IDL does not provide
exhaustive sets of validated supercentenarians for any country.

Figure 3.2 presents information obtained from IDL about supercentenarians
identified in the period 2011–2017 by sex. According to this source, 216 super-
centenarians lived in the EU between 2011 and 2017, 125 from France (3 male and
122 female), 65 from the UK (4 male and 61 female), and the other from Austria
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Fig. 3.2 Number of supercentenarians by year (Source International Database on Longevity | last
update: 09 December 2019 | reference year: 2011–2017 | download date: 13 January 2020)

(4 female), Belgium (1 male and 6 female), Denmark (1 female), and Spain (1 male
and 13 female).

The GRG, credited as a contributor to the IDL, also has information regarding
validated supercentenarians. The age validation of the supercentenarians considers
multiple documents throughout their life course to prove their age, including, at
minimum, three documents: one early-life document, one mid-life document, and
one late-life document. The list of supercentenarians provided by this source does
not include all living supercentenarians, only those whose claim can be validated to
the required standard. On February 2019, according to this source, the number of
living supercentenarians was 35 (all female), of which 12 were from EU countries
(6 from Italy, 2 from France, 2 from Netherlands, 1 from UK and 1 from Poland)
(Young & Kroczek, 2019).

Additionally, an estimation of the number of supercentenarians could be obtained
using the population estimates, based on the HMD (Human Mortality Database,
2020); such information is presented in Table 3.2. Based on these estimates, a total
of 112 supercentenarians could be considered in 2018 (or nearest), distributed by
gender and EU country in the following way: 50 in France (1 male and 49 female);
15 female in UK; 13 female in Italy; 13 in Spain (2 male and 11 female); 10 female
in Germany; 5 in Poland (1 male and 4 female); 2 female in Sweden; and 1 female
in Denmark, Greece, Hungary and Portugal.

In low-mortality countries, estimate of probability of death between age 110
through 114 is stable and around 50% (Robine & Vaupel, 2002). Although super-
centenarians aged slowly, they became extremely frail in their final years and their
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physical functions declined markedly, especially after their 105th birthdays (Maier
et al., 2010). They tend to present high prevalence of conditions such as cataract,
osteoporosis and bone fractures but lowprevalence ofmore significant chronic degen-
erative pathologies, coronary heart disease, stroke and cancer (Vacante et al., 2012).
Therefore, although they exhibited multiple clinical markers of frailty coincident
with a rapid Activity of Daily Living (ADL) decline in their last years of life, they
present an elite phenotype (Willcox et al., 2008).

Table 3.2 Supercentenarians
by EU country

Country Male Female Total

Austria 0 0 0

Belgium 0 0 0

Bulgaria 0 0 0

Croatia 0 0 0

Cyprus NA NA NA

Czechia 0 0 0

Denmark 0 1 1

Estonia 0 0 0

Finland 0 0 0

France 1 49 50

Germany 0 10 10

Greece 0 1 1

Hungary 0 1 1

Ireland 0 0 0

Italy 0 13 13

Latvia 0 0 0

Lithuania 0 0 0

Luxembourg 0 0 0

Malta NA NA NA

Netherlands 0 0 0

Poland 1 4 5

Portugal 0 1 1

Romania NA NA NA

Slovakia 0 0 0

Slovenia 0 0 0

Spain 2 11 13

Sweden 0 2 2

United Kingdom 0 15 15

(continued)
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Table 3.2 (continued) Country Male Female Total

Total 4 108 112

NA Data not available
Source Human Mortality Database and External Sourcesa | last
update: according to the countryb | reference year: 2018 (or nearest
year) | download date: 14 January 2020
aEstimates are original creations of the HumanMortality Database
(Human Mortality Database, 2020), with exception of estimates
of people aged 60 years for some countries, where estimates
came directly from external sources, namely: Austria (Statistik
Austria, 2020), Bulgaria (National Statistical Institute, 2020),
Denmark (Danmarks Statistik, 2020), Finland (Statistics Finland,
2020), France (Vallin & Meslé, 2001), Latvia (Central Statistical
Bureau (CSB) of Latvia, 2020), Netherlands (Centraal Bureau
voor de Statistiek, 2020), Slovakia (Statistical Office of the Slovak
Republic, 2020) and Sweden (Lundström, 2020)
bAustria: 03/09/2018; Belgium: 06/09/2019; Bulgaria:
27/09/2019; Croatia: 14/09/2018; Czechia: 25/03/2019; Denmark:
23/04/2018; Estonia: 20/09/2018; Finland: 02/12/2019; France:
01/11/2019;Germany: 17/12/2018;Greece: 17/04/2018;Hungary:
26/09/2018; Ireland: 01/10/2019; Italy: 26/09/2017; Latvia:
20/09/2018; Lithuania: 20/09/2018; Luxembourg: 10/12/2019;
Netherlands: 10/05/2018; Poland: 30/08/2018; Portugal:
26/09/2017; Slovakia: 06/12/2018; Slovenia: 06/12/2018; Spain:
05/10/2018; Sweden: 06/02/2019; United Kingdom: 28/05/2018

3.2 The Feminization of Exceptional Longevity

Universally, women live longer than man (Pignolo, 2019) and female centenarians
largely outnumber male centenarians. Within the EU, and in line with the total popu-
lation, France, Italy and Spain have the highest ratios for both sexes (Table 3.3).
Nevertheless, the CR of male is the highest in Spain (CR= 63) and the CR of female
is the highest in France (CR = 301).

Figure 3.3 presents information about the rate of centenarian ratio (female/male)
by EU country. As expected, the CR is always significantly higher in women
comparing with men (RRsex > 1 for all countries). The total RRsex is of 4.23, meaning
that therewere 4.23women for eachman that reached the age of 100 years. Excluding
Luxembourg and Estonia (where RRsex are overestimated given the small number of
men), the country that presents the highest ratio between sexes concerning CR is
Denmark (5.17), followed by Netherlands (5.14) and France (5.03). All of these
countries have at least 5 women for each man, i.e., 80% female to 20% male. In
countries like Bulgaria and Lithuania the ratio between CRfemale and CRmale is lower
than 3 (i.e., more than 66% of people reaching 100 are female).

Women have higher odds of achieving 100 years old and this tendency follows the
difference in life expectancy, aEuropean and evenworldwide phenomenon indicating
that human longevity seems strongly influenced by sex (Barford & Dorling, 2006).
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Table 3.3 Centenarians Ratio (CR) by sex and rate of CR (RRsex) and 99% confidence interval
(CI) by EU country

Country No. of
female with
an exact age
of 60 years
in 1978a

No. of
female
with an
exact
age of
100
years in
2018a

CRfemale No. of male
with an
exact age of
60 years in
1978a

No. of
male
with an
exact
age of
100
years in
2018a

CRmale Rate of
CR
(RRsex)

Austria 52,779 323 61 40,105 72 18 3.40

Belgium 34,342 488 142 30,475 94 31 4.61

Bulgaria 22,028 44 20 20,505 20 10 2.05

Croatia NA 47 – NA 15 – –

Cyprus NA NA – NA NA – –

Czechia 30,310 148 49 26,237 28 11 4.58

Denmark 27,283 427 157 25,762 78 30 5.17

Estonia 5,467 48 88 3,393 3 9 9.93

Finland 25,478 311 122 18,639 54 29 4.21

France 159,376 4,796 301 141,345 845 60 5.03

Germany NA 3,128 – NA 524 – –

Greece NA NA – NA NA – –

Hungary 34,453 172 50 29,031 43 15 3.37

Ireland 13,433 162 121 13,345 35 26 4.60

Italy 320,916 6,349 198 282,090 1,349 48 4.14

Latvia 9,426 42 45 6,101 6 10 4.53

Lithuania 10,937 47 43 7,519 12 16 2.69

Luxembourg 1,523 27 177 1,366 2 15 12.11

Malta NA NA – NA NA – –

Netherlands 63,872 816 128 57,560 143 25 5.14

Poland 115,547 958 83 90,517 219 24 3.43

Portugal 47,599 639 134 41,734 143 34 3.92

Romania NA NA – NA NA – –

Slovakia 11,387 43 38 10,111 11 11 3.47

Slovenia NA 44 – NA 8 – –

Spain 168,066 3,647 217 138,926 876 63 3.44

Sweden 48,683 745 153 46,815 162 35 4.42

United
Kingdom

306,059 4,614 151 275,328 1,011 37 4.11

(continued)
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Table 3.3 (continued)

Country No. of
female with
an exact age
of 60 years
in 1978a

No. of
female
with an
exact
age of
100
years in
2018a

CRfemale No. of male
with an
exact age of
60 years in
1978a

No. of
male
with an
exact
age of
100
years in
2018a

CRmale Rate of
CR
(RRsex)

Total 1,474,683 24,846 168 1,306,904 5,206 40 4.23

NA Data not available
Source Human Mortality Database and External Sourcesb | last update: according to the countryc |
reference year: 2018 (or nearest year) | download date: 2 January 2020
aSee methodological note
bEstimates are original creations of the Human Mortality Database (Human Mortality Database,
2020), with exception of estimates of people aged 60 years for some countries, where estimates
came directly from external sources, namely: Austria (Statistik Austria, 2020), Bulgaria (National
Statistical Institute, 2020), Denmark (Danmarks Statistik, 2020), Finland (Statistics Finland,
2020), France (Vallin & Meslé, 2001), Latvia (Central Statistical Bureau (CSB) of Latvia, 2020),
Netherlands (Centraal Bureau voor de Statistiek, 2020), Slovakia (Statistical Office of the Slovak
Republic, 2020) and Sweden (Lundström, 2020)
cAustria: 03/09/2018; Belgium: 06/09/2019; Bulgaria: 27/09/2019; Croatia: 14/09/2018; Czechia:
25/03/2019; Denmark: 23/04/2018; Estonia: 20/09/2018; Finland: 02/12/2019; France: 01/11/2019;
Germany: 17/12/2018; Greece: 17/04/2018; Hungary: 26/09/2018; Ireland: 01/10/2019; Italy:
26/09/2017; Latvia: 20/09/2018; Lithuania: 20/09/2018; Luxembourg: 10/12/2019; Netherlands:
10/05/2018; Poland: 30/08/2018; Portugal: 26/09/2017; Slovakia: 06/12/2018; Slovenia:
06/12/2018; Spain: 05/10/2018; Sweden: 06/02/2019; United Kingdom: 28/05/2018

One main issue when discussing sex differences in longevity is the role played
by estrogen and progesterone. Menopause reflects the inevitable final hallmark of
a woman’s fertile lifespan and of the beneficial effects of estrogens on immune
responses. Rapid reduction of estrogen levels results in an increased susceptibility
and mortality toward a series of infectious diseases caused in old women losing of
their immunological privilege toward infection. It is noteworthy that women will
soon spend half of their life in post-menopause, if the current trend of increasing
human life expectancy persists (Bozzini & Falcone, 2017). The particular protective
role of estrogen that ends its role with menopause probably explains the raised risk
of (cardiovascular) disease in older women. However, what we know and observe
looking at survival curves and healthy survival is not sufficient to provide a full
explanation of the survival gap and its evolution. In fact, the life expectancy until
the second half of the XX century did not present such a gap and men and women
had very similar life expectancies. In 2010, in EU countries, life expectancy at age
50 was 29.8 years for men and 34.6 years for women, but the average duration of
healthy life was similar between sexes (68.6 years for women, and 67.9 years for
men). This means that most of the 5 years of women advantage in life expectancy
are years with disease and disability.
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Fig. 3.3 Rate of centenarian ratio (RRsex) and 99% confidence interval (CI) by EU country
(Source Human Mortality Database and External Sources (Estimates are original creations of
the Human Mortality Database (Human Mortality Database, 2020), with exception of estimates
of people aged 60 years for some countries, where estimates came directly from external sources,
namely: Austria (Statistik Austria, 2020), Bulgaria (National Statistical Institute, 2020), Denmark
(Danmarks Statistik, 2020), Finland (Statistics Finland, 2020), France (Vallin & Meslé, 2001),
Latvia (Central Statistical Bureau (CSB) of Latvia, 2020), Netherlands (Centraal Bureau voor de
Statistiek, 2020), Slovakia (Statistical Office of the Slovak Republic, 2020) and Sweden (Lund-
ström, 2020).) | last update: according to the country (Austria: 03/09/2018; Belgium: 06/09/2019;
Bulgaria: 27/09/2019; Croatia: 14/09/2018; Czechia: 25/03/2019; Denmark: 23/04/2018; Estonia:
20/09/2018; Finland: 02/12/2019; France: 01/11/2019; Germany: 17/12/2018; Greece: 17/04/2018;
Hungary: 26/09/2018; Ireland: 01/10/2019; Italy: 26/09/2017; Latvia: 20/09/2018; Lithuania:
20/09/2018; Luxembourg: 10/12/2019; Netherlands: 10/05/2018; Poland: 30/08/2018; Portugal:
26/09/2017; Slovakia: 06/12/2018; Slovenia: 06/12/2018; Spain: 05/10/2018; Sweden: 06/02/2019;
United Kingdom: 28/05/2018.) | reference year: 2018 (or nearest year) | download date: 2 January
2020)

Franceschi et al. (2000) compared trajectories of extreme longevity in Italy
according to sex, and concluded that centenarians are a very heterogenous group,
with marked sex differences: male centenarians tend to be less heterogenous and
healthier than female centenarians (Franceschi et al., 2000). There is evidence of
genetic factors (e.g., mtDNA haplogroups, Thyrosine Hydroxilase, and IL-6 genes)
being responsible for extreme longevity, but it is also recognized the role of different
strategies used bymen andwomen throughout them to achieve longevity. It seems that
female longevity is less dependent on genetics than male longevity, and that female
centenarians’ profit from healthier life-style and favorable environment. Anyway,
the major gap between sexes may sat principally in the length of life than in healthy
longevity as according to Ostan et al. (2016).
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Inequality in exceptional longevity is also associated with wage and Neumayer
& Plumper (2016) reported that income inequality before transfers was positively
associated with inequality in longevity; income redistribution, on the other hand, was
negatively associated with longevity inequality (Neumayer & Plumper, 2016). This
conclusion points to the idea that reducing longevity inequality may be achieved
through public health policies, and also via the reduction of income inequality and
the redistribution of incomes. In line with this view, Barthold et al. (2014) reported
that health-spending is associated with greater life expectancy, more accentuated for
men than women, in almost all OECD (Organization for Economic Co-operation and
Development) countries, especially when life expectancy is calculated at 65 years
(Barthold, Nandi, Mendoza Rodríguez, & Heymann, 2014).

3.3 The Diversity of Educational Attainment

An important component of social factors and status is education attainment, which
is known to influence a set of individual characteristics, have a great dependence of
contextual factors, and to be associated with many outcomes, including longevity.
Particularly for the centenarian population, studies tend to report some diversity in
terms of their profile in what regards their most common educational levels, which
can also be observed throughout the EU countries here considered. As it can be seen
in Fig. 3.4 and Table 3.4, Portugal, Spain and Greece are the countries with higher
percentage of centenarians without formal education, with values varying between
61.60% and 52.69%. Even the ones who had attended school did not reach high
schooling levels, since only 59 centenarians (3.87%) in Portugal, 306 (12.30%) in
Greece, and 570 (6.96%) in Spain have attained upper secondary education or a
higher level. On the opposite side, Finland and the United Kingdom are the countries
with higher educational levels, with all centenarians presenting at least a level 2 of the
ISCED (lower secondary education). AlongwithAustria, on these countries there are
no illiterate centenarians. The higher levels of education in Finland are to be expected
since the practices of mass schooling were introduced by the German and Scandi-
navian states (Ramirez & Boli, 1987). In the other countries there is greater hetero-
geneity, with centenarians distributed across almost all educational levels, although
a higher percentage is observed in no formal education (Cyprus), primary educa-
tion (Lithuania, France, Italy, Romania and Austria) and lower secondary education
(Hungary, Croatia, Latvia and Slovenia).

Educational attainment tends to be set early in the life course and reflects social
and economic resources at younger ages, but also the political and cultural aspects
of each country (Fredman & Lyons, 2012). Data on education and survival from the
Survey of Health, Ageing and Retirement in Europe (SHARE)1 suggest substantial

1The Survey of Health, Ageing and Retirement in Europe (SHARE) is a multidisciplinary and
cross-national panel database of micro data on health, socio-economic status and social and family
networks of about 140,000 individuals aged 50 or older (around 380,000 interviews) from 27
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Fig. 3.4 Percentage of centenarians according education level by EU country (Source CENSUS
HUB | last update: information not available | reference year: 2011 | download date: 13 January
2020)

heterogeneity across Europe. Although lower education attainment was associated
with higher mortality rates, this education gradient was relatively small in Southern
countries (Bohacek, Crespo, Mira, & Pijoan-Mas, 2015). In the Mediterranean zone,
the oldest-old generation still grew up in a time when schooling was not manda-
tory in some countries and participation in higher education remains everywhere an
elite thing up to the cohorts born in the 60s (Ballarino, Meschi, & Scervini, 2013).
Fortunately, social norms have changed and advanced schooling has become more
attainable, whereby this gap is expected to decrease in future generations.

The current evidence suggests that education, alongwith an indirect effect through
giving access to better jobs and higher incomes, may have direct influences on both
health and duration of life (Olshansky et al., 2012). Mirowsky (2003) found that
education is more important than income and wealth in connecting better health with
higher social status. Well-educated persons have better and more effective habits and
attitudes such as personal agency, dependability, good judgment, motivation, effort,
trust, and confidence, as well as skills and abilities; they also have more stable and
supportive interpersonal relationships (Mirowsky, 2003).

The lower levels of education that generally characterize centenarians should
also be particularly considered for research and intervention issues. Researches from
international studies on centenarians have been drawing attention to the importance

European countries and Israel. More information on the SHARE project can be found at http://
www.share-project.org/home0.html.

http://www.share-project.org/home0.html
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Table 3.4 Centenarians according education level (ISCED levels) by EU country

Country No formal
education

ISCED level 1 ISCED level 2 ISCED level 3–6

n % n % n % n %

Austria 0 0.00 454 40.83 232 20.86 426 38.31

Belgium NA – NA – NA – NA –

Bulgaria 49 20.59 76 31.93 57 23.95 56 23.53

Croatia 53 27.46 15 7.77 81 41.97 44 22.80

Cyprus 35 40.23 34 39.08 6 6.90 12 13.79

Czechia NA – NA – NA – NA –

Denmark NA – NA – NA – NA –

Estonia NA – NA – NA – NA –

Finland 0 0.00 0 0.00 488 78.46 134 21.54

France 1,108 6.09 8,963 49.27 2,785 15.31 5,336 29.33

Germany NA – NA – NA – NA –

Greece 1,311 52.69 756 30.39 115 4.62 306 12.30

Hungary 38 3.64 144 13.79 653 62.55 209 20.02

Ireland NA – NA – NA – NA –

Italy 5,410 35.28 7,413 48.34 1,263 8.24 1250 8.15

Latvia 20 12.35 33 20.37 57 35.19 52 32.10

Lithuania 89 21.60 213 51.70 24 5.83 86 20.87

Luxembourg NA – NA – NA – NA –

Malta 7 22.58 12 38.71 9 29.03 3 9.68

Netherlands NA – NA – NA – NA –

Poland NA – NA – NA – NA –

Portugal 940 61.60 478 31.32 49 3.21 59 3.87

Romania 162 19.95 347 42.73 131 16.13 172 21.18

Slovakia NA – NA – NA – NA –

Slovenia 25 11.26 42 18.92 85 38.29 70 31.53

Spain 4,560 55.71 2,175 26.57 880 10.75 570 6.96

Sweden NA – NA – NA – NA –

United Kingdom 0 0.00 0 0.00 9,655 78.69 2,615 21.31

NA Data not available
Source CENSUS HUB | last update: information not available | reference year: 2011 | download
date: 13 January 2020
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of methodological strategies in assessing centenarians (Arosio et al., 2017; Jopp &
Rott, 2006; Poon et al., 2010). Along with fatigue and compromised sensory and
cognitive functions, the level of literacy also plays a significant role. In this sense,
especially in countries where centenarians present lower education levels, issues of
reliability and validity are to be paid particular attention. Lower education influences
the ability of centenarians to take part in social, economic and political activities,
as well as to access services and obtain information (e.g., health literacy related),
reason why this aspect cannot be devalued.

3.4 Urbanized Centenarians?

The comparison between rural and urban areas allows knowing important aspects
related with centenarians’ living conditions. Figure 3.5 and Table 3.5 present
information on the proportion of centenarians that lived in urban areas by EU country.

For all countries, the proportion of centenarians that lived in such areas is higher
than the proportion of centenarians that lived in rural areas (all proportions are higher
than 0.5). This is a trend of aging in the EU, since there has been a faster growth
of the older population in urban areas compared to rural areas, which can be related
to the urbanization of the population across all age groups (United Nations, 2015).

Fig. 3.5 Proportion of centenarians that lived in urban area and 99% confidence interval (CI) by
European country (Source UNdata | last update: 23 August 2019 | reference year: 2011 | download
date: 13 January 2020)
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Table 3.5 Centenarians according area of residence (rural/urban) by European country

Country Rural Urban

n % n %

Austria 228 20.50 884 79.50

Belgium 17 1.04 1,613 98.96

Bulgaria 88 36.97 150 63.03

Croatia 79 39.90 119 60.10

Cyprus NA – NA –

Czechia 122 23.74 392 76.26

Denmark NA – NA –

Estonia 42 33.33 84 66.67

Finland 228 35.85 408 64.15

France NA – NA –

Germany 1,419 10.55 12,026 89.45

Greece 916 36.82 1,572 63.18

Hungary 232 22.22 812 77.78

Ireland 184 47.30 205 52.70

Italy NA – NA –

Latvia 48 29.63 114 70.37

Lithuania 170 41.26 242 58.74

Luxembourg NA – NA –

Malta 2 6.45 29 93.55

Netherlands NA – NA –

Poland 1,046 32.08 2,215 67.92

Portugal 673 44.10 853 55.90

Romania 398 48.95 415 51.05

Slovakia 117 44.66 145 55.34

Slovenia 78 35.14 144 64.86

Spain NA – NA –

Sweden NA – NA –

United Kingdom 2,702 22.02 9,566 77.98

Total 8,789 21.55 31,988 78.45

NA Data not available
Source UNdata | last update: 23 August 2019 | reference year: 2011 | download date: 13 January
2020



36 3 Profiling European Centenarians

However, in Romania, Ireland, and Slovakia the proportion of rural and urban resi-
dents is similar (i.e., differences between rural and urban proportions are not signifi-
cant). Perhaps in these countries there is a lower rural-urban split. The countries with
higher proportion of centenarians living in urban areas are Belgium (99.0%), Malta
(93.5%) and Germany (89.4%). On the other hand, in countries like Lithuania and
Portugal, more than 40% of centenarians live in rural areas.

Researchers who have focused on the differences between older adults who live in
predominantly rural versus predominantly urban areas have reported several contra-
dictory findings. But it seems to be consensual the existence of positive and negative
factors in each type of area, such as, in a negative way, low levels of schooling,
poor geographical accessibility to health care services, and high alcohol consump-
tion in rural areas and, on the other hand, poorer air quality, high crime rate and
high duration of commuting in urbanized areas (Santana, 2015). Also the lower
living standard among rural areas suggests the existence of a higher risk of poverty,
posing a possible disadvantage of the rural context in comparison with the urban one
(European Comission, 2008).

Specifically on centenarians, available data concerning differences between rural
and urban individuals is still very scarce. Back in the early nineties, Clayton et al.
(1994) found no differences regarding physical health (both self-reported and objec-
tively measured with physical examination) and mental health, though they found
less frequent visits to physicians, less medication use, and less reliance on phys-
ical aides (e.g., walkers, hearing aids) among the rural participants (Clayton et al.,
1994). More recently, Brandão et al. (2019) showed a better health condition with
lower levels of physical and mental impairments, and a greater number of centenar-
ians who did not succumb to the three most common lethal diseases (heart disease,
non-skin cancer and stroke) in the rural areas (Brandão, Ribeiro, Afonso, & Pául,
2019).

The variance across studies and the proportions of rural/urban centenarians
(Fig. 3.5) can also be related with the difficulties in defining rural and urban areas.
In Europe, individual countries have very different official definitions. For instance,
the definition of urban/rural areas may be established considering a combination
of the following criteria: size of population, population density, distance between
built-up areas, predominant type of economic activity, conformity to legal or admin-
istrative status, and urban characteristics such as specific services and facilities
(United Nations, 2019a). Rural areas are characterized by dispersed population and
agricultural-based economy, resulting in lack of access to major services (European
Comission, 2008). The pattern of centenarians presented is representative of general
population distribution and the territorial organization of the country, with countries
in Eastern and Southern Europe and Ireland presenting predominance of rural regions
(European Comission, 2008).
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3.5 A Population of Expected Widows

Considering the family life of centenarians, and bearing in mind the previously
exposed sex gap in human longevity, as it would be expected, very few centenarians
reach this age with a living spouse. Therefore, widowhood is the modal marital status
across studies. As it can be observed in Fig. 3.6, in all EU countries, the majority
of centenarians are widowed, with percentages varying between 63.51% (Hungary)
and 91.88% (Croatia). Ireland is the country with the highest percentage of single
centenarians (i.e., that have never been married), reaching up to 20.57%, followed by
Malta (19.35%) and Spain (16.79%); the lower percentages are in Croatia (2.54%),
Greece (3.58%) and Bulgaria (5.04%) (Table 3.6).

As the incidence of widowhood increases with age, these higher rates are to be
expected. But one particularly aspect of centenarians’ old widowhood is the long
periods of absence of a partner relationship, since many of them may have lost their
spouse a long time ago (MacDonald, 2007). In the cases of widowhood and divorce,
women present higher odds of not remarrying than do men, and older persons have a
smaller chance of remarrying than do younger people (Bumpass, Sweet, & Martin,
1990).

Although it is not so high as the widow category, there are as also more single
female centenarians (Fig. 3.7a). Hence, as expected, the proportion of married men
is much higher (Fig. 3.7b). Some countries present great differences across sex in
single and married status. The cases that draw the most attention are Ireland, with the
higher percentage of single males, and Malta, with the higher percentage of single

Fig. 3.6 Proportion of centenarians according marital status by EU country (Source UNdata | last
update: 23 August 2019 | reference year: 2011 | download date: 14 January 2020)
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Table 3.6 Centenarians according marital status by EU country

Country Marital status

Single (never
married)

Married Widowed and not
remarried

Divorced and
not remarried or
married but
separated

n % n % n % n %

Austria 88 7.91 65 5.85 938 84.35 21 1.89

Belgium 195 11.97 29 1.78 1,369 84.04 36 2.21

Bulgaria 12 5.04 11 4.62 213 89.50 2 0.84

Croatia 5 2.54 8 4.06 181 91.88 3 1.52

Cyprus NA – NA – NA – NA –

Czechia 40 7.89 23 4.54 424 83.63 20 3.94

Denmark 74 8.22 20 2.22 761 84.56 45 5.00

Estonia 10 8.26 2 1.65 103 85.12 6 4.96

Finland NA – NA – NA – NA –

France NA – NA – NA – NA –

Germany 1,144 8.51 542 4.03 11,223 83.49 533 3.97

Greece 89 3.58 305 12.26 2,075 83.40 19 0.76

Hungary 144 13.79 183 17.53 663 63.51 54 5.17

Ireland 80 20.57 15 3.86 291 74.81 3 0.77

Italy 1,909 12.66 654 4.34 12,476 82.74 40 0.27

Latvia NA – NA – NA – NA –

Lithuania 25 6.07 34 8.25 349 84.71 4 0.97

Luxembourg 5 7.46 2 2.99 58 86.57 2 2.99

Malta 6 19.35 2 6.45 22 70.97 1 3.23

Netherlands NA – NA – NA – NA –

Poland NA – NA – NA – NA –

Portugal 172 11.27 87 5.70 1,251 81.98 16 1.05

Romania NA – NA – NA – NA –

Slovakia NA – NA – NA – NA –

Slovenia 26 11.71 22 9.91 167 75.23 7 3.15

Spain 1,375 16.79 680 8.30 6,070 74.11 65 0.79

Sweden 135 7.63 67 3.79 1,464 82.71 104 5.88

United Kingdom 1,419 11.57 651 5.31 9,930 80.94 268 2.18

Total 7,101 11.28 3,631 5.52 52,352 81.17 1,269 2.03

NA Data not available
Source UNdata | last update: 23 August 2019 | reference year: 2011 | download date: 14 January
2020
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Fig. 3.7 Proportion of centenarians according marital status and sex by EU country: a) Single
(never married) and b) Married (Source UNdata | last update: 23 August 2019 | reference year:
2011 | download date: 14 January 2020)
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females (Table 3.7). Also worthwhile noting is the exceptionally high percentage
(above 30%) of married male centenarians in Hungary, Greece and Slovenia (while
the TOT is 20.84%).

The type of marital status, depending on other social and cultural variables, can
be reflected in living arrangements, as it will be next presented.

Table 3.7 Centenarians according marital status (single and married) and sex by EU country

Country Marital status

Single (never married) Married

Female Male Female Male

n % n % n % n %

Austria 80 8.65 8 4.28 10 1.08 55 29.41

Belgium 184 12.86 11 5.56 6 0.42 23 11.62

Bulgaria 6 3.80 6 7.50 2 1.27 9 11.25

Croatia 4 2.48 1 2.78 0 0.00 8 22.22

Cyprus NA – NA – NA – NA –

Czechia 29 7.00 11 11.83 8 1.93 15 16.13

Denmark 68 8.95 6 4.29 5 0.66 15 10.71

Estonia 9 8.74 1 5.56 0 0.00 2 11.11

Finland NA – NA – NA – NA –

France NA – NA – NA – NA –

Germany 1,033 8.78 111 6.62 160 1.36 382 22.79

Greece 68 3.70 21 3.23 104 5.66 201 30.92

Hungary 67 10.18 77 19.95 21 3.19 162 41.97

Ireland 66 19.94 14 24.14 8 2.42 7 12.07

Italy 1,709 13.54 200 8.13 153 1.21 501 20.37

Latvia NA – NA – NA – NA –

Lithuania 20 7.09 5 3.85 3 1.06 31 23.85

Luxembourg 2 3.77 3 21.43 0 0.00 2 14.29

Malta 5 21.74 1 12.50 0 0.00 2 25.00

Netherlands NA – NA – NA – NA –

Poland NA – NA – NA – NA –

Portugal 152 12.13 20 7.33 28 2.23 59 21.61

Romania NA – NA – NA – NA –

Slovakia NA – NA – NA – NA –

Slovenia 22 11.64 4 12.12 12 6.35 10 30.30

(continued)
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Table 3.7 (continued)

Country Marital status

Single (never married) Married

Female Male Female Male

n % n % n % n %

Spain 1,140 16.91 235 16.21 415 6.16 265 18.28

Sweden 122 8.17 13 4.71 23 1.54 44 15.94

United Kingdom 1117 10.96 302 14.55 310 3.04 341 16.43

Total 5,903 11.49 1,050 10.25 1,268 2.47 2,134 20.84

NA Data not available
Source UNdata | last update: 23 August 2019 | reference year: 2011 | download date: 14 January
2020

3.6 Living Mostly at Home

Figure 3.8 presents information regarding the proportion of centenarians that lived
in a set of collective living quarters, which includes institutions and care facilities,
by EU country and by sex. As it can be seen, in the considered countries 32.57% of
centenarians lived in institutions, meaning that the majority of centenarians lived in
the community. Germany, Ireland, Belgium, Malta and Luxembourg are the excep-
tions presenting a higher percentage of centenarians who were institutionalized:
50.74%, 52.96%, 54.05%, 54.84% and 55.22%, respectively. Romania, Greece and

Fig. 3.8 Proportion of centenarians that lived in institution by sex and by EU country (Source
UNdata | last update: 23 August 2019 | reference year: 2011 | download date: 14 January 2020)
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Lithuania, on the other hand, are the countries with lower percentages of centenarians
living in an institution, with values varying between 2.46% (Romania) and 6.07%
(Lithuania). A mention is to be made to the three centenarians who were reported as
being homeless: one man in Czechia, one woman in Hungary, and one man in Italy.

Meaningful life changes that frequently occur in older adulthood (e.g., widow-
hood, change in economic status, health decline) may result in changes in living
situations (Fredman & Lyons, 2012). And there are striking gender differences in
living arrangement among older adults. When analyzing differences between cente-
narian men and women (Table 3.8), the percentage of men that lived in institutions is
lower when compared with that of women, in all countries. A significant association
between sex and living arrangement was found for the following countries: Austria
(p < 0.001), Belgium (p<0.001), Czechia (p= 0.008),Germany (p< 0.001),Hungary
(p < 0.001), Ireland (p = 0.004), Italy (p < 0.001), Portugal (p = 0.002), Spain (p <
0.001) and the United Kingdom (p < 0.001).

Regardless of the great effort of the European policy to support “ageing in place”
policies and assure home care services that acknowledge older adults’ preferences
of staying at their own houses for as long as possible, there are still differences
affecting older people’s ability to age in their communities across countries. This
may be strongly related with housing conditions, income levels, place of residence,
the availability of care and support services, physical environment, and one’s health
and physical capacities (Mestheneos, 2011). In relation to centenarians, the impact
of these factors can be even more expressive due to the augmented diversity of their
health and social care needs. Indeed, centenarian studies have been showing that
very old adults have somehow distinctive health problems and care needs that may
demand more specific services (Rasmussen & Andersen-Ranberg, 2016).

Living in the community or in an institution may also reflect the national policies
and welfare state services and family support for the elderly as well as cultural
characteristics related to the desire to maintain a sense of autonomy (Hank, 2007).
Income difficulties, unsuitable and inaccessible housing (Serra, Watson, Sinclair,
& Kneale, 2011) or lack of informal caregiving have been reported as playing an
important role in the institutionalization process of centenarians (Ribeiro & Araújo,
2016). Although referring to the American context, also Randall et al. (2010), within
the Georgia Centenarian Study, found that centenarians’ living arrangements were
associated with social resources, in the sense that having a greater network contact
reduced the odds of centenarians residing in a nursing home (Randall et al., 2010).

Centenarians who were not represented in the previous data are the ones who live
in the community, mainly with their relatives or by themselves/ alone. Figure 3.9
provides information about centenarians that lived alone by sex and by EU country.
The EU average proportion (TOT) of one-person households is of 44.67%. Never-
theless, there is a high heterogeneity across countries. Lithuania is the country with
lower percentage of centenarians living alone (4.65%), followed by Spain (18.99%)
and Portugal (20.02%). But in countries like Romania and the United Kingdommore
that than 60% of the centenarians live alone, 62.32% and 61.98%, respectively. This
high proportion observed in the UK is quite expectable since in the second half of
the twentieth century there has been a high increase in the proportion of older adults
living alone (Falkingham, Evandrou, McGowan, Bell, & Bowes, 2010).
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Table 3.8 Centenarians living in collective living quarters by gender and by EU country

Country Collective living quarters

Total Female Male

n % n % n %

Austria 463 41.64 408 44.11 55 29.41

Belgium 881 54.05 810 56.56 71 35.86

Bulgaria NA – NA – NA –

Croatia 35 17.68 32 19.75 3 8.33

Cyprus NA – NA – NA –

Czechia 128 24.90 114 27.54 14 14.00

Denmark NA – NA – NA –

Estonia 24 19.05 21 19.63 3 15.79

Finland NA – NA – NA –

France NA – NA – NA –

Germany 6,768 50.74 6,255 53.56 513 30.90

Greece 116 4.74 88 4.86 28 4.39

Hungary 167 16.00 135 20.52 32 8.29

Ireland 206 52.96 186 56.19 20 34.48

Italy 2,310 15.32 2,156 17.09 154 6.26

Latvia NA – NA – NA –

Lithuania 25 6.07 19 6.74 6 4.62

Luxembourg 37 55.22 30 56.60 7 50.00

Malta 17 54.84 14 60.87 3 37.50

Netherlands NA – NA – NA –

Poland NA – NA – NA –

Portugal 442 28.96 384 30.65 58 21.25

Romania 20 2.46 14 2.56 6 2.26

Slovakia NA – NA – NA –

Slovenia NA – NA – NA –

Spain 1,680 20.53 1,470 21.83 210 14.48

Sweden NA – NA – NA –

United Kingdom 5,956 48.55 5,265 51.65 691 33.30

Total 19,275 32.57 17,401 35.35 1,874 18.82

NA Data not available
Source UNdata | last update: 23 August 2019 | reference year: 2011 | download date: 14 January
2020
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Fig. 3.9 Proportion of centenarians living alone by EU country (Source UNdata | last update: 23
August 2019 | reference year: 2011 | download date: 14 January 2020)

When analyzing the percentages by sex (Table 3.9), we can see that, in overall,
women have higher odds of living alone, with exception of Croatia, Estonia,
Luxembourg, Poland and Portugal. In Malta no centenarian male was living alone.

Previous studies about co-residence across European countries point to North–
South differences, with a low rate of child/elderly cohabitation in the Nordic coun-
tries. On the other hand, in Southern countries like Greece, Italy, Spain, but also in
Poland (that are considered as “strong family countries”, i.e., where family bonds
are especially tight), there is a greater trend of co-residential familial arrangements
(Hank, 2007; Lyberaki, Tinios, Mimis, & Georgiadis, 2013). Also multi-generation
households are not very common in Western Europe but much more common in
Eastern countries, especially Lithuania, Romania, Bulgaria, Poland and Slovenia
(European Comission, 2008).

Living arrangements are of crucial importance as determinants of older adults’
financial and social situation, as well as of their wellbeing and sense of loneliness
(Jong-Gierveld, Valk, & Blommesteijn, 2011); particularly living alone has been
associated with increased risk of depression, worse physical health outcomes and
nursing home placement (Fredman & Lyons, 2012). But the cases of centenarians
who live with their families, normally children, should also be focus of attention, as
children of centenarians may themselves be aged and, therefore, have themselves an
extensive range of care needs (Serra et al., 2011). As Boerner, Jopp, Park, and Rott
(2016, p. 165) have stated, “supportive programs and policies that were designed
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with younger older adults in mind do not necessarily meet the needs of very old
adults and their families”, whereby housing and caring of very old and centenarians
can assume very specific situations in this advanced stage of life and are important
subjects that matter to address (Boerner et al., 2016).

Table 3.9 Centenarians living alone by sex and by European country

Country One-person household

Total Female Male

n % n % n %

Austria 378 58.24 320 61.90 58 43.94

Belgium NA – NA – NA –

Bulgaria NA – NA – NA –

Croatia 36 22.09 28 21.54 8 24.24

Cyprus NA – NA – NA –

Czechia 137 35.40 107 35.55 30 34.88

Denmark NA – NA – NA –

Estonia 28 27.18 22 25.29 6 37.50

Finland NA – NA – NA –

France NA – NA – NA –

Germany 3,666 56.39 3,160 58.88 506 44.62

Greece 736 31.57 550 31.96 186 30.49

Hungary 283 32.31 187 35.82 96 27.12

Ireland 70 37.84 57 38.78 13 34.21

Italy 6,980 54.15 5,783 54.73 1,197 27.85

Latvia NA – NA – NA –

Lithuania 18 4.65 15 5.70 3 2.42

Luxembourg 12 40.00 9 39.13 3 42.86

Malta 4 28.57 4 44.44 0 0.00

Netherlands NA – NA – NA –

Poland 619 23.63 470 22.71 149 27.14

Portugal 217 20.02 168 19.33 49 22.79

Romania NA – NA – NA –

Slovakia NA – NA – NA –

Slovenia NA – NA – NA –

Spain 1,235 18.99 1,030 19.56 205 16.53

Sweden NA – NA – NA –

United Kingdom 3,912 61.98 3,206 65.06 706 51.01

Total 18,331 44.67 15,116 46.11 3,215 38.97

NA Data not available
Source UNdata | last update: 23 August 2019 | reference year: 2011 | download date: 14 January
2020
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3.7 The Impact of Cardiovascular Diseases in Mortality

The increasing number of centenarians has allowed the use of diverse approaches
to gain insights into the health, disease patterns, and causes and places of death of
the oldest old. Most common reported causes of death among centenarians regard
respiratory diseases, circulatory diseases, and pneumonia (e.g., Berzlanovich et al.,
2005; Chen et al., 2019; Yu, Tam, & Woo, 2017).

Although not being exclusively focused on centenarians due to limitations related
to the sources here considered (WHO Mortality Database) and/or to the fact that
they do not cover a wide range of countries due to unavailable data, Table 3.10 and
Fig. 3.10 provide information on the main causes of death (ICD-10 classification)
of people aged 95+ years old by sex and by EU country. In overall, we can observe
the presence of five clusters of countries presenting the same leading cause of

Table 3.10 Percentage of main cause of death of people with 95+ years by sex and by EU country

Country Female Male

No. of
people
with 95+
years

Main cause of
death

n % No. of
people
with
95+
years

Main cause of
death

n %

Austria 8,707 Atherosclerotic
heart disease

523 6.01 202 Atherosclerotic
heart disease

115 56.93

Belgium 12,412 Heart failure,
unspecified

303 2.44 2,610 Heart failure,
unspecified

81 3.1

Bulgaria NA NA NA – NA NA NA –

Croatia NA Ischaemic
cardiomyopathy

97 – NA Atherosclerotic
heart disease

23 –

Cyprus 424 Heart failure,
unspecified

19 4.48 269 Stroke. not
specified as
haemorrhage or
infarction

9 3.35

Czechia 4,709 Chronic
ischaemic heart
disease,
unspecified

447 9.49 1,208 Chronic
ischaemic heart
disease,
unspecified

112 9.27

Denmark 6,688 Senility 263 3.93 1,635 Senility 50 3.06

Estonia 653 Atherosclerotic
heart disease

60 9.19 188 Atherosclerotic
heart disease

22 11.70

Finland NA NA NA – NA NA NA –

France NA Heart failure,
unspecified

1983 – NA Heart failure,
unspecified

494 –

Germany 130,124 Heart failure,
unspecified

4,574 3.52 58,418 Heart failure,
unspecified

818 1.40

Greece NA NA NA – NA NA NA –

(continued)
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Table 3.10 (continued)

Country Female Male

No. of
people
with 95+
years

Main cause of
death

n % No. of
people
with
95+
years

Main cause of
death

n %

Hungary NA Chronic
ischaemic heart
disease,
unspecified

395 – NA Chronic
ischaemic heart
disease,
unspecified

110 –

Ireland NA Acute
myocardial
infarction,
unspecified

95 – NA Acute
myocardial
infarction,
unspecified

27 –

Italy NA Chronic
ischaemic heart
disease,
unspecified

2,160 – NA Chronic
ischaemic heart
disease,
unspecified

659 –

Latvia 1,284 Atherosclerotic
heart disease

153 11.92 246 Atherosclerotic
heart disease

40 16.26

Lithuania 2,009 Atherosclerotic
heart disease

202 10.05 575 Atherosclerotic
heart disease

50 8.70

Luxembourg 367 Heart failure,
unspecified

23 6.27 54 Heart failure,
unspecified

4 7.41

Malta 239 Unspecified
dementia

11 4.60 87 Chronic
ischaemic heart
disease,
unspecified

5 5.75

Netherlands 15,573 Unspecified
dementia

702 4.51 3,290 Pneumonia,
unspecified

120 3.65

Poland NA Senility 1719 – NA Senility 453 –

Portugal NA NA NA – NA NA NA –

Romania NA Chronic
ischaemic heart
disease,
unspecified

477 – NA Chronic
ischaemic heart
disease,
unspecified

237 –

Slovakia NA NA NA – NA NA NA –

Slovenia NA NA NA – NA NA NA –

Spain 57,323 Unspecified
dementia

1,456 2.54 18,983 Heart failure,
unspecified

341 1.80

Sweden 13,412 Unspecified
dementia

439 3.27 3,630 Heart failure,
unspecified

124 3.42

United
Kingdom

NA Senility 3,445 – NA Senility 584 –

NA Data not available
SourceWHOMorality Database | last update: information not available | reference year: 2011 | download
date: 14 January 2020



48 3 Profiling European Centenarians

Fig. 3.10 Main cause of death by sex and by EU country (Source WHO Morality Database | last
update: information not available | reference year: 2011 | download date: 14 January 2020)

death for both sexes: (i) Austria, Estonia, Latvia, and Lithuania—Atherosclerotic
heart disease; (ii) Czechia, Hungary, Italy and Romania—Chronic ischemic heart
disease, unspecified; (iii) Belgium, France, Germany, and Luxembourg—Heart
failure, unspecified; (iv) Denmark, Poland, and United Kingdom—Senility; and (v)
Ireland—Acute myocardial infarction, unspecified.

Table 3.11 compiles the most commonly causes of death identified into broader
categories of the ICD-10, namely: (i) Diseases of the circulatory system; (ii) Symp-
toms, signs, and abnormal clinical laboratory findings, not elsewhere classified;
(iii) Neoplasms; (iv) Diseases of the respiratory system; (v) Endocrine, nutritional
and metabolic diseases; and (vi) Mental and behavioral disorders. As it can be
observed, the first group unequivocally leads the causes of deaths in all countries
considered, being that most noticeable sex differences can be found in Germany with
women more expressively outnumbering men. In overall, this finding is in line with
recent available information for German centenarians who present cardiovascular
conditions as the only prevalent disease group with high mortality risk, though no
gender differences could be made due to gendered survival ratio that resulted in a
small number of males (cf. Jopp, Boerner, & Rott, 2016).

The causes of death here presented do not differ much from the ones observed
at younger ages. A recent OECD report showed that ischemic heart disease, stroke
or other circulatory diseases cause more than one in three deaths, and that one in
four deaths are due to cancer (OECD, 2017). Nevertheless, since 1990 the rate of
mortality for circulatory disease has fallen, on average, 50%, and cancer mortality
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18%. So it seems that many of these centenarians in fact delay and/or smooth the
most common diseases. Relevant may be the occurrence of multi-morbidity that rise
with age and varies with socioeconomic context (OECD, 2011).



Chapter 4
Centenarian Studies Across Europe

Throughout the world the number of centenarian studies has been increasing. Once
very limited in number and in their infancy, they have entered into a maturity stage
over the last decades (Willcox, Willcox, & Poon, 2010), currently providing an
increasingly robust repository of information on demographic, genetic, biological,
psychosocial and clinical data from which researchers, health care professionals,
social agents and policy makers can rely on. In fact, ever since the establishment of
theworld’s longest centenarian study in 1975, theOkinawaCentenarian Study (Craig
Willcox, Willcox, Hsueh, & Suzuki, 2006), and of the longest ongoing centenarian
study in the USA, the Georgia Centenarian Study (Poon et al., 1992), that several
other studies have been launched worldwide—some for more than a decade, others
established more recently as an echo of clear demographic insights on the increasing
number of individuals reaching 100 years old.As amatter of fact, the list of developed
countries presenting their own centenarian study not only has increased, as the topic
of extreme longevity has gained greater limelight, making the study of centenarians
a preeminent topic in several scientific international meetings.

Particularly within Europe, several groups of researchers have been conducting
studies with centenarians and near centenarians. An example of a long-standing
centenarian study is the Longitudinal Study of Danish Centenarians (Andersen-
Ranberg & Jeune, 2006), but in a search of the literature using the PubMed database
conducted in 2012, along with Denmark at least 16 more European countries
were identified as conducting oldest-old or centenarian research (Poon & Cheung,
2012). ThesewereAzerbaijan,Belgium, Finland, France,Georgia,Germany,Greece,
Hungary, theNetherlands, Poland, Italy, Russia, Spain, Sweden, Switzerland, and the
United Kingdom. All these studies differ in several ways, namely in their focus and
objectives (e.g., genetic vs. psychosocial vs. multidisciplinary), samples (population-
based vs. convenient samples) and methodological approach (e.g., qualitative vs.
quantitative; secondary analysis of administrative data vs. primarydata). These differ-
ences have made it difficult to compare findings and even more difficult to establish
cross-country feasible comparisons. Nevertheless, some groups of researchers from

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2020
L. Teixeira et al., Centenarians, SpringerBriefs in Aging,
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different countries have attempted to merge information to create multicenter and
multicultural studies, allowing for an improvement in the sample size and a compar-
ison of different realities. The Five Country Oldest Old Project (5-COOP)1 and
the International Centenarian Consortium (ICC)2 are two successful and illustrative
examples.

4.1 Ongoing International Collaboration Initiatives

TheFiveCountryOldestOldProject (5-COOP) aims to accurately compare the health
status of centenarians living in five countries—Denmark, France, Japan, Sweden,
and Switzerland, all of which present high-quality data on mortality and/or health
for centenarians, and include a high number of centenarians in their populations.
This project focuses on the cohorts of people born in 1911 (and later) who reached
their 100th birthday from 2011 onwards (Robine et al., 2010), and aims to examine a
diversity of factors related to longevity as physical, sensory and cognitive capacities,
and geriatric conditions. Along with forecasting the demographics of the oldest old,
the project also intends to increase the understanding of the causes and patterns
of diseases, estimate the risk of dependence and physical or cognitive impairment,
and the health and social needs of this population. To date, several publications
have been made available on a diverse range of topics, including the centenarians’
overall characteristics of the five considered countries (Herrmann & Zekry, 2017),
information on frailty profiles (Herr et al., 2018), use of healthcare services and
assistive devices (Dupraz et al., 2020), and levels of mortality selection (Robine
et al., 2010). In overall, by merging five standardized datasets, the 5-COOP project
allowed an important international step in centenarian research with a transnational
focus (Robine, 2019), increasing the available knowledge to be used in care resources
planning and population forecasts.

The International Centenarian Consortium (ICC) is a group of researchers from
around the world (Europe, USA, Japan, Korea, Honk Kong, and Australia) who have
a special interest in centenarians. The purpose of the consortium is to share recent
information and research on exceptional human longevity and to foster collabo-
ration among different centenarian research teams (e.g., joint research protocols,
grant proposal writing and publications) (Iowa State University, 2020). The first ICC
meeting, inwhich the groupwas officially established, took place inAthens (Georgia,
USA) in 1994. Since then meetings have occurred in several European countries
(Sweden in 1995, 1998 and 2012; Germany in 1996 and 1999, France in 1996; Italy
in 2015; Portugal in 2016; Switzerland in 2019) (Poon, Hagberg, & Martin, 2004),

1More information on the 5-COOP study can be found at https://www.axa-research.org/en/project/
jean-marie-robine.
2More information on the ICC can be found at https://research.hs.iastate.edu/international-centen
arian-consortium/.

https://www.axa-research.org/en/project/jean-marie-robine
https://research.hs.iastate.edu/international-centenarian-consortium/
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and in 2012, a specific subgroup of researchers interested in studying neurocogni-
tive disorders in the oldest-old formed the International Centenarian Consortium of
Dementia (ICC-Dementia). This subgroup comprises eighteen different studies from
Europe, Asia, USA, and Oceania, and has as main goals to (i) enable the comparison
of data referring to brain ageing; (ii) validate the diagnosis of dementia by applying
common diagnostic criteria and examining the rate of cognitive decline in those
cohorts using different approaches; (iii) examine and compare cross-nationally risk
and protective factors for dementia at the extreme end of life; and (iv) identify factors
that predict successful brain ageing into the 11th decade of life that are robust across
cohorts (Brodaty et al., 2016; Centre for Healthy Brain Ageing, 2020).

Table 4.1 lists the ICC and the ICC-Dementia studies (Centre for Healthy
Brain Ageing, 2020; Iowa State University, 2020). The studies from the ICC have
in common the fact that they focus specifically on (near) centenarians but they
incorporate distinct interests, approaches and methodologies.

From the country with the highest CR comes the French Centenarian Study, which
is conducted by the Ipsen Foundation. It enrolls 910 subjects—800 centenarians, one
of them being Jeanne Calment, the oldest human whose age was well-documented
(Allard & Robine, 2000). This study had a focus on health and mental status, and
functional capacity (Robine, Romieu, & Allard, 2003).

From Italy, the third country with a higher CR, two studies take part of the ICC.
The Monzino 80+ Study is a population-based study of residents aged 80 years or
older in the Varese province, in which of the 1371 eligible individuals, 64 were cente-
narians (Lucca et al., 2020). Its main objective is to study dementia incidence and
prevalence. Secondly, there is the “Centenari a Trieste (CaT)”, a population-based
study of centenarians living in the province of Trieste, in which 163 centenarians
were identified and 70 participated in the first wave of the study. This study included
neuropsychological testing, clinical examinations, blood drawing, and administra-
tive data access (Tettamanti & Marcon, 2018). Also from the Mediterranean region,
in Portugal, there is the PT100 Oporto Centenarian Study, a population-based longi-
tudinal study involving 140 centenarians of a total of 186 identified in the study´s
geographical area (Ribeiro et al., 2017). This study has a special focus on mental
health, successful aging, use of healthcare and social services, and family intergen-
erational relations. It includes a satellite centenarian study, the PT100 Beira Interior,
conducted in the Portuguese countryside region and comprising 101 centenarians
(Afonso et al., 2018).

From North Europe, there are the studies of Sweden and Denmark, countries
that also present high CRs. In the Swedish Centenarian Study, from the 143 cente-
narians born 1887–91 and who lived in southern Sweden, 100 agreed to participate
(Samuelsson et al., 1997). The purpose of this study was to characterize centenarians
in terms of their physical, social, and psychological status, and to predict centenar-
ians’ survival (Hagberg & Samuelsson, 2008). Also from Sweden, within the H70
Birth Cohort Studies, there is the H95+ Study, with a representative sample of 95-
years-old and older men and women (n = 1020) born in 1901–1911 and living in
Gothenburg (Maelstrom Research, 2020). In the third follow-up, started in 2001, the
participants were aged 100 years old and a wide variety of data was collected through
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Table 4.1 ICC centenarians’
studies (non-exhaustive list)

European Countries Study

Austria

Belgium

Bulgaria

Croatia

Cyprus

Czechia

Denmark Danish longitudinal centenarian study

Estonia

Finland

France French centenarian study

Germany Heidelberg centenarian study

Greece

Hungary Hungarian centenarian study

Ireland

Italy CaT—centenari a trieste
Monzino 80+ study

Latvia

Lithuania

Luxembourg

Malta

Netherlands 100-plus study

Poland Polish centenarian study

Portugal PT100—Oporto centenarian study

Romania

Slovakia

Slovenia

Spain

Sweden Swedish centenarian study
Gothenburg 95+ study

United Kingdom Cognitive function and aging study

(continued)

cognitive and physical measures, biosamples (e.g., blood) and others. In the Danish
Longitudinal Centenarian Study, centenarians from different birth cohorts identi-
fied through the Danish Civil Registration System were consecutively studied and
compared. The 1895 birth cohort included 276 eligible participants (aged 100 years
old) and 207 effectively evaluated; the 1905 cohort included 439 eligible participants
(aged 99–100 years old) and 256 effectively evaluated; and, more recently, the 1915
birth cohort, first surveyed in 2010when theywere 95 years old, and second surveyed
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Table 4.1 (continued) Countries outside Europe Study

USA Georgia centenarian study
Fordham centenarian study
Longevity gene project
90+ study (90+)
Oregon brain aging study

China Hong Kong centenarian study

South Korea Korean centenarian study

Japan Okinawa centenarian study
Tokyo centenarian study

Australia Sydney centenarian study

Source (Centre for Healthy Brain Ageing, 2020; Iowa State
University, 2020) | last update: information not available | reference
year: 2020 | download date: 11 May 2020

in 2015, comprised individuals who lived to celebrate their 100th anniversary—498
eligible participants divided in two main areas (West and East cohorts) and 364
effectively evaluated (Rasmussen et al., 2017). Main topics considered for evalua-
tion concern genetics, morbidity, and functional status (Epidemiology Biostatistics
and Biodemography Department of Public Health University of Southern Denmark,
2019).

From Central Europe, in Germany, the Heidelberg Centenarian Studies are two
population-based investigations conducted 11 years apart, with individuals born
around 1900 and around 1911. In the first Heidelberg Centenarian Study (HD100-
I), from the 281 eligible persons (age 100 years) a direct contact was established
with 156 persons or their relatives. Main addressed domains were cognitive func-
tioning, functional health and care, and subjective well-being. In the second Heidel-
berg Centenarian Study (HD100-II), following the same sampling procedures as in
the first study, of the 485 eligible individuals 112 were interviewed at their resi-
dence. The main aim was to examine cohort differences in cognition and physical
functioning/care between the two cohorts (Rott, Jopp, & Boerner, 2016). Close to
Germany, there is the 100-plus Study Netherlands, an on-going prospective cohort
study of Dutch centenarians who self-reported to be cognitively healthy. Three
hundred and thirty-two centenarians were evaluated until September 2018, of whom
almost 30% (n = 92) agreed to post mortem brain donation. The main focus of this
study is cognitive decline, more specifically the protective factors that explain the
physiology of long-term preserved cognitive health (Holstege et al., 2018).

Within the set of countries presenting a lower CR there is the Hungarian Cente-
narian Study, one of the first centenarian studies of the world. Demographic data
of 218 centenarians were collected, and 123 were examined by a medical team
(Beregi & Klinger, 1989). Presented as having a sociomedical and demographic
focus, this centenarian study has information on immunological, clinical laboratory,
and morphological profiles, as well as on general data about living conditions at such
advanced ages (Regius, 1990). In the Polish Centenarian Study, 346 subjects aged
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100 and more years old were visited, and biological material was collected from 285
subjects. The main aims of this study were to assess health status and environmental
determinants of extreme ageing, and to collect biological material for examining
selected aspects of longevity, including genetic factors (Mossakowska et al., 2008).

The Cognitive Function and Aging Study, from the United Kingdom, is currently
listed as a study of the ICC-Dementia. Although including more than 18.000 partic-
ipants aged over 65 years, since its beginning in the late 1980s subsets of the cohort
have been contacted for 1, 2, 6 and 8 year follow ups, and the whole sample was
contacted for a 10 year follow up. In this sense, they have a subgroup of participants
who are 100 ormore years old. The special focus is on dementia and cognitive decline
(Cognitive Function & Ageing Society, 2020).

In general, regardless of the conjoint efforts been conducted within the illus-
trative examples of 5-COOP or ICC, several researchers have defended the idea
of a wider network of centenarian studies, the Worldwide Centenarian Consor-
tium (WWC100+), to adequately address the complexity of extreme longevity
(Franceschi, Passarino, Mari, & Monti, 2017). Sporadic contributions from
researchers interested in exceptional longevity are in fact increasing throughout the
world, and bringing together all available contributions has been stated as an impor-
tant step for addressing several methodological pitfalls that tend to characterize the
study of this age group (Sachdev, Levitan, & Crawford, 2012), and for maximizing
the generalizability of findings. Either coming from the use of convenience samples
that include participants exceptionally old and with the ultimate aim of providing a
description of this population and the richness of their long-lived lives (e.g., narra-
tive collection of cases), or by using secondary data from large-scale institutional
databases following very specific research interests (e.g., oldest old inpatient profiles
in hospitals), the fact is that there is a growing number of studies focusing on the
centenarian population (CFA, 2019; Willcox et al., 2010).

4.2 Overview of European Studies on Centenarians

As previously exposed, several efforts have been made to increase the available
knowledge on the centenarian population throughout the world and within Europe in
particular. Althoughmost published centenarian studies consist of small convenience
samples of people being interested and who volunteer to participate in scientific
inquiries that explore cases of extremeand“exceptional” longevity, some studies have
started to adopt representative or quasi-representative approaches that are expected
to provide a more accurate profile on the health and social circumstances of the
centenarian population. Also, the use of population-based samples (vs. convenience
samples), in being recognized as one of the commonly acknowledgedmethodological
issues of particular importance in the study of the oldest old—along with age verifi-
cation, use of appropriate control groups, individual differences among centenarians,
and moderating and mediating mechanisms (Poon & Perls, 2007), has improved the
quality of the available knowledge. Regardless of these methodological and design
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Fig. 4.1 Scope search flowchart

dilemmas in conducting centenarian research, the types and amount of information
on centenarians is multidisciplinary and expectedly vast.

In order to provide an overviewof the number andmain research areas of the cente-
narian studies conducted in the list of European countries included in this book, we
next present findings from a scope search conducted in two academic databases (see
methodological note in Chap. 2). Considering the inclusion criteria, since 2000, 1229
and 952 documents were identified in the Web of Science and Scopus, respectively.
Excluding results not related with humans (e.g., centenarian anniversaries within
Archaeological research, or studies related with Agriculture), 1178 and 932 results
were considered (Fig. 4.1). In both sources, the majority of the retrieved documents
are classified as articles (76.3% inWeb of Science; 72.4% in Scopus). Reviews repre-
sent 9.3% of the total results in Web of Science and 11.8% in Scopus. Other types of
documents (e.g., meeting abstracts, letters to the editor, editorials, books and book
chapters) present percentages lower than 9%.

Figure 4.2 shows the evolution of publications, by database source, in the topic
of “centenarians” across EU countries in the last 20 years. In overall, both sources
presented the same linear trend, increasing gradually over time. Since this review
only covers four months of 2020, the line goes down in this year, as expected. The
higher increasements can be observed after 2010, with relative maximum reached at
2013, 2016 and 2019.

The significant increase of the number of publications from 2010 onwards can be
possibly linked to the recognition of ageing, and very long lives in particular, as an
important issue in the worldwide political agenda. Here we can highlight the United
Nation’s Sustainable Development Agenda presented in 2015, which established 17
goals aimed to end poverty, protect the planet, and improve the lives and prospects
of everyone, everywhere (United Nations, n.d.-b). Within this agenda, population
ageing is expected to become one of the most significant social transformations of
the twenty-first century, with implications for nearly all sectors of society (United
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Fig. 4.2 Publications in EU countries in the period 2000–2020 (SourceWeb of Science and Scopus
| last update: 8 May 2020 | reference year: 2000–2020 | download date: 8 May 2020)

Nations, n.d.-a). Also theWorld Health Organization has several contributions aimed
to promote healthy ageing. Close to that period, in 2016, the organization presented
the Global Strategy and Action Plan on Ageing and Health, which was considered
as a significant step forward to achieving the vision that all people can live long
and healthy lives (World Health Organization, 2017). At an European level, the
European Commission in the Horizon 2020, the biggest EU Research and Innova-
tion programme and financial instrument available between 2014 and 2020 defined
“Health, Demographic Change, and Wellbeing” as a European Commission Soci-
etal Challenge (European Comission, n.d.) (European Comission, n.d.). In order to
respond to this challenge, research and innovation aimed to keep older people active
and independent for longer periods, and supporting the development of new, safer
and more effective interventions became a priority. The several calls for proposals
or actions launched in last years within this challenge were aimed to foster collab-
oration and coordination in Research and Development (R&D) in Europe. Many
financed projects were directed for those people facing some of the challenges of
ageing and for those who care for older people if they need help, namely in areas
of smart solutions for ageing well and active assisted living. The European Union’s
Horizon 2020 has contributed to the development of products and services designed
to improve quality of life but also to the development of studies to achieve a better
understanding of (healthy) ageing, which is fundamental to guide policy recommen-
dations. In both types of projects, many of the outputs were scientific publications
on topics related with this challenge (Health, Demographic Change, and Wellbeing)
and involving longevity and oldest old participants.
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Another aspect that may be associated with the particular increase in the number
of publications after 2010 is the availability of data from CENSUS (in 2011). Census
have a long tradition in the EU countries. Historically, the development of census by
each country was related with several factors, such as information needs or financial
cost of the operation. In 2011, for thefirst time,EU’s legislationwasdefined to achieve
high-quality data in EU countries, making the data more comparable. After this year,
census allowed comparative studies between EU countries, focusing on population
groups about which less information is otherwise available, as it is the case of the
centenarian population. The use of this source of information by researchers may
have resulted in several indexed publications (e.g., Mašanović et al., 2009; Ribeiro,
Teixeira, Araújo, & Paúl, 2016; The Italian Multicentric Study on Centenarians,
1998), but also its public availability may have reinforced the attention given to this
population as the increase of their representativeness (and of the oldest old subgroup
in general) became more notorious.

When taking a closer look at the number of publications by country (Fig. 4.3),
we can observe a noteworthy disparity. Interestingly, the top 10 countries with the
highest record of publications are the ones with centenarian studies listed in the Inter-
national Centenarian Consortium (Table 4.1), with the exception of Spain, that comes
in the third place in both Web of Science and Scopus databases. However, despite
the current absence of a specific Spanish centenarian study within the ICC, there are
several researchers investigating particular issues related with this population in that
country. This is the case of the Spanish Centenarian Study Group, from Valencia,
that is interested in the molecular mechanisms of longevity (Borras et al., 2016), and
of the Cardiac and Clinical Characterization of Centenarians study, with researchers
fromdifferent cities (Madrid,Mallorca, Cáceres, Lugo, Pontevedra,Guadalajara, and

Fig. 4.3 Publications by EU country in the period 2000–2020 (SourceWeb of Science and Scopus
| last update: 8 May 2020 | reference year: 2000–2020 | download date: 8 May 2020)
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Valladolid) that have looked at the cardiac health of centenarians (Martínez-Sellés,
2015). There is a study from the Universidad Europea de Madrid about the geno-
type of centenarians from the Spanish central area that included a comparison with
Japanese cohorts (Pinós et al., 2014), and studies based on electronic health records
that have paid attention to the clinical, drug use and healthcare use characteristics
of Spanish centenarians (Gimeno-Miguel et al., 2019). Specific medical topics as
the incidence of hip fracture (Barceló et al., 2018) and Venous thromboembolism
(Lacruz et al., 2016) have also received the researcher’s attention.

Worthwhile underlining is Italy’s pole position. This country clearly stands out
with a difference of more than 20% in relation to the country occupying the second
place in the rank—Germany. The high number of centenarians in Italymay contribute
to the existence of more research on this age group. As previously presented, two
of the ICC studies are from this country, but there are other important centenarian
studies, such as the Italian Multicentric Study on Centenarians (Franceschi et al.,
2000), and the AKEA Study (Deiana et al., 1999; Poulain et al., 2004). Also, it
is known that the Italian National Institute of Statistics (Istat), in agreement with
the International Database on Longevity (IDL), set up an enquiry identified as the
Semi-Super-Centenarian (SSC) survey specifically devoted at the validation of all
individuals (dead or alive) who had reached or exceeded the age of 105 years on
January 1st of the years 2009–2018 (Caselli, Battaglini, & Capacci, 2018; Caselli,
Battaglini, & Capacci, 2020). These and other studies, along with the fact that Italy
has the Sardinian Longevity Blue Zone—a longevity hotspot that comprises a cluster
of 14 villages nestled around the highest mountain of the island, with their epicentre
in the village of Villagrande Strisaili (Pes & Poulain, 2016)—may be contributing
to the great interest and attention given to centenarians as a research topic among
several Italian academics (e.g. Fastame, Hitchcott, & Penna, 2017; Salaris, 2015).

France, although being the country with highest CR (Sect. 3.1), appears as
the seventh country with more publications in the last 20 years in the considered
databases. The first and unique French Centenarian Study dated 1991 (Allard, Lebre
& Robine, 1998; Robine & Allard, 1998), and in addition to the fact that publica-
tions coming from this important study are from the end of the 20th century, the
majority were written in French. More recently, some independent groups of French
researchers presented new knowledge about this population, namely in the areas of
genetics, medicine and social sciences. In the area of genetics, some studies had as
main purpose the identification of genes or mutations present in French centenarians
(Blanché, Cabanne, Sahbatou, & Thomas, 2001; Coppin et al., 2003). In terms of
medical sciences, the relation between longevity and higher levels of fibronectin and
Lp(a) in plasma were also studied (Labat-Robert et al., 2000; Thillet et al., 1998).
On the subject of social sciences, differences between genders in terms of gener-
ational habitus received attention from researchers of the Inserm, a French public
research organization dedicated to human health (Balard, Beluche, Romieu,Willcox,
& Robine, 2011).

Some EU countries were found not to have publications in the databases consid-
ered for the scope search, or to present a very low number: Malta, Slovenia, Cyprus,
Lithuania, Luxembourg and Slovakia. These are the countrieswith a lower proportion
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of centenarians, but what also may be justifying such a scarceness of publication is
the fact that inmany of these countries there is no incentive for publication in indexed
journals.

Finally, looking at the affiliation countries of the publications involved in
the publications, it was possible to identify several collaborations between EU
researchers and other researchers from all around the world. The non-EU countries
with higher representativity in such collaborations were USA (e.g. Bae et al., 2018),
Switzerland (e.g., Robine & Cubaynes, 2017), Japan (e.g. Pinos et al., 2014), China
(e.g. Tuikhar et al., 2019) and Australia (e.g., Ribeiro, Teixeira, Araujo, Afonso, &
Pachana, 2015).

As for the research areas being covered by centenarian research in the EU coun-
tries, considering those defined by Web of Science, we can observe that the great
majority (up to 92.5%) corresponds to Life Sciences & Biomedicine. Only 3.9%
are from Social Sciences, 3.1% from Technology, 0.3% from Physical Sciences, and
0.2% from Arts & Humanities. This particular database overrepresents publications
for medical sciences and biology, with little focus on psychosocial topics, whichmay
partially explain the obtained results. Still within this database source, expectedly, the
“Geriatrics & Gerontology” area represents more than 50% of the obtained results,
followed by biological areas, such as “Cell Biology” (13.4%), “Biochemistry and
Molecular Biology” (7.0%) and “Genetics Heredity” (6.7%). In terms of medical
issues, Cardiology, Endocrinology and Neurology are the specialities with greater
numeric expression. Related with the other Research Domains, only Social Sciences
was represented in the top-15 with the contributions of Psychology accounting for
3.2% of the publications. As the research areas from this source address very specific
topics (such as medical specialities), the category “Other” includes a large number
of publications, adding 27.5% of the total results.

In Scopus, the results are divided in four subject areas: Life Sciences (45.3%),
Health Sciences (41.3%), Social Sciences (10.1%), and Physical Sciences (3.3%).
Following the trend observed in Web of Science, Life Sciences and Health Sciences
represent more than 85% of the results, however the Social Sciences here presents
a greater contribution, reaching 10% of the total results. The research areas of
“Biochemistry, Genetics and Molecular Biology” (60.7%) and “Medicine” (59.2%)
appear in the first positions of the top-15. The topic “Aging” is part of the first
research area, justifying the expressiveness of this category. The categories used
in this source are more comprehensive and generic, resulting in two differentiating
aspects of Web of Science: the other domains were represented in the top-15, such
as Social Sciences with the areas “Social Sciences” (10.5%), “Arts and Humanities”
(3.0%) and “Psychology” (3.0%) and Physical Sciences with the areas “Chemistry”
(1.3%), “Environmental Science” (1.3%), “Computer Science” (0.8%) and Chem-
ical Engineering” (0.6%); the category “Other” comprise a small number of results
(2.3%).
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Table 4.2 Top-15 research areas

Web of science % Scopus %

Geriatrics and gerontology 53.1 Biochemistry, genetics and molecular
biology

60.7

Cell biology 13.4 Medicine 59.2

Biochemistry molecular biology 7.0 Nursing 12.2

Genetics heredity 6.7 Social sciences 10.5

Cardiovascular system cardiology 5.1 Neuroscience 6.9

Endocrinology metabolism 5.0 Immunology and microbiology 5.6

Neurosciences neurology 5.0 Agricultural and biological sciences 3.2

Immunology 4.5 Arts and humanities 3.0

Science technology other topics 4.0 Psychology 3.0

General internal medicine 3.6 Pharmacology, toxicology and
pharmaceutics

2.7

Psychology 3.2 Multidisciplinary 2.5

Public environmental occupational
health

2.5 Chemistry 1.3

Nutrition dietetics 2.3 Environmental science 1.3

Psychiatry 2.2 Computer science 0.8

Physiology 1.9 Chemical engineering 0.6

Other 27.5 Other 2.3

SourceWeb of Science and Scopus | last update: 8May 2020 | reference year: 2000–2020 | download
date: 8 May 2020

Table 4.2 shows the top-15 research areas from the two sources according to their
original categorization of publications.

A note is important to be made on the limitations of this scoped search. Firstly,
the time period considered might be excluding results related with studies developed
in the 20th century (such as the Hungarian and the French Centenarian Studies).
Additionally, the inclusion criteria related with the language (English only) certainly
produced skewed search for some countries. For example, France is one country with
substantial publications related with centenarians, most of them possibly written and
published in French. The use of only two of the most common citation database, that
consider only indexed journals, may have excluded other important works related
with this topic. Finally, additional key terms could be considered in order to obtain a
more exhaustive list of all possible results related with research in centenarians (e.g.
oldest-old).

Despite these limitations, in general, we could observe that the growing interest in
extreme longevity is leading to the production of a good amount of scientific literature
that covers distinct subjects within centenarian research. Worthwhile noting is that
along with demography and genetics, researchers have mainly pointed their attention
towards the cognitive, social, and physical condition of the oldest-old, more than the
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psychological health (Scelzo, 2019). Also, there is a dearth of literature examining
the housing and financial circumstances of centenarians (Serra et al., 2011), as well
as on their care provision, (unmet) needs, and complexities that often involve long-
term informal caregiving and increasing demands of social and health services. These
constitute undoubtedly important topics to be considered in an international research
agenda for centenarian studies in the years to come (Jopp, Boerner, Ribeiro, & Rott,
2016).



Chapter 5
Final Remarks

The information we have presented throughout this book provided elementary but
important informationon the centenarian population inmostEUcountries. In general,
we could observe that EU centenarians are mostly women and widowed, tend to live
in urban areas and in the community.Greater heterogeneitywas found inwhat regards
education and household profiles. Circulatory system diseases were identified as the
main cause of death for near centenarians (95+). Despite this overall summarization,
the fact that this book has used open databases presents some limitations. First, the
information provided by each database cannot be crossed out, which constrained
the analysis to be eminently descriptive. Additionally, the information for people
aged 100 years or older is very restricted. For example, mental health and physical
health information, though of great interest, are not available in this kind of databases.
Notwithstanding these limitations, we believe on the relevance of profiling the cente-
narian population at a European level as it provides a general picture of this growing
and challenging segment of the population.

From the overview presented,we certainly assume thatmuch knowledge is needed
to fully capture centenarians’ current condition and deeply understand the course of
such long lives. Within this context, centenarian studies currently being conducted
in most EU countries as well as from abroad (e.g., USA, Japan, Australia) constitute
excellent opportunities to look for answers about human nature, possible trajectories
of health and well-being, genetic and self-determinism in life. The available infor-
mation coming from such studies will certainly provide insightful information on
how the European society, both at a broader and country specific levels, can optimize
the quality of life of the growing number of long-lived individuals and their families.

Although some resemblances between EU countries may exist in terms of
longevity as we could observe in the findings presented throughout this book, an
overall distinctive “EU centenarian profile” most certainly does not exist. Varia-
tions are potentially due not only to country characteristics that range from political
constellations, socioeconomic determinants, and health services access, to name a
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few factors, but also to eminently personal characteristics like genetics and psycho-
logical resilience that strongly account for the so-called heterogeneity of the oldest
old population.

Countries are now focusing on emergent and critical policy questions in an
attempt to respond to the needs and challenges of the longevity revolution (ILC-
BR, 2015), including social and health services, assisted living and caregiving, but
also social protection, pensions and financial investments that are crucial for long-
term investments and policy implementations. Throughout the EU, centenarians will
be a challenging issue in both the developed and the emerging economies.

As societies are beginning to adjust to the projected future of larger numbers of
oldest old individuals and smaller numbers of younger ones who have historically
comprised the support base, new forms of social protection for older people are
needed. Moreover, the trend in the increasing number of centenarians has important
consequences for the way each one of us perceives longevity, but also for the way
in which societal infrastructures like education, workplaces, housing, transport, and
health and social carewill need to be adapted to their needs.AsLesson (2018) recently
mentioned when reflecting on the drivers and implications of living to 100 years and
beyond, our perception of old age might as well need a dramatic reappraisal (Lesson,
2018).

For the future, it will be important to develop synergies between public and private
institutions (governments, universities, hospitals) around the specific topic of excep-
tional longevity in order to deepen the knowledge about this population. Given the
differences inmethodological options (e.g., inclusion criteria, identification of poten-
tial participants, information collected) that characterize centenarian studies around
the world and within Europe, it is often very difficult to compare the richness of
data already available. Methodologically standardizing studies within the European
context, for instance,would be an important step forward in the establishment of valid
international comparisons. Collecting large and thorough heterogeneous samples as
it is the intention of research groups like the ICC or the 5-COOP seems to be a road to
take, as it will make possible to provide reliable answers to several epidemiological
questions that small-scale studies have not the possibility to offer.

Along with facing the challenges of exceptional longevity from a socio-political
and economic perspective, also individuals must prepare themselves for the chal-
lenges of long lives and to the intergenerational dynamics associated with this
phenomenon. Within the scope of personal resources influencing exceptional
longevity it is somehow expected that there will be an increase in psychological
mortality in the very old that is characterized by loss of intentionality, identity,
psychological autonomy and control (Baltes & Smith, 2003). Although the human
body has not been made to last, even at age 100 psychological factors such as beliefs
and attitudes are still good predictors of well-being, underlining the notion that
psychological mechanisms are an important potential for successful coping with
limitations and adversities at advanced ages.

Accumulating negative conditions represent a serious challenge to adaptability
and are likely to reduce the quality of life; therefore increasing the available knowl-
edge on core concepts like loneliness and social isolation that are intrinsic to human
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losses once one gets to very old ages, and on the psychological strengths one may
have for positive adaptation to adversities are key aspects for further study within
exceptional longevity research.

With the actual general knowledge raised along this book and the findings
already made available on the geographic areas where unusually high proportions of
long-lived individuals have been observed—the Blue Zones (Ogliastra in Sardinia,
Okinawa in Japan, the Nicoya peninsula in Costa Rica, and the island of Ikaria in
Greece) (Poulain et al., 2013), among other studies, we may finish emphasizing that
alongwith adequate and integrated social and health policies and raising living condi-
tions, social cohesion and community ties largely contribute to an ageing (European)
societywhere centenarians are expected to bemore numerically expressive, but, most
importantly, are expected to have the opportunity to continue livingmeaningful lives.
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