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The three theories of the 1980s

• The compression of morbidity: According to Fries, life expectancy 
was close to its maximum in the 1980s. Medical and health 
behaviors progress can only reduce the number of bad years to a 
small part of the life expectancy (Fries, 1980).

• The expansion of morbidity: On the opposite side, according to 
Gruenberg and Kramer, the same medical progress will increase the 
survival of frail elderly people such as those with dementia 
(Gruenberg, 1977; Kramer, 1980).

• The dynamic equilibrium: Between these two extreme futures, 
Manton proposed a dynamic equilibrium in which increased 
survival is offset by better control of chronic diseases, keeping the 
proportion of life lived in good health more or less constant 
(Manton, 1982).



The longevity revolution

• But no theory on health at that time was anticipating the 
longevity revolution which is currently occurring in most 
developed countries and which has led to impressive numbers 
of nonagenarians and centenarians.



The longevity revolution



Change in the number of centenarians in Europe vs. Japan
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Mechanisms



Distribution des durées de vie individuelles
en France depuis 1827 - pour 100.000 filles à la naissance
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Compression vs. shifting mortality



Bongaarts, 2005, 2009



Fries, 1980



How long are adult life durations
d(x) series
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Europe vs. Japan

Robine and Saito, 2009



Change in the number of centenarians in Europe vs. Japan

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

19
45

19
50

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

20
05

20
10

N
um

be
r o

f c
en

te
na

ri
an

s 
(1

00
+)

Japan

Females Males Total

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

19
45

19
50

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

20
05

20
10

N
um

be
r o

f c
en

te
na

ri
an

s 
(1

00
+)

Fourteen European countries

Male Female Total

Europe vs. Japan



Maximum life span in Japan (empirical observations)



Are centenarians healthy people



Are centenarian people healthy people?

• The few representative studies of centenarians have 
demonstrated that they are in relatively poor health with 
a significant proportion being bedridden and/or 
demented
– only 1% of Italian centenarians are fully independent
– none of them continued social or productive activities that 

could be considered as examples of successful ageing   



Number of centenarians (100+): Japan vs. Denmark

Source 5-COOP, GSA 2014







Year
Males Females Males Females

1973 (1) 405 28.9 19.1 37.5 14.3 21.9
1975 (2) 548 39.1 38.5 46.8 15.4 25.7
1981 (3) 1072 94.2 33.1 50.7 18.2 27.9
1992 (4) 4152 13.2 36.5 59.8 21.2 36.6
1993 (5) 4802 59.9 39.3 61.1 17.9 34.4
2000 (6) 13036 14.6 57,0 78,0 22.2 41.1

Prevalence of centenarians confined to the room

Population 
size

Sampling  
rate 

% confined to the room % bedridden

(1) Tokyo metropolitan institute of aging (1973)
(2) Center for development of elderly welfare (1976)
(3) Japan Health promotion and Fitness Foundation (1992)
(4) Japan College of Social Work (1992)
(5) Japan Health promotion and Fitness Foundation (1993)
(6) Japan Health promotion and Fitness Foundation (2002)

Research reports

Courtesy Yasuyuki Gondo

Japanese studies, from 1973 to 2000



The Five Country Oldest Old Project 
(5-COOP): Relationships between the 
level of mortality selection and the 
health status of the oldest old

Denmark, France, Japan, Sweden & Switzerland

Robine et al, Centenarians today: New insights on selection 
from the 5-COOP study. CGGR 2011 



More broadly is healthy life 
expectancy increasing faster than 

total life expectancy?





Is healthy life expectancy increasing faster than total 
life expectancy?

• An OECD study found mixed results on ADL disability 
trends among the population aged 65 and over (2007).
– Out of the 12 countries studied only five showed clear evidence 

of a decline in disability among elderly people.
– Three countries reported an increasing rate of severe disability 

among people aged 65 and over during the last five to ten years.

• The most worrying was the fact that the countries showing 
clear evidence of disability decline were the countries 
displaying the weaker increase in life expectancy at age 65. 

• It may be difficult to reduce the level of disability among 
older people in countries where life expectancy at age 65 
strongly increases. 



Country Period n Domain Method References

Austria 1978-1998 4 SPH Sullivan Doblhammer and Kytir 2001

Belgium 1997-2004 3 SPH LSI AL Sullivan Van Oyen et al 2008

China 1987-2006
1987-2006

2
2

IMP
IMP

Sullivan
Sullivan

Liu at al 2009
Lai 2009 

Czech Rep. 1993-2002 4 SPH Sullivan Hrkal 2004

Denmark 1987-2000
1987-2005

4
5

SPH LSI FL
SPH LSI FL

Sullivan
Sullivan

Bronnum-Hansen 2005
Jeune and Bronnum-Hansen 2008

France 1980-2003 3 AL Sullivan Cambois et al 2006 and 2008

Germany 1984-1998 2 SPH AL Sullivan Kroll et al 2008.

Italy 1991-2000
1994-2005

3
3

SPH AL
SPH AL

Sullivan
Sullivan

Burgio et al 2009
Egidi et al 2009

Japan 1986-2004 7 SPH Sullivan Yong and Saito 2009

Lithuania 1997-2004 2 SPH Sullivan Kalédiené and Petrauskiené 2004 

Netherlands 1981-2007
1989-200

e. year
e. year

SPH LSI FL
LSI AL W

Sullivan
Sullivan

Bruggink et al 2009
Perenboom et al 2005, 2004a&b

Spain 1986-1999
1987-2003

2
4

AL
SPH

Sullivan
Sullivan

Sagardui-Villamor et al 2005 Gomez Redondo et al 2005

Switzerland 1992-2002 2 SPH Sullivan Gulley 2005

Thailand 1986-1995 2 SPH Sullivan Jitapunkul and Chayovan 2000

U. S. A. 1970-1990
1982-1999
1992-2003
1982-1999
1982-2004
1970-2000

3
5
2
5
6
4

AL
AL
AL
AL
AL
HAP

Sullivan
Sullivan 
Multistate
Sullivan
Sullivan
Sullivan

Crimmins and Saito, 2001
Manton et al 2006
Cai and Lubitz 2007
Manton 2008
Manton et al 2008
Yang 2008

U. Kingdom 1980-1996
1981-2002
2001-2004
2000-2006

e. year
e. year
2
2

SPH, LSI SPH LSI&D
SPH LSI&D
SPH LSI&D

Sullivan
Sullivan
Sullivan
Sullivan

Kelly et al 2000
Health expectancies in the UK 2002 and 2004
Smith et al 2008

Chronological series of health expectancies published since 2000 

Jagger et Robine, 2011



Is healthy life expectancy increasing faster than total 
life expectancy? (2)

• A close examination of the time series of health expectancies (available 
in 16 countries), suggests that healthy life expectancy is increasing most 
in the new emerging economies (such as China or Thailand) and Eastern 
European economies, than in the advanced Western economies.

• Except for Switzerland, there is no great evidence of compression of 
morbidity in the low mortality countries.

• The three advanced economies which clearly displayed a compression of 
disability among older people during the last decades, Denmark, the 
Netherlands and the United States, are the three countries which lag 
behind the low mortality countries in term of life expectancy at age 65. 
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Monitoring gaps and 
changes over time in 

healthy life expectancy

2011-2014



Total survival curve from birth, survival without chronic morbidity 
and survival without activity limitation from age 16 - Observed for 
men in EU27 in 2010 



Trends in disability-free life expectancy
at age 65 in Europe



Compression of disability?



Dynamic equilibrium?



Expansion of disability?



Life and HLY at age 65, EU15, 1995-2013



Proportion of life expectancy (LE) at age 65
free of disability, EU15, 1995-2013



Trends in France



LE and HLY at age 65 in France, 2004-2013



Proportion of life expectancy (LE) at age 65
free of disability,in France, 2004-2013



Trends in Japan and in the United States



Official supplemental paper for Health Japan 21 (2nd edition)

Men Women

LE

HLE

Time trend of life expectancy (LE) and healthy life expectancy (HLE)

20002000 19971997 19941994 19911991

Source: LE (2000): The life table by the Ministry of Health, Labour and Welfare
HLE (2000): The Research Group about Healthy Life Expectancy 

SOURCE: OJIMA, JA-EHLEIS, 2014
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Figure 1. Male Life Expectancy (LE) and Healthy Life Years (HLY) at age 65 for the 
U.S. based on NHIS (1997-2010)* and European Union (EU15 and EU25) based 

on ECHIP (1995-2001) and SILC (2004-2010)

U. S. 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
LE 15.9 16.0 16.1 16.0 16.2 16.2 16.4 16.7 16.8 17.0 17.2 17.3 17.6 17.7
HLY 10.6 11.0 11.2 11.2 11.4 11.6 11.7 11.9 12.1 12.3 12.5 12.5 12.7 13.0
% HLY/LE 66.5 68.5 69.9 70.1 70.5 71.7 71.5 71.4 72.2 72.4 72.5 72.2 71.9 73.2

* Based on responses to five activity limitation questions.

HLY based on ECHIP data

SOURCE: Madans JA-EHLEIS, 2014
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Figure 1. Female Life Expectancy (LE) and Healthy Life Years (HLY) at age 65 for 
the U.S. NHIS (1997-2010)* and  European Union (EU15 and EU25) based on 

ECHP (1995 – 2001) and SILC (2004 – 2010)

U. S. 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
LE 19.2 19.2 19.1 19.0 19.0 19.1 19.2 19.5 19.5 19.7 19.9 20.0 20.3 20.3
HLY 11.5 12.0 12.5 12.5 12.7 12.6 12.7 13.1 13.0 13.6 13.1 13.4 13.8 14.0
% HLY/LE 60.1 62.4 65.3 66.0 66.5 66.1 66.3 67.3 66.6 68.9 65.8 67.2 67.9 68.8

* Based on responses to five activity limitation questions.

LE: United StatesLE: EU15

HLY: United states*

HLY based on SILC data

SOURCE: Madans JA-EHLEIS, 2014



Long Term Improvement in Less Severe Disability:
Percent With Any Activity Limitation (USA, 1963 -2010)

Males                                 Females
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Trends in prevalence of dementia



Decline in the prevalence of dementia

Larson et al, NEJM 2013



Discussion

• Japanese experienced an exceptional increase both in total and 
disability free life expectancy.

• The United States experiences a slow increase in life expectancy but 
a parallel increase in disability free life expectancy.

• The European Union experienced a strong increase in life 
expectancy and an almost stagnation in disability free life 
expectancy.



Thank you for your attention!



www.eurohex.eu
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Divergence and variability



Trends in life expectancy at age 65

Denmark, the United States
and the Netherlands



Trends in life expectancy at age 65



Number of oldest old in France
by single age, 80 years and over
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Percentages of the Danish born in 1905 classified as 
independent at four assessments in the period 1998–2005

Christensen et al, PNAS, 2008



Le cas des Pays Bas
(Engelaer et al, in Robine et al, 2013)

Netherlands, 1985-2010

Sources: Engelaer et al, in Robine et al, 2013
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Daily number of deaths: France, 2010-2012
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