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Abstract 

By the second half of the 20
th

 century, mortality patterns in industrialized 

countries showed a continuous tendency of reduction at all ages, even at 

the oldest ones. However, the pace of mortality decline considerably varies 

depending on the country. Furthermore, in a few cases, stagnation and 

even an unexpected reversed pattern have been observed in more recent 

years.  In this paper a comparative analysis of mortality trends in several 

developed countries is performed. The aim of the paper is to locate 

deviations from expected mortality patterns, and to understand the reasons 

for these deviations. As a first step of the analysis, a new two-dimensional 

relational model is applied to mortality surfaces of the selected developed 

countries, between 1960 and 1999, for the age range 50-99. In the second 

step, mortality by cause of the countries with particular structural features 

is analyzed through the surfaces of leading causes of death. 

 

 

 

1 Introduction 

By the second half of the 20
th

 century, developed countries enjoyed a continuous reduction 

in mortality at all ages, even at the oldest ones (Kannisto et al. 1994). For low-mortality 

areas, this tendency has been quite general, and has involved both women and men, 

although a time lag has been often recorded between male and female mortality 

improvements. However, the pace of mortality decline considerably varies depending on 

the country (Caselli 1996; Kannisto 1994). Furthermore, in a few cases, stagnation and 

even an unexpected reversed pattern have been observed in more recent years (Janssen et 

al. 2003, 2004; Vallin and Mesle 2004).  
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 In this paper a comparative analysis of mortality trends in several developed countries 

is performed. The aim of the paper is to locate deviations from expected mortality patterns, 

and to determine the reasons for these deviations. As a first step of the analysis, a new two-

dimensional relational model is applied to surfaces of mortality rates by age and time of the 

selected countries to extract and compare structural information like age and time patterns, 

and speed of changes of the different populations. In the second step, mortality by cause of 

the countries with particular structural features is analyzed through the surfaces of the 

leading causes of death (Barbi et al. 2004).  

 

2 Data and Methods 

The analyses presented here focus on adult and old age mortality (aged 50-99), between 

1960 and 1999 in low-mortality countries included in the Human Mortality Database 

(www.mortality.org). Probabilities of dying for single years of age and single calendar 

years are obtained from this data collection.  

 Regarding cause specific mortality data, probabilities of dying by groups of causes and 

by five-years age groups are estimated from data available in the World Health 

Organisation Mortality Database (www.who.int/whosis). 

All-cause mortality surfaces are analyzed by means of a new relational model. 

Relational models of mortality are based on a standard mortality schedule capturing the 

complexity of age patterns of mortality, and on parameters capturing deviations from the 

standard (Brass 1971; Himes et al. 1994). This concept can be generalized so that the 

standard mortality schedule is defined over time as well as age (Camarda et al., 2005). If 

µ0(x,y) is a (given) standard force of mortality at age x and time y (i.e. a standard mortality 

surface) then, following the specification of models developed by Lee Carter (1992) and 

Vaupel (1999), the correspondent force of mortality µ(x,y) for a generic country may be 

estimated by the following relational model:  

)]()(exp[),(),( 0 xrykyxyx µµ = , 

where k(y) is a function of time capturing deviations from the standard over time and r(x) is 

a function of age describing the relative impact of these deviations at different ages. These 

two functions may be estimated by the maximum likelihood method, using the binomial 

distribution 
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where D(x,y) and N(x,y) are respectively death counts and population counts (the 

population exposed to the risk of death) at age x and time t, and q(x,y) is the probability of 

dying at age x and time y. 

 The choice of a standard represents a critical issue in the specification of the model. 

Different choices of the two-dimensional standard mortality schedule are possible but 

alternative standards lead obviously to different interpretations of the model and to different 

results. A conventionally-adopted standard is, for example, the average mortality surface 

for a number of populations for different countries. Here, the standard surface has been 

computed following the concept of “best practice” used by Oeppen and Vaupel (2002) to 

evaluate the life expectancy increase in the record-holding country from 1840 to the 

present. This idea has been used here to estimate the best-practice survival - or, in other 

words, the lowest mortality - by age and time. Figure 1 shows male and female surfaces of 

the lowest probabilities of dying (i.e. the best-practice mortality surfaces), between 1960 

and 1999, from birth to age 99, computed accounting for the probabilities of dying of 13 

low-mortality countries: Austria, Denmark, Finland, France, West Germany, Italy, Japan, 

Netherlands, Norway, Spain, Sweden, Switzerland, USA. 

 Cause-specific mortality profiles are analyzed exploiting a simple but powerful tool: 

the surface of the leading causes of death, representing the highest cause-specific 

probability of dying at a given age and time. After locating the predominant cause of death 

(or the predominant location in a group of diseases) over age and time, is then possible to 

focus on this specific cause (or location) for a more in-depth investigation.  

 

3 Application 

Figure 2 depicts the evolution of life expectancy at ages 60 and 80, between 1960 and 2002, 

in 13 low-mortality countries. Roughly speaking, deviations from expected patterns are 

more evident for women than for men. For women, unfavourable trends started in the early 

eighties in Denmark, U.S., Norway, The Netherlands and, to a certain extent, in Finland. 

These negative deviations are still very remarkable at older ages especially when compared 

with very favourable trends of the Japanese women. For men, as said, the picture is more 

homogeneous, although the positive tendency for Japan and, at older ages, a period of 

stagnation for Denmark and The Netherlands are appreciable. In particular, at the beginning 
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of the sixties, the United States show one of the highest life expectancy at age 60 for 

women, and at age 80 for both women and men whereas Japan finds itself at a 

disadvantage. However, Japan has caught up at a remarkable pace at all ages and today is 

the country with the highest life expectancy in the world.  

A more detailed analysis of deviations from expected mortality patterns by single year 

of age and single calendar year is possible by applying the two-dimensional relational 

model described in section 2. The model has been applied to mortality data of four 

countries characterized by a particular mortality pattern: Denmark which shows one of the 

most unfavorable trends for both the sexes; Japan which, on the contrary, experiences the 

most positive pattern; Spain because of its apparent regularities in mortality trends; and 

U.S. which, after being the country with the highest life expectancy at old ages, is 

experiencing, for women only, a period of stagnation.   

Figure 3 shows the estimated functions k(y) and r(x) of the relational model fitted to 

male and female probabilities of dying of the chosen countries, between 1960 and 1999, 

from age 50 to 99. The fit of the model to the data (not shown) is generally quite good, with 

exceptions after age 85 at the beginning of the study period for Danish women, and in the 

last years for Japanese men. By the mid seventies Denmark and Japan show remarkable 

diverging trends and different age patterns of deviation from the standard for both sexes. 

While in Japan the deviation is reducing over time and its relative impact is higher at older 

ages, in Denmark this is increasing fast for both males and females, with a greater 

importance at adult and young-old ages especially for women. Age and time patterns of 

deviations from the standard for U.S. women are very similar to those estimated for 

Denmark. For men, after a slight reduction, by the mid seventies, the deviation from the 

standard stays constant and, as for women, the impact is higher at adult and young-old ages. 

Spain too shows a constant deviation for both women and men but its relative impact is 

increasing with age especially for women. 

 

 

 

 

 

 



 5 

 

0.0002

0.0003

0.0006

0.0015

0.0041

0.0112

0.0424

0.1343

1960 1970 1980 1990 2000

0

10

20

30

40

50

60

70

80

90

100
Males

Best practice mortality surface

Years

Age

  

1960 1970 1980 1990 2000

0

10

20

30

40

50

60

70

80

90

100
Males

Lowest mortality by country

Years

Age

austria

finland

denmark

france

west germany

italy

japan

netherlands

norway

spain

sweden

switzerland

usa

 

 

 

0.0002

0.0003

0.0006

0.0015

0.0041

0.0112

0.0424

0.1343

1960 1970 1980 1990 2000

0

10

20

30

40

50

60

70

80

90

100
Females

Best practice mortality surface

Years

Age

      

1960 1970 1980 1990 2000

0

10

20

30

40

50

60

70

80

90

100
Females

Lowest mortality by country

Years

Age

austria

denmark

finland

france

west germany

italy

japan

netherlands

norway

spain

sweden

switzerland

usa

 

 

Figure 1.  Best-practice mortality surface according to probabilities of dying of 13 low-

mortality countries: Austria, Denmark, Finland, France, West Germany, Italy, Japan, 

Netherlands, Norway, Spain, Sweden, Switzerland, USA. 1960-1999. 
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Figure 2. Life expectancy at ages 60 and 80 in 13 low-mortality countries from 1960 to 

2002. 
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Figure 3. Estimated age and time functions, r(x) and k(y), of the relational model. 

 

 

Let’s turn now to cause-specific mortality. The analysis here has been limited to 

Japanese and U.S. female mortality from the group of diseases of the circulatory system, 

which has been classified into four locations: ischaemic heart diseases, other heart diseases, 

cerebrovascular diseases and other diseases of the circulatory system.
3
 Figure 4 shows the 

leading locations by age and time of this group of causes in the two countries. In Japan, 

cerebrovascular diseases are the first category at all ages considered until 1986 when, at 

older ages, the leading location becomes “other hearth diseases”. In the U.S., ischaemic 

hearth diseases are the most important category at all ages for the entire study period. 

 

                                                           
3
 According to the 9

th
 Revision of the International Disease Classification: 

ischaemic heart disease: 410-414; 

other heart diseases: 390-398, 401-405, 415-429; 

cerebrovascular diseases: 430-438; 

other diseases of the circulatory system: 440-459.  
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Figure 4. Leading location by age and time among diseases of the circulatory system. 
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Figure 5. Ratios of Japanese and U.S. probabilities of dying from ischaemic hearth disease 

and cerebrovascular disease. 

 

 

Focusing now on these two country-specific predominant locations, cerebrovascular 

diseases and ischaemic hearth diseases, the analysis reveals completely different age and 

time patterns (Figure 5). Probabilities of dying from cerebrovascular diseases of the two 

countries tend to converge over time, due to a faster decline in Japan, thus reducing the 

Japan disadvantage in mortality from cerebrovascular diseases. On the contrary, the high 

difference between probabilities from ischaemic hearth diseases of the two countries stays 

constant and even slightly increases during the last years of observation, thus maintaining 

the US disadvantage in mortality from ischaemic hearth diseases. The highest discrepancy 

between U.S. and Japanese probabilities of dying from ischaemic hearth diseases is 

recorded at adult and young-old ages. Although different classifications of causes of death 

in the two countries may affect results to some extent, these findings perfectly match with 
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the age and time patterns of deviation from the “optimal position” estimated by the 

relational model for U.S. and Japanese women, helping understand possible reasons for 

these deviations .  

Here the analysis involved only two countries and focused only on one group of causes 

of death. This study will be extended to other countries of interest and to all causes of death 

grouped in main categories. The resulting detailed picture may prove useful to disentangle 

and explain unexpected mortality patterns. 
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