3f. Proposed research project for the coming years

The research project has a three-fold objective: (1) to identify and refine the most powerful existing indicators of trends and differentials in mortality with a first view to explaining unexpected observed facts; (2) to reconstruct coherent time series of deaths by cause to make possible more complete explanation; (3) to use the refined and/or newly built indicators and models and the comprehensive set of cause-of-death data to fully understand recent trends and differentials, to forecast the future of life expectancy, and to recommend appropriate policies. 
1. Selecting and refining better measures and models of survival and longevity
Since the late 1990s, much research attention has been devoted to unexpected trends in mortality. The studies have focused on the dramatic rise in survival at old and very old ages in the lowest mortality countries (Kannisto, 1996; Wilmoth, 1998; Rau, Oeppen and Vaupel, 2002; Rau et al., 2008), which has coincided with increasing survival disparities both across and within national populations (Meslé, 1991; Barbi, 2008; Mackenbach et al., 2003; Huisman et al., 2004; Meslé, 2004a; Moser et al., 2005; Taylor, 2009). 
To understand these new phenomena, the research methodology needs to be further developed. In the present project, a coherent set of comprehensive methods will be applied for the systematic analysis of patterns of length of life and survival in developed countries. These methods focus on five main areas.
a) Length of life over time and across countries

Life expectancy is seen by many as the most useful measure for assessing general health progress. Analyses of life expectancy trends in the developed world will be performed for national populations and groups of countries formed on the basis of geographical proximity, similarity of socioeconomic characteristics and/or mortality patterns. 

In addition to analyzing trends in life expectancy in different countries, we plan to study changes in inter-country divergence. Three measures will be used for its quantification: the range of variation (Max-Min), the dispersion measure of mortality (DMM) and the slope index of inequality (SII). All three quantities measure absolute inequality and are counted in years of life. For more details see Section A of the Technical Appendix.
The DMM is equal to the population-weighted mean difference between country-specific life expectancies across all possible pairs of countries. DMM has been applied in analyses of life expectancy disparities across countries of the world (Moser et al., 2004), across educational groups (Shkolnikov, Andreev, Jdanov et al., 2011), and across regions (Saikia et al., 2011).

SII has been mostly used for measuring health disparities across individuals and socioeconomic groups (Wagstaff et al., 1991; Kalkwani et al., 1997). In the case of country life expectancies, SII reflects the difference between expected lengths of life of the “sickest” and the “healthiest” individuals by means of linear regression running across all country populations ordered by life expectancy.
Each of the three measures of inter-country divergence has its own interpretation and is characterized by specific strengths and weaknesses (Harper, Lynch et al., 2008; Messer, 2008). Applying them systematically to the same large country dataset will provide new insights on their respective advantages and shortcomings and will help to better identify the main features which can explain diverging trends. 
b) Lifetime disparity and lifetime losses 

Lifetime disparity provides important information in addition to the central tendency (mean length of life). There are mathematical expressions that link a change in mean length of life with lifetime disparity (Keyfitz, 1977; Vaupel and Canudas-Romo, 2003). 

Empirical studies in this research area began in the late 1990s. Increases in life expectancy since the 1970s were found to coincide in some countries with a stabilization, if not an increase, in the age-at-death disparity within sub-groups of the population (Wilmoth and Horiuchi, 1999; Shkolnikov, Andreev, Begun 2003; Edwards and Tuljapurkar, 2005; Zhang and Vaupel 2009). This unexpected change is attributable to the growing survival to advanced ages and also to difficulties in reducing mortality at middle-adult ages. 

We plan to perform a systematic study of trends and differences in lifetime disparity. Two measures will be used: lifetime losses, or e† (e-dagger), that quantifies potential years of life lost due to death, and the average inter-individual difference in age at death (AID). See section B of the Technical Appendix. 
c) Age patterns of survival  

Although mortality in infancy and childhood has been decreasing rapidly everywhere, the variability in the probability of surviving to old age and also in the level of death hazard among those who are already old is substantial. For some populations (especially male populations) it is very difficult to reduce premature mortality at young- and middle-adult ages. The mortality decrease at older ages is a relatively new phenomenon that started in the late 1960s. In this regard, there are also large international differences, with some countries performing substantially better than others. Section C of the Technical Appendix illustrates the positions of countries by probability of survival between ages 15 and 65 and by life expectancy at age 65. 
We plan to classify developed countries according to the shapes of their mortality surfaces – e.g. distributions of death hazards across age and time. Analyses of the surfaces will be performed using the Lee-Carter model (Carter and Lee, 1992; Lee and Miller, 2001). Analyses of mortality surfaces in various countries with Lee-Carter parameters will highlight the principal features of age patterns and temporal changes.  
Analyses of midlife and old-age mortalities will highlight the respective roles of these two components in explaining the differences in countries’ positions and trends. The next two sections explain how we will estimate these two components.
d) Midlife mortality

If one assumes that the lower and upper limits of midlife are fixed and known - for example ages 15 and 65, then midlife mortality can be estimated as simple life table quantities. In particular, the probability of survival between exact ages 15 and 65 can be used. Reduction of life expectancy due to death before 65 years (RLE65-) is another simple life-table-based measure that is used by the World Health Organization (Health for All Database, 2011). It is equal to the lifetime that would be gained if all deaths under age 65 were eliminated: 
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A more sophisticated approach is related to the parametric modeling of the age distribution of death hazards. Each of the parameters to be estimated plays its own role in shaping the age distribution. Values for these parameters help to interpret changes and variations in mortality. The method assumes that the continuous mortality curve covering the entire age range is represented as the sum of three functions corresponding to infant, midlife and senescence mortalities: 
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Note that at some ages the neighboring components overlap. 

It is especially difficult to assess 
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because the mortality distribution over midlife ages cannot be described by any standard functional shape. Despite the existence of several methods for simultaneously modeling the three components, there is no fully-satisfactory (“golden standard”) model (for more details see section D of the Technical Appendix). We will have to find the best solution in the scope of the project. 

e) Longevity  

Longevity is considered here as the capacity to survive beyond a certain “old” age. There are different principles for defining the age threshold. It can be defined as a constant value (such as 65 years as a typical legal retirement age) or as the average age at death (life expectancy) that changes over time (Canudas-Romo, 2010; De Benedictis and Franceschi, 2006). Life expectancy at age 65 and the probability of survival from age 65 to age 85 can be used as very basic life table measures to assess the level of death hazards at old ages. 

Recent work by Canudas-Romo (2008, 2010) revealed important features of the life table’s modal age at death (xmod). In historical populations, the mode of the d(x) distribution was higher than the average length of life by 10 to 15 years, due to high early-life mortality. In modern populations, the difference is still 5 to 6 years. Between the 1840s and the 1970s, the modal age at death had been stagnating, but it has started to increase in low-mortality countries since the mid-1970s (Canudas-Romo, 2010). This trend highlights the extension of the human life span to advanced ages (Bongaarts and Feeney, 2002; Canudas-Romo, 2008). Section E of the Technical Appendix shows how xmod can be estimated.  

Although e65, 20p65, and xmod are measures of old-age mortality, they do not specifically reflect survival to extreme ages. One way to evaluate this aspect of old-age mortality is to look at the highest age at death in a population (Wilmoth, Deegan et al., 2000). The instability or/and insufficient quality of death data at very old ages limit the value of this indicator. 

Another potentially useful measure of advanced survival is based on the geometry of the survival curve (Cheung, Robine et al., 2005). The quantity xmod+4SD(xmod+), with SD(xmod+) being the standard deviation of dx above the modal age, indicates by how much the highest life durations in a given population exceed the modal age at death.
The above measures and models rely on the availability of mortality surfaces. These are continuous series of detailed data on age- and year-specific death rates (Delaporte, 1938; Andreev, 1999; Vaupel, Wang et al., 1997; Barbi, 2003; Barbi, 2008; MPIDR, 2011). For all-cause mortality, the HMD (Human Mortality Database, 2011) provides such data for 37 developed countries and regions, in a standardized format which will allow systematic applications of these measures and models for a world-wide comparison. 
After consolidating all these indicators for all-cause mortality, the next step is to break them down by cause of death. To do so, we need coherent time series of deaths by cause.
2. Reconstructing coherent series of mortality by causes of death.
All high-income, low-mortality countries routinely generate detailed data on deaths by cause based on the International Classification of Diseases (ICD) that is maintained by the World Health Organization (WHO).  However, times series resulting from these raw data are severely disrupted in different ways, and especially because of periodical changes in the ICD. Furthermore, countries previously under Soviet rule used the so-called Soviet classification, which was itself revised several times, without any direct connection with changes in the WHO classification. Two solutions exist to overcome the crucial problem of classification change, depending on the way national statistical institutions managed the transition from one classification to the next. If complete bridge coding was performed for the transition year, it is quite easy to compute transition coefficients to convert time series constructed under the former classification into new series under the new classification. Unfortunately, very few countries have performed bridge coding and among those that have done so, the method used was not always appropriate. In the absence of complete bridge coding, the second solution is to reconstruct coherent series through an in-depth analysis of the classification changes, both in terms of medical contents and in terms of statistical continuity. For that purpose, a method was developed at INED in the 1980s to reconstruct French series from 1925 to 1978 (Vallin, Meslé, 1988). However, classification change is not the only issue. At least two other problems have to be solved. First, raw series are also frequently disrupted by changes resulting from one-off decisions by national statistical institutions about coding rules and practices, often without any specific documentation. Second, large variations in the proportion of deaths for which the cause is unknown or ill-defined severely limit comparability across countries and/or over time.  

Thanks to previous work, coherent time series have already been reconstructed for some periods in some countries, including France, Russia, the Ukraine, Belarus, Estonia, Latvia, Lithuania, Moldova, West Germany, the Czech Republic, and Poland. The aim of the current project is to complete the work in these countries in order to cover missing periods and to expand the list of countries to other important ones, including the U.S.A., England and Wales, Spain, Japan, East Germany, and Romania.
a) Bridging successive classifications

In this project, the greatest challenge is to make available coherent time series for a substantial number of countries (the 17 mentioned above) for at least the last four decades. For countries where a part of the work has already been done, the priority will be to deal with the transition to ICD-10, since existing reconstructed series all start in 1970 or before. In the case of countries for which no reconstruction has ever been done, the first priority will be to convert data for the period covered by ICD-9 (which varies by country but generally starts in the late 70s) into ICD-10. Then, if time, human resources, and the budget so permit, data under ICD-8 (generally starting from the early 70s) will also be converted first into ICD-9 and then into ICD-10. 

This work is very time consuming because, as shown by earlier studies, it is impossible to apply the transition coefficients produced for one country (either from bridge coding or from the INED method) to other countries, due to the large variations in the interpretation of coding and other rules within each country (Meslé, Vallin 1993, 2007; Barbieri, Meslé, 2008). 

When bridge coding is available
Available bridge coding seems to be sufficient or at least very helpful for the transition from ICD-9 to ICD-10 for two countries only, namely England and Wales, and the U.S.A. It will be enough to get respective complete datasets and to use them to compute transition coefficients and then to apply the coefficients to the ICD-9 data. For the preceding period, the existence, availability and quality of bridge coding will be investigated. In the best scenario, transition coefficients from ICD-8 to ICD-9 will be computed and applied to ICD-8 data, and then data converted into ICD-9 will be treated as data originally available under ICD-9 so that they can be converted into ICD-10. 

In the absence of appropriate bridge coding
No sufficient bridge coding exists in any other country on our list. Sometimes, like in France for the transition to ICD-10, bridge coding is available but quite insufficient in terms of sample size and/or the level of detail in the list of causes. And for most countries, no bridge coding at all is available. To solve this problem, ex post bridge coding must be simulated to estimate transition coefficients. The method developed at INED for France comprises three steps to be applied to each revision of the classification:

1. Establishing two correspondence tables. The first one lists for each item of the previous classification all the items of the new classification that have any piece of medical content in common with it. The second does the reverse by listing for each item of the new classification all the items of the previous one that have any piece of medical content in common with it.

2. Building fundamental associations of items that identify the smallest possible number of items of the previous classification and of the new one that have exactly the same medical contents in the total. This is obtained from a systematic collation of the two correspondence tables. 

3. Performing the ex post bridge coding. Assuming that the deaths of the first year under the new classification would have been distributed in the former one as observed for the last year under the former classification, the cells of the matrix crossing items of the two classifications are filled according to the marginal totals and taking into account links between items that are expected from their medical description. This can often be done immediately. In some more difficult cases, an iterative process is required. Last, the ex post bridge coding is used as a real bridge coding to compute transition coefficients.
After steps 2 and 3, the results obtained on the basis of the medical descriptions of the classification changes and of the medical logic of the classification rules, have to be checked from a statistical point of view. In fact, experiments have proved that in many cases, real coding is not always entirely consistent with what one would expect from the medical descriptions and classification rules. To identify the discrepancies, the continuity of the resulting series must be systematically checked, at the level of the fundamental associations of items, as well as at the level of the final results by detailed items. Each time a suspicious disruption appears in a series for the year when the new classification is implemented, a possible misuse of medical definitions must be identified to decide on a change, either at the level of the fundamental associations of items or at the level of the transition coefficients. Of course, such checks have to be made not only for the total number of deaths but also by age group and even by sex in some cases.

Taking into account the reconstructed series that already exist, this long process of reconstruction will have to be applied as follows, by country.
Work to be done country by country
France: reconstructed series already exist for 1925-1999 (Vallin, Meslé, 1998; Meslé, Vallin, 1996; http://www.ined.fr/fr/ressources_documentation/donnees_detaillees/causes_de_deces_depuis_1925/); work has to be done for the transition to ICD-10.

Russia: reconstructed series already exist for 1956-1997 (Meslé, Shkolnikov et al. 1996; Meslé, Vallin et al. 2003; DCD: http://demoscope.ru/weekly/causurss/caus01.php); work has to be done for the transition to ICD-10.

Ukraine: reconstructed series already exist for 1965-2004 (Meslé, Vallin, 2003; DCD: http://demoscope.ru/weekly/causurss/caus01.php) ; work has to be done for the transition to ICD-10  (first priority). Additional reconstruction would be useful for the period 1959-1964 (second priority).

Baltic countries: provisional reconstructed series already exist for 1956-2009 (Meslé, Vallin, Jasilionis, forthcoming; DCD: http://demoscope.ru/weekly/causurss/caus01.php) but final checks are still required for the last classification change (first priority). 

Moldova, reconstructed series already exist for 1965-2009 (Penina et al. 2010) work has to be done for the transition to ICD-10.  Additional reconstruction would be useful for the period 1959-1964 (second priority).
West Germany, reconstructed series already exist for 1968-1996 (Pechholdova, 2009), work has to be done for the transition to ICD-10 (first priority). Additional reconstruction would be useful for the period 1958-1967 (second priority).
Czech Republic, reconstructed series already exist for 1968-1993 (Pechholdova, 2010), work has to be done for the transition to ICD-10 (first priority). Additional reconstruction would be useful for the period 1958-1967 (second priority).
Poland, reconstructed series already exist for 1970-2007 (Fihel et al., 2010). Additional reconstruction would be useful for the period 1958-1967 (second priority).

East Germany, no reconstruction at all. Work has to be done for the transition from ICD-8 to ICD-9 and from ICD-9 to ICD-10. Both are a first priority since a very important goal of the project is to compare East and West Germany used as quasi experimental case of East-West divergence-convergence.

England and Wales, no reconstruction at all. Work has to be done for the transition from ICD-9 to ICD-10 (first priority) and then for the transition from ICD-8 to ICD-9 and to ICD-10 (second priority).
Japan, no reconstruction at all. Work has to be done for the transition from ICD-9 to ICD-10 (first priority) and then for the transition from ICD-8 to ICD-9 and to ICD-10 (second priority).
Romania, no reconstruction at all. Work has to be done for the transition from ICD-9 to ICD-10 (first priority) and then for the transition from ICD-8 to ICD-9 and to ICD-10 (second priority).

Spain, no reconstruction at all. Work has to be done for the transition from ICD-9 to ICD-10 (first priority) and then for the transition from ICD-8 to ICD-9 and to ICD-10 (second priority).

The United States, no reconstruction at all. Work has to be done for the transition from ICD-9 to ICD-10 (first priority) and then for the transition from ICD-8 to ICD-9 and to ICD-10 (second priority).
b) Other problems

Unexpected changes between official revisions
Official revisions of the classification of causes of death are not the only reason for changes in the medical content of the items. Very frequently, occasional changes are made by the national statistical institutions either in the practical application of the definition of certain item(s) or in the interpretation of some rules for the selection of the “initial” cause of death. Furthermore, since the 10th revision of the ICD, the WHO itself produces an annual update. Apart from the latter case, the most problematic issue is that all these changes are rarely documented in most countries.

Consequently, the statistical continuity of the reconstructed series must be systematically verified not only by focussing on the specific year of transition to the new revision but also by looking at any unexpected break that might appear outside the years of ICD revision. As previously, each time a suspicious break appears in a series, a possible misuse of medical definitions must be identified to decide on an ex post correction. This may involve two or more series showing disruptions in opposite directions for which there may be a medical explanation.  

Ill-defined causes
If the proportion of ill-defined causes of death changes with time or varies from country to country, interpretation of time trends or geographical differences is biased. Furthermore, when the proportions are very high, some conditions are more likely to be registered as ill-defined than others. Fortunately, especially in recent years, the proportion of ill-defined causes has become very small, so the first problem can be solved by a simple proportional redistribution and the second one is negligible. However, in some specific cases, special methods have to be applied, depending on the nature of the problem. For example in France, the proportion of ill-defined causes was very high over a long period of time and their redistribution had to take into account the strong relations between these and other specific causes. In the recent period, another example was given by the changing use of the item “senility” in some post-Soviet countries. Here too, an appropriate method of redistribution had to be used.

A third problem is that some causes of death considered as specific causes by the current classification are in reality ill-defined causes. This is the case, for example, when “uraemia” is considered as a renal disease instead of an ill-defined cause. When analysing the results of reconstructed series it will be necessary to pay attention to these so-called “garbage causes”.
c) Refining processing methods

As already mentioned, the reconstruction process is very long and each step requires careful and detailed checking of the results by cause of death, age and sex. As yet, there is no automated process to build correspondence tables, to detect breaks or to compute transition coefficients. Furthermore, it will be of interest to develop different methods of distribution of ill-defined causes.
Detecting breaks in the series

Preliminary work has been carried out by the P.I. and other colleagues to produce a statistical measure of disruption in the death series at the time of each ICD transition (Barbieri, Chung, and Boe, 2008). This measure is used to evaluate the degree of disruption prior to reclassification, and to gauge the success of the reclassification procedure. Further work will be conducted over the course of the project to develop a model to fit trends before and after the transition and to detect any break in these trends due to the change in classification. The model could then be applied to each age group by sex. 

Producing transition coefficients

Transition coefficients are still mainly estimated by hand for each elementary association. It will be a valuable improvement to develop a tool for computing these transition coefficients automatically according to the correspondence matrix between items derived from the complete set of associations. This can be done for each age group separately. The consistency of the transition coefficients from one age group to the other then has to be guaranteed. Some models have already been tested, which could help solve this problem.  

Redistributing ill-defined causes

The proportional redistribution of ill-defined causes is far from the best solution to eliminate biases induced by the changing proportion of ill-defined causes in time and space. Sully Ledermann (1955) suggested studying spatial correlations between the proportion of deaths from ill-defined causes and the proportion of deaths from each specific cause of death. This method was adapted for the French case taking temporal correlations into account (Vallin, Meslé, 1988). In the case of post-Soviet countries, a selective redistribution favouring some well-defined causes, assumed to be linked with ill-defined causes, was adopted (Meslé, Vallin 2003). Each new national case will require a specific treatment of ill-defined causes. Each time, different methods of redistribution will be tested and the choices will be justified.

3. Understanding recent trends and differentials to foresee possible futures and appropriate policies 
a) Grouping causes of death into a list of meaningful epidemiological entities
Many authors or statistical institutions propose and/or use various types of cause-of-death groupings, starting with the WHO “special tabulation lists” (WHO, 1992) or the “European short list” (Eurostat, http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:European_shortlist_of_causes_of_death) and ending with targeted groupings like “avoidable diseases” (Holland, 1998), “diseases amenable to health care” (Nolte, McKee, 2003), “aetiological processes” (Vallin, Nizard, 1978), or with dichotomies like “man-made diseases” or not (Omran, 1971), or “communicable diseases” or not (Coker et al, 2008). All these groupings will be considered with a view to developing a multipurpose list of meaningful categories for mortality analyses. This will result in a final list that will reduce the ten thousand ICD-10 items to fewer than 200 entities, compatible with most of the previous combinations, and cleaned of all “garbage codes” (ICD items that are not informative about the cause of death) (Mathers et al., 2003) .
The resulting database, which will include a large number of cause-of-death mortality series for about 200 disease categories comparable across countries and over extended periods of time, will be the main foundation for the calculation of various indicators and measures of survival and longevity as described below. 
b) Linking causes of death and measures of survival and longevity

How does higher or lower mortality from particular causes of death influence inter-country differences and changes in survival and longevity? Cause-of-death decomposition of average length of life, lifetime disparity, measures of midlife and old-age survival is one way to answer this question. Modern demography includes a spectrum of decomposition methods linking changes or differences in demographic measures to covariates (Canudas-Romo, 2003). In this project, we will identify the most appropriate existing methods and develop new methods for the decomposition of certain measures (especially measures of longevity) and we will apply them through systematic analyses across developed countries and over long periods of time.
We will focus on the following groups of methods:

- the multiple-decrement life table framework for decomposing life expectancy and lifetime losses;
- the effects of elimination of causes of death on survival functions and life-table aging rates;
- universal methods for age-cause-decompositions of any aggregated quantity based on a matrix of age-and-cause-specific death rates.  

In the multiple decrement life table (MDL) (Chiang, 1968), total life expectancy change is determined by two factors: elevations of cause-specific mean ages at death and increases in the share of causes characterized by higher ages at death. Lifetime losses (e-dagger) can also be presented as a sum of cause-specific losses via cause-specific numbers of life-table deaths and cause-specific mean ages at death (more details are provided in section F of the Technical Appendix).  

Analyses of the life table aging rate (LAR) allows for the detailed examination of the relationship between the rate of mortality increase with age and cause of death patterns (Horiuchi and Wilmoth, 1997). 

Universal techniques exist to split the difference between two values of any aggregate measure into additive components (Andreev et al., 2002; Horiuchi, Wilmoth and Pletcher, 2008). In this project, we will focus on components produced by variations in age- and cause-specific death rates and will apply the stepwise replacement algorithm (Andreev et al., 2002). More details can be found in section F of the Technical Appendix.

c) Understanding current differences by revisiting historical changes

Current differences in mortality patterns by sex, age and cause of death are a direct result of diverging trends in the distant or more recent past. By applying the indicators and models mentioned above to the comprehensive cause-of death database to be completed, a series of demographic analyses will attempt to explain the process of both divergence and current heterogeneity.  Two main fields of explanation will be explored.
Clustering countries according to epidemiological patterns to understand diverging trends and growing heterogeneity

International comparisons will lead to clustering demo-epidemiological country profiles that can be associated with the observed growing heterogeneity. As far as possible, such analyses will also be conducted to investigate differences within countries (either among geographical entities or among social or cultural groups). Of course, the gender issue will be considered as an important component, the role of which remains to be elucidated. 
Revisiting health transition theories and seeking answers to pending questions 
The database including all reconstructed series of deaths by age, along with the enhanced technical tools, will be used to test the new concept of divergence-convergence cycles within the framework of the health transition theory recently developed by the team members. The main idea is that any major innovation resulting in massive health progress can initially be a source of divergence between countries or population groups because some are better prepared to take advantage of it than others. Convergence occurs only when the laggards finally acquire the same ability and catch up with the leaders. Until now, the theory has been developed mainly on the basis of life expectancy trends. On the one hand, this project will allow to check if the theory still fits with trends observed through new indicators, taking more precisely into consideration dispersion measures and/or the leading roles of mortality indicators for specific stages of the life cycle. On the other hand, by adding more countries with refined cause-of-death statistics, it will be possible to assess the role of the cardiovascular revolution and that of the decline of man-made diseases in the second divergence-convergence cycle and, overall, to fully identify the factors of the most recent divergence observed among the most advanced countries at very old ages. 

d) Using the findings to foresee possible futures and appropriate policies

From the project findings it will be possible to make new progress in two main directions: refining mortality forecasts and identifying major policy challenges.

Using cause-of-death series to refine health and mortality projections 
By using the detailed information on trends given by the new indicators and models, especially about age and causes of death, it will be possible to better foresee the future in terms of the age structure of mortality and epidemiological profiles, as well as to identify precisely the main causes of death that will predominate over the next decades.

Indeed, population aging is increasingly a direct consequence of mortality trends at older and older ages. The refinement of the study of mortality trends at these ages is crucial to evaluate the challenge of aging and the burden of dependency.   
At the same time, middle age mortality is still a major health problem in some advanced countries, mainly in Eastern Europe, but also in countries like Denmark, or even France or the U.S.A. for some sections of the population (men, lower social classes, etc.). Modeling the future of middle age mortality by cause of death will provide useful pointers for future public health demand and policies.

Discussing policies 

Detailed analyses of mortality trends will provide a baseline for the precise evaluation of health policies as well as specific interventions. The panel of studied countries includes various particular cases of health problems targeted by specific policy measures: alcoholism, tobacco consumption, traffic accidents, obesity, etc., but also cancer, cardiovascular diseases, Alzheimer's disease, etc. More generally, different health systems can be related to actual mortality trends.

Furthermore, mortality forecasts under the assumption of a continuation of recent trends are a basis for identifying the main challenges for future health policies. What will be the main causes of death to be tackled? How long will cancer continue to be the main killer at ages 60-80? What will replace circulatory diseases as the major cause of death among the oldest old? Will neurodegenerative diseases or respiratory diseases take the lead? When? Answering such questions is crucial for orienting mid- or long-term investment in medical technology.  
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