MORTALITY DIVERGENCE AND CAUSES OF DEATH (MODICOD)

3a. General background on current and past research work

Life is the most valuable asset of any human being, a precondition for  every other aspiration. Large differences in longevity across the modern world are regarded as the most unfair and unacceptable ones. Why do some countries and population groups experience continuous improvement in health and survival while others are lagging behind? And why are these inter- and intra-country differences tending to broaden? These questions remain poorly understood.  

In fact, life expectancy divergence is not a completely new phenomenon. A first large and prolonged divergence occurred when life expectancy started to increase steadily in north-west Europe in the mid-18th  century while it remained low in southern and eastern Europe for another few decades, and in developing countries for almost two centuries. Around 1950, however, when it became clear that mortality was decreasing significantly in a number of former or current developing countries, a general convergence seemed to become the most likely future trend for all the laggards, as long as they worked effectively towards the eradication of major infectious diseases. Globally, life expectancy has long been on an uptrend for the vast majority of the world population. Over the past fifty years, progress has been faster in high-mortality countries, where infectious diseases were still highly prevalent, because of the rapid gains at young ages (Omran 1971, Preston, 1976). In low-mortality countries, very few additional gains could be expected from the decline in infectious diseases and their effective prevention and treatment; efforts needed to focus on other causes of death at older ages to achieve further progress. The slow mortality decrease in high-income countries, together with the faster decrease in developing countries over the 1950s and 1960s led many to believe that life expectancy in all countries would eventually converge towards a 75-year supposed biological limit (United Nations, 1958). From the late 1950s to the early 1980s, the convergence trend seemed so robust that it was used as the basis for the projections of the United Nations Population Division. These projections assumed a 2.5-year gain in life expectancy at birth every five calendar years until countries reached a life expectancy of 62 years, and a 2-year gain from then on (United Nations, 1973 and 1981). 

However, previously unexpected and impressive progress against cardiovascular diseases contributed to the resumption of a rapid mortality decrease in the 1970s, especially at older ages, in the most advanced countries. At the same time, the absence of a cardiovascular revolution in Central Europe and the former Soviet Union led to a new process of divergence (Bourgeois-Pichat, 1983; Okolski, 1983; Meslé, 1990; Meslé, Shkolnikov and Vallin, 1992; Shkolnikov, Meslé and Vallin. 1995). These contradictory phenomena are now well documented (Meslé, 2004a; Caselli, Meslé and Vallin, 2002). Though less detailed and precise information is available, the large-scale mortality increases exhibited by many countries in sub-Saharan Africa over the 1980s and 1990s represented a second major contradiction to the convergence theory (Vallin and Meslé, 2004). Divergence further increased in the 1990s and 2000s, when the most advanced countries broke the “upper limit” of life expectancy announced in the previous decades (Oeppen and Vaupel, 2002). 
Finally, quite recently, research has highlighted an increasing length-of-life divergence between the most advanced nations themselves, which remains to be documented. In particular, the United States and the Netherlands have been identified as laggards (Meslé and Vallin, 2006; Crimmins et al., 2010). Within countries, regional and inter-group mortality differences have been also rising. Geographical heterogeneity increased, especially in the United States (Murray et al., 2006; Wilmoth, Boe, and Barbieri, 2010) and in Russia (Vallin, Andreev et al., 2005). 

In general, it seems that patterns of mortality divergence evolve in complex ways across the modern world. Some populations are confronted by particular health problems characteristic of the different stages of the health transition. African countries, for example, appear unable to effectively reduce the prevalence of HIV/AIDS, malaria and tuberculosis, while  countries of the former Soviet Union are unable to initiate their cardiovascular revolution and to reduce the burden of violence- and alcohol-related deaths among young adults. Some high-income countries have lagged behind others in reducing mortality at older ages. This worrisome tendency, its components and driving forces deserve serious attention and systematic study.

Investigations in this difficult field of research can be successful only if based on a strong track record of prior studies. We believe that our Project Team is characterized by an optimal combination of strengths in advanced methodology, health transition theory, and empirical research that guarantees the successful implementation of the proposed scientific project. During the last two decades, members of the Project Team have advanced the health divergence agenda in five areas: 

1) By contributing to the recognition of a new tendency toward divergence in life expectancy and by proposing a method for quantitatively assessing this change.
Studies were conducted on these substantive and methodological issues in 2001-2004 by members of the team, in the framework of the activities of the Committee on Emerging Health Threats of the International Union for the Scientific Study of Population (IUSSP). These studies were paramount to challenging the idea of a mortality convergence that had predominated until then (Wilson, 2001). The 2002 article by Caselli, Meslé and Vallin was probably the first to systematically analyze the numerous and durable exceptions to the long-term upward life expectancy trend in Eastern Europe and in sub-Saharan Africa. It showed that some countries had failed to complete the various stages of the epidemiologic transition, or were advancing at a very slow pace. A later study by McMichael, McKee, Shkolnikov, and Valkonen (2004) argued along the same lines, finding that over the 1990s and the early 2000s mortality setbacks occurred in 44 countries, and drawing attention to the widening socioeconomic differentials in mortality within countries. A more recent study demonstrated that the longevity divergence is progressing because of health problems not only in sub-Saharan Africa or the former Soviet Union, but also among the OECD countries. The United States, the Netherlands, and Denmark, in particular, have been experiencing serious problems in gaining additional years of length of life, in contrast with the positive experiences of many other countries led by Japan and France (Meslé and Vallin 2006; Glei, Meslé and Vallin, 2010). Moser, Shkolnikov and Leon (2004) suggested using quantitative indicators based on a Gini-like dispersion indicator to measure the degree of mortality divergence. Finally, studies by the team members have broadened to cover the changing gender and inter-group contrasts in length-of-life and mortality in a number of European countries such as the Czech Republic, Estonia, Finland, Germany, Latvia, Lithuania, Norway, Russia, and Sweden (Cambois, 2004; Meslé, 2004b; Shkolnikov, Andreev, Anson et al. 2004; Vallin, Andreev et al., 2005; Vallin, 2006; Jasilionis, Stankuniene and Shkolnikov, 2006; Shkolnikov, Andreev, Jasilionis et al. 2006; Shkolnikov, Scholtz et al. 2007; Shkolnikov, Jasilionis, Andreev et al. 2007; Kibele, Scholz et al.,, 2008; Andreev et al., 2009; Shkolnikov, Andreev et al., 2011).
2) By developing a new concept of divergence-convergence cycles within the framework of the health transition theory, thus resolving the apparent contradiction between the continuous health progress in some countries or regions and the emergence of mortality setbacks in others. 
This group of studies mostly includes work by Meslé and Vallin. They have provided the conceptual basis for explaining contradictory waves of divergence and convergence and have helped to formulate a general theory including both the original “epidemiologic transition” idea and its unexpected “exceptions”. In 2004, Vallin and Meslé proposed a new theory of segmented health transition that consists of progressive stages. 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. These countries benefit from an economic, social, political, and organizational configuration particularly favorable to the spread of this particular innovation, and rapidly distance themselves from the rest. Convergence occurs when the laggards finally catch up with the leaders, eventually closing the initial gap, a phenomenon that produces an accordion-like pattern of international disparities, with a succession of expansion and compression phases (Meslé and Vallin, 2004, 2005; Vallin, 2005). The first such major cycle was initiated when modern tools for fighting infectious diseases were developed, starting with Europe in the mid-18th century and progressively reaching the rest of the world by the mid 20th century. A second major cycle occurred with the cardiovascular revolution that started in many Western countries in the early 1970s and that has left Eastern Europe lagging behind. Within the latter region itself, a similar cycle has occurred, with some countries eventually catching up, like Poland or the Czech Republic (which did so as early as the end of the 1980s), or Hungary and Romania (in the mid-1990s), while others, like Russia and Ukraine, have been unable to do so up to now. When the second cycle of divergence-convergence started, many countries in other parts of the world were still struggling to close the gap created by the first cycle. And a third cycle seems to have started already, with a new phase of progress characterized by increased longevity at the oldest ages, which could further widen the gap between the world leaders and laggards in health and mortality (Meslé and Vallin, 2006). Consequently, in spite of the very impressive rise in human longevity, world inequalities in life expectancy have never been as high as today.  

3) By refining the methodology for analyzing the age function of mortality and the survival curves to assess the intrinsic patterns shaping overall survival changes.
Unconventional life-table measures have been developed by some of the team members. These measures express important features of life-table distributions that complement more conventional indicators of longevity. In 2001, Anand, Diderichsen, Evans, Shkolnikov and Wirth suggested using the Gini coefficient and some other econometric indices for measuring inter-individual inequality in the age-structure of mortality. This idea was developed in greater detail and applied in practical calculations by Shkolnikov, Andreev and Begun (2003). In 2002-2003, Vaupel and Canudas-Romo (2002 and 2003) introduced a useful measure named “e-dagger” that reflects both life-table disparities and lifetime losses. Finally, in his 2008 and 2010 articles, Canudas-Romo developed a mathematical framework for studying the modal age at death (the age at which most people die) and for measuring the degree of mortality reduction among the very old. 

4) By developing a decomposition method to assess how changes or differences in the overall length of life and other life table measures (item 3) depend on variations in the age- and cause-of-death pattern of mortality. 
The classic decomposition method to assess changes in life expectancy by age and cause of death was developed in the 1980s (Andreev, 1982, Arriaga, 1984, Pollard, 1982; Pressat, 1985). In the 2000s, decomposition methods were substantially improved by studies to which several of the Project Team members contributed.  
In 2002, Vaupel and Canudas-Romo introduced an essentially different method of decomposition that allows for the decomposition of change in life expectancy into components related to the mean mortality level  and the evenness of the mortality distribution by age.  Andreev, Shkolnikov and Begun (2002) developed a powerful algorithm for the numerical decomposition of aggregate demographic measures so as to decompose any change in a life-table-based quantity by age and cause of death. Finally, Beltran-Sanchez, Preston and Canudas Romo (2008) advanced the decomposition methodology in a different direction by linking decomposition to the classic cause-deleted life-table framework. In general, these studies substantially extended the range of measures for which decomposition is possible and broadened the field of application of the decomposition method.

5) By further improving the methodology already used in France for reconstructing continuous cause-of-death series of mortality and expanding its use to a dozen other European countries 
Analysis of cause-of-death patterns is a necessary step for identifying the factors responsible for changes in the length of life and for the improvement, stagnation, or deterioration of survival. However, such analyses require long time series of consistent cause-of-death data that usually do not exist. Indeed, changes in the International Classification of Diseases (the standard classification scheme proposed by the World Health Organization and now used in most countries of the world) have produced severe statistical disruptions. In some cases, the issue can be partially solved where and when bridge-coding studies are conducted at the time a new classification is introduced. Unfortunately, in most countries and for most classification changes, such studies are unavailable. Research suggests that the results of bridge-coding studies cannot be directly applied from one country to another because of differences in the interpretation of coding rules and in the application of successive revisions of the International Classification between countries (Meslé and Vallin, 1993; 2008). To remedy this situation, a method was developed and implemented by Vallin and Meslé, that was first applied to French historical data for the period 1925-1978 (Vallin and Meslé, 1988) and later extended up to 1999 (Meslé and Vallin, 1996). During the 1990s, the method was adapted and used for several countries of the former USSR, namely Russia (Meslé, Shkolnikov et al. 1996; Meslé Vallin et al. 2003), the Ukraine (Meslé and Vallin, 2003), and the three Baltic countries (Hertrich and Meslé, 1997). In the early 2000s, its application was extended to other countries of the former USSR, such as Belarus (doctoral dissertation of Pavel Grigoriev, forthcoming), Moldova (Penina, Meslé and Vallin, forthcoming), Georgia and Armenia (currently under way). Reconstruction work has also been initiated in Poland (Fihel, forthcoming), the Czech Republic (Pechholdova, 2010) and, most recently, in one western European country, West Germany (Pechholdova, 2009).   

The proposed research project will seek to determine why inter-country differences in longevity between developed countries have been rising and to identify the barriers to further improvement in the high-income countries that are lagging behind. We will address these important questions in novel ways by combining newly reconstructed continuous series of mortality by cause of death with life-table measures and models. Addressing these questions will involve assessing cross-country variability in life table measures, constructing long-term continuous national cause-specific mortality series, analyzing them in the light of the health transition divergence-convergence framework, and linking them to the spatial variation/temporal change in longevity and other principal life table measures by means of decomposition. Special attention will be paid to the components and factors of higher mortality and slower progress in some populations and of lower mortality and faster progress in others. As demonstrated by our earlier studies, we believe that our research experience, methodological knowledge and practical skills provide proof of our capacity to successfully carry out all of these steps and improve our understanding of processes of mortality divergence, insufficient progress or even, in some cases, regression. 

