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Executive Summary 

The study of mortality and morbidity is a keystone of actuarial activity. Most mortality studies identify 
patterns and trends in historical data, with the objective of comparing and projecting these to the future 
development of the population. These patterns may change for many reasons; in this study we 
concentrate on differences in causes of death (CODs). As mortality by each COD exhibits different 
patterns from mortality by others, and from the total mortality of a population, a detailed study of 
mortality by COD can provide a deeper understanding of overall mortality and morbidity patterns, and 
better guide actuaries and decision-makers. 

The study assessed and analyzed existing mortality data by COD, country, and time, from two major 
sources: the Human Cause-of-Death Database with 16 countries (Belarus, Czech Republic, England and 
Wales1, Estonia, France, Germany, Japan, Latvia, Lithuania, Moldova, Poland, Romania, Russia, Spain, 
Ukraine, USA), and the Cause of Death section of the Human Mortality Database with eight countries 
(Canada, Czech Republic, England and Wales, France, Japan, Norway, Sweden, USA). These databases 
adhere, though with some deviations, to the International Classification of Diseases Version 10 (ICD-
10). We grouped the multitude CODs of the ICD-10 into four major categories, with 28 sub-categories, 
and mapped the information of the source databases into this grouping. The union of the databases 
includes 15 usable countries, with data covering male and female mortality, mainly from the 1950s until 
recent years.   

Two basic metrics were used to compare between countries, gender, age groups, and patterns over 
time: mortality rates in the corresponding life tables, and Weighted Years of Life Lost (WYLL), which 
was further refined into WYLL by COD. We could thus measure the contribution of each COD to the 
country’s mortality, assess patterns over time, and compare between countries. We also defined a 
“measure of cohortness” to assess the extent of cohort effects of each COD; i.e., the phenomenon where 
the mortality of people born in certain years improves at a higher rate than the corresponding mortality 
of people born earlier or later. 

Our major findings include: 

• Analysis of CODs trends shows that each cause has its own characteristics, sometimes with 
similar results by country and sometimes with important differences between countries, and 
particularly between Eastern European nations and other countries. 

• Although heart and circulatory diseases play a dominant role in all countries, there is 
considerable geographic variation. These death rates are higher in Eastern Europe, and affect 
Eastern Europeans at younger ages than in other countries, with the WYLL being about three 
times that of the U.S. and Western Europe. Also, in some countries these death rates are higher 
for men, while in others they are higher for women. 

• WYLL from external causes – i.e., accidents, suicide, and homicide – are highest in Russia, 
Lithuania, Ukraine, Latvia, Estonia, and the U.S., and lowest in Spain and in England and Wales. 

• This study confirms and quantifies that rapid improvements in mortality from heart disease and 
related conditions have brought mortality levels down to a level never believed before to be 
achievable by medical technology. 

 
1  In the databases that are part of this study, England and Wales are treated as one country. 
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• Mortality improved at different rates by age group. For example, in England and Wales the 
mortality rate for the 55–70 age group in 2016 was 41% of the rate in 1965. The corresponding 
ratio for the 85+ age group was 72%, and for the 25–40 age group 59%.  

• Some CODs have a sharp increase at older ages, particularly dementia and Alzheimer’s disease. 
• Cohort effects were studied. These are predominant for deaths from cancer, especially lung 

cancer, but not for all countries.   
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Section 1 – Introduction 

1.1 Why are causes of death relevant for actuaries? 

We all know we are going to die; but not when or how. These questions have occupied people’s minds 
for many generations. An ancient Jewish prayer reads: 

On the New Year will be inscribed and on the Day of Atonement will be sealed – how many will 
pass from the earth and how many will be created; who will live and who will die; who will die 
after a long life and who before his time; who by water and who by fire, who by sword and who 
by beast, who by famine and who by thirst, who by upheaval and who by plague, who by 
strangling and who by stoning...2 

Actuaries are usually more concerned with when rather than how. Benefits from insurance products and 
pension schemes are nearly always dependent on the event of death or survival. Why should we be 
interested in causes of death (CODs)? 

A trivial reason is that in some cases the COD may be relevant – e.g., for an insurance company which 
pays an additional amount on death by accident (a cover sometimes called “double indemnity”3), or an 
exclusion clause for suicide. For a particular country, the relevant statistics can be readily available, 
subject to ensuring that they are appropriate to the policy conditions. 

Importantly, a deeper study of mortality by CODs can provide a better understanding about changes in 
mortality over time. The slowing down of mortality improvements in recent years was not anticipated 
by most forecasting models. “Post-mortem” assessments tried to find reasons for the sudden change. 
One explanation was that the introduction of successful treatments for cardiovascular diseases caused 
a significant improvement in longevity, but from about 2010 this reached a plateau.4 Mortality 
forecasting by COD can address complex issues of interdependence: even if cancer were to be 
eliminated, there would be more deaths from other causes. 

The emphasis in this study is mortality, but we believe that the methodology presented is also applicable 
to other areas, such as financing of health care, long-term care and medical insurance. 

Another reason why CODs are worth investigating is to understand the “cohort effect”. This term is used 
to describe the phenomenon where the mortality of people born in certain years improves at a higher 
rate than the corresponding mortality of people born earlier or later. Richard Willets, who analyzed the 
effect in a paper published in 2004,5 suggests that there may be an association of certain CODs with 
year of birth, in particular lung cancer, breast cancer and heart disease. Measuring the amount of cohort 

 
2  https://en.wikipedia.org/wiki/Unetanneh_Tokef. The prayer was probably written in Palestine in about the 6th 

century BCE. See E. Werner, The Sacred Bridge, Columbia Univ. Press, NY, 1959, p. 253. 
3  https://en.wikipedia.org/wiki/Double_indemnity 
4  See, for example, B. Ridsdale, “Is longevity still improving?” 2017, 

www.actuary.fi/uutiset/tapahtumat/kuolevuusseminaari-23.5.2017/4_Brian_Ridsdale_-
_Is_longevity_still_improving.pdf, in particular slide 38. 

5  R.C. Willets, “The cohort effect: insights and explanations”, British  Actuarial Journal, 2004, 
www.actuaries.org.uk/system/files/documents/pdf/sm20040426cohort.pdf 

https://en.wikipedia.org/wiki/Unetanneh_Tokef
https://en.wikipedia.org/wiki/Double_indemnity
http://www.actuary.fi/uutiset/tapahtumat/kuolevuusseminaari-23.5.2017/4_Brian_Ridsdale_-_Is_longevity_still_improving.pdf
http://www.actuary.fi/uutiset/tapahtumat/kuolevuusseminaari-23.5.2017/4_Brian_Ridsdale_-_Is_longevity_still_improving.pdf
http://www.actuaries.org.uk/system/files/documents/pdf/sm20040426cohort.pdf
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effect may also be valuable in extending current mortality improvement into the future. Naturally, other 
factors such as socio-economic changes can also drive cohort effects. 

Most mortality models use historical data, and try to find patterns expected to continue in the future. 
Some models take into account the cohort effect, while some others assume that mortality 
improvement rates differ according to age. However, different CODs exhibit different patterns of 
change. Perhaps the cohort effect is concentrated in certain causes, as Willets suggests? Perhaps the 
“age gradient” of tapering mortality improvements at older ages does not relate to all CODs? If so, could 
some stratification of past data by cause, or groups of causes, give us a better understanding of 
changes and pave the way for better forecasting models? 

 

1.2 Some basic definitions 

For readers unfamiliar with actuarial terminology, here are some of the terms used in the paper. 

Mortality rates (or death rates) are usually calculated separately for males and females, and for each 
age (commonly denoted as x), as described below. The number of deaths (for a given observation year, 
gender, and age in the relevant population) is denoted as dx.  

In many data sources, this number is compared to the corresponding population; but for actuarially 
based studies, we use the number of lives exposed to risk in that period, denoted as ex. For example, if 
the observation period is one year and a particular life was aged 40 years and 3 months at the start of 
the year, his “exposure” would be 9 months at age 40 and 3 months at age 41. 

The central mortality rate (or central death rate) for the year of age x to x+1 is denoted as mx = dx /ex, 
and this is the one of the measures used in this study. 

A related measure, qx, is the probability that a life aged exactly x years of age will die before reaching 
age x+1. qx is defined as dx /(ex - ½ mx), where the denominator is adjusted to reflect the number of 
people alive at exact age x. This measure is used to build life tables and to set pricing rates in life 
insurance.  

The rates mx and qx are usually very small, so they are often expressed “per mille” (i.e., out of 1,000, 
abbreviated to %o); for example, a rate of 0.002 would be expressed as 2 per mille. 

Life expectancy (LE) at age x is the average number of years that a life aged x is “expected” to live, 
based on current observed mortality rates. Generally speaking, LE does not take into account future 
changes in mortality, so it does not represent a demographic forecast, but it provides a convenient index 
for comparing levels of longevity across different countries, or for a particular country over time.  

 

1.3 An illustrative example 

If mortality by each COD exhibits different behaviour, projecting each one separately could give results 
at variance with a projection based on overall mortality. Let us illustrate this by a simple fictitious 
example. Suppose mortality rates in a certain population over the last five years were as follows: 
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Fig. 1.1: A fictitious example of mortality rates over time – years 1–5 (observed) 

 

The overall mortality rates in Fig. 1.1 are log-linear (e, e0.9, e0.8, etc.), and extrapolating would give us the 
following forecast for the next five years: 

 
Fig. 1.2: Extrapolation of Fig. 1.1 for the next 5 years 

 
Now, let us suppose that the mortality in Fig. 1.1 is a result of two CODs, Cause A and Cause B, where 
Cause A has decreased log-linearly6 but rapidly, while Cause B has increased over the relevant period 
but is now close to stability. 

 
Fig. 1.3: Mortality for Cause A and Cause B, observed (years 1–5) and projected (years 6–10) 

 

 
6 Mortality rates for Cause A in this example are 0.75e, 0.75e0.8, 0.75e0.6 …, and Cause B picks up the difference. 
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The “revised” forecast in Fig. 1.3, which looks plausible based on the past experience of each cause 
separately, leads to an overall mortality rate in year 10 of 0.11+1.27=1.38, instead of 1.11 from Fig. 1.2, 
which was based on extrapolation of the overall rate – 24% higher. 

The two methods of forecasting are compared below: 

 
Fig. 1.4: Projected mortality (years 6–10) – comparison of the two methods 

 

1.4 Purpose of the study 

This paper is the result of studies by members of the Mortality Working Group (MWG) of the 
International Actuarial Association (IAA). The objectives, as presented to the MWG in 2018,7 are as 
follows: 

• To catalogue, assess and analyze existing data on mortality by COD, including: comparisons by 
country, trends over time, and possible implications for mortality forecasting.    

• To investigate to what extent the data are consistent, and how they might be influenced by 
changes in categorization or reporting preferences. 

• The analysis should consider statistical credibility and scope/size of population covered, 
relating the national data to some overall measure of national health.  

• We do not intend to create new databases in addition to the existing ones, but wish to enable 
users to make effective use of the information available while being aware of its limitations. 

 
The target audience is defined as: 

• Actuaries involved in mortality forecasting for pricing and reserving 
• Actuarial researchers 
• Demographers 
• Epidemiologists 
• Public health care administrators 

 

 
7 

https://www.actuaries.org/IAA/Documents/WG_MWG/Meetings/Mexico_2018/Documents/9.4_Project_CO
D_Outline_Proposal_2Nov2018.docx 
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1.5 Outline of the study 

The main purpose of this study is to analyze available datasets (described in Section 2.3) with a view to 
throwing some light on the questions raised above. 

In Section 2, we describe how CODs are reported and classified, and discuss limitations of the data for 
actuarial purposes. 

In Section 3, we present a proposal for classification based on the “actuarial” data available into “major” 
groups of COD (cancer, heart disease, etc.) and a sub-classification into “minor” groups, and look at 
possible metrics for summarizing the available data. Details of the proposed classification appear in 
Appendix 1. 

In Section 4, we give an overview of each of the four major groups of COD. 

In Section 5, we present a summary of the main findings for each minor group within these four major 
groups. The detailed analysis, with figures for all relevant age groups, is shown in Appendix 2. 

Section 6 focuses on CODs at older (85+) and younger (25–40/10–25) age groups, respectively, which 
in general have shown a different pattern than the intermediate age groups in recent decades.  Detailed 
graphs appear in Appendix 3. 

Section 7 relates to the “cohort effect” mentioned above, and proposes a “measure of cohortness” in 
order to determine for which COD it may be relevant. 

Section 8 explores issues relating to consistency and reliability of the data. 

The conclusion in Section 9 presents a brief discussion of how these findings could enhance mortality 
forecasting. 

Appendices 1–3 were mentioned above. Appendix 4 is a technical description of the model used to 
derive the findings presented here, and Appendix 5 describes the calculation of WYLL. 
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Section 2 – Definitions and data sources 

2.1 Use in early actuarial studies  

The first use of CODs goes back to the very beginning of actuarial investigations. The first life table in 
the UK was published in 1662 by John Graunt,8 and derived from the “Bills of Mortality”, printed 
statements of the numbers of people who died each week in the big cities. The documents did not give 
the age at death, so Graunt used the reported COD as a proxy. 

Chris Lewin9 writes: 

[Graunt] observed that about one-third of all deaths occurred from ‘Thrush, Convulsion, Rickets, 
Teeth, Worms, Abortives, Chrysomes, Infants, Overgrown and Overlaid’, which he guessed all 
related to children under four or five years old. He guessed also that perhaps half of the deaths 
from ‘Smallpox, Swinepox, Measles and Worms without Convulsions’ might be children under six 
years old… About 7 per cent of the total deaths were described as ‘aged’, which he guessed as 
meaning over age 70. 

Subsequent sources of information included the age at death, at least as notified, and at a later stage 
the date of birth, so that COD was no longer an issue in calculating mortality tables. 

 

2.2 Classification of diseases  

In modern times, death certificates include age and COD, classified according to the International 
Classification of Diseases (ICD) published and updated by the World Health Organization (WHO). The 
following information is taken from the WHO website:10 
 

ICD purpose and uses 

ICD is the foundation for the identification of health trends and statistics globally, and the 
international standard for reporting diseases and health conditions. It is the diagnostic classification 
standard for all clinical and research purposes. ICD defines the universe of diseases, disorders, 
injuries and other related health conditions, listed in a comprehensive, hierarchical fashion that 
allows for: 

• easy storage, retrieval and analysis of health information for evidenced-based decision-
making; 

• sharing and comparing health information between hospitals, regions, settings and countries; 
and 

• data comparisons in the same location across different time periods. 
 

 
8  J. Graunt, “Natural and Political Observations made upon the Bills of Mortality”, London, 1662. 
9  C. Lewin, “Earliest Days”, in: D. Renn (ed.), Life, Death and Money, Institute of Actuaries, 1998, p. 18. 
10  www.who.int/classifications/icd/en/ 

http://www.who.int/classifications/icd/en/
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The first international classification edition, known as the International List of Causes of Death, 
was adopted by the International Statistical Institute in 1893. 

WHO was entrusted with the ICD at its creation in 1948 and published the 6th version, ICD-6, that 
incorporated morbidity for the first time. The WHO Nomenclature Regulations, adopted in 1967, 
stipulated that Member States use the most current ICD revision for mortality and morbidity 
statistics. The ICD has been revised and published in a series of editions to reflect advances in 
health and medical science over time. 

ICD-10 was endorsed in May 1990 by the Forty-third World Health Assembly. It is cited in more 
than 20,000 scientific articles and used by more than 100 countries around the world. 

A new version, ICD-11, was published in 2018 and will come into force in 2022. 

A recent example of an update is a new diagnosis code for COVID-19, U07.1, which was announced in 
March 2020 and came into force in April 2020. The WHO noted that “this off-cycle update is 
unprecedented and is an exception to the code set updating process established under the Health 
Insurance Portability and Accountability Act (HIPAA)”.11 

The current “standard” for reporting is therefore ICD-10, which as noted above was approved in 1990. 
There are conversion tables from previous versions of ICD in order to capture data from earlier periods. 

 

2.3 Sources of data  

Three sources of mortality data by COD are described below: two databases connected with the Human 
Mortality Database (HMD), and a database maintained by the WHO. 

The HMD is a comprehensive source of data for about 40 countries, including numbers of births and 
deaths, population size, exposure to risk, death rates, and life tables – including all the standard 
measures such as mx (the central death rate for the year of age x to x+1, computed as the ratio of deaths 
to exposure at age x), qx (the probability of death between ages x and x+1) and life expectancy. The 
database has four dimensions: country (in some cases subdivided; e.g., regions of the UK), observation 
year, gender, and age. 

The HMD is a project which began as an outgrowth of earlier projects in the Department of Demography 
at the University of California, Berkeley, USA, and at the Max Planck Institute for Demographic Research 
in Rostock, Germany.12 It is the work of two teams of researchers in the USA and Germany, with the help 
of financial backers and scientific collaborators from around the world. The database is updated 
frequently: in 2019, there were 17 updates, most of which added data up to observation year 2017.13 

 

 

 
11  www.cdc.gov/nchs/data/icd/Announcement-New-ICD-code-for-coronavirus-3-18-2020.pdf 
12  www.mortality.org 
13  www.mortality.org/Public/WhatsNew.php 

http://www.cdc.gov/nchs/data/icd/Announcement-New-ICD-code-for-coronavirus-3-18-2020.pdf
http://www.mortality.org/
http://www.mortality.org/Public/WhatsNew.php
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As of early 2020, the HMD covers 41 countries comprising about 18% of the world population:14 

 
Table 2.1: Countries included in the Human Mortality Database, 2020 

Country Population in 
 

 

HMD 
  
 

 Country Population in 
 

 

HMD 
  
 Australia 25.2 1921-2016  Japan 126.9 1947-2017 

Austria 9.0 1947-2017  Korea 51.2 2003-2018 

Belarus 9.5 1959-2016  Latvia 1.9 1959-2017 

Belgium 11.5 1841-2018  Lithuania 2.8 1959-2017 

Bulgaria 7.0 1947-2017  Luxembourg 0.6 1960-2017 

Canada 37.4 1921-2016  Netherlands 17.1 1850-2017 

Chile 19.0 1992-2008  New Zealand 4.8 1948-2013 

Croatia 4.1 2002-2017  Norway 5.4 1846-2018 

Czechia 10.7 1950-2017  Poland 37.9 1958-2016 

Denmark 5.8 1835-2016  Portugal 10.2 1940-2015 

Estonia 1.3 1959-2017  Russia 145.9 1959-2014 

Finland 5.5 1878-2018  Slovakia 5.5 1950-2017 

France 65.0 1815-2017  Slovenia 2.1 1983-2017 

Germany 83.5 1990-2017  Spain 46.7 1908-2016 

Greece 10.5 1981-2017  Sweden 10.0 1751-2018 

Hong Kong 7.4 1986-2017  Switzerland 8.6 1876-2016 

Hungary 9.7 1950-2017  Taiwan 23.8 1970-2014 

Iceland 0.3 1838-2016  United Kingdom 67.5 1922-2016 

Ireland 4.9 1950-2017  United States 329.1 1933-2017 

Israel 8.5 1983-2016  Ukraine 44.0 1959-2013 

Italy 60.6 1872-2017     

 
World Population in 2019 (millions):  7577.1 

Total population of HMD countries (millions): 1338.5 (18%) 
 
Note that the HMD relates to the current geo-political status of each territory in order to maintain 
consistency: for example “Czechia” refers only to the Czech region of Czechoslovakia for the period 

 
14  https://worldpopulationreview.com/countries/ 

https://worldpopulationreview.com/countries/
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when it was one country, and the former constituent regions of the USSR are shown as separate 
countries. 

2.3.1 HMD-COD 

An offshoot of this research project is the Cause-of-Death Component of the HMD.15 The following 
description appears on its website: 

The Cause-of-Death (COD) component of the Human Mortality Database (HMD) was created 
independently from the HMD proper to add information on the underlying cause of death to the 
all-cause mortality series for countries already included in the HMD. The project is a 
collaboration between the HMD team at the University of California, Berkeley, and the French 
Institute for Demographic Studies (INED), with the help of financial backers and scientific 
collaborators from around the world. 

Note that the HMD cause-of-death series are not adjusted for the periodic changes in the 
International Classification of Diseases and Causes of Death (ICD) implemented by the World 
Health Organization. 

This database covers eight countries only, and has not been updated in recent years: 

Table 2.2: Countries included in the HMD-COD 

Country HMD-COD available for 
years 

Canada 1950-2009 

Czechia 1950-2013 

England and Wales 1950-2013 

France 1958-2013 

Japan 1950-2013 

Norway 1951-2012 

Sweden 1952-2012 

United States 1959-2015 

 
The database combines ICD-10 codes into “short” and “intermediate” groupings. The HMD-COD 
describes these as follows (emphasis added): 

The number of disease categories included in the ICD has been progressively growing from one 
Revision to the next. While the first historical classification included 161 categories, the current 
revision includes over ten thousand disease categories. In the HMD, cause-of-death categories 
are not provided at the most detailed level of the International Classification of Diseases (ICD) 
but for a shortlist of 92 categories established for the specific purposes of the HMD. For more 

 
15  https://cod.mortality.org/COD/cod.html 

https://cod.mortality.org/COD/cod.html
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general purposes, an alternative grouping is provided for 20 overall categories, loosely 
corresponding to ICD Sections… Though the groupings have been chosen to serve most general 
research purposes as well as to minimize disruptions introduced by ICD changes, the user 
should be aware that, for some causes of death, the series are not consistent over time. 

The 20 “overall” and 92 more general categories are called “the short list” and “the intermediate list” 
respectively in the data files provided. 

2.3.2 HCD 

Another “actuarial” database showing CODs is the Human Cause-of-Death Database,16 described on its 
website as follows: 

The Human Cause-of-Death Database (HCD) is a joint project of the French Institute for 
Demographic Studies (INED) in Paris, France and the Max Planck Institute for Demographic 
Research (MPIDR) in Rostock, Germany, based at the MPIDR. We seek to provide free and user-
friendly access to coherent time series of cause-specific mortality for researchers, students, 
journalists, policy analysts, and others interested in analysis of cause-of-death patterns. In 
contrast to other existing databases on causes of deaths, we provide time series with causes of 
death classified according to a constant (fixed) list/classification of causes of death. The main 
goal of the database is to document trends of cause-specific mortality and to facilitate research 
on their comparative analyses. 

Although in each country the original series of vital statistics are based on the currently acting 
classifications of causes of death, we provide reconstructed data according to the most recent 
version of the classification in use. We pay special attention to rigorous data checking and 
documentation and to warranting data comparability across time and countries by means of 
universal and standardized methodology. Due to peculiarities of the original national cause-of-
death nomenclatures and procedures, computational procedures may be somewhat modified 
accordingly.  

The database covers 16 countries: 

Belarus 1965-2016 

Czechia 1994-2017 

Estonia 1955-2012 

England and Wales 2001-2016 

France 2000-2015 

Germany 1998-2016 

Japan 1995-2016 

Latvia 1956-2012 

 
16 www.causesofdeath.org/cgi-bin/main.php 

http://www.causesofdeath.org/cgi-bin/main.php
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Lithuania 1956-2012 

Moldova 1965-2014 

Poland 1959-2016 

Romania 1980-2012 

Russia 1965-2014 

Spain 1980-2012 

United States 1999-2013 

Ukraine 1965-2013 

Table 2.3: Countries included in the HCD 
 
This site is not as current as the HMD, but is updated from time to time: in 2019 data for ten countries 
were updated. 

The HCD also groups the individual codes, except that the short list has 16 groups and the intermediate 
list 104. 

2.3.3 WHO 

The WHO Mortality Database17 is a compilation of mortality data by age, sex, and COD, as reported 
annually by Member States from their civil registration systems. 

Over 140 countries appear in this database, but for many the population size is too small, or the data 
period is too short or not continuous. Unlike the two previous databases, there is no information about 
exposure to risk (which is required to calculate mortality rates), but only population data (see the 
explanation in Section 1.2). 

The WHO database has 19 “Sections” (numbered 1–18 and 20), which correspond approximately to the 
short list of 20 categories in the HMD-COD. 

The WHO database could be a useful addition for future studies, but for the present study we 
concentrate our attention on the first two databases, which are actuarially based and include 
information about exposure to risk which is critical for our purpose.  

 
17  www.who.int/healthinfo/mortality_data/en/ 

http://www.who.int/healthinfo/mortality_data/en/
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Section 3 – Proposed database and metrics for this study 

3.1 Countries available 

The “union” of the two datasets in tables 2.2 and 2.3 above includes 19 countries. However, as 
mentioned in Section 8.3 below, data for Belarus (all years) and Canada (2009) were found to be 
inaccurate. All data for these countries are therefore excluded from the analysis. Similarly, Moldova and 
Romania were excluded because they do not appear at all in the HMD. 

This leaves us with 15 countries, as shown in Table 3.1, comprising about 73% of the population of the 
41 countries in the HMD. The most populous country in the HMD for which COD information is not 
available is Italy. 

Table 3.1: Countries included in the present study 

Country 
Acronym 
used in 

graphics 

Population 
in 2019 

(millions) 

Combined 
cause-of-death 

availability 

Years taken 
from HCD 

Years taken 
from HMD-

COD 
Czechia CZE 10.7 1950-2017 1994-2017 1950-2013 

England and Wales ENW 67.5 1950-2016 2001-2016 1950-2000 

Estonia EST 1.3 1959-2012 1959-2012  

France FRA 65.1 1958-2015 2000-2015 1958-1999 

Germany DEU 83.5 1998-2016 1998-2016  

Japan JPN 126.9 1950-2016 1995-2016 1950-1994 

Latvia LVA 1.9 1959-2012 1959-2012  

Lithuania LTU 2.8 1959-2012 1959-2012  

Norway NOR 5.4 1951-2012  1951-2012 

Poland POL 37.9 1959-2016 1959-2016  

Russia RUS 145.9 1965-2014 1965.2014  

Spain ESP 46.7 1980-2012 1980-2012  

Sweden SWE 10.0 1952-2012  1952-2012 

United States USA 329.1 1959-2015  1959-2015 

Ukraine UKR 44.0 1965-2013 1965-2013  

Above countries  978.7 
HMD countries  1338.5 

   73% 
 



Mortality by Causes of Death 
 

International Actuarial Association 18 

Some early years have been excluded (for example, for Estonia the HCD starts in 1955 but the HMD only 
from 1959). This limitation was necessary because one of the metrics described below (WYLL – see 
Section 3.4) relies on information from the HMD.  

Note that the data in our combined database switch over from the HMD-COD to HCD in the following 
cases: Czechia (1994), France (2000), Japan (1995), and E&W (2001). These years were chosen in order 
to show recent data on a consistent basis for the longest possible period18. 

 

3.2 Relative credibility and country characteristics 

Table 3.2 provides further information about the countries in the combined database: (a) the total 
exposure in billions of life-years, roughly estimated here as the number of years for which data are 
available multiplied by the average population; (b) life expectancy at birth of the total population, using 
the latest figure available from the HMD. 

This is important in order to assess the relative credibility of the results. Even if there are reliable data 
for some of the smaller countries, the number of units represented in each cell may be too small to be 
meaningful. 

Table 3.2: Additional country information based on the HMD 

Country 
Acronym 
used in 

graphics 

No. of 
years 

covered 

Average 
population size 
over this period 

Approx. 
exposure in 

billion life-years 

Life 
expectancy at 

birth (LE) 

LE 
correct 
at year 

United States USA 57 247.2 14.1 78.9 2017 

Russia RUS 50 134.9 6.7 70.9 2014 

Japan JPN 67 103.4 6.9 84.4 2018 

Germany DEU 19 81.8 1.6 80.9 2017 

England and 
Wales ENW 67 50.7 3.4 81.3 2016 

France FRA 58 54.4 3.2 82.4 2017 

Spain ESP 33 42.1 1.4 83.1 2016 

Ukraine UKR 49 45.3 2.2 71.4 2013 

 
18  A recent study by Assia Billig about Canadian mortality uses special data tabulation on CODs information. 

This group will be starting to work on mortality study shortly. Some of these (simplified) results were 
presented at Living to 100 in January 2020 (see slides 6 and 7 of the presentation at 
www.soa.org/globalassets/assets/files/e-business/pd/events/2020/living-to-100/pd-2020-livingto100-
session-gsiv.pdf). For results up to 2009, see the previous study: www.osfi-bsif.gc.ca/Eng/oca-bac/as-
ea/Pages/mpsspc.aspx#TOC-V (there are detailed charts by age group in Appendix A of this document). The 
current study will include information up to 2017. One of the differences between this study of Canadian 
mortality and the current paper is that the Canadian study standardizes rates by a base year population, which 
removes the effect of the changing evolution of age distribution of the population. 

http://www.soa.org/globalassets/assets/files/e-business/pd/events/2020/living-to-100/pd-2020-livingto100-session-gsiv.pdf
http://www.soa.org/globalassets/assets/files/e-business/pd/events/2020/living-to-100/pd-2020-livingto100-session-gsiv.pdf
http://www.osfi-bsif.gc.ca/Eng/oca-bac/as-ea/Pages/mpsspc.aspx#TOC-V
http://www.osfi-bsif.gc.ca/Eng/oca-bac/as-ea/Pages/mpsspc.aspx#TOC-V
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Country 
Acronym 
used in 

graphics 

No. of 
years 

covered 

Average 
population size 
over this period 

Approx. 
exposure in 

billion life-years 

Life 
expectancy at 

birth (LE) 

LE 
correct 
at year 

Poland POL 58 33.7 2.0 77.8 2016 

Czechia CZE 68 9.7 0.7 79.0 2018 

Sweden SWE 61 8.3 0.5 82.5 2018 

Norway NOR 62 4.1 0.3 82.8 2018 

Lithuania LTU 54 2.9 0.2 75.7 2017 

Latvia LVA 54 2.1 0.1 74.8 2017 

Estonia EST 54 1.3 0.1 78.2 2017 

TOTAL   821.8 43.2   

Representative 
countries   626.2 33.2   

 

The six largest countries in the database are the US, Russia, Japan, Germany, E&W and France. However, 
German data by COD are only available from 1998, which gives a small exposure and does not enable 
historical comparisons. Instead, we show Sweden, which has the distinction of providing the earliest 
death rates in the HMD (from 1751). This also provides geographical diversity: America, Asia, Western 
and Eastern Europe and Scandinavia. We will refer to these, which are marked by a dark background in 
Table 3.2, as “the representative countries”.19 We mainly focus on the results obtained for these 
countries throughout the paper, although the results can be produced for all of the above 15 countries. 

Fig. 3.1 shows the life expectancy at birth (for Males and Females combined) of the countries in the 
database, taken from the HMD for the latest year available for each country: 

 
19  This term is used for convenience. We do not mean to imply that the other countries in the database are of 

lesser importance.      
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Fig. 3.1: Life expectancy at birth for the countries in the database 
 

3.3 Cause-of-death groupings 

As noted in Section 2, the two databases employ different groupings, so we cannot directly combine the 
information. Table 3.3 shows a comparison between the short lists of the HMD-COD and HCD (sections 
2.3.1 and 2.3.2 respectively): 

Table 3.3 Comparison of “short lists” of CODs 

Cause Descriptor in HMD-COD Corresponding 
cause in HCD 

1 
2 

Infectious 1 

2 Malignant neoplasms 
2 

3 Other neoplasms 

4 Blood 3 

5 Endocrine 4 

6 Mental 5 

7 Nervous System 6 

8 Heart 7 

9 Cerebrovascular 8 

10 Circulatory 9 

11 Respiratory 10 & 11 

12 Digestive 12 
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Cause Descriptor in HMD-COD Corresponding 
cause in HCD 

13 Skin 
13 

14 Musculoskeletal 

15 Genitourinary 14 

16 Childbirth 

15 17 Perinatal 

18 Congenital 

19 Unknown 
16 

20 External 

 

Combining the databases based on the “short lists” would give us 15 categories (the 16 of the HCD, 
except for 10 and 11, which are combined). However, this would conceal valuable information for 
analyzing mortality over time, such as distinguishing between certain types of cancer. In fact, the 
number of meaningful groups would be even less: for example, perinatal mortality is very low in 
developed countries. Using the intermediate list is also problematic, due to differences between the 
databases, and also because splitting the data into about 100 CODs lacks statistical credibility.   

In accordance with the purpose of the study set out in Section 1.4, the grouping used in the present 
study attempts to find a middle ground which harmonizes the two data sources. This new categorization 
is built up from the intermediate lists of each database, where there is sufficient similarity. We have 
changed the usual order, in order to present the list of CODs as four major categories, each of which is 
split into a number of sub-categories. The total number of sub-categories is 28, more detailed than the 
“short lists” of the HCD and HMD-COD, but hopefully giving enough credibility to each category.  

Table 3.4: Categorization used in this study 

Major category Minor category 

1 CANCER 

1.01 Cancer of digestive system and oral cavity 

1.02 Colorectal cancer 

1.03 Cancer of trachea, bronchus and lung 

1.04 Cancer of breast, uterus and ovary 

1.05 Cancer of prostate and urinary organs 

1.06 Other malignant neoplasms 
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Major category Minor category 

2 HEART AND CIRCULATORY 

2.01 Hypertensive/rheumatic heart disease 

2.02 Ischaemic heart disease 

2.03 Other heart disease 

2.04 Cerebrovascular 

2.05 Circulatory 

3 OTHER MEDICAL 

3.01 Infectious diseases 

3.02 Diabetes mellitus 

3.03 Other metabolic 

3.04 Substance abuse 

3.05 Mental 

3.06 Nervous system 

3.07 Acute respiratory 

3.08 Other respiratory 

3.09 Digestive 

3.10 Musculoskeletal 

3.11 Genitourinary 

3.12 Other/unknown 

4 EXTERNAL 

4.01 Suicide 

4.02 Homicide 

4.03 Road accidents 

4.04 Accidental poisoning 

4.05 Other accidents 

 
The specifications for producing this grouping from the HMD-COD and HCD databases, as well as a 
comparison between the two databases for a specific example (USA 2013), are set out in Appendix 1. 

The comparison shows that the grouped death counts are similar but not identical. The reasons are 
explained on the HCD website: 

The HMD COD component should not be confused with the Human Cause of Death Database 
(HCD). Though the two projects have involved the work of many of the same people (plus 
others), they are independent from each other and they seek to achieve different goals. They 
also cover a different list of countries, with some overlap. The purpose of the HMD COD 



Mortality by Causes of Death 
 

International Actuarial Association 23 

component is to provide access to unadjusted cause-of-death data series for as many of the 
HMD countries as possible with periodic updates as new data become available. The HCD is a 
one-time project for which the primary goal was to provide access to historical cause-of-death 
series for a limited number of countries which have been adjusted for changes in the 
International Classification of Disease. 

As can be seen in the appendix, there are indeed differences, even for a year as recent as 2013. With 
the exception of the “other medical” group, which is not really of interest per se, but is required to 
complete the death count, the differences appear to be relatively insignificant for the purposes of this 
study, but researchers should be aware of the differences, even in cases where the ICD definitions are 
identical. The choice of one database over the other, in cases where both are available, was made for 
convenience (see Section 3.1), and to ensure that data for the last 10 or 15 years would come from the 
same source and not “cross over” between the sources. 

 

3.4 Description of the combined database 

As noted in Section 2.3, from the HMD we have four dimensions: 

• Country (15 countries) 
• Observation year (between 19 and 68 available years, average 54) 
• Gender (M/F) 
• Age (19 age groups – see below) 

 
The expansion to the HMD-COD or HCD gives us a fifth dimension, “cause of death”, which according 
to the new “MWG” grouping shown in Table 3.4 has 28 categories. 

The HMD shows individual ages, but the COD information is grouped by quinquennial ages or, to be 
exact: 0, 1–4, 5–9, 10–14, and so on, which are denoted, respectively, by d0, d1, d5, d10, etc. At older 
ages there are differences from one country to another: some countries aggregate deaths from age 85 
and over (d85p), and others from age 90, 95 or (rarely) 100. In order to simplify the analysis, and bearing 
in mind that exposures from age 90 and above are low, especially in the past, we have uniformly used 
d85p.    

Multiplying the number of possibilities in each dimension, we obtain a database with about 900,000 
cells for death counts, and about 30,000 cells for exposures. 

We produced an Excel spreadsheet which incorporates all available data and enables “views” which 
freeze three of the five dimensions and show results for the remaining two dimensions. 

A technical description of the spreadsheet and how it was developed, based on the data sources 
mentioned above, is given in Appendix 4. 
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3.5 Metrics 

The conventional measure for our purpose is mortality rate, denoted by mx, which is the central death 
rate for the year of age x to x+1 and computed as the quotient of the death count and the exposed-to-
risk. For individual ages or fairly close groups of ages, we can compare mortality rates at different ages 
by gender over time among various countries, and so on. However, using this measure for all ages 
combined is not recommended due to two reasons: the measure is heavily weighted to the older ages, 
and the age distribution of the populations being compared may be totally different. 

For mortality studies, another useful metric is life expectancy (LE): the average period of survival from 
birth, or from a certain age, implied by the mortality table. This gives us a good guide for comparing 
different countries, or looking at the development of mortality over time. However, it does not enable us 
to break this down by COD. 

In this study we use an adapted version of a specific metric called weighted years of life lost (WYLL) 
for comparisons across a wide range of ages. A definition used for international comparisons in the 
Global Burden of Disease 2016 Study20 is described by Martinez et al.21 as “a relative quantification of 
the magnitude of the impact of diseases, injuries and risk factors on the premature mortality in the 
population”.  

Using this approach, deaths at an early age have a higher “weight” than deaths at an older age. So, for 
example, if the number of deaths from a certain cause remains unchanged from one time period to 
another, but the average age of death increases, this will produce a decrease in the WYLL. This situation 
would indeed cause an increase in life expectancy, even though the crude overall mortality rate would 
remain unchanged. 

In summary, we use mortality rates as an appropriate metric for specific age groups or a fairly narrow 
age range – say, up to 15 years – while we prefer to use WYLL (as defined above), for wider age groups, 
and certainly when examining all ages together. 

The Martinez formula, and alternative definitions of WYLL, are shown in Appendix 5. 

 

 

 

 
20  GBD 2016 Causes of Death Collaborators, “Global, regional, and national age-sex specific mortality for 264 

causes of death, 1980–2016: a systematic analysis for the Global Burden of Disease Study 2015”, The Lancet, 
2017, 390: 1151–1210. On the Global Burden of Disease Study, see: 
www.who.int/healthinfo/global_burden_disease/about/en/  

21  R. Martinez, P. Soliz, R. Caixeta, and P. Ordunez, “Reflection on modern methods: years of life lost due to 
premature mortality – a versatile and comprehensive measure for monitoring non-communicable disease 
mortality”, International Journal of Epidemiology, 2019, 48(4): 1367–1376, 
https://academic.oup.com/ije/article-abstract/48/4/1367/5281229 

http://www.who.int/healthinfo/global_burden_disease/about/en/
https://academic.oup.com/ije/article-abstract/48/4/1367/5281229
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3.6 Presentation of results 

The database studied here is not quite “big data”, but is much too large to show all possible results.  For 
convenience, we restrict the results presented in Section 4 as follows: 

Countries: Results are presented for the six “representative countries” – the United States (US), Russia, 
Japan, France, England and Wales (E&W) and Sweden. The reason for this choice is explained in Section 
3.2.  

Age groups: We have combined the groups into 15-year intervals, which irons out random fluctuations 
in the more detailed data, but does not introduce a significant distortion. The age groups presented, 
where relevant, are: 10–25, 25–40, 40–55, 55–70, 70–85, and 85+. 

Observation years: Historical charts start from 1965, which is the first year for which Russian data are 
available. For many countries, the series start in the 1950s, but this early period is probably less relevant 
and more subject to transition errors in ICD coding. The latest year for the representative countries is 
2015 or 2016, except for Sweden, for which data are only available until 2012. In some cases we show 
results for the 10-year periods 1965–1974 and 2007–2016. 
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Section 4 – Analysis of results by major categories 

4.1 Death counts   

In Section 3 we noted that the 28 sub-categories of CODs chosen for this study may be divided into four 
major groups. 

For the most recent period (2007–2016), death counts are distributed as follows: 

 

Fig. 4.1: Distribution of deaths by major categories for 2007–2016 – all countries combined 
 

Although heart and circulatory diseases play a dominant role in all countries, there is considerable 
geographic variation as well (Fig. 4.2). The countries are in order of the percentage of deaths attributed 
to heart and circulatory diseases, highlighting the difference between Eastern Europe and other 
countries. In France, Japan, the US, etc., they account for about 30% of all deaths; in Eastern Europe, 
around 60%. 

 

Fig. 4.2: Distribution of deaths by major categories for 2007–2016 , for each country separately. For an 
explanation of country acronyms, see Table 3.1. 
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4.2 Weighted years of life lost  

In Section 3 we defined an adapted version of WYLL as a quantification of premature mortality.  

 
Fig. 4.3: Number of years of life lost by major categories for 2007–2016, for each country separately 

 

The number of years lost to cancer is fairly uniform. 

Deaths from heart and circulatory disease, as we have seen, are much higher in Eastern Europe – but 
measuring by WYLL, the rate is about three times that of the US and Western Europe. This indicates that 
these diseases affect Eastern Europeans at a younger age than in other countries. 

By contrast, the WYLLs for other medical diseases are only marginally higher in Eastern Europe. 

WYLLs from external causes (accidents, suicide, and homicide) are highest in Russia (75 years of life 
per 1,000), Lithuania, Ukraine, Latvia, Estonia, and the US (28). The lowest are in Spain and E&W (11). 

In order to illustrate how the distribution of deaths by cause has changed over time, we show the 
distribution of CODs by the four major causes between 1965–1974 (Fig. 4.4) and 2007–2016 (Fig. 4.5). 
The year 1965 is chosen because data for Russia start in this year.  

   

  Fig. 4.4: Distribution of deaths by major categories Fig. 4.5: Distribution of deaths by major categories for 
for 1965–1974 – all countries combined                   2007–2016 – all countries combined 
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We see that for all the countries together, the proportion of heart and circulatory diseases reduced from 
48% to 41%, and external causes from 9% to 7%, while the other major categories increased in time. 

What in fact happened was that heart and circulatory diseases accounted for more deaths in the US 
(52%) than in Russia (47%) between 1965 and 1974. In E&W, Ukraine, and Sweden, heart and circulatory 
diseases also accounted for more than half of the deaths – and the reduction from 1965–1974 to 2007–
2016 was the dramatic change in the last third of the 20th century and the start of the 21st century which 
reduced mortality in America and Western Europe, but had no noticeable effect in Eastern Europe. 22  

This can also be seen in Fig. 4.6, which shows the WYLL for different countries by major categories in 
the years 1965–1974 – in general, there is more similarity between countries than in the more recent 
histogram shown in Fig. 4.3: 

 
Fig. 4.6: Distribution of deaths by major categories for 1965–1974, for each country separately 

 

 

 

  

 
22  Ridsdale (op. cit. in footnote 3). 
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4.3 Death counts – male and female separately  

We now show the above pie charts separately for males and females: 

   
Fig. 4.7: Distribution of deaths by major categories Fig. 4.8: Distribution of deaths by major categories 
  for 1965–1974 – all countries combined, males  for 1965–1974 – all countries combined, females 

 

   
Fig. 4.9: Distribution of deaths by major categories          Fig. 4.10: Distribution of deaths by major categories  

for 2007–2016 – all countries combined, males               for 2007–2016 – all countries combined, females 
 

It is often thought that heart and circulatory diseases are more prevalent among men than women.23 
Figures 4.7–4.10 show that women have a relatively higher share of deaths from heart and circulatory 
diseases than men, but in fact this turns out to be country-specific. The table below indicates that for 
the more recent period, in the US the proportions are almost the same: 30% for men and 31% for women; 
whereas in Russia the proportions are 51% for men and 69% for women. 

  

 
23 See, for example, A.H.E.M. Maas and Y.E.A. Appelman, “Gender differences in coronary heart disease”, 
Netherlands Heart Journal, 2010, 18(12): 598–602. The authors write: “The risk of heart disease in women is often 
underestimated due to the misperception that females are ‘protected’ against cardiovascular disease.” 
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Table 4.1: Proportion of deaths attributed to heart and circulatory diseases, 2007–2016, by country 

 USA RUS JPN FRA ENW SWE 

Total 31% 59% 30% 28% 30% 40% 

Males 30% 51% 26% 26% 30% 39% 

Females 31% 69% 34% 31% 30% 40% 

4.4 Death counts – by age group 

There are significant differences by age group, as shown in Fig. 4.11: 

 

Fig. 4.11: Distribution of deaths by major categories for 2007–2016, by age group 
 

The proportion of deaths from cancer shows a bell-curve distribution peaking around 60–65. The 
proportion of deaths from heart disease increases monotonically, whereas external causes are 
dominant only at younger ages. 
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Section 5 – Analysis by sub-categories of causes of death 

The main findings for each sub-category mentioned in Table 3.4, including graphs showing WYLL (for 
all ages) and mortality rates (for specific age groups), appear in Appendix 2. This section summarizes 
the conclusions from this detailed investigation. Trends are shown for the 50-year period between 1965 
and 2015. 

5.1 Major category 1 – Cancer 

    
Fig. 5.1: Distribution of deaths from cancer  Fig. 5.2: Distribution of deaths from cancer 

by minor categories for 2007–2016 –   by minor categories for 2007–2016 – 
  all countries combined, males     all countries combined, females  

 

The total number of deaths from cancer between 2007 and 2016 was 11.1m for males and 9.2m for 
females. 

Lung and urinary cancers are much more prominent for males, and cancer of the breast and uterus for 
females.   

Highlights from the detailed findings in the appendix: 

• Digestive system: Highest rates in Japan and Russia; trend is generally stable. 
• Colorectal: A significant increase in Japan and Russia; other countries are stable or show a slight 

decrease. 
• Lung: Different age groups show different patterns, possibly due to the cohort effect, which will 

be investigated in more detail in Section 6. In terms of WYLL, there has been a decrease for 
Russian males, but an increase in Japan (males and females) and in France (males). 

• Breast and uterus: Measured by WYLL, the lowest values are seen in Japan but with a worsening 
trend. E&W show a significant improvement. 

• Urinary: There is an increase over time, especially in Russia. The US is an exception: since 1990 
there have been improvements at all ages. In general, Sweden has the highest mortality from 
prostate and urinary cancer. 

• Other cancers: Highest rates in France. 
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5.2 Major category 2 – Heart and circulatory diseases  

   
Fig. 5.3: Distribution of deaths from heart and  Fig. 5.4: Distribution of deaths from heart and 
circulatory diseases by minor categories for  circulatory diseases by minor categories for  

     2007–2016 – all countries combined, males     2007–2016 – all countries combined, females  
 

The number of deaths from heart and circulatory diseases in this period was 15.4m for males and 18.3m 
for females. Here ischaemic heart disease is the dominant group, with minor differences between males 
and females. 

Highlights from the detailed findings in the appendix: 

• Hypertensive and rheumatic heart diseases: There is an improvement until about 1990, then 
stability or in some cases a slight increase in mortality in recent years. Japan had the highest 
mortality rates in the past, but in recent years shows the lowest rates.   

• Ischaemic heart disease:  

a) In Japan and France, the WYLL from this cause have been relatively stable over the past 
50 years (around 10 years of life lost per 1,000), with males only slightly worse than 
females. 

b) In the US, E&W and Sweden, males have higher mortality than females, but since about 
1980 there has been a dramatic improvement of about two-thirds for both genders: WYLL 
for males has dropped from ~70 to ~20 years per 1,000; for females from ~30 to about 
~10. 

c) In Russia, WYLL was similar to countries in paragraph “b” above in the 1960s, but since 
then has worsened, and only in recent years are there some signs of improvement.  

• Other heart diseases: High rates in France and Japan; a significant worsening trend in Russia 
since 1990, especially for males. 

• Cerebrovascular disease: Most countries show improvements which were significant in the 
1970s but have since tapered off. Russia has very high rates, with an improvement in recent 
years. 

• Circulatory disease: Russia’s experience worsened until about 1995 but has since improved, and 
is closing the gap with other countries. Other countries have in general shown an improvement 
over time, except for Japan, which has the lowest mortality, fairly stable over time. 
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5.3 Major category 3 – other medical causes 

    
Fig. 5.7: Distribution of deaths from other   Fig. 5.8: Distribution of deaths from other 
medical causes by minor categories for   medical causes by minor categories for  

     2007–2016 – all countries combined, males     2007–2016 – all countries combined, females  
 

The number of deaths from other medical causes in this period was 11.2m for males and 11.7m for 
females. 

Highlights from the detailed findings in the appendix: 

• Infectious diseases: A decrease in WYLL from infections in the 1970s was followed by a sharp 
“hump” from 1985 until about 2000, as a result of HIV/AIDS, which affected males more than 
females. Since then the overall trend has been fairly stable, except for an increase in Sweden 
and for females in Russia.   

• Diabetes mellitus: WYLL are highest in the US, where the prevalence of diabetes is the highest. 
For US males, an increase in mortality appears to be concentrated in the 55–70 age group; at 
older ages there is an improvement. 

• Other metabolic diseases: Highest in France, and a significant worsening trend in the US, 
probably reflecting increases in the prevalence of obesity. 

• Substance abuse: The country with the highest mortality is France, though there seems to be an 
improvement over time. There are signs of a moderate increase in mortality in the US in recent 
years. 

• Mental diseases (including dementia): Here we see an enormous change in WYLL, most 
significantly in E&W – from close to zero to 6 for males and 11 for females. Sweden, the US and 
France also show steep increases.  
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• Diseases of the nervous system: A dramatic increase for all countries, but most notably in the 
US and France. The changes are mainly seen at higher ages, no doubt due to the increased 
incidence (or diagnosis) of Alzheimer’s disease. 

• Acute respiratory diseases: Japan has a high WYLL, with an increasing trend in recent years. 
• Other respiratory diseases: Measured by WYLL, male mortality has been stable for the past 20 

years or so, but female mortality is increasing, especially in the US and E&W. An exception is 
Russia, which shows significant improvements for both males and females. 

• Diseases of the digestive system: France and Japan show improvements over time. In Russia 
there is a worsening trend, especially at younger ages. 

• Skin and musculoskeletal disorders: France shows an increase until about 2000, and 
improvement since then. 

• Genitourinary diseases: A decreasing trend from 1965 until about 1990, and stability since then. 
 

5.4 Major category 4 – External causes 

   
Fig. 5.9: Distribution of deaths from external  Fig. 5.10: Distribution of deaths from external 
causes by minor categories for 2007–2016   causes by minor categories for 2007–2016  

–all countries combined, males                – all countries combined, females 
 
The number of deaths from external causes was 4.3m for males and 1.9m for females. The proportion 
of suicides is higher for males than females.    

Highlights from the detailed findings in the appendix: 

• Suicide: Incidence is higher for males than females. The US shows a slight increase for both 
males and females since about 2000. 

• Homicide: In Russia, the WYLL due to homicide jumped dramatically at the time the Soviet Union 
broke up, but has fallen just as sharply in recent years. Russia and the US have much higher rates 
of homicide than the other representative countries. 

• Road accidents: With the exception of Russia, there has been a continual decline in mortality 
from road accidents over the past 50 years. Male mortality is higher than female.   

• Accidental poisoning: This accounts for almost as many deaths as road accidents. The rate is 
especially high in Russia, but in the US there has been a dramatic increase in recent years for 
males and females, perhaps a manifestation of the increasing use of opioids. 

• Other accidents: Here also we see high and volatile mortality in Russia, except at higher ages. 
France has relatively high rates of mortality at higher ages, with a generally decreasing trend. 
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Section 6 – Mortality of older and younger age groups 

6.1 Relative differences in mortality changes improvements by age  

In this section we will focus on specific CODs which appear to have contributed to the different 
behaviour of mortality at older and younger ages. Appendix 3 expands and illustrates in detail the 
contents of this section. 

The mortality improvements in recent decades vary from one age group to another. In many countries, 
improvements in the oldest and youngest age groups tend to be less than for the intermediate ages. As 
an example, Fig. 6.1 shows the relative improvement for E&W:  

 
Fig. 6.1: All-cause mortality rates, as a % of the rate in 1965, E&W, males and females 

 
The mortality rate for the 55–70 age group in 2016 was 41% of the rate in 1965: an average annual 
improvement of 2.1% per annum (p.a.). The corresponding ratio for the 85+ age group was 72% (0.8% 
p.a.), and for the 25–40 age group 59% (1.3% p.a.).  

For the US the picture is similar: 

 
Fig. 6.2: All-cause mortality rates, as a % of the rate in 1965, US, males and females 
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Here, the average annual improvement for the 55–70 age group is 1.7% p.a., but for the 85+ and 25–40 
age groups it is 0.9%.24 

The situation is not universal: in Russia, mortality changes in the older age groups (70–85 and 85+) 
were much more stable than for the younger groups: 

 
Fig. 6.3: All-cause mortality rates, as a % of the rate in 1965, Russia, males and females 

 

6.2 Ages 85 and above – highlights from the detailed analysis in Appendix 3 

The changes for certain CODs are quite dramatic. Deaths attributed to mental disorders (including 
dementia) and diseases of the nervous system (including Alzheimer’s disease) were insignificant in the 
1960s, and have increased 70-fold and 40-fold respectively (in the US) over a period of 40 years. This 
has counteracted the significant decreases in mortality from heart and cardiovascular diseases. 

A similar picture is seen in the other representative countries, with the exception of Russia, where until 
2012 there were no dramatic changes in mortality by COD at the older ages: ischaemic heart disease 
was the dominant cause, accounting for 47% of deaths, followed by cerebrovascular disease. From 
2013 there is a jump in deaths attributed to mental and nervous diseases. 

Another prominent COD at older ages is respiratory disease, particularly in Japan and E&W. 

 

 

 

 
24  During the years 1965–1972, there was an increase in deaths from accidents for the 10–25 age group. The 

absolute mortality rates at these ages are of course very low.  
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6.3 Ages 25–40 – highlights from detailed analysis in Appendix 3 

Prominent reported CODs are accidental poisoning, suicide, accidents, and cancer (leukemia). 
Accidental poisoning is mostly substance use disorder (overdoses, and mostly opioids), and its 
frequency has increased dramatically in the US.    

In Russia, the steepest increase in deaths is from digestive diseases, not usually associated with 
younger ages.    

In Japan, the primary cause is suicide. Rates of suicide declined in the 1980s, increased in the 1990s, 
and have again decreased in the most recent years. In France and Sweden, suicide is also dominant, 
but rates have decreased. 
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Section 7 – Measuring the cohort effect 

7.1 “Cohortness” 

As noted in the introduction, the “cohort effect” is used to describe the mortality changes over time 
influenced by the year of birth. Earlier studies identified a “golden cohort”; i.e., a group of people showing 
mortality improvements greater than cohorts born in prior or later years – e.g., people born in or around 
the 1930s. Subsequently, this concept was generalized in mortality models known as APC (age-period-
cohort), in which the “cohort element” could be positive in certain year-groups and negative in others.  

This section develops a method of assessing the extent of cohort effects. A recent paper by Lourés and 
Cairns investigated cohort effect in US mortality with reference to CODs; in particular, lung cancer.25  

The cohort effect can be shown graphically by plotting mortality improvements over time. The following 
heat map shows the annual rate of mortality improvement for male all-cause mortality in E&W. The 
columns show quinquennial age groups, and each row shows a group of observation years.   Therefore, 
any particular diagonal will show (approximately) mortality improvements for a cohort of people born in 
the same period as they age: for example, the figures on the diagonal highlighted in brown refer to men 
born in about 1937. 

Table 7.1: Heat map of mortality improvements by age group and year of observation: E&W, males, all 
causes 

 

To show this more clearly, we can alternatively arrange the heat map by year of birth as it is given in 
Table 7.2. 

 

 

 

 
25 C. Redondo Lourés and A.J.C. Cairns, “Cause of death specific cohort death effects in the US mortality, 2019”, 
working paper, www.macs.hw.ac.uk/~andrewc/ARCresources/Redondo2020A.pdf 

Annual mortality improvement (5-year moving average relative to previous 5-year period) - by observation year
Age group:     35-40 40-45 45-50 50-55 55-60 60-65 65-70 70-75 75-80 80-85

Observation yrs: 37 42 47 52 57 62 67 72 77 82

1957-1961 1.3% 0.9% 1.1% 1.0% 0.3% -0.1% 0.0% -0.1% 0.4% 0.8%
1962-1966 0.4% -0.4% -0.1% 0.4% 0.7% 0.1% -0.2% 0.1% 0.5% 0.1%
1967-1971 2.2% 0.5% -0.1% 0.5% 0.9% 1.1% 0.3% 0.1% 0.4% 0.9%
1972-1976 1.2% 1.5% 0.5% 0.0% 0.7% 1.1% 1.1% 0.4% 0.0% -0.3%
1977-1981 1.4% 2.3% 2.4% 1.5% 1.1% 1.3% 1.6% 1.7% 1.1% 1.0%
1982-1986 2.0% 2.4% 2.8% 3.3% 2.2% 1.5% 1.6% 1.5% 1.4% 0.8%
1987-1991 -0.8% 1.3% 2.5% 3.0% 3.2% 2.5% 1.8% 2.0% 1.9% 1.8%
1992-1996 -0.3% 0.1% 2.3% 2.5% 3.1% 3.2% 2.4% 1.8% 1.8% 1.2%
1997-2001 1.0% 1.2% 0.6% 2.1% 2.5% 3.4% 3.6% 2.8% 2.2% 1.9%
2002-2006 0.6% 0.9% 1.2% 1.2% 2.9% 2.9% 3.8% 4.2% 3.2% 2.6%
2007-2011 0.0% 0.3% 2.0% 2.4% 1.5% 3.1% 3.3% 3.7% 3.9% 3.3%
2012-2016 2.3% 1.0% 0.8% 1.9% 2.3% 1.2% 2.4% 2.2% 2.2% 1.8%

http://www.macs.hw.ac.uk/%7Eandrewc/ARCresources/Redondo2020A.pdf
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Table 7.2: Heat map of mortality improvements by age group and approximate year of birth: E&W, 
males, all causes  

 

If we limit the study to deaths by lung cancer, visually the cohort effect is even more apparent:  

Table 7.3: Heat map of mortality improvements by age group and year of observation: E&W, males, 
cancer of lung and trachea 

 

 

 

 

 

 

Annual mortality improvement (5-year moving average relative to previous 5-year period) - by approximate year of birth
Age group:     35-40 40-45 45-50 50-55 55-60 60-65 65-70 70-75 75-80 80-85

YOB close to 37 42 47 52 57 62 67 72 77 82
1877 0.8%
1882 0.4% 0.1%
1887 -0.1% 0.5% 0.9%
1892 0.0% 0.1% 0.4% -0.3%
1897 -0.1% -0.2% 0.1% 0.0% 1.0%
1902 0.3% 0.1% 0.3% 0.4% 1.1% 0.8%
1907 1.0% 0.7% 1.1% 1.1% 1.7% 1.4% 1.8%
1912 1.1% 0.4% 0.9% 1.1% 1.6% 1.5% 1.9% 1.2%
1917 0.9% -0.1% 0.5% 0.7% 1.3% 1.6% 2.0% 1.8% 1.9%
1922 1.3% -0.4% -0.1% 0.0% 1.1% 1.5% 1.8% 1.8% 2.2% 2.6%
1927 0.4% 0.5% 0.5% 1.5% 2.2% 2.5% 2.4% 2.8% 3.2% 3.3%
1932 2.2% 1.5% 2.4% 3.3% 3.2% 3.2% 3.6% 4.2% 3.9% 1.8%
1937 1.2% 2.3% 2.8% 3.0% 3.1% 3.4% 3.8% 3.7% 2.2%
1942 1.4% 2.4% 2.5% 2.5% 2.5% 2.9% 3.3% 2.2%
1947 2.0% 1.3% 2.3% 2.1% 2.9% 3.1% 2.4%
1952 -0.8% 0.1% 0.6% 1.2% 1.5% 1.2%
1957 -0.3% 1.2% 1.2% 2.4% 2.3%
1962 1.0% 0.9% 2.0% 1.9%
1967 0.6% 0.3% 0.8%

Annual mortality improvement (5-year moving average relative to previous 5-year period) - by observation year
Age group:     35-40 40-45 45-50 50-55 55-60 60-65 65-70 70-75 75-80 80-85

Observation yrs: 37 42 47 52 57 62 67 72 77 82

1957-1961 -0.2% 0.4% 0.3% -0.5% -1.5% -4.8% -5.5% -7.5% -9.4% -9.7%
1962-1966 1.0% 1.9% 1.0% 0.6% 0.1% -1.4% -3.8% -4.5% -5.4% -8.7%
1967-1971 5.4% 1.4% 0.9% 1.4% 1.1% 0.1% -1.2% -4.5% -5.6% -5.9%
1972-1976 3.3% 4.4% 2.0% 1.4% 1.1% 1.0% 0.5% -1.0% -3.5% -5.6%
1977-1981 3.1% 5.3% 4.9% 2.1% 1.9% 1.6% 1.1% 0.7% -1.5% -4.6%
1982-1986 3.3% 2.3% 4.0% 5.7% 2.6% 1.8% 1.8% 1.0% 1.0% -1.1%
1987-1991 5.2% 3.3% 2.8% 4.0% 5.2% 3.0% 1.9% 2.1% 1.8% 1.1%
1992-1996 4.1% 2.2% 4.2% 2.2% 4.1% 5.8% 3.6% 2.8% 3.0% 2.7%
1997-2001 8.0% 6.7% 4.6% 5.1% 3.1% 4.2% 5.2% 3.9% 2.4% 3.1%
2002-2006 3.1% 2.7% 3.6% 2.5% 4.0% 1.7% 3.4% 4.4% 2.7% 1.8%
2007-2011 -2.7% 2.8% 4.7% 3.7% 1.4% 3.3% 1.5% 1.8% 2.8% 1.5%
2012-2016 5.2% 2.1% 1.2% 3.8% 3.7% 2.1% 3.3% 2.2% 2.3% 2.7%
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We can also show this by year of birth: 

 

 

 

 

Table 7.4: Heat map of mortality improvements by age group and approx. birth year: E&W, males, 
cancer of lung and trachea 

 

The heat maps in tables 7.3 and 7.4 show that there is a clear cohort effect for male lung cancer in E&W. 
We would like to propose a metric which expresses this phenomenon. In Table 7.4, looking horizontally 
we see that the standard deviation across any row is small (similar values), but looking vertically we see 
a relatively large variation. In other words, 

a) The average standard deviation for each row (ASD) is low, and 

b) The standard deviation of the average for each row (SDA) is high. 

Empirically, we define MC, the “measure of cohortness”, as SDA / ASD2.  

The corresponding calculations for male lung cancer in E&W are shown in Table 7.5: 

 

 

 

 

Annual mortality improvement (5-year moving average relative to previous 5-year period) - by approximate year of birth
Age group:     35-40 40-45 45-50 50-55 55-60 60-65 65-70 70-75 75-80 80-85

YOB close to 37 42 47 52 57 62 67 72 77 82
1877 -9.7%
1882 -9.4% -8.7%
1887 -7.5% -5.4% -5.9%
1892 -5.5% -4.5% -5.6% -5.6%
1897 -4.8% -3.8% -4.5% -3.5% -4.6%
1902 -1.5% -1.4% -1.2% -1.0% -1.5% -1.1%
1907 -0.5% 0.1% 0.1% 0.5% 0.7% 1.0% 1.1%
1912 0.3% 0.6% 1.1% 1.0% 1.1% 1.0% 1.8% 2.7%
1917 0.4% 1.0% 1.4% 1.1% 1.6% 1.8% 2.1% 3.0% 3.1%
1922 -0.2% 1.9% 0.9% 1.4% 1.9% 1.8% 1.9% 2.8% 2.4% 1.8%
1927 1.0% 1.4% 2.0% 2.1% 2.6% 3.0% 3.6% 3.9% 2.7% 1.5%
1932 5.4% 4.4% 4.9% 5.7% 5.2% 5.8% 5.2% 4.4% 2.8% 2.7%
1937 3.3% 5.3% 4.0% 4.0% 4.1% 4.2% 3.4% 1.8% 2.3%
1942 3.1% 2.3% 2.8% 2.2% 3.1% 1.7% 1.5% 2.2%
1947 3.3% 3.3% 4.2% 5.1% 4.0% 3.3% 3.3%
1952 5.2% 2.2% 4.6% 2.5% 1.4% 2.1%
1957 4.1% 6.7% 3.6% 3.7% 3.7%
1962 8.0% 2.7% 4.7% 3.8%
1967 3.1% 2.8% 1.2%
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Table 7.5: Mortality improvements and calculation of MC: E&W, males, cancer of lung and trachea 

 

In the example shown in Table 7.5, SDA = 3.439%, ASD = 0.9396%, and  

MC = 3.439% / (0.9396%)2 = 390 

The corresponding MC related to Table 7.2 (mortality from all-causes) is 216. 

In other words, the overall mortality rates for E&W exhibit a cohort effect, as demonstrated in Willets’ 
paper, 26 but mortality rates for lung cancer show a stronger effect. The other side of the coin is that 
most CODs do not have a significant cohort effect, shown by a low value of MC – e.g., for road accidents 
the MC is 13. 

The measure of cohortness enables us to point out CODs which have a strong or weak cohort effect, or 
none at all. 

Comparative studies of all-cause mortality have shown that the cohort effect (for all causes) exists in 
many countries, but not in Eastern Europe, and is more prevalent in male than in female mortality.27 

 

 

 

 
26  Willets (op. cit in footnote 4). 
27  D. Raphael, “The cohort effect: international comparisons and parametrization”, presented at a webinar 

discussion of the IAA, 2017, www.actuaries.org/LIFE/Webinars/cohorteffect_dov.pdf 

Annual mortality improvement (5-year moving average relative to previous 5-year period) - by approximate year of birth Standard
Age group:     35-40 40-45 45-50 50-55 55-60 60-65 65-70 70-75 75-80 80-85 Average of deviation

YOB close to 37 42 47 52 57 62 67 72 77 82 each row of each row
1877 -9.7%
1882 -9.4% -8.7%
1887 -7.5% -5.4% -5.9% -6.3% 1.1%
1892 -5.5% -4.5% -5.6% -5.6% -5.3% 0.5%
1897 -4.8% -3.8% -4.5% -3.5% -4.6% -4.2% 0.5%
1902 -1.5% -1.4% -1.2% -1.0% -1.5% -1.1% -1.3% 0.2%
1907 -0.5% 0.1% 0.1% 0.5% 0.7% 1.0% 1.1% 0.4% 0.6%
1912 0.3% 0.6% 1.1% 1.0% 1.1% 1.0% 1.8% 2.7% 1.2% 0.7%
1917 0.4% 1.0% 1.4% 1.1% 1.6% 1.8% 2.1% 3.0% 3.1% 1.7% 0.9%
1922 -0.2% 1.9% 0.9% 1.4% 1.9% 1.8% 1.9% 2.8% 2.4% 1.8% 1.7% 0.8%
1927 1.0% 1.4% 2.0% 2.1% 2.6% 3.0% 3.6% 3.9% 2.7% 1.5% 2.4% 1.0%
1932 5.4% 4.4% 4.9% 5.7% 5.2% 5.8% 5.2% 4.4% 2.8% 2.7% 4.7% 1.1%
1937 3.3% 5.3% 4.0% 4.0% 4.1% 4.2% 3.4% 1.8% 2.3% 3.6% 1.1%
1942 3.1% 2.3% 2.8% 2.2% 3.1% 1.7% 1.5% 2.2% 2.4% 0.6%
1947 3.3% 3.3% 4.2% 5.1% 4.0% 3.3% 3.3% 3.8% 0.7%
1952 5.2% 2.2% 4.6% 2.5% 1.4% 2.1% 3.0% 1.5%
1957 4.1% 6.7% 3.6% 3.7% 3.7% 4.4% 1.3%
1962 8.0% 2.7% 4.7% 3.8% 4.8% 2.3%
1967 3.1% 2.8% 1.2% 2.4% 1.0%

Standard deviation of averages: 3.4%
Average of standard deviations: 0.9%
Cohort effect index: 390

http://www.actuaries.org/LIFE/Webinars/cohorteffect_dov.pdf
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7.2 Comparative table 

The following table shows the MC for different CODs by country. For some of the smaller countries, no 
cohort effects were detected, and they have been removed from the table.  

 

Table 7.6: Measure of cohortness (MC) by country and COD – males 

 

 

 

 

 

 

 

 

 

MALES USA RUS JPN FRA ENW SWE UKR POL
All 74 11 91 214 216 147 13 66
C digestive system 77 112 163 124 73 21 61 139
C colorectal 103 220 94 96 63 27 106 111
C lung 375 131 115 182 390 73 64 137
C urinary 49 92 81 66 53 25 48 74
C other 225 136 48 135 101 76 77 67
HT/rheumatic heart 24 27 14 11 28 4 22 26
Ischaemic heart 37 16 38 78 97 46 14 46
Other heart disease 8 7 9 77 40 8 10 22
Cerebrovascular 28 10 41 38 49 36 18 31
Circulatory 28 14 37 45 30 12 11 19
Mental 15 7 20 7 3 3 5 6
Nervous system 23 8 39 23 15 13 7 39
Acute respiratory 12 5 11 7 6 5 8 15
Other respiratory 76 13 22 55 77 25 8 11
Digestive 30 11 85 65 37 15 8 37
Musculoskeletal 26 9 27 11 14 11 9 14
Genitourinary 16 28 19 21 17 14 14 36
Suicide 52 17 14 34 37 25 20 35
Homicide 13 4 24 10 7 5 6 12
Road accidents 16 7 17 21 13 11 5 26
Accid. poisoning 45 6 13 16 9 4 7 16
Other accidents 20 7 25 71 88 26 7 30
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Table 7.7: Measure of cohortness (MC) by country and COD – females 

 

Consistently with published studies, our analysis shows that cohort effects are almost entirely confined 
to cancer; most prominently lung cancer, but also breast and uterine cancer.28 

Since cancer deaths account for only about a quarter of all deaths, it is noteworthy that in some 
countries (France and Sweden) the overall mortality rates exhibit a cohort effect higher than any of the 
individual cohortness measures.   

On the other hand, Russian experience (for males and females) shows no indication of a cohort effect 
for all-cause data, but cancer (especially colorectal) has a high degree of cohortness. This may be due 
to the dominance of heart and circulatory diseases, which are very much period-dependent rather than 
cohort-dependent, as seen by the very low measure of cohortness.  

 
28  Willets notes (op. cit., p.32): “The observed cohort effect may be partly due to the fact that the NHS Screening 

Programme for breast cancer was initiated in 1988. This was aimed – initially – at women aged 50 to 65, so 
would have most benefited those born in the 1930s and 1940s.” 

FEMALES USA RUS JPN FRA ENW SWE UKR POL
All 123 11 222 287 259 188 10 109
C digestive system 52 64 154 63 50 38 35 72
C colorectal 174 242 93 41 58 28 75 93
C lung 225 65 70 74 297 56 36 212
C breast/uterus 161 173 94 301 219 63 103 336
C other 214 100 65 120 146 64 68 60
HT/rheumatic heart 18 69 20 22 43 7 36 35
Ischaemic heart 30 6 46 48 64 19 9 38
Other heart disease 9 8 14 70 22 7 7 19
Cerebrovascular 42 18 104 57 62 35 22 22
Circulatory 21 17 26 27 26 15 16 19
Infectious 14 23 15 13 15 12 32 14
Diabetes 26 11 73 13 28 13 7 24
Other metabolic 31 14 19 17 39 8 15 8
Substance abuse 25 1 7 33 7 8 4 3
Mental 7 12 41 6 5 5 4 4
Nervous system 17 12 36 30 16 10 13 40
Acute respiratory 11 7 15 5 6 5 15 12
Other respiratory 107 12 26 23 33 20 11 19
Digestive 29 15 71 61 37 22 10 49
Musculoskeletal 10 17 29 23 17 3 28 11
Genitourinary 18 72 20 27 13 15 27 60
Suicide 19 30 25 24 14 20 30 31
Homicide 28 7 15 10 9 5 8 13
Road accidents 11 8 17 22 17 13 4 11
Accid. poisoning 18 6 19 13 9 5 7 11
Other accidents 22 7 7 43 18 8 8 34
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7.3 Applications 

We believe that distinguishing “cohort” and “non-cohort” CODs could be useful in mortality projections. 
For many types of cancer, the cohort element would be a significant parameter, but for others it is 
irrelevant, and for these causes, projection based only on age and period would be more appropriate. 

The measure as presented investigates the existence of a cohort effect for all ages and years in the 
database. A possible future refinement would be to test different parts of the data separately. For 
example, there might be a strong effect only for people born after 1952, but none prior to that.  Another 
point to be investigated would be a very strong effect in specific birth years, which would require a 
measure specific to a COD and a birth year, instead of just a COD across all birth years. These might be 
interesting points for future development.   

Looking beyond the scope of the present study, it may be worthwhile to look for related 
life/health/societal changes and study their correlation to the MCs; e.g., changes in smoking as related 
to lung cancer and heart diseases. Of course, the impact of these surrogate changes may be effective 
several years later; e.g., it can take a couple of decades after smoking rates come down before 
decreases in rates of lung cancer become apparent. 
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Section 8 – Data consistency and reliability  

8.1 WHO definition of COD 

The ICD is used for monitoring diseases across the world, and also to record CODs. The underlying (or 
precipitating) COD is defined by the WHO as either “the disease or injury which initiated the train of 
morbid events leading directly to death” or “the circumstances of the accident or violence which 
produced the fatal injury”, whichever applies. The underlying COD is a convenient and well-accepted 
measure of mortality. It identifies the initiating COD and is therefore most useful to public health officials 
in developing measures to prevent the onset of morbid events. Rules for selecting and for coding 
underlying CODs are published by the WHO.29 

Although the above definition appears to be clear, we cannot be entirely sure that recording practices 
are completely uniform from one country to another, or with the passage of time. Physicians are human 
and work under pressure. When called to certify a death, the main concern is whether the patient is 
clinically no longer alive. Recording the COD is an administrative requirement. For younger lives, the 
reason will usually be clear, but for many older lives’ deaths, it is a result of co-morbidities. The results 
presented in Section 6 for the oldest age group show enormous increases in mortality attributed to 
mental and nervous diseases, which may partly be the result of awareness of these disorders which 
was lacking in the past. 

The conversion from previous versions of the ICD to the current version (ICD-10) may also lead to 
problems in assessing long-term trends. As Lourés and Cairns point out, the introduction of ICD-10 in 
about 1999 affected not only the coding, but also the rules for determining the underlying COD.30 

Some causes are inherently problematic. A sudden death from external causes could be the result of 
an accident, homicide or suicide. The circumstances may become clear at a later date, long after the 
death certificate was issued, or may never be known for sure. Sometimes there may be pressure not to 
record a death as suicide for social or religious reasons. 

 

8.2 Research into inconsistencies 

Some research projects have investigated the reliability of COD recording. For example, a study from 
Australia31 examined the concordance between external cause ICD-10 codes contained in the National 
Coroners’ Information System (NCIS) and a re-code of the same deaths conducted by an independent 
coder, and found disparities. The writers conclude that: “NCIS users should be aware of the limitations 
of relying only on ICD-10 codes contained within the NCIS for deaths prior to 2007.” 

 
29  https://www.who.int/docs/default-source/classification/other-classifications/mortality-list/who-application-

of-icd-10-for-low-resource-settings-initatial-cause-of-death-collection.pdf?sfvrsn=384ccc07_2 
30  C. Redondo Lourés and A.J.C Cairns, “Mortality in the US by educational level”, Annals of Actuarial Science, 

2020, 14(2): 384–419. 
31  L. Bugeja et al., “Reliability of ICD-10 External Cause of Death Codes in the National Coroners Information 

System”, HIM Journal, 2010, 39(3): 16–26, www.researchgate.net/publication/47645104_Reliability_of_ICD-
10_External_Cause_of_Death_Codes_in_the_National_Coroners_Information_System 

http://www.researchgate.net/publication/47645104_Reliability_of_ICD-10_External_Cause_of_Death_Codes_in_the_National_Coroners_Information_System
http://www.researchgate.net/publication/47645104_Reliability_of_ICD-10_External_Cause_of_Death_Codes_in_the_National_Coroners_Information_System
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A similar study conducted in Russia32 found that “A high level of consistency was found both across 
regions and over time for transport accidents, most of the neoplasms, congenital malformations, and 
perinatal conditions. However, a high degree of inconsistency was found for mental and behavioral 
disorders, diseases of the nervous system, endocrine disorders, ill-defined causes of death, and certain 
cardiovascular diseases.” The study notes that grouping into broader categories improves consistency. 

Similar studies have been done in other countries.33 

 

8.3 Indications of inconsistencies in the present study 

An initial analysis of the data revealed errors in the dataset for Belarus (the sum for all of the 28 cause 
groups did not match the all-cause count), and Canada (data for 2009, the latest year shown, are 
inconsistent with prior years). These countries were therefore excluded from the study. 

The database used for the study is a combination of data from the HMD-COD and HCD, as explained in 
Section 3. An initial examination of a year for which data were available from both sources (2013 in the 
US) revealed differences which appeared insignificant; see the details in Appendix 1. However, the 
changeover for Japanese data between 1994 (HMD-COD) and 1995 (HCD) seems to have caused a 
distortion – see, for example, Fig. A2.7. 

  

 
Fig. A2.7: Cause 1.01, mx, ages 85+, males 

 
In some cases there appears to be a sudden switch from one cause to another. For example, see Fig. 
A3.11; for older ages in Sweden where there appears to be a switch between ischaemic heart disease 
and other heart disease. More problematically, see Fig. A3.21, which shows an apparent exchange at 

 
32  I. Danilova et al, “Identifying potential differences in cause-of-death coding practices across Russian 

regions”, in Population Health Metrics 14 (2016), 
https://pophealthmetrics.biomedcentral.com/articles/10.1186/s12963-016-0078-0 

33  See, for example: P. Hareloh et al., “The reliability of cause-of-death coding in The Netherlands”, Eur J 
Epidemiol., 2010 Aug;25(8); L. Tsung-Hsueh et al., “Accuracy of cause-of-death coding in Taiwan: types of 
miscoding and effects on mortality statistics”, International Journal of Epidemiology, 2000, 29(2): 336–343. 

https://pophealthmetrics.biomedcentral.com/articles/10.1186/s12963-016-0078-0
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younger ages in E&W between accidental poisoning (major group 4, external causes) and substance 
abuse (major group 3, other medical causes): 

  
Fig. A3.11: mx by cause, Sweden, ages 85+,              Fig. A3.21: mx by cause, E&W, ages 25–40, 

both genders      both genders 
 
In some cases the data series shows a series of jumps: 

 
Fig. A2.171: Cause 3.10, mx, ages 85+, males 

 
One might expect conversion problems between different versions of the ICD, but the problems 
illustrated above generally apply to one specific country. 

This raises the question of consistency between countries. We have only pointed out differences where 
they seem significant, but these might be due to some extent to variations in reporting practice, despite 
the apparent precision of the WHO definitions.      

Therefore, when analysing the information available, we should always be aware of the inherent 
limitations in the data.   
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Section 9 – Conclusions and summary 

In this paper, we have attempted to give a comprehensive observation of mortality by COD, drawn from 
two actuarially based databases, the HMD-COD and HCD. The CODs have been re-grouped in such a 
way that the information from the two databases can be consistent, and also indicate CODs which may 
be of interest in mortality projections. 

In some cases we obtained results which raise questions about the accuracy of the relevant data – in 
particular, differences in treatment of the detailed CODs according to the ICD in the two source 
databases. Reluctantly we had to exclude two countries, Belarus and Canada, from the database, and 
in the analysis for some of the CODs we have noted oddities accordingly. Yet, we have managed to 
provide an overall picture. 

Furthermore, we presented two new metrics which assist in analysis. The first one is WYLL, or “weighted 
years of life lost”, which enables us to compare one country with another, or the same country over time, 
across the whole range of ages. 

The second one is MC, or “the measure of cohortness”, which is an index developed to quantify the 
“cohort effect”. MC is also significant to identify the relevant CODs that might be dependent on it. Our 
main findings are aligned with Prof. Willets’ studies of the cohort effect. 34 This could enable forecasting 
models to distinguish between CODs which exhibit a cohort effect and other CODs which only depend 
on age and period. 

The analysis of mortality trends by CODs shows that each cause has its own characteristics – 
sometimes with similar behaviour across the countries studied, but often showing important 
differences by country, in particular between Eastern Europe and the other countries studied (Western 
Europe, the US, etc.). The studies confirm and quantify that the rapid improvements in mortality from 
heart disease and related conditions may well be close to the lowest mortality that medical technology 
can achieve. 

We also see that some CODs have seen a sharp increase at older ages, particularly dementia and 
Alzheimer’s disease. 

Should this kind of detailed analysis be taken into account in mortality projections? There is an obvious 
danger of drawing conclusions from relatively small units of data, unlike overall mortality rates, which 
have greater credibility. However, actuaries should be cautious about projecting existing trends in 
overall mortality without also considering major CODs. Mortality forecasting by COD will have to address 
the complex issue of interdependence: even if cancer were to be eliminated, there would be more deaths 
from other causes. Although this is a complicated topic, taking into account different behaviours and 
trends in the mortality data based on various variables should add value to mortality projections. 

There are a number of further developments of this topic which could be explored: 

•  Expansion of the database to other countries; 
•  Refinement of measurement of the cohort effect, as noted in Section 7.3;  
•  Use of age-standardised rates for comparisons across countries. 

 

Much more research could be done in this field. We have tried to give some indication of the directions 
which can be followed. 

 
34  Willets (op. cit. in footnote 4). 
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Appendix 1: “MWG grouping” of causes of death 

 
 
 

HCD groupings HMD-COD groupings Proposed MWG grouping HCD HMD-COD Difference
Code Descriptor ICDs Code Descriptor ICDs deaths deaths

10 C pharynx C00-C14 10
Lip/oral 
cavity/pharynx C00-C14 8,944 9,181 -237

11 C esophagus C15 11 Esophagus C15 14,835 15,397 -562
12 C stomach C16 12 Stomach C16 11,388 11,510 -122
16 C pancreas C25 16 Pancreas C25 39,416 40,421 -1,005
18 C larynx C32 17 Larynx C32 3,765 3,830 -65
15 C liver C22 24,276

17 C digestive C17, C23-C24, C26 6,710

15
Liver, gallbladder 
and bile ducts C22-C24 29,504

1.01 C digestive 109,334 109,842 -508
13 C colon C18 13 Colon C18 41,991 43,516 -1,525
14 C rectum C19-C21 14 Rectum C19-C21 10,872 11,116 -244

1.02 C colorectal 52,863 54,632 -1,769

19 C lung C33-C34 18
Trachea, bronchus, 
and lung C33-C34 1.03 C lung 157,819 162,988 -5,169

21 C breast C50 20 Breast C50 41,834 44,272 -2,438
22 C cervix C53 21 Cervix uteri C53 4,271 4,765 -494

23 C uterus C54-C55 22
Other parts of 
uterus C54-C55 9,429 10,004 -575

24 C ovary C56 23 Ovary C56 14,438 15,349 -910
1.04 C breast/uterus 69,972 74,390 -4,418

25 C prostate C61 24 Prostate C61 27,988 26,398 1,590
28 C kidney C64-C66, C68 25 Kidney C64-C66, C68 14,914 15,636 -722
27 C bladder C67 26 Bladder C67 15,942 14,859 1,082

1.05 C urinary 58,843 56,893 1,950
30 Leukemia C91-C95 30 Leukemia C91-C95 23,710 24,105 -395
20 C skin C43-C44 19 Skin C43-C44 12,894 13,202 -308

26 C genital

C51, C52, C57, 
C58, C60, C62, 
C63 2,755

29 C CNS  C70-C72 15,522
31 C lymphoid C81-C90, C96 33,886
32 C multiple C97 4,622

33 C other

C30-C31,C37-C41, 
C45- C49, C69, 
C73-C80 49,091

27
Hodgkin 
lymphoma C81 1,119

28
Non-Hodgkin 
lymphoma C83-C85 20,679

29 Myeloma C90 12,445

31
Other malignant 
neoplasms

C17, C26-C31, C37-
C41, C45-C49, 
C51, C52, C57-
C60, C62-C63, C69-
C80,C82, C86-C88, 
C96-C97 79,261

34 C in situ D00-D48 32 Other neoplasms D00-D48 15,436 14,874 562

38 Blood diseases D50-D89 33

Diseases of the 
blood and blood-
forming organs D50-D89 10,365 10,504 -139

1.06 C other 168,281 176,189 -7,909
1 CANCER 617,112 634,935 -17,823
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HCD groupings HMD-COD groupings Proposed MWG grouping HCD HMD-COD Difference
Code Descriptor ICDs Descriptor ICDs deaths deaths
48 Rh heart disease I00-I09 3,306

45
Chronic rheumatic 
heart diseases I05-I09 2,952

46
Acute rheumatic 
heart diseases I00-I02 24

49
Essential 
hypertension I10 20,290

50
Hypertensive 
disease disease I11-I15 52,747

48
Hypertensive heart 
disease I10-I15 69,487

2.01

Hypertensive 
and rheumatic 
heart disease 76,343 72,463 3,880

51 MI I21-I23 118,318
52 Heart disease I25.0, I25.1 227,737
53 Other IHD I20, I24, I25.2-.9 29,317

47

Arteriosclerotic/ 
ischaemic and 
degenerative I20-I25 361,337

2.02
Ischaemic heart 
disease 375,373 361,337 14,036

54 Pulmonary HD  I26-I28 49
Pulmonary heart 
disease I26-I28 15,696 15,953 -257

55 Valve disorders  I34-I38 25,019
56 Cardiac arrest I46 15,315
57 Heart failure I50 66,224

58 Other heart
I30-I33, I40-I45, 
I47-I49, I51 77,273

50
Other forms of 
heart disease I30-I52 171,568

2.03
Other heart 
diseases 199,527 187,521 12,006

59
Brain 
haemorrhage I60-I62 33,081

60
Cerebral 
infarction I63, I65, I66 6,807

61 Other CV G45, I64, I67 76,407
62 Sequelae of CV I69 14,778

51
Cerebrovascular 
disease I60-I69, G45 125,314

2.04 CV disease 131,072 125,314 5,759
63 Arteries I70-I78 26,014

52 Artherosclerosis I70 6,052
53 Aortic aneurysm I71 9,791

54

Other diseases of 
arteries, arterioles 
and capillaries I72-I78 9,284

64 Other circulatory  I80-I99 55

Other disorder of 
the circulatory 
system I80-I99 4,505 4,615 -110

2.05 Circulatory 30,519 29,741 778

2
HEART AND 
CIRCULATORY 812,834 776,375 36,459
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HCD groupings HMD-COD groupings Proposed MWG grouping HCD HMD-COD Difference
Code Descriptor ICDs Descriptor ICDs deaths deaths
4 Septicaemia A40-A41 6 Septicemia A40-A41 38,652 38,531 121
6 HIV B20-B24 8 HIV-AIDS B20-B24 7,047 8,016 -969
7 Hepatitis B15-B19 7 Viral hepatitis B15-B19 8,240 9,101 -861
3 TBC A15-A19, B90 1 Tuberculosis A15-A19, B90 596 613 -17
1 Intestinal A00-A08 8,082
2 Diarrhoea A09 2,716

5 Bacterial

A20-A28, A30-A39 
A42- A44, A46, 
A48-A49 2,010

8 Other viral
A80-A89, B00-
B09, B25- B34 1,680

9 Other infectious

A50-A75, A77-
A79, A90- A99, 
B35-B60, B64-
B89, B91, B92, 
B94-B97, B99 2,500

2 Syphilis A50-A53 53

3
Infectious Gastro-
enteritis A04, A08-A09 10,148

4 Dysentery A03, A06 5

5
Meningococcal 
infection A39 45

9
Other infectious 
diseases

A00-A02, A05, 
A07, A20-A38, 
A42-A49, A54-
B09, B25-B89, B91-
B99 6,071

3.01 Infectious 71,525 72,583 -1,058
35 Diabetes E10-E14 34 Diabetes Mellitus E10-E14 3.02 Diabetes 76,479 78,937 -2,458
36 Malnutrition E40-E46 3,276

37 Metabolic

E00-E07, E15-E16, 
E20- E35, E50-
E68, E70-E90 30,787

35

Overweight, 
obesity, and other 
hyperalimentation E65-E68 7,200

36

Other endocrine, 
nutritional and 
metabolic diseases

E00-E07, E15-E64, 
E70-E90 26,701

3.03 Other metabolic 34,063 33,900 163

40 Alcohol F10 37

Alcohol abuse 
(including alcoholic 
psychosis) F10 7,627 8,858 -1,231

41 Drugs F11-F19 38
Drug dependence, 
toxicomania F11-F19 2,541 2,755 -214

3.04 Substance abuse 10,168 11,613 -1,445
39 Dementia F01, F03 145,262
42 Mental F04-F09, F20-F99 3,871

39

Other mental and 
behavioural 
disorders F00-F09,  F20-F99 130,626

3.05 Mental 149,132 130,626 18,506
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HCD groupings HMD-COD groupings Proposed MWG grouping HCD HMD-COD Difference
Code Descriptor ICDs Descriptor ICDs deaths deaths

44 Parkinson's G20-G25 41 Parkinson's disease G20-G21 25,903 23,797

43 Atrophy CNS
G10-G12, G35-
G37 12,844

45 Alzheimer's G30, G31 93,342
46 Epilepsy G40-G41 2,025

47 Nervous system

G00-G09, G43-
G44, G47- G83, 
G90-G99, H00-
H95 20,017

40

Meningitis (other 
than 
meningoccocal and 
tuberculous) G00-G03 623

42
Alzheimer's 
disease G30 75,835

43 Multiple sclerosis G35 4,475

44

Other diseases of 
the nervous 
system and the 
sense organs

G04-G14, G23-
G26, G31, G36-
G44, G46-H95 38,783

3.06 Nervous system 154,131 143,514 10,617
65 Influenza J09-J11 56 Influenza J09-J11 3,760 3,545 214
66 Pneumonia J12-J18 58 Pneumonia J12-J18 54,128 50,200 3,928

67
Respiratory 
infections

J00-J06, J20-J22, 
U04 57

Other acute 
respiratory 
infections

J00-J06, J20-J22, 
U04 501 530 -29

3.07
Acute 
respiratory 58,388 54,275 4,113

68 Asthma J45-J46 60 Asthma J45-J46 3,686 3,985 -299
69 Other pulmonary J40-J44, J47 147,330

59 Chronic bronchitis J40-J42 676

61

Other obstructive 
pulmonary 
diseases J43-J44, J47 146,734

70 Pneumonitis J69 18,864
71 Pneumoconioses 60-J68, J70 949
72 Interstitium J80-J84 20,155
73 Other respiratory J30-J39, J85-J98 15,178

62
Other respiratory 
diseases  J30-J39, J60-J98 53,229

3.08
Other 
respiratory 206,162 204,624 1,539

74 Gastric ulcer K25-K28 63
Gastric and 
duodenal ulcer K25-K28 3,026 3,012 15

75 Hernia K40-K46 1,961
76 Enteritis K35-K38, K50-K63 22,925

77
Alcoholic 
cirrhosis K70 18,350

78 Other cirrhosis K74 18,384
79 Other liver K71-K73, K75, K76 12,407
80 Biliary tract K80-K83 4,655
81 Pancreas K85-K86 3,691

82 Digestive
K00-K22, K29-K31, 
K65- K66, K90-K92 14,199

64
Gastro-enteritis 
(non-infectious) K29, K50-K52, K57 4,343

65

Chronic liver 
diseases and 
cirrhosis K70, K73-K74 40,089

66

Other diseases of 
the digestive 
system

K00-K22, K30-K46, 
K53-K56, K58-K67, 
K71-K72, K75-K93 55,304

3.09 Digestive 99,598 102,748 -3,149
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HCD groupings HMD-COD groupings Proposed MWG grouping HCD HMD-COD Difference
Code Descriptor ICDs Descriptor ICDs deaths deaths
83 Skin L00-L98 4,390

67

Infections of skin 
and subcutaneous 
tissue L00-L08 2,245

68

Non-infectious 
diseases of the skin 
and subcutaneous 
tissue L09-L99 2,015

84 Musculoskeletal M00-M99 13,723

69

Rheumatoid 
arthritis and 
osteoarthrosis

M05-M06, M15-
M19 2,941

70

Other diseases of 
the 
musculoskeletal 
system/connective 
tissue

M00-M03, M08-
M13, M20-M99 10,357

3.10 Musculoskeletal 18,113 17,557 556
85 Renal disease N00- N15 1,778
86 Renal failure N17-N19 47,057
87 Uninary N20-N36, N39 14,893
88 Genital N40-N99 1,254

71

Nephritis, 
nephrosis and 
renal failure

N00-N05, N17-
N19 46,074

72
Infections of 
kidney

N10-N12, N13.6, 
N15 677

73
Other diseases of 
kidney and ureter

N06-N08, N13.0-
N13.5, N13.7-
N14, N16, N20-
N29 3,354

74

Other diseases of 
the genitourinary 
system N30-N99 12,664

89 Childbirth O00-O99 75

Complications of 
pregnancy, 
childbirth and 
puerperium O00-O99 1,164 1,217 -54

3.11 Genitourinary 66,145 63,986 2,159

80
Senility without 
psychosis R54 4,571

82
Unknown and 
unspecified causes R97-R99 12,323

83
Other ill-defined or 
unknown R00-R53, R55-R94 17,284

90 Perinatal P00-P96 76

Certain conditions 
originating in the 
perinatal period P00-P99 12,683 12,152 531

91 Congenital Q00-Q99 9,915

77

Congenital 
malformations of 
the nervous 
system Q00-Q07 1,357

78

Congenital 
malformations of 
the circulatory 
system Q20-Q28 3,207

79

Other congenital 
malformations/ 
anomalies

Q10-Q18, Q30-
Q99 5,689

92
Sudden infant 
death syndrome R95 81 Sudden death R95-R96 1,641 1,798 -158

3.12 Other/unknown 24,239 58,381 -34,142
3 OTHER MEDICAL 968,144 972,745 -4,600
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HCD groupings HMD-COD groupings Proposed MWG grouping HCD HMD-COD Difference
Code Descriptor ICDs Descriptor ICDs deaths deaths
100 Suicide X60-X84 89 Suicide X60-X84 4.01 Suicide 41,668 46,529 -4,861
101 Assault X85-Y09, Y35, Y36 90 Homicide X85-Y09 4.02 Homicide 16,702 17,472 -771

93 Road accidents V01-V99 84
Motor vehicle 
accidents

V02-V04, V09.0, V09.2, 
V12-V14, V19.0-V19.2, 
V19.4-V19.6, V20-V79, 
V80.3-V80.5, V81.0-
V81.1, V82.0-V82.1, V83-
V86, V87.0-V87.8, V88.0-
V88.8, V89.0, V89.2 4.03 Road accidents 37,800 39,433 -1,633

97
Accidental 
alcohol X45 86

Accidental 
poisoning by 
alcohol X45 2,276 2,523 -247

98
Accidental 
poisoning

Accidental 
poisoning by 
other substance 
X40-X44, X46-X49 87

Other accidental 
poisoning X40-X44, X46-X49 37,202 41,594 -4,391

4.04
Accidental 
poisoning 39,478 44,117 -4,639

94 Accidental falls W00-W19 85 Accidental falls W00-W19 30,669 29,070 1,598

95
Accidental 
drowning W65-W74 3,464

96 Accidental fire X00-X09 2,803

99
Accidental 
breathing W75-W84 6,739

104 Other accidents

W20-W64, W85-
W99, X10-X39, 
X50-X59, Y85- 
Y91, Y95-Y98 12,509

88 Other accidents

V01, V05-V06, V09.1, 
V09.3-V11, V15-V18, 
V19.3, V19.8-V19.9, 
V80.0-V80.2, V80.6-
V80.9, V81.2-V81.9, 
V82.2-V82.9, V87.9, 
V88.9, V89.1, V89.3-
V89.9, V90-V99, W20-
X39, X50-X59 25,008

92
Other external 
causes Y35-Y98 5,994

103 Complications Y40-Y84 2,454

102 Unknown Y10-Y34 91

Events of 
undetermined 
intent Y10-Y34 4,617 5,315 -698

4.05 Other accidents 63,255 65,388 -2,132
4 EXTERNAL 198,903 212,939 -14,036

ALL CAUSES 2,596,993 2,596,993 0
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Appendix 2 – Detailed analysis of sub-categories 

This appendix presents a detailed analysis for each sub-category of CODs. The major findings are 
summarized in Section 5 of the report. 

For most categories, we show graphs for the following age groups: 40–55, 55–70, 70–85 and 85 and 
over. The model enables a more detailed view, down to five-year age groups. Anyone doing a more 
detailed study, outside the scope of the present paper, should consider the different characteristics of 
each age group. 

 
Sub-category 1.01 – Cancer of the digestive system and oral cavity 

Scope 

This group includes cancers of the pharynx, larynx, esophagus, stomach, liver, and pancreas. 

All ages (WYLL) 

  
      Fig. A2.1: Cause 1.01, WYLL, males                     Fig. A2.2: Cause 1.01, WYLL, females  
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Ages 55–70 

    
     Fig. A2.3: Cause 1.01, mx, ages 55–70, males      Fig. A2.4: Cause 1.01, mx, ages 55–70, females  

 

Ages 70–85 

    
Fig. A2.5: Cause 1.01, mx, ages 70–85, males  Fig. A2.6: Cause 1.01, mx, ages 70–85, females 
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Ages 85 and over 

   
     Fig. A2.7: Cause 1.01, mx, ages 85+, males        Fig. A2.8: Cause 1.01, mx, ages 85+, females  

 

Comments 

For Japan and France, discontinuities seem to appear in 1968 and 1979. The jump in Japanese mortality 
in about 1995 may be a result of the changeover from HMD-COD to HCD noted above. 

Mortality rates are much higher in Japan than elsewhere (except for females under 70, where Russia 
also has high rates). Overall, there is no marked trend over time except for an improvement in WYLL in 
Russia (males and females) – especially since 1995. 

Sub-category 1.02 – Cancer of the colorectal system 

Scope 

This group includes cancers of the colon, rectum, and anus. 

All ages (WYLL) 

   
     Fig. A2.9: Cause 1.02, WYLL, males   Fig. A2.10: Cause 1.02, WYLL, females  
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Ages 55–70 

  
   Fig. A2.11: Cause 1.02, mx, ages 55–70, males   Fig. A2.12: Cause 1.02, mx, ages 55–70, females  

 
Ages 70–85 

  
   Fig. A2.13: Cause 1.02, mx, ages 70–85, males   Fig. A2.14: Cause 1.02, mx, ages 70–85, females  
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Ages 85 and over 

   
     Fig. A2.15: Cause 1.02, mx, ages 85+, males      Fig. A2.16: Cause 1.02, mx, ages 85+, females  

 

Comments 

Japan, and to a lesser extent Russia, show a worsening trend in WYLL. Rates of colorectal cancer in the 
US and Western Europe have decreased. 

 

Sub-category 1.03 – Cancer of trachea, bronchus, and lung 

Scope 

This intermediate category is studied as a separate group because of its importance. Prevalence is 
linked to smoking (although in recent years more non-smokers have been diagnosed with lung cancer), 
but, of course, other CODs are also linked to smoking. 

All ages (WYLL) 

  
     Fig. A2.17: Cause 1.03, WYLL, males      Fig. A2.18: Cause 1.03, WYLL, females  
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Ages 55–70 

   
   Fig. A2.19: Cause 1.03, mx, ages 55–70, males   Fig. A2.20: Cause 1.03, mx, ages 55–70, females  

 

Ages 70–85 

   
   Fig. A2.21: Cause 1.03, mx, ages 70–85, males   Fig. A2.22: Cause 1.03, mx, ages 70–85, females  
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Ages 85 and over 

   
     Fig. A2.23: Cause 1.03, mx, ages 85+, males      Fig. A2.24: Cause 1.03, mx, ages 85+, females  

 

Comments 

Different age groups show different patterns, possibly due to the cohort effect, which is investigated in 
more detail in Section 6. 

In terms of WYLL, there has been a decrease for Russian males, but an increase in Japan (males and 
females) and in France (males). 

Some of the mortality rate graphs show an increase followed by a decrease; e.g., for ages 55–70 around 
1990 (Figs A2.19 and A2.20). 

It is hard to point out a consistent pattern. Smoking prevalence in most countries, for males and females, 
has decreased in recent years; apparently not long enough ago to make a difference. Increasing 
mortality rates in recent years are seen for females in France at all ages, and also in Japan (male and 
female) for ages above 85, as well as for females in E&W and Sweden above age 85 (Figs A2.23 and 
A2.24). 
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Sub-category 1.04 – Cancer of breast, uterus, and ovaries (females only) 

All ages (WYLL) 

 
Fig. A2.25: Cause 1.04, WYLL, females 

  
By age group 

   
  Fig. A2.26: Cause 1.04, mx, ages 40–55, females   Fig. A2.27: Cause 1.04, mx, ages 55–70, females  
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By age group (continued) 

   
 Fig. A2.28: Cause 1.04, mx, ages 70–85, females      Fig. A2.29: Cause 1.04, mx, ages 85+, females  

 

Comments 

Graphs are shown for females only. Measured by WYLL, the lowest values are seen in Japan but with a 
worsening trend. E&W shows a significant improvement. 

E&W, and to a lesser extent Sweden and the US, show improvements in mortality, except for the oldest 
ages. 

 

Sub-category 1.05 – Cancer of prostate and urinary organs (males only) 

All ages (WYLL) 

 
Fig. A2.30: Cause 1.05, WYLL, males 
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By age group 

   
   Fig. A2.31: Cause 1.05, mx, ages 40–55, males    Fig. A2.32: Cause 1.05, mx, ages 55–70, males  

 

By age group (continued) 

   
   Fig. A2.33: Cause 1.05, mx, ages 70–85, males      Fig. A2.34: Cause 1.05, mx, ages 85+, males  

 

Comments 

The prevalence for females is very low, and therefore is not shown. For males, there is an increase over 
time, especially in Russia. The US is an exception: since 1990 there have been improvements at all ages. 
In general, Sweden has the highest mortality from prostate and urinary cancer. 
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Sub-category 1.06 – Other cancers  

Scope 

This covers all kinds of cancer not being included in the other minor categories. It includes leukemia, 
lymphoid, and Hodgkin’s disease. Blood diseases (ICD D50–D89), a group too small to analyze 
separately, are also included here. 

All ages (WYLL) 

   
    Fig. A2.35: Cause 1.06, WYLL, males       Fig. A2.36: Cause 1.06, WYLL, females  

 

Ages 55–70 

   
  Fig. A2.37: Cause 1.06, mx, ages 55–70, males   Fig. A2.38: Cause 1.06, mx, ages 55–70, females  
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Ages 70–85 

   
   Fig. A2.39: Cause 1.06, mx, ages 70–85, males   Fig. A2.40: Cause 1.06, mx, ages 70–85, females  

 

Ages 85 and over 

   
  Fig. A2.41: Cause 1.06, mx, ages 85+, males  Fig. A2.42: Cause 1.06, mx, ages 85+, females 

 

Comments 

Since this is a “catch-all” for unrelated types of cancer, there is no point in going into detail, but it is 
noticeable that France has the highest rates. 
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Sub-category 2.01 – Hypertensive and rheumatic heart diseases  

Scope 

The exact definition is hypertensive disease (heart, kidney, and secondary), essential hypertension, and 
rheumatic heart disease. 

All ages (WYLL) 

   
Fig. A2.43: Cause 2.01, WYLL, males    Fig. A2.44: Cause 2.01, WYLL, females  

 

Ages 55–70 

   
   Fig. A2.45: Cause 2.01, mx, ages 55–70, males   Fig. A2.46: Cause 2.01, mx, ages 55–70, females  
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Ages 70–85 

   
   Fig. A2.47: Cause 2.01, mx, ages 70–85, males    Fig. A2.48: Cause 2.01, mx, ages 70–85, females  

 

Ages 85 and over 

   
     Fig. A2.49: Cause 2.01, mx, ages 85+, males      Fig. A2.50: Cause 2.01, mx, ages 85+, females  

 

Comments 

The results are similar for males and females. In general, we see an improvement until about 1990, then 
stability or in some cases a slight increase in mortality in recent years. Japan had the highest mortality 
rates in the past, but in recent years shows the lowest rates.   
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Sub-category 2.02 – Ischaemic heart disease 

Scope 

This significant group (note the y-axis on the WYLL charts) covers myocardial infarction and 
arteriosclerotic, ischaemic, and degenerative heart disease. 

All ages (WYLL) 

   
    Fig. A2.51: Cause 2.02, WYLL, males     Fig. A2.52: Cause 2.02, WYLL, females  

 

Ages 40–55 

   
  Fig. A2.53: Cause 2.02, mx, ages 40–55, males    Fig. A2.54: Cause 2.02, mx, ages 40–55, females  
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Ages 55–70 

   
   Fig. A2.55: Cause 2.02, mx, ages 55–70, males  Fig. A2.56: Cause 2.02, mx, ages 55–70, females  

 

Ages 70–85 

   
  Fig. A2.57: Cause 2.02, mx, ages 70–85, males  Fig. A2.58: Cause 2.02, mx, ages 70–85, females 

 
  



Mortality by Causes of Death 
 

International Actuarial Association 71 

Ages 85 and over 

   
    Fig. A2.59: Cause 2.02, mx, ages 85+, males    Fig. A2.60: Cause 2.02, mx, ages 85+, females  

 

Comments 

The WYLL for males and females follow a similar pattern, but are significantly lower for females, even 
though the number of deaths is not vastly different (Table A2.1 shows the numbers of deaths in 2012): 

Table. A2.1: Numbers of deaths from ischaemic heart disease, 2012 

 Number of deaths from minor group 2.02 (ischaemic heart disease) in 2012: 

 USA RUS JPN FRA ENW SWE Total 

Male 203,080 278,155 45,078 21,886 37,807 7,703 593,710 

Female 159,738 328,851 37,232 16,343 27,626 6,376 576,166 

 

The table indicates that men die from heart attacks at an earlier age than women – especially in Russia.       

The countries shown in Table A2.1, and Figs A2.51 and A2.52 exhibit three distinct patterns: 

a) In Japan and France, the WYLL from this cause have been relatively stable over the past 50 years 
(around 10 years of life lost per 1,000), with males only slightly worse than females. 

b) In the US, E&W and Sweden, males have higher mortality than females, but since about 1980 
there has been a dramatic improvement of about two-thirds for both genders: WYLL for males 
has dropped from ~70 to ~20 years per 1,000; for females from ~30 to about ~10. 

c) In Russia, WYLL was similar to countries in paragraph “b” above in the 1960s, but since then has 
worsened, and only in recent years are there some signs of improvement.35  

 
35  The dramatic changes in mortality rates in Russia from 1980 to 2016 are analyzed in: V.I. Strabodurov et al., 

“The burden of disease in Russia from 1980 to 2016: a systematic analysis for the Global Burden of Disease 
Study 2016”, The Lancet, 2018, 392: 1138–1146. 
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For illustration purposes, we look at WYLL from ischaemic heart disease for males in the US since 1999 
and fit a simple logarithmic model to estimate future WYLLs in the next 10 years: 

 
Fig. A2.60a: WYLL from ischaemic heart disease (US, males) with a projection for the next 10 years 

 
Past data – and medical knowledge may well back this up36 – would seem to suggest that further 
significant improvements are unlikely. 

Looking at mortality rates for various age groups, a similar pattern repeats itself (with changes of scale) 
across both genders and all age groups. In Russia, for ages up to 70, it is noticeable than in the 1960s 
mortality rates were lower than the countries included in item “b”, but by 2000 the differences are 
enormous. Fortunately, there is some improvement in the new millennium.  

The figures of mortality rates are aligned with the comments above: apart from Eastern Europe, there is 
little room for improvement from ischaemic heart disease. 

 

 

 

 

 

 

 

 

 
36  Ridsdale (op. cit. in footnote 3). 
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Sub-category 2.03 – Other heart diseases  

Scope 

This group includes pulmonary heart disease, valve disorders, cardiac arrest, and other forms of heart 
disease. 

 

All ages (WYLL) 

   
  Fig. A2.61: Cause 2.03, WYLL, males     Fig. A2.62: Cause 2.03, WYLL, females  

 

Ages 55–70 

   
   Fig. A2.63: Cause 2.03, mx, ages 55–70, males   Fig. A2.64: Cause 2.03, mx, ages 55–70, females  
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Ages 70–85 

   
   Fig. A2.65: Cause 2.03, mx, ages 70–85, males   Fig. A2.66: Cause 2.03, mx, ages 70–85, females  

 

Ages 85 and over  

   
   Fig. A2.67: Cause 2.03, mx, ages 85+, males    Fig. A2.68: Cause 2.03, mx, ages 85+, females  

 

Comments 

France and Japan have high rates of “other heart diseases”, whereas in sub-category 2.02 we observe 
a significant drop in mortality. In Japan, there is a sharp one-off drop in 1995 (reclassification where the 
database changes). Russia started with the lowest WYLL, but the situation has worsened since 1990, 
especially for males. 

 

  



Mortality by Causes of Death 
 

International Actuarial Association 75 

Sub-category 2.04 – Cerebrovascular disease  

Scope 

This group includes brain haemorrhage, cerebral infarction, and other cerebrovascular diseases. 

All ages (WYLL) 

   
 Fig. A2.69: Cause 2.04, WYLL, males    Fig. A2.70: Cause 2.04, WYLL, females  

 

Ages 55–70 

   
    Fig. A2.71: Cause 2.04, mx, ages 55–70, males      Fig. A2.72: Cause 2.04, mx, ages 55–70, females
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Ages 70–85 

     
   Fig. A2.73: Cause 2.04, mx, ages 70–85, males   Fig. A2.74: Cause 2.04, mx, ages 70–85, females  

 

Ages 85 and over 

   
    Fig. A2.75: Cause 2.04, mx, ages 85+, males     Fig. A2.76: Cause 2.04, mx, ages 85+, females  

 

Comments 

The situation in Russia is rather similar to ischaemic heart disease, but the improvement in recent years 
is more dramatic. Most countries show improvements which were significant in the 1970s but have 
since tapered off. Japan has a different experience than the other countries, where it had enormously 
high rates of cerebrovascular accident (CVA) in the 1960s but since then has shown a considerable 
improvement, and now has similar results to the other countries (except Russia). 
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Sub-category 2.05 – Circulatory disease  

Scope 

This group includes atherosclerosis, aortic aneurysm, and other disorders of the circulatory system. 

All ages (WYLL) 

   
   Fig. A2.77: Cause 2.05, WYLL, males      Fig. A2.78: Cause 2.05, WYLL, females  

 

Ages 55–70 

   
   Fig. A2.79: Cause 2.05, mx, ages 55–70, males  Fig. A2.80: Cause 2.05, mx, ages 55–70, females  
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Ages 70–85 

   
  Fig. A2.81: Cause 2.05, mx, ages 70–85, males   Fig. A2.82: Cause 2.05, mx, ages 70–85, females  

 

Ages 85 and over 

   
  Fig. A2.83: Cause 2.05, mx, ages 85+, males  Fig. A2.84: Cause 2.05, mx, ages 85+, females 

  

Comments 

The patterns look similar between males and females at different age groups, with different scales. 
Russia’s experience worsened until about 1995 but has since improved, and is closing the gap with 
other countries. Other countries have in general shown an improvement over time, except for Japan, 
which has the lowest mortality, fairly stable over time. 
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Sub-category 3.01 – Infectious diseases 

Scope 

This group includes all viral and bacterial infections, tuberculosis, dysentery, and viral hepatitis. 

All ages (WYLL) 

   
    Fig. A2.85: Cause 3.01, WYLL, males       Fig. A2.86: Cause 3.01, WYLL, females  

 

Ages 25–40 

    
   Fig. A2.87: Cause 3.01, mx, ages 25–40, males   Fig. A2.88: Cause 3.01, mx, ages 25–40, females  
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Ages 40–55 

   
Fig. A2.89: Cause 3.01, mx, ages 40–55, males  Fig. A2.90: Cause 3.01, mx, ages 40–55, females  

 

Ages 55–70 

   
   Fig. A2.91: Cause 3.01, mx, ages 55–70, males   Fig. A2.92: Cause 3.01, mx, ages 55–70, females  
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Ages 70–85 

    
Fig. A2.93: Cause 3.01, mx, ages 70–85, males  Fig. A2.94: Cause 3.01, mx, ages 70–85, females 

 

Ages 85 and over 

   
  Fig. A2.95: Cause 3.01, mx, ages 85+, males  Fig. A2.96: Cause 3.01, mx, ages 85+, females  

 
 
Comments 

This sub-category merits attention because of the different behaviour by age groups. 

A decrease in WYLL from infections in the 1970s was followed by a sharp “hump” from 1985 until about 
2000, as a result of HIV/AIDS, which affected males more than females. Since then the overall trend is 
fairly stable, except for an increase in Sweden and for females in Russia.   

Looking at mortality rates by age group, the HIV/AIDS “hump” appears up to about age 55 (Figs A2.87–
A2.90), mainly in the US and to a lesser extent in France, but is insignificant at older ages. 
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The graphs for ages 25–40 show an alarming increase for Russia since 2000, with higher mortality for 
males (0.64 per mille in 2004 compared to 0.04 in the US). For males at ages 40–55 there has been an 
improvement in recent years, though Russia still has higher mortality than the other countries. 

At older ages (up to 85) (Figs A2.91–A2.94), we see an improvement in all countries between 1965 and 
about 1990, and stability since then, except for females in the US, which show worsening mortality, with 
the latest mortality rates higher than for the other countries. 

The situation for ages above 85 (Figs A2.95 and A2.96) is different. Here we see worsening mortality in 
Sweden (males and females); a slight upward trend in the US, Japan (since 1990), and France; 
increasing mortality in E&W, which peaked in 2005 and has dropped since then; and for Russia, in total 
contrast to younger ages, a low and stable mortality rate. 

It is possible that the variety in the results is caused by several types of infections, which behave 
differently by geographical regions and ages. 

 

Sub-category 3.02 – Diabetes mellitus 

All ages (WYLL) 

   
    Fig. A2.97: Cause 3.02, WYLL, males      Fig. A2.98: Cause 3.02, WYLL, females   
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Ages 55–70 

   
   Fig. A2.99: Cause 3.02, mx, ages 55–70, males    Fig. A2.100: Cause 3.02, mx, ages 55–70, females

  
 

Ages 70–85 

   
   Fig. A2.101: Cause 3.02, mx, ages 70–85, males  Fig. A2.102: Cause 3.02, mx, ages 70–85, females  
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Ages 85 and over 

   
   Fig. A2.103: Cause 3.02, mx, ages 85+, males    Fig. A2.104: Cause 3.02, mx, ages 85+, females  

 

Comments 

WYLL are highest in the US, where prevalence of diabetes is the highest. For US males, an increase in 
mortality appears to be concentrated between the 55–70 age group; at older ages there is an 
improvement. For females in the US there are ups and downs. Russia shows a sharp upturn in the last 
few years – this might be the result of change in reporting practice. 

A possible problem with this category is that people who suffer from diabetes are subject to a range of 
possible medical complications, which might appear as the primary COD rather than “diabetes”. 
Prevalence has increased significantly over the past 50 years,37 but this does not find expression in 
published mortality rates. 

 

  

 
37  See, for example, National Diabetes Statistics Report 2020 of the US Department of Health and Human 

Services, which states that in 2018 over 10% of the population had diabetes: 
www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf 

http://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
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Sub-category 3.03 – Other metabolic diseases 

Scope 

This group includes obesity, malnutrition, and other endocrine, nutritional, and metabolic diseases. 

All ages (WYLL) 

   
   Fig. A2.105: Cause 3.03, WYLL, males   Fig. A2.106: Cause 3.03, WYLL, females  

 

Ages 55–70 

   
  Fig. A2.107: Cause 3.03, mx, ages 55–70, males  Fig. A2.108: Cause 3.03, mx, ages 55–70, females  
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Ages 70–85 

   
  Fig. A2.109: Cause 3.03, mx, ages 70–85, males  Fig. A2.110: Cause 3.03, mx, ages 70–85, females  

 

Ages 85 and over 

   
   Fig. A2.111: Cause 3.03, mx, ages 85+, males    Fig. A2.112: Cause 3.03, mx, ages 85+, females  

 

Comments 

Here we see clearly the results of the obesity “epidemic” in the US, although as in the previous section 
on diabetes, the figures probably understate the loss of life resulting from a more obese population. The 
mortality rates in France until 1968 are similar to other countries, and then there is an inexplicable jump, 
raising questions about classification. 
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Sub-category 3.04 – Substance abuse 

Scope 

This group includes alcohol abuse (including alcoholic psychosis), drug dependence, and toxicomania. 

All ages (WYLL) 

   
 Fig. A2.113: Cause 3.04, WYLL, males    Fig. A2.114: Cause 3.04, WYLL, females  

 

Ages 25–40 

   
 Fig. A2.115: Cause 3.04, mx, ages 25–40, males   Fig. A2.116: Cause 3.04, mx, ages 25–40, females
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Ages 40–55 

   
   Fig. A2.117: Cause 3.04, mx, ages 40–55, males  Fig. A2.118: Cause 3.04, mx, ages 40–55, females  

 

Ages 55–70 

   
  Fig. A2.119: Cause 3.04, mx, ages 55–70, males  Fig. A2.120: Cause 3.04, mx, ages 55–70, females  
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Ages 70–85 

   
  Fig. A2.121: Cause 3.04, mx, ages 70–85, males  Fig. A2.122: Cause 3.04, mx, ages 70–85, females  

 

Ages 85 and over 

   
    Fig. A2.123: Cause 3.04, mx, ages 85+, males    Fig. A2.124: Cause 3.04, mx, ages 85+, females  

 

Comments 

This was defined as a separate group in order to investigate if substance abuse is on the increase. The 
country with the highest mortality is France, though there seems to be an improvement over time. There 
are signs of a moderate increase in mortality in the US in recent years. Mortality in E&W was very high 
from about 2000 to 2010, followed by an apparent significant improvement. However, group sub-
category 4.04 below (alcohol poisoning) shows an opposite trend, suggesting a change in reporting 
practice. 
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Sub-category 3.05 – Mental diseases 

Scope 

In recent years the major contributor to this group has been dementia. It also includes other mental and 
behavioural disorders. 

All ages (WYLL) 

   
  Fig. A2.125: Cause 3.05, WYLL, males   Fig. A2.126: Cause 3.05, WYLL, females  

 

Ages 55–70 

   
   Fig. A2.127: Cause 3.05, mx, ages 55–70, males  Fig. A2.128: Cause 3.05, mx, ages 55–70, females  
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Ages 70–85 

   
Fig. A2.129: Cause 3.05, mx, ages 70–85, males  Fig. A2.130: Cause 3.05, mx, ages 70–85, females  

 

Ages 85 and over 

   
    Fig. A2.131: Cause 3.05, mx, ages 85+, males  Fig. A2.132: Cause 3.05, mx, ages 85+, females  

 

Comments 

Here we see an enormous change in WYLL, most significantly in E&W – from close to zero to 6 for males 
and 11 for females. Sweden, the US, and France also show steep increases, but for Russia and Japan 
the numbers are still very low. The main contributor is dementia, so not surprisingly the biggest changes 
are at the older ages. 
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Sub-category 3.06 – Diseases of the nervous system 

Scope 

This group includes Parkinson’s disease, Alzheimer’s disease, atrophy of the central nervous system, 
and multiple sclerosis. 

All ages (WYLL) 

   
Fig. A2.133: Cause 3.06, WYLL, males   Fig. A2.134: Cause 3.06, WYLL, females  

 

Ages 55–70 

   
Fig. A2.135: Cause 3.06, mx, ages 55–70, males  Fig. A2.136: Cause 3.06, mx, ages 55–70, females  
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Ages 70–85 

   
  Fig. A2.137: Cause 3.06, mx, ages 70–85, males  Fig. A2.138: Cause 3.06, mx, ages 70–85, females  

 

Ages 85 and over 

    
Fig. A2.139: Cause 3.06, mx, ages 85+, males  Fig. A2.140: Cause 3.06, mx, ages 85+, females  

 

Comments 

We observe a dramatic increase for all countries, but most notably in the US and France. The increases 
started around 1995. Here also the changes are mainly seen at higher ages, no doubt due to the 
increased incidence (or diagnosis) of Alzheimer’s disease. 

 

 

  



Mortality by Causes of Death 
 

International Actuarial Association 94 

Sub-category 3.07 – Acute respiratory diseases 

Scope 

This group includes influenza, pneumonia, and other acute respiratory infections. 

All ages (WYLL) 

     
Fig. A2.141: Cause 3.07, WYLL, males   Fig. A2.142: Cause 3.07, WYLL, females  

 

Ages 55–70 

   
  Fig. A2.143: Cause 3.07, mx, ages 55–70, males  Fig. A2.144: Cause 3.07, mx, ages 55–70, females  
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Ages 70–85 

   
Fig. A2.145: Cause 3.07, mx, ages 70–85, males  Fig. A2.146: Cause 3.07, mx, ages 70–85, females  

 

Ages 85 and over 

   
    Fig. A2.147: Cause 3.07, mx, ages 85+, males    Fig. A2.148: Cause 3.07, mx, ages 85+, females  

 

Comments 

The lines for E&W seem to indicate a classification problem. Japan has a high WYLL, with an increasing 
trend in recent years. 
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Sub-category 3.08 – Other respiratory diseases 

Scope 

This group includes asthma, chronic bronchitis, and other pulmonary diseases. 

All ages (WYLL) 

   
   Fig. A2.149: Cause 3.08, WYLL, males   Fig. A2.150: Cause 3.08, WYLL, females  

 

Ages 55–70 

   
  Fig. A2.151: Cause 3.08, mx, ages 55–70, males  Fig. A2.152: Cause 3.08, mx, ages 55–70, females  
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Ages 70–85 

   
Fig. A2.153: Cause 3.08, mx, ages 70–85, males  Fig. A2.154: Cause 3.08, mx, ages 70–85, females  

 

Ages 85 and over 

    
    Fig. A2.155: Cause 3.08, mx, ages 85+, males    Fig. A2.156: Cause 3.08, mx, ages 85+, females  

 

Comments 

Measured by WYLL, male mortality has been stable for the past 20 years or so, but female mortality is 
increasing, especially in the US and E&W. An exception is Russia, which shows significant improvements 
for both males and females. 
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Sub-category 3.09 – Diseases of the digestive system 

Scope 

This group includes cirrhosis of the liver, gastro-enteritis, gastric ulcers, and other diseases of the 
digestive system. 

All ages (WYLL) 

   
   Fig. A2.157: Cause 3.09, WYLL, males     Fig. A2.158: Cause 3.09, WYLL, females  

 

Ages 55–70 

   
  Fig. A2.159: Cause 3.09, mx, ages 55–70, males  Fig. A2.160: Cause 3.09, mx, ages 55–70, females  
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Ages 70–85 

   
  Fig. A2.161: Cause 3.09, mx, ages 70–85, males  Fig. A2.162: Cause 3.09, mx, ages 70–85, females  

 

Ages 85 and over 

   
    Fig. A2.163: Cause 3.09, mx, ages 85+, males     Fig. A2.164: Cause 3.09, mx, ages 85+, females  

 

Comments 

France and Japan show improvements over time. In Russia there is a worsening trend, especially at 
younger ages. Other countries are stable. 
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Sub-category 3.10 – Skin and musculoskeletal disorders 

Scope 

This group includes skin infections, rheumatoid arthritis, osteoarthrosis, and other diseases of the 
musculoskeletal system. 

All ages (WYLL) 

   
  Fig. A2.165: Cause 3.10, WYLL, males    Fig. A2.166: Cause 3.10, WYLL, females  

 

Ages 55–70 

   
 Fig. A2.167: Cause 3.10, mx, ages 55–70, males  Fig. A2.168: Cause 3.10, mx, ages 55–70, females  
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Ages 70–85 

   
  Fig. A2.169: Cause 3.10, mx, ages 70–85, males  Fig. A2.170: Cause 3.10, mx, ages 70–85, females  

 

Ages 85 and over 

   
    Fig. A2.171: Cause 3.10, mx, ages 85+, males    Fig. A2.172: Cause 3.10, mx, ages 85+, females  

 

Comments 

This is a fairly insignificant group, with higher mortality for females than males. France shows an 
increase until about 2000 and improvement since then. Figures for E&W indicate inconsistency over 
time. 
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Sub-category 3.11 – Genitourinary diseases 

Scope 

This group includes nephritis, nephrosis, renal failure, other diseases of the genitourinary system, and 
also (in very small numbers) complications of pregnancy, childbirth, and puerperium. 

All ages (WYLL)  

   
  Fig. A2.173: Cause 3.11, WYLL, males    Fig. A2.174: Cause 3.11, WYLL, females  

 

Ages 55–70 

   
  Fig. A2.175: Cause 3.11, mx, ages 55–70, males  Fig. A2.176: Cause 3.12, mx, ages 55–70, females  
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Ages 70–85 

   
 Fig. A2.177: Cause 3.11, mx, ages 70–85, males  Fig. A2.178: Cause 3.11, mx, ages 70–85, females  

 

Ages 85 and over 

   
   Fig. A2.179: Cause 3.11, mx, ages 85+, males    Fig. A2.180: Cause 3.11, mx, ages 85+, females  

 

Comments 

There is a decreasing trend in this COD from 1965 until about 1990, and stability since then. The figures 
for E&W show a peak in 2010, more obvious for females. 
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Sub-category 3.12 – Other or unknown medical causes 

All ages (WYLL) 

   
  Fig. A2.181: Cause 3.12, WYLL, males   Fig. A2.182: Cause 3.12, WYLL, females  

 

Comments 

This group is included for completeness. The decrease in WYLL may just be an indication that in recent 
years there are fewer deaths for which the recording physician is unable to assign a specific cause. 

 

Sub-category 4.01 – Suicide 

All ages (WYLL) 

   
   Fig. A2.183: Cause 4.01, WYLL, males   Fig. A2.184: Cause 4.01, WYLL, females  
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Ages 25–40 

   
  Fig. A2.185: Cause 4.01, mx, ages 25–40, males  Fig. A2.186: Cause 4.01, mx, ages 25–40, females  

  

Ages 40–55 

   
  Fig. A2.187: Cause 4.01, mx, ages 40–55, males  Fig. A2.188: Cause 4.01, mx, ages 40–55, females 
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Ages 55–70 

   
  Fig. A2.189: Cause 4.01, mx, ages 55–70, males  Fig. A2.190: Cause 4.01, mx, ages 55–70, females  

 

Ages 70–85 

   
  Fig. A2.191: Cause 4.01, mx, ages 70–85, males  Fig. A2.192: Cause 4.01, mx, ages 55–70, females  
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Ages 85 and over 

   
    Fig. A2.193: Cause 4.01, mx, ages 85+, males     Fig. A2.194: Cause 4.01, mx, ages 85+, females  

 

Comments 

This group is problematic, because the distinction between suicides and accidents is not always clear, 
and in some cultures there may be reluctance to record a death as suicide. In general, the incidence is 
higher for males than females. The US shows a slight increase for both males and females since about 
2000. 

In Russia there is a sharp dip in male mortality between 1985 and 1995, but only at ages up to 70 – this 
suggests a data problem.   
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Sub-category 4.02 – Homicide 

All ages (WYLL) 

   
   Fig. A2.195: Cause 4.02, WYLL, males    Fig. A2.196: Cause 4.02, WYLL, females  

 

Comments 

In Russia, the WYLL due to homicide jumped dramatically at the time the Soviet Union broke up, but has 
fallen just as sharply in recent years. Russia and the US have much higher rates of homicide than the 
other representative countries. 

 

Sub-category 4.03 – Road accidents 

All ages (WYLL) 

   

   Fig. A2.197: Cause 4.03, WYLL, males   Fig. A2.198: Cause 4.03, WYLL, females  
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Ages 25–40 

    
  Fig. A2.199: Cause 4.03, mx, ages 25–40, males  Fig. A2.200: Cause 4.03, mx, ages 25–40, females  

 

Ages 40–55 

   
  Fig. A2.201: Cause 4.03, mx, ages 40–55, males  Fig. A2.202: Cause 4.03, mx, ages 40–55, females  
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Ages 55–70 

   
  Fig. A2.203: Cause 4.03, mx, ages 55–70, males  Fig. A2.204: Cause 4.03, mx, ages 55–70, females  

 

Ages 70–85 

   
  Fig. A2.205: Cause 4.03, mx, ages 70–85, males  Fig. A2.206: Cause 4.03, mx, ages 70–85, females 
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Ages 85 and over 

   
 Fig. A2.207: Cause 4.03, mx, ages 85+, males  Fig. A2.208: Cause 4.03, mx, ages 85+, females  

 
Comments 

With the exception of Russia, there has been a continual decline in mortality from road accidents over 
the past 50 years. Male mortality is higher than female. For the latest years available the highest 
mortality for both genders is in Russia.  

 

Sub-category 4.04 – Accidental poisoning 

All ages (WYLL) 

   

   Fig. A2.209: Cause 4.04, WYLL, males     Fig. A2.210: Cause 4.04, WYLL, females  
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Ages 25–40 

   
  Fig. A2.211: Cause 4.04, mx, ages 25–40, males  Fig. A2.212: Cause 4.04, mx, ages 25–40, females  

 

Ages 40–55 

   
  Fig. A2.213: Cause 4.04, mx, ages 40–55, males  Fig. A2.214: Cause 4.04, mx, ages 40–55, females 
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Ages 55–70 

   
  Fig. A2.215: Cause 4.04, mx, ages 55–70, males  Fig. A2.216: Cause 4.04, mx, ages 55–70, females 

 

Ages 70–85 

   
Fig. A2.217: Cause 4.04, mx, ages 70–85, males  Fig. A2.218: Cause 4.04, mx, ages 70–85, females 
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Ages 85 and over 

   
 Fig. A2.219: Cause 4.04, mx, ages 85+, males  Fig. A2.220: Cause 4.04, mx, ages 85+, females 

 

Comments 

The pie charts in Section 5 (Figs 5.9 and 5.10) show that accidental poisoning (including alcohol) 
accounts for almost as many deaths as road accidents. The rate is especially high in Russia, but in the 
US there has been a dramatic increase in recent years for males and females, perhaps a manifestation 
of the increasing use of opioids. E&W shows a moderate increase at younger ages (up to 55); for France 
there is an increase at older ages. 

 

Sub-category 4.05 – Other accidents 

All ages (WYLL) 

   

 Fig. A2.221: Cause 4.05, WYLL, males   Fig. A2.222: Cause 4.05, WYLL, females  
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Ages 25–40 

   
  Fig. A2.223: Cause 4.05, mx, ages 25–40, males  Fig. A2.224: Cause 4.05, mx, ages 25–40, females  

 

Ages 40–55 

   
 Fig. A2.225: Cause 4.05, mx, ages 40–55, males   Fig. A2.226: Cause 4.05, mx, ages 40–55, females
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Ages 55–70 

   
  Fig. A2.227: Cause 4.05, mx, ages 55–70, males  Fig. A2.228: Cause 4.05, mx, ages 55–70, females   

  
Ages 70–85 

   
   Fig. A2.229: Cause 4.05, mx, ages 70–85, males  Fig. A2.230: Cause 4.05, mx, ages 70–85, females  
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Ages 85 and over 

   
     Fig. A2.231: Cause 4.05, mx, ages 85+, males     Fig. A2.232: Cause 4.05, mx, ages 85+, females  

 

Comments 

Here also we see high and volatile mortality in Russia, except at higher ages. France has relatively high 
rates of mortality at higher ages, on the whole with a decreasing trend. Other countries show a relatively 
low mortality and a decreasing trend. 
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Appendix 3 – Detailed analysis of mortality at older and younger ages 

This appendix shows a detailed analysis of mortality by COD for the oldest and youngest age groups. 
The major findings are summarized in Section 6. 

A3.1 Mortality by COD for ages 85 and over 

A3.1.1 USA 
The most prominent CODs in the US in 2015 (both genders) were as follows: 

Table A3.1: Numbers of deaths (’000s) by cause in 2015, US, ages 85+, males and females 

All 860  

Ischaemic heart 130 15% 

Nervous system 96 11% 

Other heart disease 94 11% 

Mental 78 9% 

Other respiratory 70 8% 

Cerebrovascular 61 7% 

C other 40 5% 

HT/rheumatic heart 30 4% 

 

Cancer, which is a significant COD for ages under 85, plays a minor role here, as noted in Section 4.4. 

Now let us look at mortality rates (mx) in absolute values, and the changes relative to 1965 for each 
COD: 

      
          Fig. A3.1: mx by cause, US, ages 85+, both genders      Fig. A3.2: Change in mx by cause, US, ages 85+, 

                                                                                                        both genders 
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Deaths attributed to mental disorders (including dementia) and diseases of the nervous system 
(including Alzheimer’s disease) were insignificant in the 1960s, and have increased 70-fold and 40-fold 
respectively over a period of 40 years. This has counteracted the significant decreases in mortality from 
heart and cardiovascular diseases. One could argue that this is a result of increasing longevity: if people 
live longer and are less likely to die from heart attacks, etc., they will eventually die from other causes 
which were of minor importance – or possibly not recognized – in the past.38 Alternatively, it may be 
attributed to classification issues in the earlier years. 

A3.1.2 Russia 

Table A3.2: Numbers of deaths (’000s) by cause in 2014, Russia, ages 85+, both genders  

All 320  

Ischaemic heart 140 44% 

Cerebrovascular 99 31% 

Other heart disease 14 4% 

Circulatory 10 3% 

Nervous system 9 3% 

Digestive 6 2% 

HT/rheumatic heart 5 2% 

C digestive system 5 2% 
  

   
 Fig. A3.3: mx by cause, Russia, ages 85+, both genders     Fig. A3.4: Change in mx by cause, Russia, ages 85+,  
  both genders  

 
38  See: S. Arnold(-Gaille) and M. Sherris, “Causes-of-death mortality: what do we know on their dependence?”, 

North American Actuarial Journal, 2015, 19(2): 116–128, and S. Arnold(-Gaille), S. and M. Sherris, “International 
cause-specific mortality rates: new insights from a cointegration analysis”, ASTIN Bulletin, 2016, 46: 9–38. 
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Comments 

Until 2012 there were no dramatic changes in mortality by COD at the older ages: ischaemic heart 
disease was the dominant cause, accounting for 47% of deaths, followed by cerebrovascular disease. 
In 2013 and 2014, there is a dramatic change in reported COD, with mortality from mental and nervous 
diseases (combined) jumping from 1.2 per mille to 6.0 per mille within two years, which suggests a 
change in reporting practice.  
 

A3.1.3 Japan 

Table A3.3: Numbers of deaths (’000s) by cause in 2016, Japan, ages 85+, both genders 

All 592  

Other heart disease 92 15% 

Acute respiratory 87 15% 

Cerebrovascular 63 11% 

Other respiratory 4 
 

9% 

C digestive system 44 7% 

Ischaemic heart 32 5% 

Genitourinary 15 4% 
4 

Digestive 23 4% 

C other 22 4% 

C lung 21 4% 

Other accidents 18 3% 

Nervous system 17 3% 

C colorectal 17 3% 

Mental 12 2% 
 

    
Fig. A3.5: mx by cause, Japan, ages 85+, both genders   Fig. A3.6: Change in mx by cause, Japan, ages 85+,  

  both genders 
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Comments 

Ischaemic heart disease accounts for a much smaller proportion of deaths at older ages than in other 
countries. Deaths from cerebrovascular diseases were dominant in the past, but have declined steeply. 
Respiratory diseases are prominent. Mental and nervous diseases are much further down the list, but 
have been included on the graph because of an increase in recent years, mainly since about 2005. 

 

A3.1.4 France 

Table A3.4: Numbers of deaths (’000s) by cause in 2015, France, ages 85+, both genders  
All 257  

Other heart disease 40 16% 

Nervous system 23 9% 

Cerebrovascular 19 8% 

Mental 18 7% 

Ischaemic heart 18 7% 

C other 16 6% 

Other respiratory 14 5% 

Acute respiratory 13 5% 
 

     
 Fig. A3.7: mx by cause, France, ages 85+, both genders     Fig. A3.8: Change in mx by cause, France, ages 85+, 

       both genders 
 

Comments 

Deaths from “other” (non-ischaemic) heart diseases predominate, but in 2015 deaths from nervous 
disease are in second place, after a decrease in the 1980s and a subsequent increase. Deaths from 
mental disorders are fourth on the list, with a six-fold increase.    
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A3.1.5 England and Wales 

Table A3.5: Numbers of deaths (’000s) by cause in 2016, E&W, ages 85+, both genders  
All 257  

Other heart disease 40 16% 

Nervous system 23 9% 

Cerebrovascular 19 8% 

Mental 18 7% 

Ischaemic heart 18 7% 

C other 16 6% 

Other respiratory 14 5% 

Acute respiratory 13 5% 
 

  
Fig. A3.9: mx by cause, E&W, ages 85+, both genders Fig. A3.10: Change in mx by cause, E&W, ages 85+, 

                                          both genders 

 

Comments 

The graphs show irregularities in some years, but it is notable that deaths from mental diseases were 
insignificant until about 1985 but are now at the top of the list, having increased by a factor of nearly 
40. Deaths from diseases of the nervous system have increased in parallel but somewhat less. Deaths 
from ischaemic heart disease have declined steeply. 
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A3.1.6 Sweden 

Table A3.6: Numbers of deaths (’000s) by cause in 2012, Sweden, ages 85+, both genders  

All 41  
Ischaemic heart 7 17% 

Other heart disease 6 14% 

Cerebrovascular 4 10% 

Mental 4 10% 

Other/unknown 2 5% 

C other 2 4% 

Nervous system 2 4% 

Acute respiratory 2 4% 
 

   
Fig. A3.11: mx by cause, Sweden, ages 85+, both genders      Fig. A3.12: Change in mx by cause, Sweden, ages  
           85+, both genders 
 

Comments 

Here also we see a significant increase in deaths from mental disorders and diseases of the nervous 
system. The “mirror-image” lines for ischaemic heart disease and other heart disease suggests a 
possible confusion in the data between these two sub-categories.  
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A3.2 Mortality by COD for ages 25–40 

A3.2.1 USA 

The most prominent CODs in the US in 2015 (both genders) were as follows: 

Table A3.7: Numbers of deaths (’000s) by cause in 2015, US, ages 25–40, males and females 

All 83  

Accid. Poisoning 17 21% 

Suicide 11 13% 

Road accidents 10 12% 

Homocide 7 9% 

Other accidents 5 6% 

C other 4 5% 

Other heart disease 3 4% 

Other/unknown 3 3% 

 

The mortality rates in absolute values, and changes relative to 1965, were as follows. We have included 
substance abuse even though the absolute numbers are low:   

      
          Fig. A3.13: mx by cause, US, ages 25–40+,    Fig. A3.14: Change in mx by cause, US, ages 25–40, 

           both genders             both genders  
  

Deaths attributed to accidental poisoning are the dominant cause, having overtaken suicide in about 
2005. “Accidental poisoning” is mostly substance use disorder (overdoses, and mostly opioids). Deaths 
from road accidents and other accidents have decreased.    
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A3.2.2 Russia 

Table A3.8: Numbers of deaths (’000s) by cause in 2014, Russia, ages 25–40, both genders 

All 127  
Other accidents 24 19% 

Infectious 16 12% 

Digestive 12 10% 

Other heart disease 11 9% 

Road accidents 11 8% 

Accid. Poisoning 10 8% 

Suicide 9 7% 

Ischaemic heart 6 5% 

 

   
Fig. A3.15: mx by cause, Russia, ages 25–40,  Fig. A3.16: Change in mx by cause, Russia  

            both genders     ages 25–40, both genders 
 

Comments 

The steepest increase is in deaths from digestive diseases, not usually associated with younger ages. 
The dominant causes are “other” accidents (i.e., not road accidents or accidental poisoning, both of 
which also appear as major contributors). Deaths from accidental poisoning increased sharply in about 
1995, but have declined in recent years. 
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A3.2.3 Japan 

Table A3.9: Numbers of deaths (’000s) by cause in 2016, Japan, ages 25–40, both genders 

All 11.0  

Suicide 4.0 36% 

C other 0.9 8% 

Other accidents 0.8 7% 

C breast/uterus 0.6 6% 

Other heart disease 0.6 6% 

Road accidents 0.5 5% 

C digestive system 0.5 4% 

Cerebrovascular 0.5 4% 
 

   
          Fig. A3.17: mx by cause, Japan, ages 25–40,                Fig. A3.18: Change in mx by cause, Japan, ages 25–40,  

both genders             both  genders 
 

Comments 

Absolute mortality rates at young ages are very low, with the exception of suicide, which is the primary 
COD at these ages. Rates of suicide declined in the 1980s, increased in the 1990s, and have again 
decreased in the most recent years.   
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A3.2.4 France 

Table A3.10 Numbers of deaths (’000s) by cause in 2015, France, ages 25–40, both genders  
All 7.7  

Suicide 1.6 21% 

C other 0.9 12% 

Other accidents 0.9 11% 

Road accidents 0.8 11% 

C breast/uterus 0.4 5% 

Nervous system 0.3 4% 

Other heart disease 0.3 4% 

C digestive system 0.3 4% 
 

   
    Fig. A3.19: mx by cause, France, ages 25–40,   Fig. A3.20: Change in mx by cause, France,  

                     both genders                                       ages 25–40, both genders 
 

Comments 

Here, the primary COD is also suicide, although the rate has been decreasing in recent years. The rate 
of mortality from accidental poisoning, though small in absolute terms, has been increasing since about 
2000. 
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A3.2.5 England and Wales 

Table A3.11: Numbers of deaths (’000s) by cause in 2016, E&W, ages 25–40, both genders  
All 7.7  

Accid. Poisoning 1.2 15% 

Suicide 1.0 13% 

Other accidents 0.8 10% 

C other 0.7 9% 

Digestive 0.6 8% 

C breast/uterus 0.4 5% 

Road accidents 0.4 5% 

Nervous system 0.3 4% 
 

    
Fig. A3.21: mx by cause, E&W, ages 25–40, both genders    Fig. A3.22: Change in mx by cause, E&W, ages 25–40,

       both genders 
 

Comments 

The primary cause in 2016 is substance abuse, following a massive increase between about 1990 and 
2000, but the graphs suggest that there has been a reclassification in about 2010 between substance 
abuse and accidental poisoning. Rates of suicide are low relative to other countries, and stable. 
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A3.2.6 Sweden 

Table A3.12: Numbers of deaths (’000s) by cause in 2012, Sweden, ages 25–40, both genders 

All 1.0  

Suicide 0.2 21% 

Accid. poisoning 0.1 13% 

Other accidents 0.1 13% 

C other 0.1 12% 

Other/unknown 0.1 6% 

Road accidents 0.1 6% 

C breast/uterus 0.0 4% 

Other heart disease 0.0 4% 
 

   
Fig. A3.23: mx by cause, Sweden, ages 25–40,  Fig. A3.24: Change in mx by cause, Sweden,  

              both genders                                        ages 25–40, both genders 
 

Comments 

Again, we can see signs of a possible reclassification between substance abuse and accidental 
poisoning. Suicide remains the primary cause, but the rate steadily decreased until about 2000, since 
when it has been fairly stable. 
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A3.4 Mortality by COD for ages 10–25 

Mortality rates for the 10–25 age group are very low, but in order to complete the picture we show below 
the primary CODs for this group, together with corresponding figures for ages 25–40 for the sake of 
comparison: 

Table A3.13: Mortality rates per mille, latest year available, males and females 

United States (2015) Russia (2014) Japan (2016) 

 Ages 
10-25 

Ages 
25-40  Ages  

10-25 
Ages 
25-40  Ages 

10-25 
Ages 
25-40 

All 0.52 1.29 All 0.91 3.65 All 0.21 0.52 

Road accidents 0.12 0.16 Other accidents 0.24 0.69 Suicide 0.09 0.19 

Suicide 0.10 0.17 Road accidents 0.21 0.31 Road accidents 0.03 0.02 

Homocide 0.07 0.11 Suicide 0.13 0.27 Other accidents 0.02 0.04 

Accid. Poisoning 0.04 0.27 Accid. Poisoning 0.05 0.29 C other 0.02 0.04 

Other accidents 0.04 0.08 Homocide 0.04 0.15 Nervous system 0.01 0.01 

C other 0.04 0.06 C other 0.04 0.10 Other heart disease 0.01 0.03 

         

France (2015) England and Wales (2016) Sweden (2012) 

 Ages 
10-25 

Ages 
25-40  Ages 

10-25 
Ages 
25-40  Ages 

10-25 
Ages 
25-40 

All 0.25 0.66 All 0.24 0.66 All 0.27 0.55 

Road accidents 0.07 0.07 Suicide 0.04 0.09 Suicide 0.07 0.11 

Suicide 0.04 0.14 Other accidents 0.04 0.07 Road accidents 0.04 0.03 

Other accidents 0.04 0.07 Road accidents 0.03 0.03 C other 0.03 0.07 

C other 0.04 0.08 C other 0.03 0.06 Other accidents 0.03 0.07 

Nervous system 0.02 0.03 Nervous system 0.02 0.03 Accid. Poisoning 0.02 0.07 

Other/unknown 0.01 0.01 Accid. poisoning 0.02 0.10 Other/unknown 0.02 0.03 
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Appendix 4 – Technical description of data sources and calculations 

This appendix describes the procedures followed in order to produce the Excel spreadsheet for deriving 
the results presented above. 

1. Auxiliary tables 
1.1. Set up a table of countries included in the database, years for which data are available, 

numerical code, and three-letter acronym. 
1.2. Set up a table of “MWG categories” of COD, with translation from the “intermediate codes” used 

by the HMD-COD and HCD. 
 

2. HMD-COD database 
2.1. Download data for each country from the website (.csv file converted to .xlsb). 
2.2. Arrange “number of deaths” for each country/year/gender/COD (row) and age group (column) 

directly from the data. 
2.3. Summarize results for each “MWG category”. 
2.4. Calculate “exposure” for each country/year/gender (row) and age group (column) as: 

Exposure = “Deaths” / “Rate” * 100,000 

2.5. Check consistency of sum over all categories with deaths and exposure in HMD. 
 

3. HCD database 
3.1. Download data for each country from the website (.csv file converted to .xlsb – separate files 

for deaths by intermediate group and exposure). 
3.2. Arrange “number of deaths” for each country/year/gender/COD (row) and age group (column) 

directly from the data. 
3.3. Summarize results for each “MWG category”. 
3.4. Arrange “exposure” for each country/year/gender (row) and age group (column) directly from 

the data. 
3.5. Check consistency of sum over all categories with deaths and exposure in HMD. 

 

4. Combined database: Combine results from the two databases to a single table, excluding duplicates 
(where data for a particular country/year appear in both databases, according to the table in Fig. 
3.1). 

 

5. HMD database 
5.1. Download life expectancy (LE) for each country/year/gender in the MWG database from the 

HMD for all ages (x) from 0 to 110. 
5.2. Calculate expected age at death = LE + x. 
5.3. Calculate years of life lost (WYLL) for each relevant age group (0–1, 1–5, 5–10, 10–15 …. 80–

85, 85–110) using the formula in Martinez et al.’s paper: mortality rate * max. life expectancy 
in the database * proportion of population in that age group (shown in the “Exposures” 
worksheet) 

5.4. Arrange the results as a table for each country/year/gender (row) and age group (column). 
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6. Views: Calculate results for the following “views” of the data, by means of a “data table”. Results are 
available as tables and graphs. The results shown (with slight variations based on the “view” 
chosen) are: exposure, number of deaths, mortality rate (=deaths / exposure), change in mortality 
rate relative to the earliest year chosen, WYLL. Age groups may be defined as a contiguous 
aggregation of existing age groups (e.g., 40–55). Gender may be set as male, female, or both 
genders aggregated. 
6.1. All countries by year, for chosen COD, age group and gender. For graphical representation, up 

to six countries may be chosen. 
6.2. Up to six CODs by year, for chosen country, age group and gender.     
6.3. Up to six age groups by year, for chosen country, COD and gender. On graphs, age groups are 

denoted by rainbow colouring, from violet (youngest group) to red (oldest group). 
6.4. Average annual mortality improvements by observation year and 10 quinquennial age groups 

from 35 to 85, for chosen country, COD and gender. Results are shown as heat maps by 
observation year, or by approximate year of birth, and the measurement of cohortness (MC) is 
calculated according to the formulae in Section 7. 

6.5. Male, female and both genders by year, for chosen country, COD and age group. 
6.6. All CODs and all countries, for chosen range of years (up to 20), age group and gender. For 

graphical representation, up to six countries and up to 6 CODs may be chosen. Results are 
summarized for each major group. The total number of deaths over all countries, for each COD 
separately, is ranked, in order to assist in the choice of CODs to be shown on the graph. 

6.7. All CODs for a chosen country, a range of 20 years, age group and gender. For graphical 
representation, up to six CODs may be chosen. Results are summarized for each major group.   
The total number of deaths in the latest year in the range is ranked, in order to assist in the 
choice of CODs to be shown on the graph. 
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Appendix 5 – Alternative definitions of “years of life lost” 

This appendix describes some alternative definitions of “years of life lost” (YLL). 

A standard definition,39 used in the fields of epidemiology and public health, takes the probability of 
death at each age between 1 and 74, and multiplies it by the number of years of life remaining up to the 
age of 75 years. Deaths before age 1 are excluded, since perinatal mortality and congenital anomalies 
are not of interest.  

The formula by Martinez et al. 40 (described in Section 3.5) is as follows: 

The age-standardized YLL rate (ASYR) due to cause c, in the population of sex s and period t, can be 
calculated by the formula:   
 

ASYR(c,s,t)= ∑aYLLrate(c,s,a,t)×W(a)ASYR(c,s,t)= ∑aYLLrate(c,s,a,t)×W(a) 
 

where YLL rate (c, s, a, t) is the YLL rate due to cause c, in population of sex s and age a, and period t, 
defined as: 

YLL rate(c, s, a, t)=YLL(c, s, a, t)/P(s, a, t)×1 000 population41 

and W(a) is the standard population weight at age a. 

Adapted to specific population distributions rather than a standardized population, it is used to produce 
the graphs in this report. 

Table A5.1 shows an example of how WYLL (according to the above definition) is calculated from LE 
data at different ages: 

 

 

 

 

 

 

 
 

 
39  www.healthknowledge.org.uk/public-health-textbook/research-methods/1a-epidemiology/years-lost-life 
40  Martinez et al. (op. cit. in footnote 20) 
41  In the original paper, per 100,000 population. 

http://www.healthknowledge.org.uk/public-health-textbook/research-methods/1a-epidemiology/years-lost-life
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Table A5.1: Calculation of WYLL for US males in the year 2015 

 

Another definition, proposed by one of the authors (YB), is described below. 

We adapt the concept proposed by Martinez et al. to enable comparisons across a wide range of ages, 
time periods, countries, and their population pyramids, by including all ages from birth to ω (the highest 
age in the table, in the case of the HMD 110). We define WYLL(RA, TA) for a country (or population 
group) as the weighted sum, according to the country population pyramid, of the complements of Life 
Expectancies (LE) of each age (or age group) to the lowest of a Reference Age (RA) and Table Age 
(TA), the highest age in the time table used for computing the LE. Our intention is to compare mortality 
and CODs across countries and time periods, and the most current life table for each country and time 
may differ from other life tables in the study; thus, to enable comparisons on the same basis, we select 
the RA to be used by all life tables, countries, and time points used in the study. Mathematically, we 
define 

WYLL(RA, TA) = ∑all age group x Population_Percentage_at_agex * (min[RA, TA] – LEx) 

 = ∑all age group x WYLL(RA, TA, x) 

In many population studies, the last age group includes all older people above a certain age; e.g., 85+. 
The complement of the LE for this group (e.g., LE85, which equals 91.25 according to the related life 
table) equals to RA – LE85 (e.g., 100 – LE85 = 100 – 91.25 = 8.75 if RA equals 100), and thus the higher 
RA is, say, to match other life tables in the study, the higher the complement, and the impact, of this age 
group. To overcome this bias, we allow the use of the Table Age (TA); e.g., 95, which is the end of this 

Data Calculation for all causes Calculation for major CODs
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)

Deaths by major CODs

Age 
band

Max. 
current 

LE
Exposure Cancer Heart

Other 
medical

External
Total 

deaths
Mortality 

rate

Years 
lost 
per 
Age

Proportion 
of age 

group in 
popn

Years lost 
weighted 
by popn

Cancer Heart
Other 

medical
External

Source:
Japan F 

2015
HMD HMD-COD Σ(4)-(9) (8)/(3) (9)*(2) (3)/Σ(3) (10)*(11) (12)*(4)/(8) (12)*(5)/(8) (12)*(6)/(8) (12)*(7)/(8)

Units: 1000 1000
0-1 87.17 2,029 117 226 11711 955 13009 6.41 559 1.28% 7.17 0.06 0.12 6.46 0.53
1-5 86.35 8,135 182 132 1117 850 2281 0.28 24 5.15% 1.25 0.10 0.07 0.61 0.46

5-10 82.41 10,450 296 47 429 605 1377 0.13 11 6.61% 0.72 0.15 0.02 0.22 0.32
10-15 77.43 10,522 279 97 622 778 1776 0.17 13 6.66% 0.87 0.14 0.05 0.30 0.38
15-20 72.46 10,782 746 258 1243 4941 7188 0.67 48 6.82% 3.29 0.34 0.12 0.57 2.26
20-25 67.50 11,626 612 424 1553 12571 15160 1.30 88 7.35% 6.47 0.26 0.18 0.66 5.37
25-30 62.57 11,394 673 782 2009 13711 17174 1.51 94 7.21% 6.80 0.27 0.31 0.80 5.43
30-35 57.64 10,885 1115 1518 3105 12871 18609 1.71 99 6.89% 6.79 0.41 0.55 1.13 4.69
35-40 52.73 10,167 1630 2557 4057 11946 20190 1.99 105 6.43% 6.73 0.54 0.85 1.35 3.98
40-45 47.86 10,017 2505 5249 6082 11647 25483 2.54 122 6.34% 7.72 0.76 1.59 1.84 3.53
45-50 43.02 10,352 5791 9616 10752 12653 38813 3.75 161 6.55% 10.56 1.58 2.62 2.93 3.44
50-55 38.25 10,937 13613 18089 20316 14731 66749 6.10 233 6.92% 16.15 3.29 4.38 4.92 3.56
55-60 33.57 10,584 25928 27785 29325 14138 97177 9.18 308 6.70% 20.64 5.51 5.90 6.23 3.00
60-65 28.96 9,109 37152 35661 36914 10739 120465 13.22 383 5.76% 22.07 6.81 6.53 6.76 1.97
65-70 24.43 7,598 44673 42189 42779 8002 137643 18.12 443 4.81% 21.27 6.90 6.52 6.61 1.24
70-75 20.03 5,286 48666 44234 45692 6127 144719 27.38 548 3.34% 18.34 6.17 5.60 5.79 0.78
75-80 15.80 3,614 46841 47973 53333 5585 153732 42.54 672 2.29% 15.37 4.68 4.79 5.33 0.56
80-85 11.88 2,414 44551 55443 64555 5584 170133 70.47 837 1.53% 12.79 3.35 4.17 4.85 0.42
85+ 8.45 2,177 57377 121045 132509 10795 321727 147.77 1249 1.38% 17.20 3.07 6.47 7.08 0.58

TOTAL 158,080 332745 413328 468104 159228 1373404 100.00% 202.19 44.38 50.86 64.45 42.50
Proportion 22.0% 25.2% 31.9% 21.0%
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life table, and thus the impact of this age group will only be min(RA, TA) – LE85 = min(100, 95) – 91.25 
= 3.25. Still, one may use – for standardization – only WYLL(RA), thus ignoring the end of the various 
lifetables used in the study. 

WYLL can also be used to determine the contribution of each COD to the WYLL. For this computation, 
one needs to know the actual deaths in the population for each age group (rather than those given by 
the life table, which do not reflect the population pyramid), and the actual death for a given COD for each 
age group. The WYLL for each COD is then 

WYLL(RA, TA, COD) = ∑all age group x WYLL(RA, TA, x) * COD_deaths_at_agex / total_death_at_agex 

and the contribution of the COD to the total of years lost at this time period is given by 

COD_Contribution = WYLL(RA, TA, COD) / WYLL(RA, TA) 
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