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Resume

Substantial improvements in public health resulted in exceptional increases in life
expectancy. Nevertheless, mortality related processes have been change differentially
at distinctive stages and accordingly with different related proceEsasnderstand

and analyze properly the mortality phenomena under a demographic point of view, it
is indispensable to studgopulations as a heterogeneausxture of individuals.
Within this heterogeneoumixture, individuals are frailer than others and there are
diverse risks of death competing with each other to be successful. Under this
assumption, it is possible to differentiate between the individual pace of mortality
increase with age, i.e., the individual rate of aging and the population rate of aging. If
the first proves to be diological constant invariant across humans and over, time
besides a great demographic and biological finding, many research disciplines and
policymakers may take advantage of previous knowledge and validated information.
Insurance comparse e.g., could make use of this previous knowledge to elaborate a
more precise and complete evaluation of risks. Thus, coherent and accurate mortality
forecasts could be also performed. But if this hypothesis proves to be wrong, recent
coherent compositi@ approaches are available and need to be tested to fulfill the
need for detailed forecast discriminated by caspeific probabilities. Nevertheless,

in order to let doubts aside, a distinction between population and individual rate of
aging needs to healized in a clear end complgterspective

Briefly, in this piece of research we develop a consistent contemporary exploration of
mortality patterns, under a heterogeneous perspective, and make use of obtained
information to providenot only an interdéng demographic and social perspective,

but also a tool for decisiemakers to evaluate and identify possible points of

intervention in what concerns to public health.
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Antlise Estat'stica e MZtodos de Prés«o de Diferentes Causas de
Morte: Uma Nova Abordagem

|
Resumo

De uma forma geral, apesar da evolus«o extremamente positiva dos comportamentos
de mortalidade se traduzir em indicaderesumo como Z o caso da esperanea de vida

" nascenea, ao longo d@os, as melhorias registadas na sacede pceblica, ensentram
relacionada com diversos processos distintos. A elaboras<o de uma antlise completa e
detalhada do fen—meno da mortalidade sob uma perspectiva demogrifise torna
assim, unicamente poss’vel ssaeanilise tiver em conta a composie<o heterogenia

da populas<o. Por entre esta heterogeneidade populacional, existem indiv’duos
considerados mais frfgeis do que outros, onde diversos riscos associados ~
probabilidade de morte, competem entre si paraegumem levar a melhor sobre o
indiv’duo. Deste modo, tendo em conta esta conjetura,-s&oss’vel diferenciar

entre o ritmo de aumento nos n'veis de mortalidade por idade, i.e., a velocidade de
envelhecimento, tanto associada ao pr—prio indiv’du@ tpopulas<o em si. Caso

a teoria de que o primeiro indicador serf uma constante biol—gica invaritvel entre
indiv’duos e por todo o seu tempo de vida se verificar verdadeira, apesar de ser uma
importante descoberta ao n'vel biol—gico e demogrifico,ardseln informas<o
relevante tanto para diversas freas de investigas<o, como para decisores pol'ticos.
Companhias de seguros, por exemplo, poderiam utilizar este conhecimento prZvio e
elaborar uma avalias<o de riscos muito mais precisa. Consequentemelategiae<o

de previs>es de mortalidade mais precisas e coerentes seria uma realidade. No
entanto, se esta teoria n«o for validada, os resultados obtidos n<0 deixam de ser
importantes, pois contribuirco sempre para trabalho futuro, e novas abordagens
metodd—qicas consideradas coerentes para a previs<o dos padres de mortalidade
continuam a emergir e a necessitar de serem testadas.

Resumidamente, com este estudo desenvageuuma antlise rigorosa e
contempor%onea dos padres de mortalidade tendo em cordgteragéneidade
populacional, fazendo uso da informae<o obtida para elaborar n<o s— uma anflise
interessante do ponto de vista demogrifico, mas tambZm proporcionar informas<o

indispenstvel para a sociedade e para os decisores pol'ticos.
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CHAPTER 1

INTRODUCTION

1.1. Mortality trajectories and related processes

OHow long do we willive?0 is one of the most important questions that every
individual, as human being, would like to have an answerGeppen and Vaupel
(2002) did not answer to this question, but demonstrated that life expectancy is
breaking old theorized limits and tvitime every human can expect to live longer and
with improved health.

It is well known that the increase in human longevity occurs due to significant
improvements in health and consequent reductions in mortality rates. This
improvement can be explainég two main phases, firstly, were massive reductions
that occurred in mortality at younger ages, secondly, were the reductions in mortality
rates associated to e&tje on the second half of the last century, especially after age
65 (see e.g., Oeppen andugal, 2002). Today, the high levels of mortality of the
past are being experienced later in life. Nevertheless, observed mortality reductions
are not following the same rhythm of decrease across different eafudeath (from
which circulatory system deasesand neoplasmsare assuming the most important
role), countries, ages, or even, between sexes (see e.g., MeslZ, 2006). Mortality
improvements increased, consequently, human longevity and originated considerable
negative consequences in what concewpufation aging. Nevertheless, individuals
are reaching older ages in better physiological conditions (see e.g., Vaupel, 2010).

As acknowledged, mortality rates present different evolutionary patterns
across populations, sexes and causes of death. How&ernot sure whether all
individuals share the same rate of aging, i.e., the same chance of death across age.
VaupelOs hypothesis (2010) suggests that the rate of aging, defined as the relative
derivative of the baseline risk of dying, might be a bialabconstant for every
species. Previous studies (Gampe, 2010) found evidence for a levklmighuman
mortality at ages 11014, speaking in favor of a relativisk model (Missov and
Vaupel, 2015) with a Gompertdakeham baseline hazard (Gompertz,23;8



Makeham, 1860). Unobserved heterogeneity (frailty) can be captured by a gamma
distribution with a unit mean aridvariance at the starting age (Vaupelal, 1979

Missov and Finkelsteir2011;, Missov andVaupel,2015). This leads to the gamma
Gompetz-Makeham frailty model (Vaupedt al, 1979) as the model basis to obtain
accurate estimates in what concerns the individual rate of aging.

Nevertheless,ni opposition with the rate at which agpecific death rates
increase, known as the lfable agng rate (LAR) (Horiuchi and Coale, 1990), the
individual rate of aging is defined as the relative derivative of the baseline hazard of
death if the aging process is captured by a Gompertz curve. If the first is constant
across age, the second presents l&-defined and characteristic baehaped pattern,
widely studied since Gompertz (1825), and consequently finding evidence for a
mortality deceleration at older ages. The force of mortality for an entire population is
described by the associated @pecifc death rates, resulting from a OcontributionO of
different subpopulations under diverse specific mortality conditions (Beard 1959;
Vaupelet al, 1979).

Summarizing, mortality research necessarily requests to analyze population as
a heterogeneous growomposed by different subpopulations where the individuals
are exposed to the hazard of death in very different and random ways, and as a whole,
population present distinctive behaviors from the individuals. Téxesy individual
in overall population oacross different subpopulations is continuously exposed to
different risks of deathOBecause death is not a repetitive event and is usually
attributed to a single cause, these risks compete with one another for the life of a
person. Competing risks must bonsidered in any causgecific mortality analysisO
(Chiang, 1991).

A proper evaluation of those risks contributes to a complete and accurate
evaluation of probabilities of death, which are important to extrapolate to the future
and contribute to dedan and policymakers evaluate where to intervene. In this way,
accurate forecasts discriminating mortality by cause of death are indispensable.
Nevertheless, in a theoretical perspective many authors support that breaking down
mortality forecasts by caugesults in higher accuracy but practice also proves the
opposite (Booth and Tickle, 2008). Studies like the one from Wilmoth (1995) found
that decomposing mortality forecasts result-raoely in higher mortality forecasts.
Oeppen (2008) makes use from aridhe most known statistical models to forecast



mortality trends over time, the L&garter model (Lee and Carter, 1992), and
expressed in a Compositional Data Analysis (CoDa) its equivalent definition,
avoiding those issues. In the CoDa equivalent mdbelconstraint imposed by the

sum to the unit of each of the compositional vector, ensuresOittanges in the
density by age and cause have to be compensated by changes in other ages and

causes@Oeppen, 2008).

1.2. Motivation and aim of the study

The mainmotivation of this study comes from the interest in evaluating VaupelOs
hypothesis about the rate of individual aging. If the findings prove the hypothesis to
be correct, its results are not only an important major finding for demography but also
for biology. Demographic specific areas as, e.g., mortality forecasts may take
advantage of more important and previously known information to elaborate more
accurate forecasts. Nevertheless, to explore properly this subject, it is fundamental to
understand mortay as a whole, analyzing its evolutionary patterns as an outcome of
a heterogeneous mixture of individuals. At the same time, it is indispensable to
differentiate between individual and population rate of aging. The knowledge
resultant from this research an indispensable tool to consolidate precise information
for decision and policymakers.

Consequently, the overall aim of this study is to contribute to mortality
research with important knowledge that comes from investigating mortality trends
and its elated processes. In this study, we focus essentially on the detailed evaluation
of mortality trends discriminating between who and what is contributing the most for
the observed increases in human longevity, and which are the leading causes of death
acress different countries. We alsgentify how Japan becomes the leading country in
what corcerns to life expectancy. We dot only focus on longevity measures, as life
expectancy, but also on alternative measures of longevity as the median and modal
age atdeath, to give a complete evolutionary perspective. Across entire research,
discriminating the analysis by cause of death was a constant.

In the end, weshed light into mortality research by answering questions as: (1)
how mortality trends developed assotime; (2) what were the registeredqm of
increase in longevity; (3are neoplasms consolidating as the cause of death with

major impact in mortality, or can we identify one otliegait needs special attention;



(4) is the reduction in mortality at oldeages the most important souroé life
expectancy increase;)(B that really true that all individuals age at themeaate; (§

how and why the rate of individual aging is differéaim the one for individuals; {7

can we identify any relation betwed¢he age where the rate of aging for the entire
population reaches its maximum with changes in the slope of life exuogct
increase; (Bits is really possible to elaborate coherent forecasts of mortality trends
when discriminating mortalityybdifferentcauses of death; Y9 different causes of
death present dissimilar rates of aging for individuals, is it still possible to aggregate
them based osimilar trends; and lastly, (J@vhich causes of death will play a major

role in a near future.

1.3. Outline of the study

Including the present Introduction, this study consists in six different but
complementary chapters. @hapter 2 is provided an empirical overview about the
evolution of mortality trends and its impact on overall longevity. The study alies
three different measures of longevity (life expectancy at birth, median and modal age
at death) in order to evaluate how and why possible positive evolutions in mortality
rates contributed to the increasing lifespan registered across time. Heresdt aial
intention to explore the female/male gap and understand why Japan is a standard
model in the last years. To better understand this evolution, the analysis cannot be
simply restricted to overall mortality, and we not only discriminate the contributio
that the observed reductions in mortality by age had to life expectancy at birth
improvement, but also complement those improvements adding information by cause
of death. The analysis on the duality between early and old age mortality is a constant
explared across the chapter.

In Chapter 3 our analysis focused entirely on the most important agent in
demography, i.e., in the individual itselfaupel (2010) hypothesizes thaexcept for
individuals with accelerated aging disorders, all other humans lsagenilar and
perhaps, essentially the same, rate of increase in mortality with, ageCthe same
rate of aging, which might be a biological constant invariant across humans and over
time. Thus, we test VaupelOs hypothesis by studying major groupssefafadeath

under a gamm&ompertzMakeham framework, seeking evidence to confirm or



refute the stated hypothesis by estimating the individual rate of aging by taking each
cause as a subpopulation.

The analysis accomplished @hapter 4 is elaborated ae again under a
gammaGompertzMakeham framework, refers now to the population rate of aging,
or as it is widely known, to the life table aging rate. The analysis explored in this
chapter can be summarized in three stages: (1) first, we fit the modbel ¢countries
selected based on the qualitatively different evolutionary patterns of life expectancy at
birth over time; (2) elaborate on the possible relationship between the population rate
of aging and the rate of life expectancy increase in the seleatedries, evaluating
simultaneously how estimated patterns reflect the age patterns of mortality
deceleration for overall and causgecific mortality; and lastly, (3) we test the
Oheterogeneity hypothesisO by Horiuchi and Wilmoth (1998), which stdtées the
characteristic measureOs-sathped pattern a) deceleration occurs for the most major
CODs, being less pronounced for the ones with lower death rates, and b) mortality
deceleration should occur at later ages due to selection effects. Thewdgehathe
maximum value for life table aging rate is obtained is called here the age of mortality
deceleration, and is used as a new measure of longevity that is used to evaluate how it
reacts to changes in life expectancy dynamics.

In Chapter 5 we elalorate causspecific mortality forecasts in order to
provide not only an interesting demographic analysis, but also to demsikers a
tool to evaluate and identify possible points of intervention in what concerns to public
health. In order to avoid owestimating mortality rates for overall mortality after
summing up the obtained results, we make use of OeppenOs (2008) suggestion of
expressing the original Le@arter method to forecast mortality trends in
compositional form. We elaborate thus, cohereptlionmterm (30 years horizon)
forecasts distinguishable by cause of death for distinctive countries with different
cultural backgrounds and characteristic mortality patterns.

Finally, Chapter 6concludes, based on a brief, but complete summary, of the
most important findings achieved throughout previous chapters. An introspective
discussion about the work done and insights resulting from the study is included, as
well as the limitations that constrained the approach are identified. Additionally, an

outlodk for future challenges is also provided.






CHAPTER 2

THE RAISING OF LIFE EXPECTANCY IN EUROPE AND THE
BEST-PRACTICE COUNTRY: A CROSS-SECTIONAL
COMPARISON

2.1. Introduction

It is well known that, across the years, mortality ioy@ment originated an increase

on the average length of live, and consequently, the variance in age at death ha
decreased. This improvememtcurred in two phasebgeing the first one connected
with reductions in the mortality rates at younger agesl the second ondue to
improvements in survival after age 6Eherefore, human life expectancyrising to

values thought to be not attainable and is kingpold theorized limitsQeppen and
Vaupel,2002) The high levels of mortality of the past are nexperienced at older
ages, suggesting that senescence is datmyed and not stretchedgupel,2010)

This brings up the discussion about the concepts of aging and senescence, and if aging
is an intrinsic characteristic of life course, senescence becamee likely as fe
proceeds(Hamilton, 1966) but is not an inevitable conditio(Baudisch 2008)
Nevertheless, if aging can be also connected with some good variation in human
condition, as becoming wiser for example, senescence can be describedezdirtbe

in physiologcal functioning with age (Comfarii964;Finch, 1990)

In this chapter,we evaluatehow and whythe registered evolutions in
mortality rates contributed positively to life expectancy increasscriminating
different patterns andrying to understand the observed gap between males and
females and why Japan is on the leadifigus, weelaboratesingle and multiple
decrementife-tables, with the intentionto discrimnate the impact that each cause of
death (COD) has in life expectangyand applied two distincdecomposition
methodologies that allow to evaludtee gains in life expectancy at birdlacordingly
to different contributes across ages (aAga, 1984) and discriminate those

contributions also by caus8lt{kolnikovet al, 2001).



2.2. The epidemiologic transition and the evolution of mortality

rates

Together with the decline in mortality rates, the high rates of mortality are shifting to
older ages worldwide. If we brake down mortality rates accordingldifferent

CODs we can codude that distinctive patterns of evolution can be identified and the
different causes present dissimilar patterns across distinct nations. If in the past were
the infectious diseases that strongly affected entire populations, nowadays, neoplasms
are leathg in almost all of the developed countries. In this way, the elimination of
any preventable cause will result in an increasing lifespan, having impact not only in
the overall mortality, but as well, in agpecific mortality rates.

All thesedevelopmerd suggest that mortalitgdvancesre closely related to
health improvements, mainly due to population prosperity and medicine development.
Preventive medicineliffusion among medical doctogglayed a major important role
in medicine developmentiogetherwith the identification of the microbiological
agents from infectious disases (Morais, 2002).If prosperity represents better
opportunities to live a healthier life due to better chances in satisfying some basic
needs (at least in most developed countriadvances in medicine provide a better
approach to compete with most severe diseases and allows the population to have
more opportunities to access better treatments. Nevertheless, measuring health is not
an easy task due to its subjectivity, smo@ality is by far the most important readily
and reliably measured index of he&lth(Vaupel, 2010Q)also agreed by Santana
(2005)

The theory of epidemiological transition presented by Omran in 1971, was the
first relating the nature of the connectibatweenthe observedCODswith the age
patterns of mortality for one population, pointing out that mortality declines were
related with the reductions observed in the deaths caused by infectious diseases and
continuous shift of degenerative diseases to older. agethis situation, children and
young women were the ones with more benefits with increases in life expectancy
(Omran 1971) The theory of epidemiologic transition try to combine the different
factors that play an important role in the past mortalignds(MeslZ and Vallin
2006) presenting three main stages, or like it was called by Omran, three
epidemiologic ages. The first age, is denominated as the age of pestilence and famine,



which was characterized by high rates of mortality and low life éapeg (around
30 yearsof averagelife), marked by the predominance of infectious diseases,
endemics, epidemics and famine. The second stage, or age, is documented as the age
of receding pandemics, where a strong rise in life expectancy was observeg, mainl
due to the lower frequency of epidemics and fewer registered cases of endemic
infectious diseases. Finally, during the third adge, 4ge of degenerative and man
made diseases, a continuous decline and consequent stabilization of mortality at very
low rates was presented. In this last stage, the pace of increase in life expectancy
starts to decelerate and seems to reach a threshold.

Nonetheless the mortality progress is being continuous and the
epidemiological transition theory proposed by Omgsanowconsideredasdiscussed
by MeslIZ and Vallirin 2006,as becoming outdatedespite that théhreepresented
ages reflected accurately theligauntil the end of the 1960&.0llowing the authors,
a massive decline in cardiovascular diseases in the westentries resulted in a new
acceleration in the pace of increase of life expectancy in the early 1970s. Stiff, Mesl
and Vallin, find it preferable to adopt the concept of health transition, once that it is a
wider concept and if in a first phase incladbe gains in life expectancy related with
the reductions in the levels of mortality due to infectious diseases, a second phase is
advanced, marked by the decline in cardiovascular diseases. The concept of health
transition also opens space for the pabsibof future changes originated by
reductions in mortality rates due to different causes, like the example of cancer, or
due to delays in senescenakeady expressed by Vaupel in 2010

As expected, the presented stages that characteez®mortalityprogress did
not occur at the same precisene across different countries, presenting major
disparties when mortality is focused @OD patternsEven within the same country,
it is possible to identify diversevolutionary stages at the regional lepelssibly
closely relatedo the socioeconomidevelopmenstageof a regionOliveiraet al.in
1994 found a clear rad distinctive level of socioeconomic development between the
interior north and the south coast of Portuggakhis study, the authorssal identified
a strongevidence of deaths caused by malignanplasmns, ischamric heart diseases
and tuberculosiOn late20" century,infectious and parasitidiseases and diseases of
the circulatory system declined amdculatory system diseases wenegatively
influencing health of males above age 45 (Morais, 20Q&ikeira and Mendes (2010)



also found in their study, that Portugalthe life expectancy gap between sexes was
increasing till middle 1990snly declining afterwards.

Comparing Portgal ard Spain, CanudaRomoet al. (2008) concluded that
the first wasaheadin what concerns to positivefe expectancy improvements
diminishing the regisred gap between both countries, however, is still behind its
south European neighbors (Fernan@&97).

Following the COD statistics published by the EUROSTAT (2014), we can
realize that in a general way, between 2004 and 2010 cancer related death rates
diminished 8.4 % and 4.8 %om females and males, respectively, across the
European Union counés. Deaths caused by ischaemic heart diseases and transport
accidents registered were reduced in more than 20 %. These results correspond to a
very positive evolution, but neoplasmeriQcipal caus¢ and diseases of the
circulatory system are still theddingCODs The most common causes related to the
circulatory system diseases are the ischaemic heart diseases, affecting mainly, e.g.,
countries like Slovakia, Hungary and Estonia. Portugal, France and Spain are among
the countries with lower death ratesated to ischaemic heart diseases. Identified as
the third most common cause across the European Union, respiratory system diseases
presented the highest death rates in the United Kingdom, Denmark, Ireland and
Portugal. In Japan, the results presentethe Japan Statistical Yearbook of 2014,
showed a very identical pattern, once that neoplasms, circulatory and respiratory
system diseases are the most recorded.

2.3. Methods

2.3.1. Measuring longevity: life expectancy, median and masl

Population longevity is oftemeasured in terms of life expectancy. However, other
measures can provide different insights about longevity trends and Dbetter
understanding about possible differences observed across countries. This is why we
choose to include in this analysis, the mediad modal ages at death.

If life expectancy can be calculated as the mean age at death, taking the single

decrement lifdable methodology we have:
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where,e(x, t)is the life expectancy at ageand timet, I(x, t) is the proportion of
people alive at age andT(x, t)the persoryears lived above age

The median age at deathld, ) is the age by which half of the population at
time t is dead, i.e., when the survival function equals [{Md, )=0.5. So, lettingk
andx+1 be the ages of the interval in whi¢hd, )=0.5 is located, the median age at

death is given by:
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Lastly, the modal age at death is the age when most of the deathdvitker:
{x | maxg(x, t)]}. Here, d(x, t) is thelife-tabledensity function for the distribution of
deaths. Nevertheless, amaking into account the age distribution of deaths, two
modes should be distinguished (CanuBRasno, 2010): one at age 0, where people
die soon after birth, and a late mode found at older ages. In this essay, our focus is in
the second one, i.e., the lat®dal age at death, and for this only deaths occurred after

age 5 are considered:

L) {rmg [onmgn 1o} (2.3)

To obtain a precise result, Kannisto (2001) proposed an approach that allows
obtaining a modal age at death with decimal precision. In this way, takisighe age
with the highest number of deaths in life thble at timd, we have:
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2.3.2. Multiple decrement life-tables

If the conventional constructioof a life-tableis described as a singular decrement

processin which individuals have only one mode of exit from a defined state,



multiple decrement processes, like the name suggests, are the ones in which the
individuals have more than one mode to ekiteseprocesses can be used in a set of
different approachese.g., in the malysis of fertility, migration ornuptiality.
Nevertheless, and if one of our main goals is to interpret the impact thaCédzh
group has in population life expectanayltiple decremeniife-tables, periodbased,
will be constructed. Here, the intentigs to estimate which would be tlegpected
life expectancy in the absence of a certain cads&ever, manycritics are raised
against this approach becausere aresignificant competing risks to which all
individuals of a population are exposed, arahi individual des Ot die from a certain
COD, it is possible that another causttemptgo be swecessful

In this way,if the conventional life expectancy is given by equatih)( the
life expectancy that a populatiaran expect in the absence otertain disease id

given by:

P
Pty (2.5)

where-i represents the absence of a certain cause.

2.3.3. Decomposing differences in life expectanse

The simple measureof changes in life expectancy at birth between twoedtft
periods, populations a€ODs is very useful to calculate the rate iotrease in life
expectancyacross timeor countries,or evensimply to quantifythe increase itself.
However, it is also very useful to estimai@v mortality differences in a sp#ic age
groupcancontribute to the total difference in life expectanicythis chapter one of

our goas is also to define the importance of older ages in life expectancy increment.
To reach our goalitwo different methodologies were chosdirstly, the one
developed by Arriaga in 1984nd explained by Preston et. al. in 2001, for example)
for the decomposition of total increases in life expectancy; and, secondly, the
methodology developed by Shkolniket al. in 2001that will also allow to quarfy

the contribution of different age groups, but, identifying at the same tinee,

contributions of differen€ODs



Starting by the discrete approach proposed by Ari(2984) we have that the

total effect,,! ,, of a difference in mortality rates between agesdx + n, is given
by:

where:

v Z .y (2.7)

If the first term of equatior2(6) corresponds to the direct effect of a change in
mortality rates, the second term, corresponds to the sum of the indirect and interaction
effects, i.e., thecontribution of the eposition to new mortality conditiongor the
openended age interval, there will be only a direct effect, resulting in the following

equation:

Nevertheless, in presence adusespecific mortality data, this approach can
take a supplementastepand a further decomposition according differ€@Dscan
be performed.That was the intention oEShkolnikov et. al. in 2001, with the
presentation of a new method tlaibws to deompose the differences between life
expectancy by age an@ODs Here, the difference between the observed life
expectancy for two populatiotetween agesandx + nand COBj, is given by:
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where,,! {, and ! |, are the central death rates for two different populations
between agesandx + n and causg. Additionally, ,! { and,! | also correspond to

the central death rates fibre saméwo populationsbut now, for all causes combined.
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2.4. Data

Country selection was based on the qualiedyi different patterns of lifexpectancy
evolution over timewhere France and Sweden, registering a high life expectancy at
birth already in the 1950s, experienced a drop in the life expectancy rate of increase in
the following decades; Spain, Portugal and Japan experienced a low life expectancy at
birth in the 1%0s, but the rates of increase surpassed the life expectancy leaders at the
time, and the three countries caught up and the values of life expectancy in Spain
even surpassed the ones registered in Swadgan registers today the highest life
expectancyn the world (Figure 2.1).

Figure 2.1: Female life expectancy for selected countries, 12612
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Source:HMD 2014,own elaboration

Data onoverall death counts (! !'! ) and exposures (! !!) derived from the
Human Mortality Databas€HMD 2014: www.mortality.org and deaths by cause
(1) from theWorld Health Organization Mortality Databage/HOMD 2014).

WHOMD COD data are only availablby fiveyear age groups and once that

we extract death counts accordingthe 10" International @assification of Diseases
(ICD), our timeline in what concerns to COD is restricted essentially to the last
decade (depending on the coundgta availabity). Data codification corresponds to
the ICD 10 detailed "83and 4" character list classification and was rearranged in 8

main COD groups: 1) Neoplasms, 2) Ischaemic Heart Diseases; 3) Cerebrovascular



Diseases; 4) Remaining Diseases of the Circulatyrste®; 5) Diseases of the
Respiratory System; 6) Diseases of the DigesSystem; 7) External Causes of
Death; and 8) Remaining Causef Death. Following the WHO recommendation
(1977) to avoid uncertainty that comes from changes and updates in thecatassi

system, we base our research on uhderlying causef-death i.e., the disease or

injury, which initiated the series of events that lead to death.

2.5. Resuls

2.5.1. Life expectancy patterns and the bespractice country

As discussed before, life expeatgnis increasing with time due to general
improvements in public health. Nevertheless, different countries present different
evolutionary patterns and rates of increase in life expectancy.

Table2.1 not only presents information abdii¢ expectancy vales observed
in 1950 and 2012d{e to data availability2011 for Swedenjor males and females
but alsoranks the countries from higher to lower valuesthe slightly more than 60
years of analysisie can realize thanhajor increases in life expectaneglues were
verified. In 195Q Japanindependently of the sex, waa the bottomyith lower life
expectancyat birth Sweden, was at the timeading,with a life expectancy at birth
of 72.44 and69.83, for females and males, respectivdllgus, between those two
countries existed gap ofL1.53 years$or femalesand 14.04 yeaifor males.

Recently, for the latest available yearJapan is on thepOle positio®: a
Japanese female newborn in the year 2012 could expect to live on average 86.45 years
and a newborn male 79.96f in the female case, Sweden is now presenting very
similar values to the Portuguese case (Sweden: 83.67, Portugal:;, &@dgting to
live on average almost 3 years less (2{h@n aJapanesene males are ranked on
the second gsitionwith a gap lower than one year (0.16)

Despitethe changes on the life expectancy ranking forstlected countries,
we can denote digher proximity between the presentedhlues in more recent
periods. Br the most recent available year, theistsged gapbetween countriefor
both sexeseparatelyis roughly3. Neverthelessthe gap between males and females
life expectancy at birtfs still high. For the observed countriebgtaverage difference

between sexes in the year of 1988s4.37 andin 2012increases t®.73. Furthes



breakng down the values of life expectancy by decadell give a better

understanding@bout why the average difference between sexes increased.

Table 2.1: Ranking @untries byLife Expectancy

Females Males
R;]Iiﬁg 1950 2012 1950 2012
Country & Country =% Country & Country (=%
1 Sweden 72.44 Japan 86.45| Sweden 69.83 Japan 79.96
2 France 69.19 Spain 85.09( France 6343 Swederf 79.80
3 Spain  64.23 France 84.87| Spain 59.35 Spain 79.33
4 Portugal 61.06 Swederf 83.67| Japan 57.59 France 78.51
5 Japan 60.91 Portugal 83.41]| Portugal 55.79 Portugal 77.26

* Due to data availability refers to 201
Source:HMD 2014 own elaboration

Figure 2.2 representboth, life expectancy at birth arad age 65, for males
and femaledrom 1950 to the last available year, registered on the delected
countries.As expectedthe recordedvalues present a clear and positive evolutdn
both longevity indicators butif we imagine a twebreak segmenteckegression line
over the dotsa distinctive difference in the slope dife expectancy increase can be
recognizedPlus,it was only when life expectancy at birth ckadvalues around 75
for females and 70 for maleshat life expectancy at age 65 sdrtto increase
significantly.

Figure 2.2: The evolution of Life Expectandyetween 1950 and 20/12

Panel 1: Females Panel 2: Males
57 Portugal 25 Portugal
Spain ¢ Spain
Sweden Sweden
France France
Japan *  Japan

20 20

Life Expectancy at age 65
" "
Life Expectancy at age 65

L
15 .o ‘.oﬂ'o.g: B 15 -
® o ” &ol. i3
* ~ Yl
o © 4t ..sﬁ ] &W
L]
g
10 10
T T T T T T T T T T T T T T T T
55 60 65 70 75 80 85 90 55 60 65 70 75 80 85 90
Life Expectancy at birth Life Expectancy at birth

Source:HMD 2014 own elaboration



Breaking down the values of life expectancy at birthraase by decade
(Table 2.2") demonstrates thdor all countriesand both sexesut Swedh males
werethe 1950sthat recordedhe highesincreaseof the analysisOn the other hand,
after the year 2000, Portugalas the countryhat recordedthe highesincrease in
opposition withJapan and Swedish females.

Generally,it can be also said that in the last 3 decades, Japan is the country
that presents lowelife expectancy increase and Swedish malesthe ones that, in
the same tidine, presenthigher improvementswhen compared with the first 3
previousdecadesMales, when compared with females, predegher improvements
in the last 3 decades, artle Portuguese one®corded the highésobserved
improvement between the year 2000 and 20tis, wecan conclude, thalespite
the average gap between sekeseincreased between 1950 and 20iRthe last
decades, males are catching up dmetoming nearerto female valuesof life
expectancy

Table 2.2: Quantifying the increasef life expectancyat birth by decade

Portugal France Sweden* Spain Japan
Period

Male Female | Male Female | Male Female | Male Female | Male Female

1950- 1960 5.49 5.87 3.60 4.43 1.41 2.44 7.32 7.42 7.73 9.24
1960- 1970 2.60 3.20 1.35 221 1.01 2.34 2.65 3.22 4.00 4.53
1970- 1980 4.22 5.10 1.78 2.58 0.54 1.63 3.07 3.68 4.06 4.08
1980- 1990 2.66 2.57 2.57 2.58 2.03 1.54 1.03 2.00 2.55 3.11
1990- 2000 2.49 2.55 2.52 1.84 2.57 1.62 2.57 2.32 1.75 2.70
2000- 2012 4.00 3.06 3.26 2.05 2.42 1.66 3.36 2.22 2.9 1.89

* Due to data availability last year is 201
Source:HMD 2014,own elaboration

Notwithstanding ife expectancyas the most common used measure
evaluate human longevityt is important, not only to policymakespecifically, but
also for decisionrmakers ingeneral, todentify whenis half of the population of a
country dying or when are occurring mostservations.

Tables 2.3 and 24 presenttwo alternativemeasures of longevityo life
expectancy: themedian andhe modal age ateath.Starting with the analysis of

Table 2.3, one can realize thahormally,50 % of thedeceases occuater than the

! Whenevetables are presented with coloaduation, it means thagd colors recognize higher values

! ,N



average (life expectancygnd the age kerethe highest number afeaths is recorded,

is even laterIn the year of 1950, for the five courmts, 50 % of femalesleceased
approximately aroundge74 (on average) and on last decade the value increased to
about88 years From an serage modahge at death 080.3 in 195Q the female
modal age at death in 2012 increasedrit@verage dd0.24.

Table 2.3: Life Expectancyat brth, Median and Modal age death for Females

Year 1950 1960 1970 1980 1990 2000 2012] Tot.Inc. Inc. Rate
& 61.06 66.92 70.12 75.22 77.80 80.35 83.41] 22.35 4.26
Portugal Median 7259 75.80 76.79 79.34 81.24 83.35 86.04] 13.44 2.56
Mode 80.47 78.49 78.55 8287 83.86 85.82 89.17 8.70 1.66
& 69.19 73.62 75.82 78.41 80.98 82.82 84.87] 15.68 2.99
France Median 75.65 78.21 79.90 82.08 84.42 86.09 88.05] 12.40 2.36
Mode 80.63 81.86 82.77 85.12 86.92 88.64 90.55 9.91 1.89
& 72.44 7488 77.22 78.85 80.39 82.01 83.67] 11.23 2.17
Sweded Median 76.51 78.30 80.45 81.87 83.35 84.70 86.36 9.85 1.91
Mode 80.45 81.75 82.15 85.22 86.48 88.35 89.36 8.90 1.72
& 64.23 71.65 74.87 78.55 80.55 82.87 8509] 20.86 3.97
Spain  Median 73.43 77.20 79.05 81.78 83.68 85.60 87.65] 14.22 271
Mode 80.47 80.36 82.75 84.63 8659 88.11 89.95 9.48 1.80
& 60.91 70.15 74.68 78.75 81.86 84.56 86.45] 2554 4.86
Japan Median 69.76 7545 78.25 81.78 84.70 87.42 89.26] 19.50 371
Mode 80.54 79.20 82.25 84.65 87.45 91.05 92.18] 11.65 2.22

!Rate of increase per year in montftsie to data availability last year is 20:
Source:HMD 2014 own calculation

Compared with females, and as expected, 50 $haéOsleaths(Table 2.4)
are recorded earlierpccurringon average at age 69 in 1950 &8®i23 in 2012.
Similar situation can be observed for the modal age at deaéimpresentinghigher
valuesthan life expectancy at birth and medege at deaths still lower in average
than for females (1950%6.38; 201286.20).

Nevertheless, from Talde.3 and2.4, we also camccess information about
the total life expectancy at birth increase dhne increase rate per year in mtts.
Japan, as théestpractce country in what concerns to life expectancy at birth,
present themaximum observed increase since 1950 being closely followed by
Porugal, the country withlower life expectancy at birth in the analysBoth



countrieswere even the only two recordingh average monthly increase life

expectancy at birtbf more than 4 months.

Table 2.4: Life Expectancy at birth, Median and Modal age at death for Males

Year 1950 1960 1970 1980 1990 2000 2012] Tot.Inc. Inc. Rate
& 5579 61.28 63.88 68.11 70.76 73.26 77.26] 21.47 4.09
Portugal Median 66.55 70.29 71.22 73.28 75.07 77.21 80.78] 14.23 271
Mode 75.49 76.51 77.65 77.65 79.34 79.75 85.20 9.71 1.85
& 63.43 67.03 68.38 70.16 72.73 75.25 78.51] 15.08 2.87
France Median 69.88 71.58 7232 74.02 76.71 78.90 82.31] 1243 2.37
Mode 77.14 78.01 76.63 80.48 81.85 85.58 87.74] 10.60 2.02
& 69.83 71.23 72.24 7278 7480 77.37 79.80 9.97 1.8
Sweded Median 74.61 75.11 75.79 75.93 77.81 80.22 82.74 8.13 1.57
Mode 77.69 78.52 76.69 80.30 81.57 84.43 85.56 7.87 1.52
& 59.35 66.66 69.32 72.39 73.42 75.97 79.33] 19.98 3.81
Spain  Median 68.19 72.71 74.03 76.07 77.20 79.25 82.34] 14.15 2.70
Mode 78.31 78.45 78.54 80.67 8229 82.75 85.69 7.38 1.41
& 57.59 65.32 69.32 73.38 75.93 7768 79.96] 22.37 4.26
Japan Median 65.79 70.71 73.13 76.75 79.14 80.72 82.97] 17.18 3.27
Mode 73.28 7554 77.42 80.42 83.28 84.41 86.80] 13.52 2.58

'Rate of increase per year in montftsie to data availability last year is 20:
Source:HMD 2014 own calculaibn

Representing graphicallyinformation presented in Tabl@s3 and2.4 (Figure
2.3), and adding the information abotile interquartilerange,one hasa better idea
about what was previously explain&tle can also realize that besides the differences
between the 3 present measuraesyays with positive pattesnevolution, the
interquartile range idiminishing As a resultit indicates thahigh rates of mortality
are becoming carentratedin a shorter age rangemore specifically it can be
concludedhat the concentration of deathscursat older ages



Figure 2.3: Life expectancy at birth, median and modal age at death

Panel 2: Portugal, Males

Panel 1: Portugal, Females
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Panel 7: Spain, Females Panel 8: Spain, Males
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Figure 24 clearly confirms our previous deduction with graphical
representation ahe life-tableage distribution of deathd;, for all five countries and
both sexesThe colored patternsonsenthe identification otthe different evolutions
by decadesand as timegroceeds less and less deaths are being recorded at early
ages,independentlyof country and sexand mostdeaths are being recorded later in
life. Despite the clear observesthift in deaths to older agethe peak is becoming
more and mor@ronouncedespecidly in the female caseAs a result,it results in a
rectangularization ahelife-tablesurvival curve alreadywidely studied.

Concluding, a expectedthe observedife-table agedistribution of deathgl,,
reflect unquestionabjythe evolutionary patirns observed befe for life expectancy
at birth, median and modal ages at death.



Life-tableage distribution of deathd;

Figure 24
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Panel 7Spain, Females Panel 8 Spain, Males
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2.5.2. Decomposig life expectancy improvemenrd

Previous findingexplained in the introductory part of this chapthstinguished two
main phaseshat contributed to thencrease of life expectancy at birth: 1) massive
reductions in mortality rates at younger ages, dhdlecrease in mortality rates
beyond age 65. Taking advantage otfthis information, we re-calculated life
expectancy at birthassumingthat mortality rates after age 65 were maintained
unchanged since 1950able2.5 presents the obtainedsultsand demamstrates that

the consolidation of Japan as bpsictice country was only possible due to
improvements registeredfter age 65. If mortality rates for thosgesbecome
unchanged since 1950apan would be at the bottom of the OclassificationO in 2012
with 76.26 yars of life expectancy at birth for females af196 for malegnearby

France and Portugal)



Excluding Japann the female casdife expectancy at birth would keound
77 yearsand for males would present higher disparity between registeiees
beside{Sweden: 75.49; Spain: 73.95).

Table 2.5: Life expectancy at birtif mortality rates kept constant after ageshdce 1950

L. E. Females 2012 Males 2012
Ranking | Country e, e,  Diff. | Country e, e, Diff.
1 Japan 8645 76.26 10.19( Japan 79.96 72.96 7.00
2 Spain 85.09 77.52 7.57 | Sweden* 79.80 75.49 4.31
3 France 84.87 77.31 7.56 Spain 79.33 73.95 5.38
4 Sweden* 83.67 77.30 6.37 | France 78.51 72.98 5.53
5 Portugal 83.41 77.29 6.12 | Portugal 77.26 72.88 4.38

* Dueto data availability last year is 201
Source:HMD 2014,own elaboration

Complementary information can lextracted by thenetlodology developed
by Arriaga (984), once that allows identifyingontributes by agetl{e obtained
results arg@resented in igure2.5).

Generally, we can confirm that in the beginning of the period were the
improvements at younger ages that contribute the ntostlife expectancy
improvement However the positive contributions observed herelaghly connected
with older ageslf for femaleswe can expect that for the futuiejprovementsnay
be especially connected with older ages, in the male taseeis still a larger
flexibility to improve at younger agesssentially between age 15 and 85.a resul
of previous studis, we can asse thatcontributes associated with those ages are
manly connected with behavioral decisions, i.e., external canfsdsath(essentially

transport accidents in the Portuguese case, for example)

*? 1
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Despite the possible identification of positive or negative contributiorfseto t
increase of life expectancy applying the decomposition methodology developed by
Arriaga (1984),the computation of the decomposition approach developed by
Shkolnikovet al.(2001) allowsto break down this contributions by COD.

Intendingto focus on recent yearBjgure2.6 presents thebtained results for
the lastdecade and we canrehdy identify what was said befofdonethelessfor
this last decaden the male casesome importantontributions were given byoung
adult ages, especially related to deathginatedby external causes of deaBesides
external causes for males) a broad perspectivayere the positive impactsfo
neoplasms, ischaemic, cerebrovascuwad other circulatory system diseases that
most OaffectedO life expectancy at biristly, especélly at older agesdiseases of
the respiratory system catso bedentified as important.

*G |
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With the previous analysis elaborated in this chapter, weccaclude thaare
(still in this decade)mainly the positive contributesgiven by older ages and
reductions in mortality rates connected witoplasms and diseases of the circulatory
system in generabnd external causgzredominantlyfor males, that contribute the
most for the registered life expectancy at birth in 20N@netheless, if wealculate
theassociated single decremdfg-tablefor other thara specific COD, we would be
able to evaluathow much is the impact of a certain cause in overall life expectancy.
Thus,based on that approach, we calculated correspondent life expectancy at
birth in the absence of eacbnsidered CODDue to competing riskéheory, which
theorizes that if an indivithl doesnOt die from a certain and specific COD, there are

many differentones to which he is exposed, competingdatribute to his deadVe

X!



need thus,a be aware thathe real impact ofthe absence od certain CODn life
expectancy would be slightlgwer than the obtained kiyis approach.

Our intention is simply to identifywhich COD influences the most,
negatively, life expectancy at birth, and the obtained resultsthi®ryear 2000
presented imale 2.6 show thatare the deathelatedwith neophsms thahad higher
negative influencecross all countries and sexes. In Sweden, again for both gexes,
can also be identified a negative influence caused by ischaemic heart diseases
Generaly, as expected, were the diseases related with the cinguiatstem together
with neoplasms, the ones presentamajor negative impacOn the other sideyere
the deaths caused by digestive system diseasedefizainfluence negatively life
expectancy at birth.

The group that includes all the remaining CQisrecordssignificant values
to beneglectedhowever, this showthat there are still an important group of all other
CODs not specified here that need interventidh is not our intention in this
monograph but theidentification ofthe different C@s correspondent to that last

group, will certainlyprodue important informatiomor the healthpublic system

Table 2.6: Life expectancy at birth in the absence of a certain CZIIDO

Portugal* France Sweden Spain Japan
COD
Male Female | Male Female | Male Female | Male Female | Male Female
Neoplasms 3.44 2.67 4.89 3.48 3.25 3.44 4.47 2.96 4.74 3.88
Ischaemic 1.23 0.93 1.17 0.86 2.86 2.16 1.51 1.09 0.93 0.98

Cerebrovascular | 1.74 2.54 0.71 0.98 0.97 1.31 0.94 1.42 1.56 2.31
R. Circulatory 1.06 1.52 1.54 2.03 1.34 1.61 1.27 2.13 1.12 1.72

Respiratory 111 0.89 0.80 0.75 0.76 0.79 1.53 1.11 2.01 2.04
Digestive 0.81 0.51 0.70 0.58 0.44 0.42 0.76 0.61 0.60 0.53
External 1.88 0.66 1.88 1.06 1.32 0.65 1.47 0.57 171 0.94

Remaining 3.24 5855 2.98 3.77 191 2.27 2.26 3.03 1.52 2.30

* Due to data availability, corresponds to y2a03
Source:HMD 2014,own elaboration

Likewise as shown for the year 200@h 2010 are still neoplasms that
influence the mostverall life expectancy at birdind dseases of the digestive system
the least Respiratory sgtem diseases also presemtsignificant impact when
compared with the obtained values in the year 20@¥erthelessin these 10 years

of observationthe groupof CODs that includes all thathe specified here, is



increasing its negative impact. This situation reinforces rnied to identify

OemergingO diseases thay influencenegatively overall life expectancy.

Table 2.7: Life expectancy at birth in the absence okaain COD 2010

Portugal France Sweden Spain Japan
COD
Male Female | Male Female | Male Female | Male Female | Male Female
Neoplasms 3.98 2.83 5.13 3.85 3.39 3.43 4.82 3.23 4.59 3.90
Ischaemic 0.91 0.75 1.00 0.72 2.16 1.61 1.30 0.96 0.87 0.79

Cerebrovascula 1.28 1.79 0.63 0.86 0.77 1.01 0.78 1.11 1.19 1.53
R. Circulatory 1.01 1.52 1.59 2.16 1.45 1.77 1.37 2.23 1.23 2.05

Respiratory 1.28 1.19 0.82 0.76 0.66 0.64 1.45 1.09 2.19 2.09
Digestive 0.74 0.50 0.69 0.57 0.45 0.38 0.72 0.60 0.56 0.52
External 1.20 0.55 1.65 0.91 131 0.66 0.93 0.45 1.56 0.91

Remaining 3.44 3.73 3.55 4.88 2.53 3.25 2.61 3.85 1.76 3.03

Source:HMD 2014,own elaboration

2.6. Discussion

As a result, obtained resultstims chapteconfirm what has beeconcludced in many
other previais studiesneoplasmsdiseases of theirculatory and respiratorygystem
are the principal CODsand the ones that influence the most, negatively, life
expectancy for populationddowever, in this chapter with the calculation of
alternative measures ofrigevity andpresentation of different points of viewe
perspectivethat if the rate of increase in life expectancy at birth keeps recent
evolutionary patternst is possible that the mafemale gap keep diminishing aat
analyzedcountriescanaim for Japanese values.

Usually, less attention is given toauseshat are less expressive in overall
mortality, howeverjn our studywe identify thatthis group aseing one of the most
important in influencing negatively life expectancy.

Likewise Oliveiraand Mendescknowledged2010)the emergent importance
associatedvith this wideranging group of CODsnight be intimately relatedwith
shift of high rates of mortality to older ages.

H= !



2.7. Conclusions

Together with the shift of higher rates of mortatilydder ages with timeghanges in
the CODghat areinfluencingthose deathare also being registeredecision makers
should not neglectless representativ€ ODs andbe pepared to, not new, but
emergent CODs that were not related with mortality ratestexgid at younger ages.
Nonethelessit is also very importanto identify how different CODs may
influence overall slopes of mortality, either for individuals and populations
evaluatinghow those can be differentiated and if they contribateach othe That

will be done on the next two chapters.
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CHAPTER 3

THE INDIVIDUAL RATE OF AGING BY CAUSES OF DEATH:
TESTING VAUPELOS HYPOTHESIS

3.1. Introduction

PopulationOs longevity is being afésl, across history, by changes in the curve of
agespecific mortality. Changes in the slope are often designatetbyof aging
(e.g.: Vaupel, 2010; Zarulli, 2012) oate of senescence.g.: Comfort, 1964; Rozing
andWestendorp, 2008). In both, thergeral concept is rather similar. In this research,
the termrate of agings the choice over rate of senescence.

Vaupel (2010) hypothesizes th@except for individuals with accelerated aging
disorders, all other humans have a similar and perhaps, eaigrthe same, rate of
increase in mortality with ageQ.e., the same rate of aging, which might be a
biological constant invariant across humans and over time.

In opposition with the rate at which agpecific death rates increase, known
as the lifetable aging rate (LAR) (Horiuchi and Coale, 1990), the individual rate of
aging is defined as the relative derivative of the baseline hazard of death if the aging
process is captured by a Gompertz curve. If the first is constant across age, the second
preseits a welldefined and characteristic bslhaped pattern, widely studied since
Gompertz (1825), and consequently finding evidence for a mortality deceleration at
older ages. The force of mortality for an entire population is described by the
associated agspecific death rates, resulting from a Ocontribution® of different
subpopulations under diverse specific mortality conditions (B€#89; Vaupelet
al., 1979). Like it was suggested by Vaupel and Yashin in 1985, and well illustrated
by the gammalistributed frailty model with exponentially increasing individual
mortality, i.e., the widely known gamnr@ompertz or gamm&ompertzMakeham
model, individual and population mortality patterns might be qualitatively distinct. In
their study, Vaupel and Yashin985) explored in a variety ways, that the pattern of
attrition for the population as a whole can differ from the patterns for subpopulations
or individuals, and in 2006, the same authors, pointed out 3 key reasons to justify the

application of frailty modis: (1) Cox regression yields coefficient estimations that
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tend to be biased towards zero; (2) frailty models permit the estimation of underlying
(baseline) hazards (i.e., the hazards that control the trajectory of risks at the individual
level); and, (3)he possibility of using supplementary vital statistics in the analysis.
Within this framework, individual mortality is characterized by different starting
levels, which combined, result in a-s8aped logistic mortality curve for the
population (Beard, 195.

If VaupelOs hypothesis is confirmed, the individual force of mortality, from
senescent causes, is characterized by 1) a constant and essentially identical rate of
aging across individuals that share the same subpopulation, in a given cohort; and 2)
for all subpopulations combined across different cohorts.

Testing this hypothesis is not easy, though. Data for complete cohorts
becomes only available when all the individuals that share the same birth cohort leave
the population by death. Still, data dahie for complete cohorts correspond to
beginning of the 20 century, while for more ancient cohorts data quality is
guestionable (HMD, 2014; Wilmotlet al, 2007). Besides the issues about data
convenience and quality, constant reductions in thespgefic mortality rates across
time for countries considered to provide hignality data, mainly after World War I
(Tuljapurkar et al, 2000; Rauet al, 2008), subject individuals born in different
cohorts with agex in yeary to lower mortality rates thmaother individuals that
attained the same age on previous years. This results in the underestimation of the rate
of individual aging due to the rate of mortality improvements, making challenging to
test point 2). Salinari and Santis (2014), based on Huvhamality Database data
(HMD, 2014), find no evidence of a common rate of individual aging, but the direct
association of mortality improvements and the rate of individual aging might be an
explanation.

If in modeling norRhuman organisms there are seveseamples of scientific
experiments where analyses of the effects of environmental and genetic experiments
are conducted, in the case of humans this is rather difficult and profoundly censured.
To avoid this, a way to analyze the validity of VaupelOsthgpis is to analyze
Onatural® mortality shocks (occurred in different subpopulations) to achieve a better
understanding about the changes in human mortality curves (Zarulli, 2012). Till now,
the only piece of research addressed t® ¢bntext comes frordarulli (2012. The
author took advantage of Onatural mortality experimentsO and achieved the same
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mortality shifts in the age mortality trajectories of humans, finding that among
Australian prisonersf-war (in Java, during WWII) obtained estimates spadtavor

of a constant rate of individual aging, but not in the case of Ukrainian famine.
Nevertheless, in some cases, the conduction of experimental analyses with diverse
nonorganisms resulted in changes in the slope of the mortality trajectory (de
Magdh<eset al, 2005; Johnson, 1990) amthers have found a parallel shift in the

age of mortality trajectories when compared with the control groupetLat, 1998;
Flurkeyet al, 2001; Mairet al, 2003).

In this chapter, VaupelOs hypothesis is debie studying major groups of
cause of death (COD), addressed here as subpopulations. Data aggregation in major
groups of CODs providesubpopulatiorsizes large enough to produce a significant
statistical analysis. Period data, distinguishable by coamiyage is used to estimate
the individual rate of aging, by fitting a gamy@@mpertzMakeham ['GM] model,
and seeking evidence to confirm or refute the existence of a constant rate of
individual aging over time, and if, the obtained estimates accordiegigh

subpopulation, i.e., COD group, presents essentially the same rate of individual aging.

3.2. Methods

3.2.1. The gammaGompertz-Makeham frailty model

Generally, demographers view populations as a heterogeneous mixture of individuals,
sharing, at adult ages, thanse baseline hazard of death. This means that each
population is composed by different subpopulations where, despite sharing the same
hazard of death, all indiduals are susceptible to a different and random wayo
estimate causspecific individual ates of aging we fit a gamnrtompertzMakeham

(! GM) frailty model, where the baseline hazard of dédth) at agex, is assumed to
follow a GompertzaMakeham mortality pattern (Gompertz, 1825; Makeham, 1860):

NOINIEEN (3.1)

where the aging press is captured Hy, obtained by the relative derivative!bf " |
i.e., the Gompertz part of the equatianefers to the starting level of mortality for a



given adult age (where= 0) andc corresponds to nesenescent mortality. Previous
reseach revealed that individual susceptibility could be reflected in both parameters
of the model presented i3.1) at the same time; only on the mortality level at the
starting age given by parameterapplying relativerisk models; or on the individual
rate of mortality increase, here given Hy applying acceleratelife models.
Nevertheless, Gamp@010, in her research, found evidence for a human mortality
plateau at older age mortality when realized that mortality rates are leveling off
beyond age 110being favorable to the relative risks (Missov and Vaupel, 2015),
while that acceleratelife mortality models would result in an eventual vanishing
hazard of death (Finkelstein and Esaulova, 2006).

So, letting a random variabfeailty capture individubsusceptibility to death,
in a relativerisk model framework with Gomperdakeham baseline mortality, the

force of mortality! (! ') for individuals with frailtyzis given by:

NS YREREIRY (3.2)

If we assume frailty as being gamudistributed with a unit mean and
variance at the starting age of analysis, which is an additional standard (Beard, 1959;
Vaupel et al, 1979) already proved theoretically (Steinsaltz &dechter, 2006;
Missov and Finkelstein, 2011), we eand with agammaGompertzMakeham(! GM)
frailty model Thus, within a! GM theoretical framework, the hazard for the
population is given by (M#pelet al, 1979; Vaupel, 2002; Vaupel and Missov, 2014):

YOO IRIEN XY (3.3)

where,a, b andc maintain the same meaning explained beformrresponds to the
population survivorship at adeand! is the frailty variance athe initial age of
analysis. The inclusion of the Makeham tezns fundamental to obtain ndrased
estimates since it is statistically significant and its exclusion @) (Ray interfere
negatively with the obtained estimates for the other parameté¢ne imodel (Missov
and Nemeth, 2014).

Like it wasstatedbefore, considering the model ing the individual rate of

aging is captured by the relative derivative of the Gompertz!part, but in
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opposition, the relative derivative B! ) results in the obtainment of the population
rate of aging. If the first is constant across age, correspondiigirto(3.3), the
second, proposed by Horiuchi and Coale in 1990 and addrikzsee as thdife-table

aging rate (LAR), varies agewise presenting a characteristic bshlaped pattern
(Horiuchi and Coale, 1990; Horiuchi and Wilmoth, 1997, 1998; Vaupel and Zhang,
2010). Howeverb is only well captured under this theoretical frameky if and only

if the baseline hazart(!) follows a Gompertz pattern. In opposition to the
individualOs rate of aging, LAR has been widely studied, either for human populations
(e.g., Horiuchi and Wilmoth, 1997, 1998) or Aeumman (e.g., Carey and Liedo,
1998), whichmight have caused sonmmisperception about the relationship between
both measures. In 2010, Vaupel and Zhang, explored an explicit relationship between
the individual rate of mortality increase and the population rate of aging, proving that,

not onlyb differs from LAR, but als@ontributes to the estimation of the second.

3.2.2. Model fittin g

Despite model (3) is proposed for cohorts, in this chapter, we use data collected for
different CODs by single yealrs Consequently, due to data availability, to capture
overall mortality (Vaupel, 2002; Vaupel and Missov, 2014) we apply:

ran) ey Qg (3.4)

where a( ), b(!) and c(!) correspond to estimates at the ipérlevel and™'' to
survivorship for the subpopulation born in yéar! .

Every individual in overall population or across different subpopulations is
continuously exposed to different risks of dedifBecause death is not a repetitive
event ad is usually attributed to a single cause, these risks compete with one another
for the life of a person. Competing risks must be considered in any-spesiéic
mortality analysis{Chiang, 1991). In our approach, we incorporate this statement,
assuminghat the individuals exposed to the risk of death by COD are the same that
are exposed to overall mortality;(! ') ! ' (111). Model 8.4), when applied to

different!" !, is characterized by a unique starting level of mortality!,!,!!!,



[,111, 1,111 and a common survivorship by cadse'!! ! and cohort, howear, due

to data availability, period survivg|!! ! | is used instead:
SO e O (3.5)

Looking at each" !, separately may influence obtained results, mainly due
to the competing risks to which individuals are exposed. Thus, if we discriminate
cohort survivorship by' !, it may still exclude competing risks from our analysis.
However, assuming that“ (1) ! r'''111, additionally to commonxposures and a
single frailty term with variancé!!! at the starting age of analysis, we can

incorporate again the competing risks into the model:
man) O] (3.6)

Applying modelin (3.5) to our data results in the estimation of 4 parameters at
a time by period . In opposition, the outcome from the model presented.i) (
results in 25 parameters at a timdeading to a very unstable optimization procedure
highly manipulatedy chosen starting values. As a result, and due to very complete
information about cohort survival concerning overall mortality available at HMD, a

model with differentiated, is also fitted:
Fan) O] Oy (3.7)

Comparing obtained results i8.%) with the obtained in3(7) leads to almost
identical parameter estimates, thus, as a results, only the estimate8.#pwmil( be
seen in theesultssection when the obtainedtiesates for rate of individual aging are
presented.

Introduced the model framework, fitting procedure holds on the assumption
that |, (11N I"#$$"%!(1 (1 11) T H (1)) (Brillinger, 1986), wherell (1 !1)
denote the causspecific death counts, and! (!!!') denote the age specific
exposures, both in yegr Thus, for eacli' ! | separately in yeay we maximize a
Poisson logikelihood:
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InL(a; (M, 1(e (J’)) = Z[Di(! M)y sIn (1) =1 (xely) P, 0)] (3.8)

The same procedure is adopted to estimate the parameters for all causes
combined (wheh! !, we refer to 8.4)). Analyzing Figure 3, where are presented
the observed aggpecific mortality rates forSweden (2010) by'# ,, we can
conclude that its after age 65, i.e., after age group%Ihat mortality patterns
associated with different major CODs register an approximated exponential increase,
followed, in some cases, by an eventual decelerggaitern. Thus, all mentioned
models are fitted starting at age group68 because fitting aGM model at earlier
ages will result in meaninglesg(! ! -estimates for CODs that do not seem to follow a
I GM curve. Nevertheless, for some specific causike e.g. neoplasms, the fitting
procedure might need to start earlier once that major incidence for cancer is
concentrated at younger ages, being reflected in thesagmfic mortality pattern
after age 65. However, that strategy needs to be weheatkfhecause each cause is
singular, so, in this chapter, and for comparison proposes, all estimates are performed

starting at age 65.

Figure 3.3: Observed agspecific mortality rates after age 30 in Sweden, 2010
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3.3. Data

3.3.1. Source, classification and concepts of cause of death data

The International Classification of Diseasg$CD) regulates the classification of
COD data, which is revised periodicatty allow the inclusion of new diseases and/or
the refinement in the identification of diseases and promotes the international
comparability of COD statistics. However, new classifications that result from ICD
revisions are inevitably followed by the impiskty (for less aggregated groups of
causes, e.glung canceror poisoning of making comparisons over time and across
countries since different countries may adopt the new classifications at different
times. Still, more refined the classification beesmthe greater the need for expert
clinical diagnosis of cause of death.

National mortality data derives essentially from death certificates, from which
diverse information can be used. In death certificates it can be found information
about thaunderlyng cause of death.e., the disease or injury that initiated the train of
events leading directly to death, or the circumstances of the accident or violence
which produced the fatal injury (WHO, 1977). Death certificates also provide
information that give the possibility to elaborate a more profound and complete
analysis, containing information about other contributing causes or identifying what
was theimmediate cause of deatwhich is the final disease or condition that results
in death. This means than underlying COD can trigger a different disease and only
after, death, being this last disease the immediate cause. Exemplifying, imagine a
deceased that died from a coronary occlusion. Despite the immediate COD be the
coronary occlusion, the underlgr€OD can be different, like diabetes.

Regardless to the underlying or immediate causes of death, it is also important
to define theexternal cause of deatbategory, where the recorded cause is the
external cause that resulted in death, not the natutieeoinjury or the antecedent
condition of the deceased. Death is frequently produced by more than one cause and it
is also possible, for a restrict number of countries, to have access to statistics on
multiple causes of degtlpresenting more detailed arfmation recorded in the death
certificates, that can be seen as a recognition about the involvement of combinations

of diseases and conditions in many deaths.

?=1



3.3.2. Validity and viability of data

COD data is very often facing reliability problems, producethindy 1) the lack of
accuracy in death certificates, or 2) by changes in the classification system (MeslZ,
2006), and to avoid this uncertainty, the World Health Organization (WHO)
recommends to base COD statistics onutderlyingcause of death catego

Some studies were conducted with the intention of comparing death
certificates angostmortemdiagnosis and the most part of the results showed that
exists a significant disagreement between them (Modelmog et. al., 1992). This
situation can occur, foexample, when physicians or other medical professionals are
unfamiliar with the true cause of death (Lilienfeld et. al., 1994). Some interrelated
illness can be also the explanation for this uncertainty, such as diabetes together with
coronary disease,hich are two diseases feasible to be fatal. On the other hand, some
diseases can be only the contributing COD, what can difficult to identify the real
cause. From the combination of all these difficulties can result an impossibility to
identify the COD ofa deceased and the best option is to consider autopsy results
combined with clinical data (Kircher et. al., 1985), however not every deceased is
autopsied.

In what concerns to cancer more precisely, different studies where information
from death certificees was crossed with autopsy information, presented really
positive results when this disease is the underlying COD. It was shown that the
sensitivity of death certificates varies between 87 % and 93 % and the predictive
capacity between 85 % and 96 % (er et. al., 1985; Engel et. al., 1980;
Schottenfeld et. al., 1982).

German et. al. (2011) evaluated the accuracy of cancer statistics in the U.S.A.,
based on the ICD 9 and ICD 10 classifications, and with a 95 % confidence interval,
they achieved a commation rate that varies between 80.4 % and 81.6 % for the
number of deaths classified under thé" I@ernational Classification of Diseases.
The confirmation rate for the deaths recorded under'ttiet@rnational Classification
of Diseases was everlittle higher, varying between 84.8 % and 85.2 %.

Nevertheless, once that is difficult to have accessitwodatalike the post
mortemdiagnosis for each individual, one option that is often used in this kind of
analysis is the calculation of the propon of death coded in th# -defined and
unspecifieccauses of death category (MeslZ, 208@®rder to evaluate the data.



3.3.3. Data selection and availability

As already exposed, data collection can face many problems that could influence their
validity and viability, however, and besides some of the enumerated problems that
COD classification may originate, data availability is also a concerning issue. In some
countries, the distribution of data categorized by COD can be considered an ethical
problem, and oly major causes of death are available. Besides that, it is also almost
impossible to find data disaggregated by sinyglar age groups, so it is very common

to deal with data aggregated in fiyear age groups, in which the highest open age
group startgnainly at age 85. Sometimes, though, it can be also possible to find data
where the open age interval starts at age 95 or 100.

Likewise it was done on Chapter @ata onoverall death counts (x,y) and
exposured (x,!) derived from theHuman Mortdity Database (HMD, 2014:
www.mortality.org and deaths by COD! (!,y) from the World Health
Organization Mortality Databas@VHOMD, 2014).

Again, WHOMD cause of death (COD) data are only available byykas

age groups and once that we extract death counts according to ICD10, our timeline in

what concerns to COD is restricted essentially to the last available decade (depending
on the country; see Figure 3.1). Data codification corresponds to the IC&diled

3 and 4" character list classification and was rearranged in 8 main COD groups: 1)
Neoplasms, 2) Ischaemic Heart Diseases; 3) Cerebrovascular Diseases; 4) Remaining
Diseases of the Circulatory System; 5) Diseases of the Respiratory System; 6)
Diseases of the Digestive System; 7) External Causes of death; and 8) Remaining
Causes of death. Following the WHO recommendation (1977) to avoid uncertainty
that comes from changes and updates in the classification system, we base our
research on thanderlying cause of death.e., the disease or injury, which initiated

the series of events that lead to death. It also should be said that, for all selected
countries, the ildefined COD group corresponds to less than 3.5 % of all deaths after
age 65 and acss the study period. Following MeslZ (2006), this is an indicator of

good overall data quality.



Figure 3.1: List of countries and years available for ICD10 cause of death classification
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Figure 3.2, exemplifies the typical distribution of egpecific deaths by COD,
from which we can realize that external causes of death, as well as diseases of the
digestive system contribute the least beyond&igd his situation results in relatively
small corresponding,(!,y), especially for Sweden, Finland, Norway and the

Netherlands.

Figure 3.2: Proportion of agespecific deaths by cause

Panel 1: England & Wales, 20@D10

<

—
«
£ =
() e @ External
© O R. Causes
s O Ischaemic
c © O Cerebrovasc.
K=} = O R. Circulatory
bl O Respiratory
8_ O Digestive
o) B Neoplasms
sﬁ_ < B Unspecified
[ o
=
s
>
E
3 o
(@]

<

o

0 15 25 35 5 565 65 75 95

4
1 10 20 30 40 50 60 70 80 90

Age Group



Panel 2: Sweden, 199010

1.0

0.8

@ External

O R. Causes
O Ischaemic
O Cerebrovasc.
O R. Circulatory

0.6

O Respiratory
O Digestive

@ Neoplasms
B Unspecified

04

Cumulative proportion of deaths

0.2

0.0

0 5 15 25 35 45 55 65 75 85 95
1 10 20 30 40 50 60 70 80 90

Age Group

Source:WHOMD 2014, own elaboratior

3.3.4. Data limitations

When we decide to look to CODs as subpopulations and estimate the rate of
individual aging, two major difficulties emerge. First of all, COD information
desegregad by cohort is not available, restricting our analysis by period. However,
previous research found evidence that the actual mortality experience of a preceding
cohort is well corresponded by period mortality, as it was discussed, e.g., in
Bongaarts and deney (2003) or in Rodriguez (&)0 This means that with our
approach we are also estimating the rate of individual aging for some earlier cohorts.
Secondly, changes in the ICD classification system and the necessity of cohort
survivorship reconstructdaly a given year results in the analysis of a shorter period of
time. Nevertheless, when longer periods become available under the same

classification, the adopted methodological approach can be still extended.

3.4. Results

The rate of individual aging, foleing what was explained in previous sections, was
estimated for all the seven selected countries (Sweden, Spain, France, Norway,

Netherlands, Finland and England and Wales), maledeanalesseparately, in each
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available year (Figur8.1), by fitting a! GM model starting at the age group-69.
The obtained results corresponding to the overall mortaligy are presented in

Figure 34, and, as it can be seen, especially in the female case, estimates seem

relatively sable across the different anatycaintries.

Figure 3.4: Estimatedb(y! by country and gender for major CODs group
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A closer look, given by Tabl8.1, where the obtained resulty England and
Wales are presented, clearly exemplifies what was just been said. Obtained estimates
show that in ten singular years of observatigry! only increased 0.006 (between
2001 and 2010) in the female case and 0.017 for males, being doeatest standard
errors smaller in the female case than for males. However, despite the observed
differences, a narrow gap for confidence intervals is obtained, and that might be
explained by the fact that England and Wales provide a lagapopulationof
analysis. Still, the known fact that females live longer than males, can also affect the

subpopulatiorsize and correspondent estimates.
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Table 3.1: Estimates of ! ) for overall mortality for England and Wales with associate

standard errors

Females

Males

Year

b(!!

sellll

o

s.eb(!!

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

0.111
0.113
0.116
0.114
0.114
0.113
0.115
0.117
0.116
0.117

0.0019
0.0018
0.0018
0.0018
0.0017
0.0016
0.0016
0.0015
0.0015
0.0014

0.108
0.108
0.111
0.120
0.108
0.111
0.126
0.123
0.130
0.125

0.0033
0.0035
0.0038
0.0040
0.0041
0.0036
0.0034
0.0034
0.0033
0.0034

Source:WHOMD and HMD 2014pwn elaboation

Figure 3.5, revealsthat thel | (y) estimates for the rate of individual aging
differentiated byCO! ; follow a similar pattern across time, with exception for some
cases with lowesubpopulatiorsize, like thedigestive system diseas@sSpain for
females, or in the overathale case. Here we already can realize that, despite the
existence between the obtained results, of dissimilar estimates, they seem to be

reasonably constant over time.

Figure 3.5: Estimatedb;(! ! by !" ! | for Spain and&ngland and Wales
Panel 1: Spain, Females Panel 2: Spain, Males
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Panel 3: England and Wales, Females
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average rates of individual aging over the couspgcific available periods seem to

be negligible in some cases (countries and CODs).omesother situations, the

difference is at least 0.01, what at this magnitude, is considered to be significant.

Generally, the obtained estimates vary from an average of 0.115, registered in

Finland and Netherlands, to the Swedish 0.131, for males; fanillemales varies

from the same 0.115, registered in England and Wales, to 0.144 from Finland. From
these results, can be algwognizedhat{ ! y! is constantly overestimated for females

in comparison with males, but a possible explanation can be advanced by the gender
gap in the associated mortality rates for both sexes, that result, inevitably, in different

estimates for the other corresplarg parametersS!!), ¢(!' ! andy! y!.
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Table 3.2: Average countnspecific individual rate of aging

Sex| All Neo. | Isc. | Cer. | R.Cir. | Resp.| Dig. | Ext. | Rem.
SWE F | 0.129( 0.069] 0.148( 0.174| 0.179 | 0.131| 0.132{ 0.152| 0.162
M ] 0.130| 0.095] 0.137| 0.171| 0.182 | 0.156| 0.172| 0.223| 0.168
SPA F | 0.137| 0.080] 0.152| 0.175| 0.170 | 0.171| 0.170( 0.114]| 0.167
M ] 0.121| 0.092] 0.115| 0.155| 0.141 | 0.165| 0.113( 0.126| 0.156
ERA F | 0.132( 0.067] 0.147| 0.150| 0.161 | 0.156| 0.125( 0.145| 0.152
M | 0.123| 0.069]| 0.131| 0.156| 0.155 | 0.140| 0.136( 0.152| 0.165
NED F | 0.128( 0.065] 0.136| 0.175| 0.156 | 0.146 | 0.149( 0.162| 0.162
M ] 0.115| 0.091] 0.123| 0.167| 0.133 | 0.179| 0.152( 0.196| 0.155
FIN F | 0.144( 0.080] 0.178| 0.179| 0.169 | 0.160| 0.161| 0.175| 0.170
M | 0.115| 0.093] 0.128| 0.156| 0.136 | 0.147 | 0.207| 0.254| 0.177
NOR F | 0.129( 0.065] 0.157| 0.184| 0.178 | 0.154| 0.147| 0.171| 0.152
M ] 0.128| 0.095]| 0.145| 0.180| 0.169 | 0.163| 0.150( 0.191| 0.156
E g W F | 0.115( 0.073] 0.134| 0.163| 0.139 | 0.135| 0.114( 0.140]| 0.163
M | 0.117| 0.090| 0.124| 0.172| 0.132 | 0.143] 0.158( 0.178] 0.156

What has just been exposed is clearly exemplified in TalBewhere the

Source: WHOMD and HMD 2014pwn calculation

Spanish example for overall mortality is presented.

Table 3.3: GammaGompertzMakeham parameter estimategh associated standard errol

for overall mortality in Spain

Females

Year | a(!

s.elly)

b y!

s.ellll

re)

s.ey(l)

et

s.el'(l)

2003
2004
2005
2006
2007
2008
2009

0.00757
0.00714
0.00707
0.00687
0.00664
0.00636
0.00623

0.00021
0.00020
0.00019
0.00018
0.00016
0.00015
0.00014

0.137
0.137
0.139
0.133
0.137
0.138
0.136

0.0021
0.0021
0.0020
0.0019
0.0017
0.0016
0.0015

0.132
0.147
0.141
0.047
0.096
0.102
0.064

0.0231
0.0235
0.0225
0.0214
0.0208
0.0206
0.0192

0.00000012
0.00000021
0.00000000
0.00000001
0.00000006
0.00000007
0.00000003

0.00050474
0.00037330
0.00263809
0.00167468
0.00055173
0.00048874
0.00073094

Males

Year | a(y!

s.elly)

b(!!

s.el'ly)

y(!

s.el"(1)

e(l!

s.elly)

2003
2004
2005
2006
2007
2008
2009

0.01492
0.01500
0.01427
0.01448
0.01478
0.01419
0.01080

0.00077
0.00078
0.00071
0.00083
0.00065
0.00063
0.00053

0.122
0.118
0.123
0.114
0.116
0.116
0.135

0.0040
0.0040
0.0038
0.0042
0.0033
0.0033
0.0038

0.140
0.130
0.165
0.088
0.123
0.117
0.269

0.0291
0.0289
0.0283
0.0311
0.0254
0.0261
0.0314

0.00469955
0.00338730
0.00415971
0.00285396
0.00215482
0.00190371
0.00557874

0.00084663
0.00084960
0.00078600
0.00089437
0.00070332
0.00068821
0.00059131

?2X 1

Source: WHOMD and HMD 2014pwn elaboration



Focusing now again on the estimated rates of individual aging by COD
(Figure 3.6), we can ditinguish three main patterns, 1) the obtained estimates for
neoplasm®;(y) seem to be always lower than the registered for overall mortality
b(!'!; 2) the estimates for overall mortality are in agreement with the ones obtained
for ischaemic hart diseases, being very similar; and lastly, 3) all other CODs show an
associated, ! y)-estimate higher than'! I. Thus, we can conclude that neoplasms
influence OnegativelyO the rate of individual aging estimated for overall mortality,
once hat the still observed high mortality rates at age 65 contributes to a lower

overallb(! !.

Figure 3.6: Estimated !y) and! ;! y! by CO! ; for all selected countries
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From the obtained results, we can observe that the COD that has most
distinctive estimates fathe rate of individual aging,!! ) is neoplasms, to which is
connected the lowest estimates. Nevertheless, some explanations might be advanced:
1) the incidence rate associated to neoplasms achieves its higher values before age 65,
where mortalityrates seem to decline around age 50/55; 2) following WHO (2014),
around 30 % of all deaths related to neoplagrase due to five leading behavioral
and dietary risks: high body mass index, low fruit and vegetable intake, lack of
physical activity, tobaccase, alcohol useGand bring some uncertainty to cancer
related mortality patterns; 3) the stage of the diagnosis, that influences direetly age
specific mortality rates, once that earlier diagnosis increases survival chances; and 4)
a wideranging cause fodeath group, once that all types of neoplasms are
concentrated in only orargegroup, and the overall observed pattern may not reflect
directly all distinct neoplasms (for further discussion see Ukraintseva and Yashin,
2003).

Estimates obtained for eges with lower number of deaths, originating lower
study subpopulatios, present higher fluctuation patterns. Digestive system diseases
and external causes of death are two good examplespécificallythe second, due
to its strict connection with traportaccident. Country size and sex revealed also to
be important, once that exists a higher number of females alive after age 65 and
countries like Norway (5.1 M), Finland (5.4 M), Sweden (9.5 M) and Netherlands
(16.8 M) have lower population size whemmgpared with France (66 M), Spain (47.3
M) or England and Wales (57.9 M).



3.5. Discussion

Despite some criticism about focusing on the slope ofspgeific mortality, in log

scale, to measure the rate of aging (Rozing and Westendorp, 2008) and some
expositims about theros and contrasof this measure (de Gray, 2005), we believe
that this approach is highly sustainable. Thus, and seeking to test VaupelOs hypothesis
the individual rate of mortality increase was estimated wuradé&# framework
differentiatng each COD as a subpopulation. Under this framework, we can also
obtain the estimates for the population rate of aging, whicbpposition to the
individualOs rate of aging, has been widely studied, either for human populations (e.g.,
Horiuchi and Wilmol, 1997, 1998) or nehuman (e.g., Carey and Liedo, 1998).
These two measures not only are completely different, but also present very
distinctive patterns, being the individual rate of aging constant across time, i.e.,
indicating how fast individuals in population if the initial level of mortality stays
unchanged and with no external influences (considered here with Maket)aands

LAR varying agewise, creating a beBhaped pattern. Still, not onlydiffers from

LAR, but also contributes to its asiation (Vaupel and Zhang, 2010).

Generally, the estimated rates of individual aging across different CODs,
sexes and selected countries, perform a fairly stable evolution. Nevertheless, we
cannot fully support VaupelOs hypothesis due the discrepancyebetvecobtained
estimates by CODbut amajor contributionfor this topic is achievedOur estimates
also revealed that, with the exception of neoplasms, the estimates obtained for overall

mortality are always lower when compared with diffefeiit ). In this way, it seems

that the differenb;!y) associated to different CODappears to contribute to the
OaverageO rate of individual aging, i.e., to the obtained estimates for overall mortality.
Accordingly with Brody and Schneider (1986), awsults present lower rates of
aging for causes considered close to-senescent processes, like neoplasms or
external causes of death, and higher values for the ones in opposite direction, i.e., for
example the case of the deaths caused by diseades @fdulatory system. The case

of cancer strikes out as the cause that has the lowest rate of aging of all, factor that
can be explained by the fact thi@in the human species, the population that reaches
advanced age and has a decreased incidence ofecaoould be less prone to
develop cancer and hence more fit to reach the maximum lifegpauiziraCoelho,

1986). Another explanation can be directly related with the origin of cancer, which is

<* |



connected with the unregulated growth of new cells, beingiléistage process that
starts with a preancerous lesion and ends up with a malignant tumor. Nevertheless,
at older ages the proliferation of cells is declining and possibly increases the time
between cancer development stages (Ukrainsteva and YaB08), 2

As a result, many factors may have interfered with the obtained results: 1)
model estimation employing aggregated datgga@r age groups); 2) data validity and
viability; 3) the existence of competing risks to which each individual is exposed; and
4) the existence of a close relationship between behavior and some CODs as, e.g.,
neoplasms and external causes. Consequently, once that the obtained results cannot
fulfill VaupelOs hypothesis (it only speaks in favor of a constant evolution across
time), a possible complementary way is testing by the estimate of the individual rate
of individual aging accordingly to groups of individuals that share the same
behavioral pattern, e.g., smokers and -sorokers; athletes and nathletes; or,
alcohol consumptio and norconsumption.

Summarizing, obtained estimates present more stable and less variation across
time for countries with larger population sizes (Spain, France, and England and
Wales), CODs with higher proportion of deaths beyond age 65, and in Igkmera
females, as consequence of a larger number of alive females on the analyzed age

range.

3.6. Conclusions

Even with the obtained results showing that to each considered subpopulation it is
obtained a different rate of individual aging, we cantmmnpletey refute VaupelOs
hypothesis.Nevertheless, we strongly believe that a major contribution in this
direction was achieved.he constant rate of aging across all individuglgroved,
Owould fundamentally contribute tur understandingof how and whywe ajeO
(Vaupel 2010) and our findingsre contributing, at least partially, on this direction

It seems that each cause of death contributes for the rate of aging for the overall
population. In this way, we understand that, due to the different contribigksgto

which all individuals are exposed (Chiang, 1991), it is more correct to test for

example a group of individuals that died from one specific cause but that was exposed



to all the causes of death, e.g., smokers versusmofers, or people livingvith
cancer versus people without this disease.

Still, the finding of an almost constant rate of aging across time for the causes
less prone to human behavior suggests that besides different CODs are characterized
by different rates of aging, it is posklihat they share the same rate of aging within a
subpopulation exposed to all competing risks. One example of a population exposed
to all competing risks, that speaks in favor of a constant rate of individual aging is
given by Zarulli (2012), where theuthor finds clear favorable evidences among the

Australian prisoners in Java during WWIL.
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CHAPTER 4

REVISITI NG MORTALITY DECELERATION PATTERNS
UNDER A GAMMA -GOMPERTZ -MAKEAHM FRAMEWORK

4.1. Introduction

Horiuchi and Coale (1990) proposed a mortality megstesignated later (Horiuchi

and Wilmoth, 1997; Carey and Liedo, 1998) as thetéifde aging rate (LAR), which
captures the agspecific rate of mortality change for a given populatio@ ) !
I"(M(x)) —In(M(x —!))L. The rate of individual aging defined as the relative
derivative of the baseline hazard of death from senescent causes, is a different
characteristic, which is constant whenever the aging process is captured by a
Gompert curve (for further discussion on the rate of individual aging, see Missov
and Vaupel 2015, Missov and Ribeiro 2015).

Gampe (2010) finds evidence for a leveloify of human mortality at ages
110-114. If a mortality plateau exists, then it speaks in fafa relativerisk model
(Missov and Vaupel 2015) with a GompeMakeham baseling(x) =!e" +!
(Gompertz 1825; Makeham 1860), wheaemeasures the mortality level at the
starting adult ageh is the individual rate of aging itself, amdcaptures the risk of
dying that is not associated with the aging process. Unobservedezteity
(frailty) can be captured by a gamma distribution with a unit mean asadiance at
the starting age (Vaupet al.1979, Missov and Finkelstein 2011, Missov and Vaupel
2015). This leads to the gami@mpertzMakeham frailty model (Vaupett al.
1979), which we will shortly address as th@M. If we estimate its parameteasb, ¢
and! , we can take advantage of the LAR representation by Vaupel and Zhang (2010)
to estimate the population rate of aging (LAR).

Horiuchi, Cheung and Robine, 2012 fsed on reconstructing modahsed
LARs by fitting a Kannisto model for homogeneous populations. Inctiepterwe
focus on d GM heterogeneous model to reflect the perception that populations
consist of individuals that share the same baseline hazaréhich they are
susceptible in a different (random) way. We also incorporate a Makeham term to
account for possible (nemegligible) extrinsic mortality. I€ is statistically significant



and is left out of the model, the estimates for the dtkev parametrs will be biased
(Missov and Nemeth 2014). As a result LAR will be also unspecified and it will be
impossible to capture its bedhaped pattern (Horiuchi and Coale 1990). This is
perhaps one of the main reasons that Gavrilova and Gavrilov (#8d4)o evidence

of a deceleration pattern in the rate of population aging after age 80 in their simulation
study. In the same paper, the empirical finding based on 24 -siegiebirth cohorts

for four different countries (Canada, France, Sweden and the Unitdds Sof
America) using Human Mortality Database (2014) suggested, once more, that LAR
does not change significantly with age. We believe that this results from the omission
of the twestep OsmoothingO procedure, essential to calculate LAR (Horiuchi and
Caoale, 1990).

In this chapterwe first fit the! GM model to five countries: two from
Southern Europe (Spain and Portugal), one from Western Europe (France), one from
Northern Europe (Sweden), and one from Asia (Japan). Similarly to what was done in
Chapter 2, our choice was based on the qualitativédfereint patterns of life
expectancy evolution over time. France and Sweden register high life expectancy at
birth in the 1950s, but its rate of increase drops in the following decades. Spain,
Portugal and Japan, on the other hand, experience a lowekpiéetancy at birth in
the 1950s, but the rates of increase surpass the ones for #epkfetancy leaders at
the time. As a result the three countries caught up: life expectancy in Spain even
surpassed the one registered in Sweden, whereas Japan Hezavodd leader best
practice country.

Second, we elaborate on the relationship between the estimated LARs and the
rate of life expectancy increase in the chosen countries, as well as show how the
estimated LARs reflect the age patterns of mortality léeaton P not only for the
overall mortality, but also across causes of death (COD). At the same time we
illustrate how well the LAR formula by Vaupel and Zhang (2010), which uses the
estimated GM parameters, fits the actual LAR.

Third, we test the Oheterogeneity hypothesisO by Horiuchi and Wilmoth
(1998), which states that a) deceleration occurs for the most major CODs, being less
pronounced for CODs with lower death rates; and b) mortaéitelération should

occur at later ages due to selection effects.

<C!



4.2. Data

Data onoverall death count® (x,! ) andexposures$ (!,y) derived from theHuman
Mortality Database(HMD, 2014: www.mortality.org and deaths by CODD;(x!!)

from theWorld Health Organization Mortality Databage/HOMD, 2014)

Like it was explained on the previous chapters, WHOMD cause of death
(COD) data are only available by fiyear age groups and once that we extract death
cownts according to ICD10, the timeline is restricted to the last available decade
(depending on the country (see Tabl¢). We leave Portugal out of the analysis by
COD as the last opeend age group is 85+ and not 9%&d thatcould interfere with
obtained estimates To avoid low subpopulation sizes and any lack of
representativeness, we work with major COD groups: 1) Neoplasms, 2) Ischaemic
Heart Diseases; 3) Cerebrovascular Diseases; 4) Remaining Diseases of the
Circulatory System; 5) Diseases of the Redpry System; 6) Diseases of the
Digestive System; 7) External Causes of death; and 8) Remaining Causes of death.
Following the WHO recommendation (1977) to avoid uncertainty that comes from
changes and updates in the classification system, we basessmarah on the
underlying cause of deathe., the disease or injury, which initiated the series of
events that lead to death.

Table 4.1: List of countries and years, for which we are able to reconstruct LAR for over
mortality (saurce: HMD, 2014) and by COD according to ICD10 (source: WHOMD, 2014),
fitting aI'GM model

Countries Study Period (Overall Study Period
Mortality) (COD)
Portugal 1950- 2012 N
Spain 1950- 2012 1999- 2011
Sweden 1950- 2011 1997- 2010
France 1950- 2012 2000- 2010
Japan 1950- 2012 1995- 2011

Source: WHOMD and HMD 2014pwn elaboration



4.3. Methods

4.3.1. The life-table aging rate

If data are available for singlgear age groups, the rate of paiidn aging (LAR),

here addressed &s!!, can be obtained by the following formula (Horiuchi and
Coale, 1990):

) In(M@)=In(! ¢! D), (4.1)

where! (1) is the central death rate at age
Nevertheless, the small number of deaths at very old ages results in a large
stochagt variation in death rates and, consequently, adtep procedure need to be
followed (Horiuchi and Coale, 1990):
a. apply a fiveyear moving average to the central death ratés) and then
calculate LAR using4.1);

b. taking nineyear weighted moving avages on the results obtained g1}
applying:

Ty (1)1 Z (” l' D" e (4.2)

This procedure lowers fluctuations due to possible high variation of the death

rates and produces similar curvedef (1).

4.3.2. Specifying LAR under a gammaGompertz-Makeham framework

Human populations are constituted by a combination of different heterogeneous
subpopulations, where despite sharing the same hazard of death, individuals present
different levels of susceptibility to death.itin this framework, we assume that the
baseline hazarg(!) follows a GompertaMakeham pattern (Gompertz, 1825;
Makeham, 1860):

<x!



YOINILINE (4.3)

where the aging process is capturedbgbtained by the relative derivative bf " ,
i.e., the Gompertz part of the equatianefers to thetsrting level of mortality for a
given adult age (where= 0) andc corresponds to nesenescent mortality. Gampe in
2010, in her research, found evidence for a human mortality plateau at older age
mortality when realized that mortality rates are levelnfigbeyond age 110, being
favorable to the application of relativisk models (Missov and Vaupel, 2015).

Again, if we assume frailty as being gamudiatributed with a unit mean and
I variance at the starting age of analysis, which is an additional sta(ibked,
1959; Vaupekt al, 1979) already proved theoretically (Steinsaltz and Watcher, 2006;
Missov and Finkelstein, 2011), we eand with agammaGompertzMakeham(! GM)
frailty model Thus, within a! GM theoretical framework, the hazard for the
population is given by (Vaupel al, 1979; Vaupel, 2002; Vaupel and Missov, 2014):

B (4.4)

where,a, b and ¢ maintain the same meanimxplained before andis the
frailty variance at the initial age of analysis.

Like it was said before, considering the model i) 4the individual rate of
aging is captured by the relative derivative of the Gompertz!pdit, but in
oppositio, the relative derivative df(! ) results in the obtainment of the population
rate of aging. If the first is constant across age, correspondimmt(8), the second,
proposed by Horiuchi and Coale in 1990 and addressed later hie-tadle aging
rate (LAR), varies agewise presenting a characteristic bshlaped pattern (Horiuchi
and Coale, 1990; Horiuchi and Wilmoth, 1997, 1998; Vaupel and Zhang, 2010). LAR
has been widely studied, either for human populations (e.g., Horiuchi and Wilmoth,
1997,1998) or norhuman (e.g., Carey and Liedo, 1998), and in 2010, Vaupel and
Zhang, explored an explicit relationship between the individual rate of mortality
increase and the population rate of aging, proving that, nothodiffers from LAR,
but also contbutes to the estimation of the second.



The life-table aging rate (Horiuchi and Coale 1990), measures the rate of
aging at agé for a population, whose mortality follows a hazard functi¢h), is
defined as:

L) )

! (4.5)

F()y!

In a! GM framework, an explicit relationship between the individual and the
population rate of aging is presented by Vaupel and Zhang (2010):

TOTRNE .('—.)>' n (1 !(!—!)>(!(!)! ! (4.6)

As it was explained in the apterintroduction the inclusion ot in the model
is important for capturing the bedhaped pattern ofl! ! as @ot all monotonically
increasing logistid (1) result in belishaped (! ) pattern® and iDthe factor ¢ is
excluded from the inddual-level equation, then the resulting aggregkeeel! (1)
function does not lead(! ) to a beltshaped patter@ (Horiuchi and Coale, 1990), and
its omission can even result in biased estimates for the other parameters (Missov and
Nemeth, 2014).

The age at which the relative derivative! ¢f ) reaches its maximum is the
age when mortality starts to decelerate. InGM framework we can easily derive a

closedform expression for the age of mortality deceleration:

, (!!!!!)”l\/(!!!!!)!!!((!!!!!)!!!!(!!!!!))
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4.3.3. Fitting overall and causespecific mortality

To capture accurately mortality dynamics across different periods we fitted model

(4.4). As a result, in year, we capture the ovetdbrce of mortality by:

G=!
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wherea(y) is the starting level of mortality(y) is the rate of individual aging(y) is
the Makeham termi,(y) the frailty variance at thenitial age of analysis, !I(!, ! !)
among survivors from cohoyt- x.

Studying different subpopulations from CODwe assume that exposures by
cause are the same as exposures for the overall moridlity ) ! ! (! !!) for all i, x

andy. Following this assumption, causeecific force of mortality can be expressed

by:

(e S
¥ !;(I!)(!lg)(!)(!!!(!)!! N ! (4.9)

EIDY

We are thus estimating a unique startingeleof mortality! ,(! ), the rate of
individual aging! (1), the frailtyOs varian¢e(! ) at the starting age of analysis, and
MakehamOs teri(! ) by CODi.

Introduced the model framework, fitting procedure holds on the assumption
that |, (11N I"#$$"%!(1 (1 11) T H (1)) (Brillinger, 1986), wherell (1 11)
denote the causspecific death counts, and! (!!!) denote the age specific
exposures, both in yegr Thus, for eacli' ! | separately iryeary we maximize a
Poisson logikelihood:

NG IRGIRGIAME A IR IR IR G
(@) [t (e gy (4.10)

The same procedure is adopted to estimate the parameters for all causes
combined (when! !, we refer to (8)).

We start fitting both mentioned modek8) and 4.10) at age 65 for overall
and causapecific mortality. If in overall mortality, from this point onwards the
mortality patterns follow an almost linear patternaologarithmic scale, followed by

eventual deceleration, for somh& , subpopulations, the underlying mortality



patterns do not seem to follow &M-curve, particularly at earlier ages (see Figure

4.1) and parameter estimation would be meaningless.

Figure 4.1: Mortality rates for overall and causgecific mortality, SwedenFemales
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4.3.4. Data Smoothing

As explaired before, we assume that the total number of deaths across age and year
follow a Poisson distribution, but sometimes there is evidence for overdispersion
(Breslow, 1984; Cameron and Trivedi, 1986; Camarda, 82@hd 2012).
Overdispersion can be mainly falinn countries with relatively poor data or
historical data trends and is generally caused by age heaping or digit preference, i.e.,
the tendency to round counts or measurements to pleasant digits (Cama8jlain200
order to stabilize the high varianceaths associated with high agpecific death

rates, we consider the latter on a-kmgle and smooth them.

It is true that the considered modelGM) is also a valid approach to smooth
mortality?, but once that overparametrization may influence the estimation procedure,
our choice fell on a more flexible approach to describe age patterns and time trends.
OBecause mortality developments generadipldiy regular patterns, using smoothing
approaches is a more natural choice for analyzing mortality changes than imposing a

model structureQCamarda, 2012).

2 Similarly, in the HMD the Kannisto model is used to smooth mortality rates at older ages (Wétmoth
al,, 2007).

G*!



The use of smoothed data to construct-tiieles results, as expected, in lower
variance, providig therefore, better estimates of life expectancy (Booth, Hyndman
and Tickle, 2014). Since we elaborate on mdmeded LAR estimates resulting from

a! GM framework, data should be leveled among the selected countries to enable
proper and accurate comparisons.

Although several methodologies have been proposed to deal with either one or
two-dimensional data structures, we focus on the-dweensional leel, taking
advantage of the MortalitySmooth (Camarda, 2012) R package (R Development Core
Team, 2014). This package employs an approach usinglitmensional regression
splines, or to be more specific;dplines with penalties:-Bplines (Camarda, 2012).
Within this framework, and to be able to handle a smoothing procedure, the model
needs to achieve an OoptimalO value (or values) for the smoothing parameter. A non
optimal value influence negatively and increase estimates variance. Two of the most
know proedures for thisyjpe of model construction are the Akaike information
criterion (AIC) (Akaike, 1973), suggested by Eilers and Marx (1996, 2002), and the
Bayesian information criterion (BIC) developed by Schwarz in 1978, penalizing more
heavily the model aoplexity. Nevertheless, a solider fit, which is given by BIC, is
desired when mortality rates are smoothed applying thgliRes approach (Currig
al., 2004; Camarda, 2012).

Figure4.2 exemplifies the differences between estimated smoothed curves for
Portugal (the secondmallest in population size among the countries under study,
known for its lower data quality prior to 1970) using both information criteria, BIC
and AIC, for male overall mortality (panel 1) and at age 65 (panel 2), in 1950 and
2012. Bth Rspline approaches are capturing well the evolution of mortality patterns
over age and time. In panel 2, one can see a small difference in the first 8 years of fit,
showing that if we employ the BIC penalization, the degree of smoothness does not
lead to the overestimation of small fluctuations that are possibly caused by

randomness.



Figure 4.2: Actual and fitted death rates from espline approach, PortugaMales

Panel 1: Overall mortality 2012 Panel 2: Mortality rates age 65
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As expected, smoothing mortality rates does not change life expectancy
estimations (Figurd.3), and similarly to what as shown in Fig4rg, the differences
between both penalties (BIC and AIC) are altmuegligible and the overall trend is

well captured.

Figure 4.3: Actual and fitted life expectancy from aspline approach, PortugaMales
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Nevertheless, it is not our intentiondtaborate exclusively on life expectancy
dynamics, but on the possible connection between life expectancy and -adl&fe
aging rate. Figure.4, proves, once more, that thespline approach does not change
the original information and fits well empal LAR. Again, some minor differences

G:!



can be registered between both penalizations but the degree of smoothness resulting
from BIC approach does not lead to the overestimation of small fluctuations.

The examples presented here reinforce the idea of Bitheabest approach,
and especially that the use of smoothed data in our study will not influence final

outcomes and conclusions.

Figure 4.4: Empirical and fitted LAR from aBpline approach, PortugaMales
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4.3.5. Segmenting life expectancy dynamg

To elaborate on the relationship between estimated LARs and life expectancy
dynamics, we differentiate between different period segments on the overall timeline,
i.e., we estimate independently differ@aegression lines that incorporate a piacse

linear relationship between life expectancy and calendar year. This results in two (or
more) line segments. Assuming a changing pairthe relationship between the
different life expectancied |) registered across years and the calendar year(itsglf

is captured by:

Lrrr ety (4.11)

where! is the intercept,, is the first segment slopk, the differencan-slopes for

the second segment, denotes the breakpoint, anmd,! ! ), ! (!,! !')!



Ity ! 1) (Muggeo, 2003). The indicator functiéfl ) equals one when the condition
in its argument is true. When the model does not detect a breakpoint, we end up with
a simple linear ragssion model, i.e!, does not exist and, is a statistical zero.

Figure 4.5 presents not only life expectancy at birth for Sweden and Spain,
already calculated based on smoothed data, but also the segments that are statistically
significant. It iseasy to see that between 1950 and 2012 there exist segments with
different slopes. In the Swedish case, the slope declined in 1977, which resulted in
lower life-expectancy increase and let France, Spain and Japan move sbead (
Figure 2.1, Chapter 2). Incomparison with males, females are exposed to fewer
breaks in their life expectancy at birth over time, but it is clear that in the last segment
for each country, males are catching up.

The inclusion of confidence intervals for the breaks in the plotsigesv
additional insight. In the example of Spain (panel 2), the break registered in 1983
does not differ statistically between sexes, but it refers to two different slopes in life
expectancy increase. For Sweden (panel 1), similar behavior was detectbd for

break estimated in 1977.

Figure 4.5: Segmented life expectancy at birth
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4.3.6. The starting age

As it was already widely studied and exemplified (Horiuchi armhl€ 1990;
Horiuchi and Wilmoth, 1997 and 1998, among others), LAR patterns are not constant

G(!



but follow a distinguishing bekhaped pattern. The exact starting age of this pattern
is difficult to identify due to continuous mortality changes across tinus, tit
becomes important to identify the Obest starting ageO for fittingGieand
evaluating its accuracy.

Figure 4.6 presents the results obtained by fitting @MV model with four
different starting ages 50, 55, 60 and 65. Our intention was to explore if a change in
the starting age would affect model accuracy. As one eantke higher the starting
age the better the obtained accuracy for both sexes. Despite the fact that all model
based LARs seem to generate very accurate estimates for the age of mortality
deceleration, Figurd.6 shows that the best choice for males mighage 60 and for
females age 65. However, choosing different starting ages by sex would open another
discussion. Bearing in mind that we aim the best fit for both sexes and across all the

selected countries, we decide to start our entire fitting proesdu age 65.

Figure 4.6: Modelbased LAR with different starting ages, Franéemale
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We focus on the last 60 years of mortality history (since 1950s), but always
taking into account the limitations (availability and time range) associated with data
guality and availability and for each selected country. Therefore, for eachrythe
available period (see Tabdel), we estimate LAR for the overall mortality by fitting

a! GM model beyond age 65.

4.3.7. Cause of death

Low subpopulatiorsizes are often problematic when fitting statisticaldel, so we
can expect less accurate résulor Portugal (10.9M) and Sweden (9.8M), the
countries with the smallest population size in the list. Disaggregating COD data into
subgroups lowersubpopulatiorsizes even more. As in the case of overall mortality,
we smooth the data to lower variatyiland at the same time increase fitting accuracy.
With COD we are dealing with even lowsrbpopulatiorsizes and even more distinct
data fluctuation and as we saw before, smoothing the data applyirgpné
approach using BIC, penalizes more the nhadenplexity and produces smoother
results. Thus, we decided to employ directly the BIC approach instead of comparing
both fits.

Figure 4.7, presents the results for Sweden, which is the country with the
smallest population size in our list. Panel 1 shtvet, beside the fact that original
data are well approximated, the mortality patterns over age become smoother and
after age 65 accuracy increases. Panel 2 provides a closer point of view, where the
mortality rates registered at age 65 across the alaildars for Neoplasms are
presented on a smalleraxis scale. Thus, one can conclude that both, accuracy and

smoothness are ensured, providing a better illustration of the mortality patterns.

G!



Figure 4.7: Actual and fitted dath rates from a-Bpline approach, SwedeMNeoplasms
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Nevertheless, like in the case of overall mortality, we expect that the
smoothing procedure will not affect negatively the empirical LAR patterns. Hdire
demonstrates that thedpline approach applied to COD subpopulations does smooth
empirical LAR, expressing clearly the associated patterns. We can clearly see in
Swedera mortality deceleration for neoplasms starts around age 45, in the male case.
Between 1999 and 2011, there are some CODs that affect Swedish males mortality,
presenting more pronounced bsflaped patterns with time (Ischaemic, Circulatory
and Respiratyr diseases). Some other presented a shift in the age of mortality
deceleration to older ages at the same time (Cerebrovascular, Digestive and External
causes). Changes in LAR for neoplasms are almost imperceptible but perspectives
some variations beyond @®0 and the group including remaining causes present not
only a more pronounced pattern, but also aexpected shift to younger ages. This
situation might be associated with possible changes in how different CODs affect
overall mortality, and some nespecified causes might become more influential than
previously.

Figure4.8 also shows that the starting adult age chosen to fit 8 model
will probably have higher influence on modelsed LAR accuracy than for overall

mortality, because some LAR deceleration pattern start at earlier ages and some other
at older ages.



Figure 4.8: Empirical and fitted LAR frona Rspline approach by COD, SwedeRale
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Panel 7: External Panel 8: Remaining Causes
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4.4. Results

4.4.1. Overall mortality

By fitting a! GM model from age 65 onwards, we estimate the population rate of
aging! (! ) by country and genderResults for France and Spain, presented in Figure
4.9 indicate that the GM modetbased LARfits well observed/empirical LAR. At

the same time, it camptes the observed shift in the age of mortality deceleration
between 1950 and 2012, for both sexes, confirming therefore point b) of the
Oheterogeneity hypothesisO: with increasing lifespans, mortality deceleration shifts
and occurs always at older agen. panels 2 to 4, we can also detect a more

pronounced pattern with time.



Figure 4.9: Modelbased LAR goodness of fit for the Male example
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Modelbased LAR estimates a flatter pattern (larger darker shadow on-model

based estimates compared to the empirical results) than it is really observed (Figures

49 and4.10), but the age of mortality deceleration seems to dlecaptured for the

French females (panel 1 and 2), being pretty similar to the empirical LAR. While in

the French case we only find two main OdeviationsO from the observed values (panel

1, years 1960 and 1961), in the Japanese example the model céptusege of

mortality deceleration well only after 1981. This difficulty in estimating the point

where LAR finds its maximum results from the poor accuracy of model fitting in

those years.

N* |



Figure 4.10. Modelbased, Empirical LAR anthe age of mortality deceleration (fitted: ligk
blue star dot; empirical: black dashed line), Females
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Figure4.11 reinforces that the formula advanced4rb) estimates well LAR
patterns for the overall mortality, despite the model estimation of a flatter pattern than
really observed, especially in more recent years. If we add to the imager¢eeh F
example in Figuret.11) the segmented life expectancy patterns and corresponding
breaks, we can see that even though the age of mortality deceleration considerably
differs from life expectancy itself, the estimated breaks seem to detect some
associagd changes in the slope of life expectancy increase.

The results for French females (panel 2) suggest that at the first breakpoint we
observeat the same tima steeper increase of life expectancy and, in the age of
mortality deceleration (estimated anah@rical). At the second breakpoint, there is a

decline in the rate of life expectancy increase that comes along with a period of

! NF



additional turbulence in the age of mortality deceleration. At the third and last
breakpoint, a new decline in the rate o léxpectancy is noticeable and both patterns
(' ande,) look similar. In the male case (panel 1), the estimated age of mortality
deceleration shows higher deviation from the empirical one (calculated based on
empirical LAR), but the patterns are vetlyke.

In contrast to females, in the male case the estimated breaks and
corresponding rates of increase in life expectancy substantially differ from the age of
mortality deceleration. However, it seems, once again, that the estimated breaks
suggest someonnection between these two mortality indicators and changes in one
pattern is complemented by changes in the other. From all the countries, despite that
we only present here Japanese and French examples, France is the only one that fits
better the obseed LAR and gives bettér estimates for the entire observed period.

We believe this might be due to the high life expectancy values from the 1950s
onwards. In Japan, for example, estimates become better when life expectancy
increased substantially. ig also our guess that at the time when the male/female gap
in life expectancy declines,’ will be better captured by the model and life
expectancy values will be closer to the age of mortality deceleration.

Figure 4.11: Empirical LAR, the age of mortality deceleration (fitted: lighitie star dot;
empirical: black dashed line) and life expectancy segments, France
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4.4.2. Causes of death as subpopulations

Corsidering different causes of death as subpopulations we maximizpresented
in (4.10). As a result, we estimate 4 parameters by COD for each year, resulting in a
total of 32 parameters estimated per year. We start fitting the model mentioned in
(49) & age 65, i.e., from the 88 age group onwards. As discussed before, starting
from this point onward the mortality patterns for all major CODs follow an almost
linear pattern on a logarithmic scale, followed (in some cases) by an eventual
deceleration (e Figure 1). Thus, fitting'aGM model @.9) from age 65 onwards for
the different COD subpopulations, we estimate the population rate of lagingy
country, gender and cause of death.

Results for Spain, presented in Figdr&2 show that thé GM modetbased
LAR by COD does no fit well observed/empirical LAR. In general modsed
LAR appears to capture well empirical patterns, however, in some cases seems to
anticipate the age of mortality deceleration. In the example of Spain in FEdie
the only COD that diverges congpély from the observed pattern is the Remaining

Diseases of the Circulatory System.

Figure 4.12 LAR by cause of death, Spain 201Eemales
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Trying to understanavhy, in the year of 2011,GM estimated LARs are not
capturing the empirical pattern, in Figu4el3 we have all the modélased LAR
estimated for the remaining diseases of the circulatory system across the 13 available

years for Spain (panel 1) and thesaciated percentage error for the estimated hazards



of death. First, more than one year is identified presenting the same flat and incorrect
LAR pattern, 2008 and 2011. Second, observing the percentage errors associated to
the estimated hazards, we realthat, despite small, the associated errors for those
two years are the highest for the age group848®B589, and 95+. In 2011, the same

is registered for the age groups 740 and 7579. Thus, we can conclude that even a
small percentage error acroggeamight influence the estimation of the kshaped

patter observed empirically.

Figure 4.13. Modelbased LARs and hazards percentage errors for remaining diseases
circulatory systems, Spai-emales
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Figure4.14 presents the obtained results for empirical LAR between ages 65
and 95. Each panel corresponds to the obtained LAR results by subpopulations
(CODs) and sexwhere the last available and transversal to all countries, year is
presented. Our choice of presenting empirical LAR in opposition to the thaded
comes from the difficulty that the formula advanced 46) has to estimate the
corresponding observegzhtterns by COD.

The obtained results confirm that for the considered major COD groups,
deceleration is observed. However, we do not find clear evidence that CODs with
lower death rates present less pronounced deceleration patterns.

In panels 9, 15 andl6, very distinct and nehell-shaped patterns are found,
however, in our opinion this is explained by the fact that mortality deceleration in

those specific cases does not occur in the considered age interval.
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Figure 4.14: Empiricd LAR by sex, COD, and countr2010
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Panel 9: Respiratory, Females Panel 10: Respiratory, Males
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4.5. Discussion

In opposition to the individual rate of aging, the population rate of aging, here
addressed as LAR, requires the estimation Idfioal parameters in the model. Thus,
within a! GM framework LAR requires the calculation of & b, ¢ and! (see
Vaupel and Zhang, 2010).

A constant lifetable aging rate would indicate that mortality increases almost
linearly in a logarithmic scaleNevertheless, either for overall mortality or
discriminating by CODs, the obtained results capture an expected decrease with age.
Thus, it indicates that the agelated increase in mortality rates at older ages is
decelerating. Both, the estimated popolatand CODspecific LARs (when able to
capture the observed pattern) present aammstant pattern, expressing, excluding
some rare exceptions, its characteristic-bkedped pattern. For the exceptional cases,
the factors that could have influenced msties and observed patterns may be
associated with 1) the use of aggregated data for CODs, which provides less detail
than data for single ages, 2) the choice of fitting all models after age 65, when the
underlying mortality patterns for some CODs might oompletely follow d GM-
curve, 3) data credibility, specifically in the analysis by CODs, because especially at
older ages, death certificates do not always reflect accurate information, 4) due to
known differences in the mortality patterns associated to men and women,dée mo
may present better fits when includes earlier information (i.e., if we start fitting at a
younger or later age), 5) losubpopulatiorsizes (CODs or countries).

The estimation of the age of mortality deceleration seems either to be
influenced by modehccuracy and mortality improvements that appear to stabilize
LAR patterns, presenting more defined and pronounced LAR patterns as it maximum
shifts to older ages. France is a good example, as in the 1950s, the associated life
expectancy at birtivasalrealy high (as a sign of better health) when compared with
the other countries and sexes, still being today one of th@taetice countries in the
analysis. Thus, we believe that improvements in health result in more distinct bell
shaped patters of LAR artter accuracy on the estimates.

Even when poorly approximated, the age of mortality deceleration denotes a
possible connection with the life expectancy rate of increase, reacting differently
within each break statistically significant.



4.6. Conclusions

I GM modetbased LARs (for overall mortality and by COD) appear to be consistent
with the Oheterogeneity hypothesisO advanced by Horiuchi and Wilmoth (1998) as the
age of mortality deceleration shifts to older ages with time in overall mortality and
only neoplasms, as one of the CODs with lower mortality rates after age 65, presents
less pronounced patterns. TheM modetbased LAR (Vaupel and Zhang 2010) fits
observed LAR with high accuracy and captures the connection relationship between
the observed shifand the rate of life expectancy increase in the Beéected
countries for overall mortality. Presented results for overall mortality are statistically
more accurate because the analysis is based on a large number of observations in each
age group. Althogh COD data are organized by fiyear age groups, we sometimes
run into problems associated with Iewbpopulatiorsizes, which might influence the
accuracy ot GM parameter estimates. Disaggregation of causes of death intc single
age groups can benefit further estimation of the associated LAR patterns.

Despitethat our findings are mainly confirming previous fings of a bell
shaped pattern associated to theerof aging for populatian with our results we
contribute for aetter understanding of the differences between this measure and the
individual rate of aging.

X=1



CHAPTER 5

FORECASTING MORTALITY PATTERNS BY CAUSE OF
DEATH: A COHERENT APPROACH

5.1. Introduction

Across time profound changes occurred in demographic paradigms. Some resulted in
an extraordinary life expectancy increase and now the high rates of mortality of the
past are being experienced later in life. Currently, the economic crisis withessed i
Europe, especially in the south, might disturb demographic evolutionary trends.
Evolutionary mortality patterns accordingly to different causes of death are essential
to give an insight not only for demographers, but also to policymakers and create
robug foundations for future planning proposes.

In Japan, a female born in 2012 could expect to live slightly more than 86
years, resulting from an average 0.5 yearly increase since 1947 (HMD, 2014). It is
well known that this increase is only possible duesigmificant improvements in
health and consequent reductions in mortality rates (Vaupel, 2010). Those rates have
been widely studied attempting to generate a universal law of mortality. Gompertz
(1825) proposed a simple parametric mddel!!" to explain adult mortality,
accounting for the level of mortality at the starting agand for the rate of mortality
increase with agk. Later, Makeham (1860) add a constant to the motlel ! " !

I improving the results. The inclusion of this newgmaeter allows differentiating
either between backgrountl) (and intrinsic () mortality. Despite the improvements
brought by the inclusion of a third parameter in the model, mortality is still
overestimated at oldest ages, leading to the suggestianpdbygng logistic models
(Perks, 1932; Heligman and Pollard, 1980; Thatcher, 1999). Nevertheless,
demographers view populations as a heterogeneous mixture of individuals that share
the same baseline hazard of death, to which they are susceptible inrentlified
random way. Within this framework, by assumption (Gompertz, 1825; Vataxt)

1979), the baseline hazard follows a Gompertz curve.



Individual susceptibility can be reflected in different individu@grelative
risk models), in different Os (accelerated life models), or in both. However, recent
evidence for a human mortality plateau (Gampe, 2010) speaks in favor of relative
risks only. Letting a random variabfe called frailty (Brass, 1971) cape individual
susceptibility, leads, very generically, to the widely used gai@orapertz frailty
model.

The models presented so far only capture changes in death rates over age.
Several other approaches have been created to model different changesdodbser
time. One example is the Brass (Brass, 1971) relational model, where the author
suggested a logit transformation of the probability of surviving, allowing to relate the
standard and actual population by applying a simple regression functionotti@ne
example corresponds to tlegeperiod-cohort (APC) models, and acknowledges
possible changes in those three dimensions. Yet, the APC models struggle often with
identification problems due to the linear relationship between age, period and cohort
(Clayton and Schifflers, 1987A third example corresponds to the method developed
by Lee and Carter (1992). This method reduces the APC complexity by introducing a
bi-linear model for the logarithmienortality-ratesi!™ ! ,, ! 1, 1, b1, 10,
Since then, this methodology has been widely used in demography and it can be
considered the standard in modeling and forecasting death rates (Camarda, 2008),
even with the inclusion of some variants (Lee aitler, 2001; Boothet al, 2002;
Hyndman and Ullah, 2007), or even expressed in a Compositional Data Analysis
equivalent definition (Oeppen, 2008). Nonetheless, in modeling mortality rates for
two or more sulpopulations it is required that the forecadtsnot diverge from the
ones obtained from the total population, being coherent. A very recent example of a
coherent method is the produetio method developed by Hyndman, Booth and
Yasmeen (2013). This method achieves coherence through the conveogerses of
appropriate constants of forecast -agecific ratios of death rates for any two sub
populations.

OAs is well known, the estimation stage of-Cader is a special case of
principal component analysis, where the-logrtality data is summarigeusing only
the first principal component@@irosi and King, 2007) and that makes the model not
appropriate for all causes of death independently. Nevertheless, in a theoretical

perspective many authors support that breaking down mortality forecastsd®y ca
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results in higher accuracy but practice also proves the opposite (Booth and Tickle,
2008). Studies like the one from Wilmoth (1995) found that decomposing mortality
forecasts result natarely in higher mortality forecasts, however, expressing the Lee
Carter model in a conditional form results in very similar estimates in both
approaches (Oeppen, 2008).

As a result, in this chapter we make use of the OeppenOs proposal of
expressing the Le€arter method in compositional form, to elaborate coherent
medum-term forecasts distinguishable by causes of death for countries with different
cultural backgrounds and distinctive mortality patters, as could be seen in the previous
chapters. Thus, we forecast mortality trends differentiated by cause of death for the

next 30 years for Portugal, Japan, France, Sweden and Spain.

5.2. Lee-Carter model and (selected) variants

5.2.1. Lee and Carter (1992)

Lee and Carte(1992 proposed one of the most used methods to forecast mortality
trends. Widely know as the LeeCarter methodthe method combines a demographic
model of mortality with time series methods of forecastiBgoth et al, 2006).
Originally, the authors made use of USA population and for the longest available time
series (between 1900 and 1989) and definedriogality rates as:

! (5.1)

where! |, is the centramortality rate at agex and timet, !, the average pattern of

mortality by age!, the relative speed of mortality change at different ages! and

refers to tle level of mortality at timé. Consequently,, , is the set of disturbances

that measure the divergence between the model and observetiiadjty rates.

Parameter estimation is based on the avdtage, over time forl ,, while!, and

I, are estimated by singular value decomposition (SVD) (Beb#h, 2006).
Estimatesarebased on a set of factors for each considered age and time (Torri,

2009), and the described parameters have the same length as the number af ages an

defined time periods, being need to add some constrains to parameter estimation



become well succeeded (Camarda, 2008):as the pattern of deviations from the
previous ages as the parametechanges, is constrained to sum to the unity;as

the time varying mortality level index, sum to 0; and consequéntire set to equal
the means over time 8f! ,,: !, ! :—Zi! M

Before forecasting, a second stage estimatidn akeds to be accorighed,
where the parameter is readjusted by refitting to total observed deaths, giving higher
weight to ages at which deaths are higher counterbalancing the effect of using log
mortality estimates. Originally, is extrapolated by ARIMA time serigaodel, or
more specifically, by a random walk with drift model:

Ly VLo (5.2)

where! is the average annual change jrand!, refers to the uncorrelated errors. In
this first model approach, the authors used the rates ilaghgear of fitting (jump

off year) as the jumpff rates, in opposition with, e.g., what Lee and Miller proposed
later, in 2001.

5.2.2. Lee and Miller (2001)

Likewise it was said before, the L-@&arter methodology was the starting point for
many other vaants proposed with the intention of getting improved outcomes. Lee
and Miller (2001), e.g., proposed an approach that differs from the original one
essentially in three ways (Boog al, 2006): (1) the fitting period was narrowed, and
instead of accountg information since 1900, the fitting period is starting now in
1950; (2)!, is reestimated by matching observed life expectancy at beghrgther

than the observed number of deaths; and thirdly (3), instead of using the fitted rates as
jump-off rates, actual observed rates are considered in the-géygar. This last

step was adopted by the authors to avoid the use of population data as necessarily
required for fitting to death counts.

Overall outcome from this variant presents major improvesiemainly
because one of the main error source was the mismatch between fitted rates and for
the last year of the fitting period and actual death rates in that year (Bbath
2006).



5.2.3. Booth, Maindonald and Smith (2002)

The variant proposeby Booth Maindonald and Smith (BMS) in 2002, introduced,
once again some changes based on the original model. &oaltlj2006), identified,

once more, three main changes: (1) the fitting period is chosen based on a routine that
identifies the most adequate asdtable fitting period, i.e., the fitting period choice is
based on statistical goodnedsfit criteria under the assumption of a linear period
index! ;; (2) the readjustment of is now based on fitting to the age distribution of
deaths, using a Poison distribution to model death process; and (3) thefjuetes

are now, consequently different from the originals once that they are nowttake

the fitted rates based on the new methodological approach.

The original Lee carter approach lies on the assumption of a linear and
constant decline in mortality rates over the fitting period (represented )by
however, sometimes that linggrdoes not hold on the overall period. In addiction,
the assumption of a constdntalso increases estimates bias. Restricting the fitting
period to maximize the linearity assumption, the BMS method tries to solve linearity
issues and obtain moreaurate results and the choice of the fitting period is done
based on the ratio of the mean deviances of the fit of the originaCager method
to the overall linear fit.

5.2.4. Hyndman and Ullah (2002)

In 2007, Hyndman and Ullah proposed a slightly diffiérextension of the original
Lee-Carter method, being expressed by:

P O Y O O LI, (5.3)

where! (1) is the average level of mortality by age across the different periods (it
differs from!, so that it corresponds to a smooth function of age wherelagsmed

by applying a Pspline regression), (! ) is the age coefficient arld, the time series
coefficient. ', and !, (!) are estimated by using a principal component

decomposition. The inclusion of two error terms in the egnatllows distinguishing



concerning the differences between the observed rates and the smoothed curves
I,y and the difference between the smoothed curves and the fitted curves from
the model!, (1).

Resuming, the Hyndman and &Hl (2007) approach uses the functional data
paradigm developed by Ramsay and Silverman (2005) for modelmtality rates,
resulting in the extension of the L&arter method in five main points Boogh al.

(2006): (1) smoothednortality rates are usedstead, being estimated by applying
nonparametric smoothing methods, as theplhe regression; (2) more than one set

of I, and!, is used; (3) different methods for modeling time series are used, as the
state space models for exponential smooth; (4) robust estimation is an option in cases
of external perturbations, as wars or epidemics, and finally (5) it doe®adjust

parametet .

5.3. Compositional Data Analysis and the CoDa equivalent Lee

Carter method for mortality forecasting

5.3.1. Compositional Data Analysis (CoDa

When we are dealing with many vectors of information expressed in percentages or
densities, khhaving the same sum, we end up with compositional data. A compaosition
thus, is defined as a vector of D positive componehtg!,!! 1!, ] summing up to a
given constank (Oeppen, 2008; Boogaart and Tolos&elgado, 2013).

Aitchison (1986) arged that compositional data is significant for many
subjects, revealing frequently noticeable variability from vector to vector. Despite that
a typical example of compositional data concerns different subjecGea®gy,
Chemistry or Economiceppen (208) introduced it in demographic forecasts by
modeling lifetable! , , which always sum to the |H&@ble radix {;!. The best way to
deal with surconstrained data is to work on the simplex. Nevertheless, working with
relative information is not always straightforward, mainly because thesumit@ is
either ignored or improperly incorporated into the statistical modeling and from
there, results an inadequate or irrelevant analysis with a doubtful or distorted

inferenc® (Aitchison, 1986), and the solution is employ ar&ip transformation.

XC!



Therefore, theimplex is defined as the set of compositions (closed, once that
are summing up to a constant). Therefore, a set of possible closed compositions can
be defined as (Boogaart and Tolos&elgado, 2013):

i.e., each vector corresponds to @&t of thesimplex Within the simplex, classical

(5.4)

algebraic/geometric operations as additismbtraction or multiplication, need to be
replaced by compositional equivalents. Perturbation plays the role of addition and
subtraction and is a closed comporerge product of the involved compositions
(Oeppen, 2008; Boogaart and Tolos&redgado, 2013)

Prore fennnnn
Ry (5.5)

L rr ll—'u .'_'l (5.6)
I I’

On both cases, the closure operator ensures a unit sum:

NI

G, T 5.7)

NI

Powering or powetransformation replaces the product of a vector by a scalar
and is defined as the closed powering of the components by a given scalar (Boogaart

and Tolosandelgado, 2013), i.e., the compositional multiplication:
Lrorr i o (5.8)

Lastly, the Aitchison scalar product for compositions provides a replacement

for the conventional scalar product and is defined as:



(11, ! :—Z| :—|:— (5.9)

Conversely, the set of compositions togethehwhtese three operations build
a(! ! !)-dimensional Euclidean space structure on the simplhis eans that we
can translate virtually anything defined for real vectors to compositions, as an
Euclidean space is always equivalent to the real spa(®oogart and Tolosana
Delgado, 2013). Having a data set of D columns and N rows, where all sum to unit,
the centered logatio transformation is defined as:

!l !|
g (1) [—'!! l—— (5.10)

and its inverse by:
1"# ”(!)! P nr e g, 1 (5.11)

Centering the same data set is done by getting the composition geometric

mean! , and subtracting it from each row.

Prorg ) r vy

5.12
Lo 512
5.3.2. Low rank approximation
A usual task when wieave a given matriA with m columns anadh rows!! ! I'l is to

determine an approximate factorization, i.e., elaborate adow approximation of a

matrix. Imagine that the given matixcan be approximated by:

RN ERIE! (5.13)

Xx 1



wherethe inner dimensioh is called the numerical approximation of a matrix, and
then a rarr approximation of the matrix can be computed.
One way of decomposition ofta!! I'' matrix, real or complex, is to proceed a

singular value decompositidisVD):

Pt (5.14)

where! corresponds to B !' I unitary matrix { columns are called tHeft singular
vectorg, ! is other!!I I unitary matrix { columns are called theght singular

vectorg, and! is a strictly positive I! I! diagonal matrix witH singular values:

I ! (5.15)

Thus, assuming tha corresponds to a compositional data matrix, applying
the compositional operators above defined, we get:

RIS I (5.16)

where! correspond to the left singular vectdrdp the singular values, and finally

to the centered log ratio of the transposed right singular vectors.

5.3.3. The LeeCarter CoDa equivalent mortality forecasting model

The CoDa equivalento the LeeCarter method for forecasting mortality trends
suggested by Oeppen (2008) allows not only forecasting mortality trends for overall
changes mortality ratesifgledecrement forecastbut also disaggregate those by
cause of death n{ultipledecrement foreca¥t In opposition to most known
approaches, Oeppen suggested using thealifie distribution of deatHs and once

that thesum equals the liféable radix(!, ), we end up with compositional data.

for overall mortality and | for causespecific mortality can be obtained by single and



multiple-decrementife-tables, respectively. Fadwing Prestoret al.(2001), we have
that:

Z!!!!! Y (5.17)

and

ZZ!!E I (5.18)

Despite the existence of some studies ensuring that independent forecast of
cause of death mortality do not produce plausible ie4alg., Wilmoth, 1995), the
constraint imposed by the sum to the unit of each of theompositional vector,
ensures thaOchanges in the density by age and cause have to be compensated by
changes in other ages and causéS@&ppen, 2008).

The sggested method can be summarized in the following steps (Oeppen,
2008):

I.  Construction of a matrik, with! ! ! size of the ,,, where! corresponds to
the study year§! ! !'! | ) organized by row, andto ageg(! ! !'! I')
organized by column. As plained before, each row of mattixcorresponds
to the constrained sum of 1 (the difgble radix).

[I.  Center the matrix by calculating the agspecific and subtracting it from
each row by using a CoDa operator. Centering the matrix provides a better
visualization of the structure. After this procedure, we end up with a different
matrix! .

lll.  The next step is to transform matdixinto the real space, obtaining
consequently a matrix, by calculating the centered logtios of each row.

IV. Then, we proceedot the decomposition of matrix by applying SVD
decomposition.

V. Construct the low rank approximation of matrix, where the forecasted

rows are already included.



VI. At this step we transform back the matrix into compositional data and for that
we use theriverse of the centered logtio, ending up with matrik ' .

VIl.  Finally, using again a CoDa operator, we add back the geometric means,
obtaining not only the a low rank compositional matrixwith fitted I, ,, but

also with the forecast.

Likewise Oeppen (2008) suggested, in our study, since that modeling is
focused or |, it seems to have no reason to adjust the left singular vector to match
average life expectancy or deaths in total or by age, or scaling the right singular
vectors aghey sum to zero. In opposition with the original {@arter method, while
defining its CoDa equivalent, it was not found evidence for using an ARIMA model
(0,1,0), but rather an ARIMA (0,2,2), which offers a better fit to cause of death
mortality trends.

5.4. Data

Data onoverall death counts (! !! ) andexposures (! !!) derived from theHuman
Mortality Database(HMD, 2014: www.mortality.org and deaths by COD,(!!!)
from theWorld Health Organization Mortality Databagé&/HOMD, 2014).

Like it was explained on the previous chapters, WHOMD cause of death
(COD) data is only available by fiwear age groups. In this chapter longer time
series were needed to produce a more accurate forecast, thus, our choice fell on the
combination of ICD9 ad ICD10 COD classification. Disruptions between both
classifications should be almost imperceptible once that major changes correspond to
large COD desegregation and we are dealing with major CODs groups.

Again, to avoid lowsubpopulatiorsizes and anyatk of representativeness,
and now big disruptions between ICD classifications, we work with major COD
groups: 1) Neoplasms, 2) Ischaemic Heart Diseases; 3) Cerebrovascular Diseases; 4)
Remaining Diseases of the Circulatory System; 5) Diseases of therdRagpi
System; 6) Diseases of the Digestive System; 7) External Causes of death; and 8)
Remaining Causes of death.

We used five selected countriés follow a concise and complementary

analysis throughout entire monograph, correspond once again to Hramtegal,



Japan, Sweden and Spain. Portugal, is a special case here, once that on the WHOMD
Portuguese data for both ICDs presents some changes in the classification over time,
we make use oEUROSTAT, where COD data is available between 1994 and 2010.
Consequently, due to data issues, Portugal is here the country with the
smallest time series (Table 5.1), while Japan (1979 to 2011), France (1979 to 2011)
and Spain (1980 to 2012) present the largest ones. Lastly, Sweden is in intermediary

position, with éta available between 1987 and 2012.

Table 5.1: Discrimination of International Classification of Diseases (ICD) by Cou

Countries ICD 9 ICD 10
Portugal N 1994- 2010
Spain 1980- 1998 1999- 2011
Sweden 1987- 1996 1997- 2010
France 1979- 1994 1995- 2011
Japan 1979- 2000 2001- 2011

Source:WHOMD and EUROSTAT 2014wn elaboration

5.5. Results

5.5.1. Distribution of deaths by cause across &g

The elaboration of a Stack plot ¢fire 5.1) allows not only to identify the impact of

the different CODs by sex and country, but also to identify possible disruptions
caused by changes in the ICD classificatory system. We can immediately identify that
Japan is the country with the biggestruption in 1995, when the ICD10 data starts.

This disruption is especially identified related to diseases of the circulatory system
(here represented by: ischaemic heart diseases, cerebrovascular diseases, and
remaining causes of the circulatory system)

France, even in a much smaller scale, is one other country that can be
identified possible perturbing disruptions in what concerns the forecasting process. It
seems that till year 2000, almost all COD groups besides neoplasms and remaining
causes, weraleclining and after that year onwards their proportion on overall
mortality increased.

All the other countries present much less disruption when the ICD change

occurs (Table 5.1), but is still curious to observe that Portugal, that only refers to ICD



10, also presents some changes in the observed patterns consistent with changes in the
classification of diseases.

Figure 5.1: Cumulative proportion of deaths across time by COD
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Analyzing now Figure 5.1 distribution of deaths by cause and not only
identifying possible disruptions caused by changes in ICD, it is possible to identify

three main general facts common to all countries:

1) in the past wer¢he diseases of the circulatory system that played the major
role, i.e., contributed to overall mortality with the higher number of deaths;

2) deaths caused by neoplasms were already numerous in the beginning of each
time series, and its influence seems wngas time goes by;

3) in the beginning of each time series, deaths were mainly caused by circulatory
system diseases and neoplasms, but now it is possible to identify a raising

influence of a mixture of remaining causes that had a smaller negative impact.



5.5.2. The singular vector

As it was explained above, the CoDa equivalent-Cadger model to forecast
mortality is, similarlyto the original, based on a low rank matrix approximation. In

this case however, we can define the rar&pproximation to use. Figeir5.2
represents the first five left singular vectors by sex and country to OhelpO us to decide
which low rank to apply. Vectors presenting identifiable patterns rather than random
noise suggest that these vectors still have an important contributienoottel. Lets
analyze the Japanese example. Independently of sex, it can be seen that from the
fourth vector onwards, we are only able to identify basically a random noise.
Consequently, Japanese forecasts are based on-a naatkix approximation.

The Sanish case is one other example of a +&n&hoice for matrix
approximation, once that the same pattern identified for Japan is repeating here, and
especially in the male case.

In a general way, it seems that for remaining three countries (Portugale Fran
and Sweden), a rarik approximation is the best choice. In the Swedish female
specific case, it even seems that a rardpproximation would be enough, but once
that we are dealing with a time series that includes two different ICDs (and a shorter

one br Portugal), our choice was to perform a r@nlapproximation for those

countries.
Figure 5.2: First five left singular vectors by sex and country
Panel 1: Japan, Females Panel 2: Japan, Males
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Data presented in Figure 5.3 correspond to the first age right singular vectors,
i.e., to the age factors for the all analyzed CODs. This information is presented here
deriving from LOESS3smoothing curves to allow a better understandingboéined
results. When the presented values are positive, it indicates an increase of deaths
related to the associated COD, while negative values are result of exactly the
opposite.

Thus, the obtained results confirm what was identified bef@®ygnizng
Neoplasms and the group corresponding to the remaining CODs as the ones that
mostly increase, especially after age 20. At older ages was registered an increase of
deaths referent to almost all causes. This situation is related with the fact that
nowadag, deaths are occurring mainly at older ages and even a small OpositiveO

influence is detected.

¥ LOESS is a powerful neparametric but simple methdar fitting smooth curves to data.
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5.5.3. Decomposing mortality forecasts by COD

Figure 5.4 shows the period lifable probability that a newborn has to die from a

specific cause, where circles correspond to the used data to fit the model (observed),

continuouslines represent the ramkapproximation (

lines are the forecasted trends.

identified above), and dashed

Generally itOs discernible that the low rank approximation used accordingly to
each country, presents very alike results, even in presence of verfjjucigations as
the one observed in the Japanese situation. Nevertheless, it seems that those
fluctuations interfere with the forecasts and in some CODs present very
unconformable results. The clearest example is related to the remaining causes of

deathgroup, to which real data is presenting an increasing pattern over time, and the



forecast predicts a decline. However, problems with forecasts associated to neoplasms

and respiratory diseases are also recorded.
For all other countries, itOs possible talize that forecasted trends follow

previous evolution and seem to progress accordingly. Obtained results suggest that

the probability of dying from neoplasms is going to be kept constant over time, but
there are very different CODs (i.e., the remainingDC@roup) that need some
intervention once that they are already leading death probabilities for females in

France, Spain and Sweden.
From the group from the selected analyzed countries, Portugal presents

distinctive evolutionary patterns from the rest.eTincreasing mortality pattern

associated to neoplasms is similar to the other countries, however, more than the

remaining group of CODs, it seems that if not controlled, the diseases of the

respiratory system will become one of the biggest death comribhut

Figure 5.4: Period lifetable probability at birth of dying from a specific COD
Panel 1: Japan, Females
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5.5.4. Prospective!

Figure 5.5 presents the life expectancy at birth estimated (continuous lines) and
forecasted (dashed lines) from the multigecrementpproachfor all the countries
under observation and by sex. Obtained results suggest that the nudtpéenat
model is able to estimate with high accuracy the already observed life expectancy at
birth.

From an overall point of view, the obtained results suggest that the life
expectancy at birth gap that differentiate both sexes tends to decline with timre. Japa

is the only country that seems to contradict this observation.

Figure 5.5: Observed and forecalst by country and sex
Panel 1: Japan Panel 2: Portugal
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Panel 5: Sweden
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Comparing forecasteti within sexes (Figure5.6) demonstrateghat if
forecasts became reality, Japanese females will be still leading in 2030 and all the
other countries will find difficulties to reduce the gap. We also can expect that
Portuguese females leave the bottom and around 2030 present a very narrow gap
when compared with France and Spain.

Male forecasts indicate th#te slope of increassuggestsa steeper evolution
of life expectancy, bubere Portugal is not expected to leave the bottom. Spain, on
the contrary, is expected to take the laemlind2023.

Figure 5.6: !, prospective patterns aggregated by sex
Panel 1: Females Panel 2: Males
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5.6. Discussion

The CoDa equivalent to the L€arter model to forecast mortalityends proposed
by Oeppen (2008) is definitely an excellent option to consider when the goal is to
forecast multiple decrement processes as mortality by COD.

Obtained estimates for observed values concerning life expectancy at birth and
the period lifetable probability at birth of dying from a specific COD, revealed high
accuracy and are not more pessimistic as identified for other methods by Wilmoth
(1995). Nevertheless, in opposition with the original study when the method was
proposed (Oeppen, 2008) seems that forecasted trends for Japan are not conclusive
and not accurate enough. Nevertheless, despite the accuracy presented by the model
here employedhe true is thatost of COD forecasts seem not reliadiehis level

At our knowledge, accurganight be mainly connected with the fact that the
jump-off is not being corrected, likewise some above explained variants of the
original methodology. This thought arises from the fact that the CoDa approach has
difficulty to estimate accurately most retepatterns. In the female Japanese case,
e.g., the model is completely overestimating observed life expectancy at birth for
2011. Once again, if we take another careful look to the forecast decomposed by
COD, the same situation is registered, and thepatation of past trends seems to be
more accurate if the last available year of information is fitted well.

Smoothing the data before model fitting also may bring higher accuracy to
estimates once that variance is reduced. Nonetheless, we guess thajotheause
for inaccuracy problems related with this methesulstdrom changes in the ICD.

Disaggregation of causes of death into sixagie groups coul@lso benefit
further estimates and forecast of multigiecrement mortality patterns.

5.7. Conclusiors

The CoDa model produces undeniable good approximates for observed mortality
patterns and overall results indicate that, in most of the countries, there is a distinctive
group of remaining cause of death with growing implications on overall mortality.
Neoplasms do not seem to be expected to reduce their participation on overall
mortality, and a constant pattern of evolution is extrapolafeagether with

,=?1



neoplasms in both sexes, is expected that the remaining diseases of the circulatory
system not spec#d here, continue to negatively influence female mortality.

Portugal was the only country under observation where is expected to observe
an increase on the probability of dying from respiratory system diseases, however, it
appears not influencing negatiy¢he evolution of life expectancy at birth, mainly in

the female case.
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CHAPTER 6

CONCLUSIONS

6.1. Overall conclusions

As exposed in the Introduction Chapter (Chapter 1), the overall aim of this study is to
contribute to mortality research with impartaknowledge that comes from
investigating mortality trends and its related processes.

As a result, we can confirm that likewise some other previous studies:
neoplasms, diseases of the circulatory and respiratory system are the principal CODs
and the oneghat influence the most, negatively, life expectancy for populations.
However, we perspective that if the rate of increase in life expectancy at birth keeps
recent evolutionary patterns, it is possible that the male/female gap keep diminishing
and all anlyzed countries can aim for Japanese values. Despite fewer attention given
to less expressive causes in overall mortality, we identify that the group of remaining
CODs is one of the most important in influencing negatively life expectancy.
Likewise Oliveim and Mendes acknowledged (2010) the emergent importance
associated with this wideinging group of CODs might be intimately related with
shift of high rates of mortality to older ages.

Seeking to test VaupelOs hypothesis on the individual rate of tyortali
increase, we were also able to distinguish betweemttedualOs rate of aging, and
the widely studied LAR (e.g., Horiuchi and Wilmoth, 1997, 1998). The two measures
present very distinctive patterns. The individual rate of aging is constant asress t
and LAR is varying agavise, creating a beBhaped patterh. not only differs from
LAR, but also contributes to its estimation (Vaupel and Zhang, 2@&ypite the
fairly stable evolution estimated across different CODs, sexes and selected
courtries, we cannot fully support VaupelOs hypothesis. With the exception of
neoplasms, the estimates obtained for overall mortality are always lower when
compared with different,!!! and it seems that the differeft!! ! associated to
different CODscontribute to the OaverageO rate of individual aging. Accordingly with
Brody and Schneider (1986), our results present lower rates of aging for causes

considered close to nesenescent processes, like neoplasms or external causes of



death, and higer values for the ones in opposite direction, i.e., for example the case
of the deaths by diseases of the circulatory system. The case of cancer strikes out as
the cause that has the lowest rate of aging of all, factor that can be explained by the
fact that Oin the human species, the population that reaches advanced age and has a
decreased incidence of cancer, could be less prone to develop cancer and hence more
fit to reach the maximum lifespaifacieiraCoelho, 1986). Another explanation can

be directlyrelated with the origin of cancer, which is connected with the unregulated
growth of new cells, being a multistage process that starts with@pecerous lesion

and ends up with a malignant tumor. Nevertheless, at older ages the proliferation of
cells s declining and possibly increases the time between cancer development stages
(Ukrainsteva and Yashin, 2003).

I GM modetbased LARs (for overall mortality and by COD) appear to be
consistent with the Oheterogeneity hypothesisO advanced by Horiuchi amthWilm
(1998) as the age of mortality deceleration shifts to older ages with time in overall
mortality and only neoplasms, as one of the CODs with lower mortality rates after age
65, presents less pronounced patterns. 'Thsl modetbased LAR (Vaupel and
Zhang 2010) fits observed LAR with high accuracy and captures the connection
relationship between the observed shift and the rate of life expectancy increase in the
five selected countries for overall mortality.

The CoDa equivalent to the L&marter model to drecast mortality trends
proposed by Oeppen (2008) is definitely an excellent option to consider when the
purpose is to forecast multiple decrement processes as mortality by COD. Obtained
estimates for observed values concerning life expectancy at bdtthaperiod life
table probability at birth of dying from a specific COD, revealed high accuracy and
are not more pessimistic as identified for other methods by Wilmoth (1995). Forecasts
identified a distinctive group of remaining cause of death withvigng implications
on overall mortality. Neoplasms do not seem to be expected to reduce their
participation on overall mortality, and a constant pattern of evolution is extrapolated.

Portugal was the only country under observation where is expected teeobse
an increase on the probability of dying from respiratory system diseases, however, it
appears not influencing negatively the evolution of life expectancy at birth, mainly in
the female case.
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Summarizing, despite that the main motivation of this stlidynot revealed
full confirmation, we strongly believe thathe analysis complementary to all the
subject resulted in precious information that may contribute to changes in specific
areas seeking to improve public health.

The constant rate of aging assoall individuals uncer the sameCOD was
proved to be a realityBut if provedto be real for the individual exposed to all
competing risks andvith different behaviors (e.g., smokers vs. ssonokers) it
Owould fundamentally contribute to our understagdof how and why we ageO
(Vaupel, 2010)Our findings are contributing, at least partially, on this directivie.
also providea complete and tdepthexamination of the population by applyitige
formulation on (4.6), showing that the rate of individaging not only differs from

the rate of aging for the population, but also contributes for its calculation.

6.2. Insights and contributions for future research

Any investigation even when is not able to confirm previously stated hypothesis,
gives importantcontributions to future research. In our case, even that the obtained
results cannot fulfill VaupelOs hypothesis, we understand that, due to the different
contributing risks to which all individuals are exposed (Chiang, 1991), a possible
complementary ways testing by the estimate of the individual rate of individual
aging accordingly to groups of individuals that share the same behavioral pattern, e.g.,
smokers and neamokers; athletes and nathletes; or, alcohol consumption and
non-consumption individals. Disaggregation of causes of death into sirage
groups can benefit further estimations.

In what concerns to the performed mortality forecasts, at our knowledge,
accuracy might be essentially connected with the fact that the-géfinip not being
rectified likewise some above explained variants of the original methodology, and
that should besvaluated Smoothing the data before model fitting also may bring
higher accuracy to estimates once that variance is reduced. Nonetheless, we guess that
the magr cause for inaccuracy problems related with this method come from changes
in the ICD.



6.3. Limitations of the study

During the study elaboration, many difficulties were found and almost all are related
with data availability. First of all, data available foortality discriminated by COD,

only exists in the aggregate form of fiyear age groups. Second, theep age
interval for those kinaf data is almost always 85+, and with increasing lifespan, it is
not enough and might interfere with the obtainedultss Thirdly, when we
disaggregate data by COD and sex, we end up with smallersdapopulatios,
increasing the estimates variance. This situation becomes even worst when we are
focusing on countries with small population, as e.g. Portugal or Finkamdthly,
changes between ICD in the different countries resulted in disruptions in the
correspondent year of transition that seem to influence the outcome.

Nonetheless, we also can refer here some theoretical limitations, or better,
limitations that will always need to be in mind when we are dealing with CODs.
Some CODs are intimately connected with behavioral patterns, for example, around
30 % of neoplasm®are due to five leading behavioral and dietary risks: high body
mass index, low fruit and vegetabintake, lack of physical activity, tobacco use,
alcohol useQWHO, 2014). Another issue is relatedttie existence of competing

risks to which each individual is exposed that n&ledgys to be taken into account.
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Appendix

To Chapter 3 B The Individual rate of aging by cause of death: testing
VaupelOs hypothesis
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Figure A. 1: Proportion of age-specific deaths by cause
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Table A. 1. Gamma-Gompertz-Makeham parameter estimateswith associated standard

errors for neoplasms mortality in Spain

Females
Year ri s.erttl r o osellnt rrr serltl ri s.elll!
2003 | 0,00339 0,00046 | 0,076 0,007 0,281 0,0716 | 0,00000010 0,00109416
2004 | 0,00323 0,00044 | 0,081 0,008 0,379 0,0768 | 0,00000003 0,00180696
2005 | 0,00326 0,00044 | 0,077 0,007 0,336 0,0729 | 0,00000018 0,00077657
2006 | 0,00318 0,00035 | 0,081 0,006 0,402 0,042 0,00002167 0,00037077
2007 | 0,00310 0,00032 | 0,082 0,006 0,424 0,0625 | 0,00000006 0,00096547
2008 | 0,00302 0,00031 | 0,083 0,006 0,431 0,0644 | 0,00000009 0,00079030
2009 | 0,00308 0,00033 | 0,079 0,006 0,323 0,0625 | 0,00000001 0,00221177

Males
Year T seltil | Tt selltt [ P11 sertt!] ril s.elll!l
2003 | 0,00753 0,00142 | 0,085 0,012 0,326 0,0825 | 0,00130855 0,00147083
2004 | 0,00729 0,00113 | 0,088 0,010 0,380 0,0717 | 0,00126775 0,00117839
2005 | 0,00557 0,00081 | 0,105 0,010 0,510 0,0764 | 0,00280427 0,00085590
2006 | 0,00785 0,00122 | 0,080 0,009 0,307 0,0647 | 0,00032538 0,00126022
2007 | 0,00795 0,00111 | 0,082 0,008 0,351 0,0617 | 0,00000026 0,00160098
2008 | 0,00761 0,00092 | 0,085 0,007 0,386 0,0568 | 0,00000286 0,00095604
2009 | 0,00437 0,00059 | 0,118 0,010 0,642 0,0827 | 0,00363643 0,00063979

Source:WHOMD and HMD 2014, own elaboratio

Table A. 2. Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for ischaemic heart diseases mortality in Spin

Females
Year rin selltt | Ty selttr | rirr sertt! ri s.elll!
2003 | 0,00075 0,00006 | 0,148 0,006 0,424 0,0681 | 0,00000001 0,00044633
2004 | 0,00069 0,00005 | 0,150 0,006 0,448 0,0666 | 0,00000000 0,00129817
2005 | 0,00062 0,00004 | 0,159 0,006 0,554 0,0674 | 0,00000000 0,00075806
2006 | 0,00057 0,00004 | 0,155 0,006 0,472 0,0692 | 0,00000001 0,00047005
2007 | 0,00058 0,00004 | 0,147 0,005 0,314 0,0659 | 0,00000000 0,00068815
2008 | 0,00053 0,00004 | 0,150 0,005 0,367 0,0659 | 0,00000000 0,00085026
2009 | 0,00046 0,00003 | 0,155 0,005 0,355 0,0612 | 0,00000000 0,00054517

Males
Year T selll | T selllt | T selll! r s.elll!l
2003 | 0,00255 0,00042 | 0,101 0,012 0,157 0,0834 | 0,00000924 0,00043587
2004 | 0,00140 0,00019 | 0,143 0,011 0,443 0,0859 | 0,00095129 0,00021672
2005 | 0,00202 0,00036 | 0,111 0,013 0,216 0,0935 | 0,00031747 0,00038137
2006 | 0,00140 0,00021 | 0,132 0,012 0,360 0,0916 | 0,00074560 0,00023573
2007 | 0,00200 0,00041 | 0,102 0,014 0,105 0,1042 | 0,00000026 0,00060271
2008 | 0,00181 0,00031 | 0,104 0,012 0,102 0,0906 | 0,00000005 0,00099896
2009 | 0,00164 0,00046 | 0,114 0,021 0,213 0,1604 | 0,00005535 0,00048675

**

Source:WHOMD and HMD 2014, own elaboratio



Table A. 3: Gamma-Gompertz-Makeham parameter estimateswith associated standard

errors for cerebrovascular diseases mortigty in Spain

Females
Year rl selfltt | e seflttyr | rir selrt! rl s.elll!
2003 0,00059 0,00003 | 0,185 0,004 0,673 0,0533 | 0,00000000 0,00046301
2004 0,00056 0,00003 | 0,180 0,005 0,642 0,0575 | 0,00000000 0,000651%
2005 0,00054 0,00003 | 0,179 0,005 0,607 0,0574 | 0,00000000 0,00081648
2006 0,00051 0,00003 | 0,173 0,004 0,513 0,0560 | 0,00000001 0,00033212
2007 0,00050 0,00003 | 0,171 0,004 0,493 0,0561 | 0,00000000 0,00087809
2008 0,00047 0,00003 | 0,171 0,004 0,500 0,0577 | 0,00000000 0,00047876
2009 0,00045 0,00002 | 0,163 0,004 0,301 0,0524 | 0,00000000 0,00050953

Males
Year T selll | Ty selttt | Tl selfll! ril s.elll!l
2003 0,00111 0,00012 | 0,154 0,009 0,375 0,0727 | 0,00000007 0,00035200
2004 0,00093 0,00012 | 0,159 0,011 0,421 0,0857 | 0,00011719 0,00013403
2005 0,00100 0,00012 | 0,153 0,010 0,373 0,0814 | 0,00000019 0,00022252
2006 0,00092 0,00016 | 0,148 0,015 0,302 0,1140 | 0,00000001 0,00137042
2007 0,00091 0,00011 | 0,150 0,010 0,361 0,0843 | 0,00000269 0,00012633
2008 0,00078 0,00011 | 0,158 0,012 0,455 0,0996 | 0,00008255 0,00012373
2009 0,00072 0,00009 | 0,160 0,011 0,445 0,0965 | 0,00006033 0,00010828

Source:WHOMD and HMD 2014, own elaboratio

Table A. 4: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for remaining circulatory system diseases mortality in Spain

Females
Year r serfttt [Ty sefltrr | rir sertt! rl s.ellll
2003 0,00080 0,00004 | 0,172 0,004 0,215 0,0485 | 0,00000001 0,00043717
2004 0,00077 0,00004 | 0,168 0,004 0,165 0,0473 | 0,0000@00 0,00086714
2005 0,00077 0,00004 | 0,170 0,004 0,183 0,0471 | 0,00000000 0,00101342
2006 0,00069 0,00003 | 0,173 0,004 0,232 0,0468 | 0,00000001 0,00031879
2007 0,00072 0,00003 | 0,169 0,003 0,156 0,0426 | 0,00000000 0,00156180
2008 0,00071 0,00003 | 0,169 0,003 0,134 0,0419 | 0,00000000 0,00086651
2009 0,00065 0,00002 | 0,471 0,003 0,198 0,0392 | 0,00000000 0,00206201

Males
Year rint selft | T sellll [T sellt! rirt s.efll!
2003 0,00128 0,00015 | 0,139 0,010 0,000 0,0723 | 0,00030004 0,00017275
2004 0,00124 0,00015 | 0,140 0,010 0,037 0,0747 | 0,00026726 0,00017122
2005 0,00116 0,00014 | 0,145 0,010 0,051 0,0735 | 0,00030340 0,00015661
2006 0,00113 0,00015 | 0,141 0,011 0,031 0,0825 | 0,00026114 0,00017019
2007 0,00129 0,00016 | 0,135 0,010 0,000 0,0789 | 0,00007501 0,00017971
2008 0,00126 0,00015 | 0,135 0,010 0,011 0,0783 | 0,00008794 0,00017047
2009 0,00098 0,00011 | 0,150 0,010 0,127 0,0793 | 0,00034841 0,00013031

Source:WHOMD and HMD 2014, own elaboratio

*H



Table A. 5. Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for respiratory system diseases mdality in Spain

Females
Year il seltt | Ty seltir [ rirr sertt! rrl s.elt!
2003 0,00045 0,00003 | 0,179 0,005 0,350 0,0622 | 0,00000000 0,00069918
2004 0,00040 0,00003 | 0,173 0,005 0,291 0,0661 | 0,00000001 0,0003285
2005 0,00046 0,00003 | 0,178 0,005 0,338 0,0589 | 0,00000001 0,00037466
2006 0,00038 0,00002 | 0,169 0,005 0,166 0,0611 | 0,00000000 0,00091057
2007 0,00043 0,00002 | 0,167 0,004 0,174 0,0572 | 0,00000001 0,00031291
2008 0,00041 0,00002 | 0,167 0,004 0,121 0,05% 0,00000000 0,00115766
2009 0,00038 0,00002 | 0,167 0,004 0,104 0,0517 | 0,00000000 0,00147060

Males
Year riry selltl [T sellll | P selit! r s.el!
2003 0,00114 0,00010 | 0,199 0,008 0,679 0,0615 | 0,00064334 0,00012435
2004 0,00148 0,00013 | 0,161 0,008 0,343 0,0619 | 0,00000005 0,00049797
2005 0,00170 0,00014 | 0,158 0,007 0,315 0,0572 | 0,00000002 0,00078011
2006 0,00138 0,00013 | 0,155 0,008 0,265 0,0644 | 0,00000228 0,00015006
2007 0,00144 0,00013 | 0,162 0,008 0,366 0,0624 | 0,00000004 0,00051051
2008 0,00133 0,00012 | 0,161 0,008 0,319 0,0639 | 0,00000006 0,00039651
2009 0,00132 0,00011 | 0,157 0,007 0,301 0,0620 | 0,00000007 0,00034135

Source: WHOMD and HMD 2014, own elaboratio
Table A. 6: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for digestive system diseases ofartality in Spain

Females
Year r serfttt | Ty seltry [ rinr sertt! rni s.elll!
2003 0,00041 0,00005 | 0,138 0,009 0,361 0,1021 | 0,00000000 0,00115913
2004 0,00008 0,00000 | 0,215 0,004 0,670 0,0816 | 0,00051691 0,00M2073
2005 0,00008 0,00000 | 0,215 0,004 0,670 0,0828 | 0,00051691 0,00002158
2006 0,00008 0,00000 | 0,215 0,005 0,670 0,0833 | 0,00051691 0,00002271
2007 0,00037 0,00004 | 0,134 0,008 0,233 0,0970 | 0,00000002 0,00026553
2008 0,00035 0,00003 | 0,138 0,007 0,284 0,0870 | 0,00000000 0,00084763
2009 0,00035 0,00003 | 0,135 0,007 0,269 0,0865 | 0,00000332 0,00004178

Males
Year INEN selll | T selnt [ sertt NIl s.eflll!
2003 0,00090 0,00030 | 0,097 0,023 0,000 0,1525 | 0,00024386 0,00031640
2004 0,00060 0,00017 | 0,123 0,021 0,148 0,1550 | 0,00049103 0,00018665
2005 0,00057 0,00015 | 0,132 0,020 0,302 0,1478 | 0,00050957 0,00016770
2006 0,00068 0,00022 | 0,104 0,023 0,000 0,1579 | 0,00037701 0,00023405
2007 0,00086 0,00030 | 0,094 0,024 0,000 0,1655 | 0,00014564 0,00031591
2008 0,00066 0,00021 | 0,111 0,023 0,133 0,1699 | 0,00028383 0,00022128
2009 0,00047 0,00012 | 0,134 0,020 0,327 0,1625 | 0,00048262 0,00013748

*?

Source:WHOMD and HMD 2014, own elaboratio



Table A. 7. Gamma-Gompertz-Makeham parameter estimateswith associated standard

errors for external causes of mortality h Spain

Females
Year ri serttt | Ty selttr | rir sert! r s.elll!
2003 0,00016 0,00006 | 0,106 0,025 0,000 0,2435 | 0,00011208 0,00006931
2004 0,00020 0,00007 | 0,106 0,022 0,000 0,2161 | 0,00003554 0,00007355
2006 0,00020 0,00006 | 0,109 0,019 0,000 0,1908 | 0,00003555 0,00006364
2006 0,00015 0,00004 | 0,121 0,018 0,000 0,1922 | 0,00007298 0,00004570
2007 0,00016 0,00004 | 0,117 0,017 0,000 0,1857 | 0,00004450 0,00004665
2008 0,00017 0,00004 | 0,113 0,016 0,000 0,1829 | 0,000®112 0,00004500
2009 0,00013 0,00003 | 0,124 0,014 0,000 0,1619 | 0,00006107 0,00003328

Males
Year Tt selftt | T selltl | T selll] ri s.ell!
2003 0,00013 0,00006 | 0,167 0,036 0,533 0,2704 | 0,00060459 0,00007656
2004 0,00041 0,00017 | 0,096 0,028 0,000 0,1899 | 0,00024775 0,00018337
2005 0,00038 0,00022 | 0,097 0,040 0,000 0,2613 | 0,00028884 0,00023764
2006 0,00033 0,00016 | 0,104 0,034 0,012 0,2346 | 0,00028824 0,00017456
2007 0,00029 0,00013 | 0,112 0,034 0,034 0,2451 | 0,00029180 0,00014412
2008 0,00012 0,00005 | 0,177 0,036 0,638 0,2995 | 0,00047152 0,00006838
2009 0,00023 0,00009 | 0,133 0,030 0,311 0,2373 | 0,00030928 0,00010136

Source:WHOMD and HMD 2014, own elaboratio

Table A. 8: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for the remaining causes of deatlof mortality in Spain

Females
Year ri serttt [ Ty seflttyr | rirr selrit! r s.elll!
2003 0,00128 0,00006 | 0,165 0,004 0,290 0,0418 | 0,00000001 0,00052326
2004 0,00116 0,00005 | 0,168 0,004 0,356 0,0435 | 0,00000003 0,00029912
2005 0,00114 0,00005 | 0,471 0,003 0,374 0,0408 | 0,00000000 0,00083406
2006 0,00109 0,00005 | 0,168 0,003 0,328 0,0407 | 0,00000000 0,00639336
2007 0,00111 0,00004 | 0,167 0,003 0,293 0,0376 | 0,00000000 0,00415979
2008 0,00110 0,00004 | 0,167 0,003 0,283 0,0372 | 0,00000426 0,00005695
2009 0,00114 0,00004 | 0,162 0,003 0,220 0,0340 | 0,00000001 0,00040089

Males
Year INTR selft | T selltl | Il selll! rirl s.ell!
2003 0,00159 0,00014 | 0,154 0,008 0,160 0,0590 | 0,00030170 0,00016602
2004 0,00176 0,00017 | 0,143 0,008 0,112 0,0614 | 0,00000015 0,00034951
2005 0,00184 0,00018 | 0,144 0,008 0,144 0,0617 | 0,00000016 0,00035655
2006 0,00148 0,00014 | 0,156 0,008 0,234 0,0650 | 0,00020280 0,00016449
2007 0,00135 0,00012 | 0,169 0,008 0,361 0,0656 | 0,00036668 0,00014626
2008 0,00157 0,00014 | 0,154 0,008 0,228 0,0627 | 0,00005087 0,00015896
2009 0,00127 0,00011 | 0,272 0,007 0,389 0,0628 | 0,00048178 0,00012922

Source:WHOMD and HMD 2014, own elaboratio

*<



Table A. 9: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for overall mortality in Finland

Females

Year ri serttt [ Ty selttr | rir sert! r s.elll!

1996 0,01018 0,00103 | 0,139 0,008 0,192 0,0574 | 0,00118356 0,00118127
1997 0,01108 0,00117 | 0,130 0,008 0,121 0,0577 | 0,00013773 0,00131917
1998 0,01070 0,00110 | 0,129 0,007 0,109 0,0565 | 0,00000001 0,00867534
1999 0,00964 0,00104 | 0,140 0,008 0,226 0,0637 | 0,00012555 0,00119953
2000 0,00926 0,00092 | 0,139 0,007 0,180 0,0586 | 0,00053254 0,00106616
2001 0,00883 0,00090 | 0,139 0,007 0,176 0,0610 | 0,00069288 0,00104458
2002 0,00759 0,00075 | 0,150 0,007 0,228 0,0610 | 0,00169225 0,00090789
2003 0,00787 0,00078 | 0,145 0,007 0,205 0,0611 | 0,00116529 0,00091978
2004 0,00574 0,00059 | 0,159 0,008 0,306 0,0674 | 0,00319523 0,00073870
2005 0,00603 0,00064 | 0,152 0,008 0,230 0,0691 | 0,00248648 0,00078531
2006 0,00623 0,00065 | 0,147 0,008 0,186 0,0692 | 0,00200576 0,00077729
2007 0,00540 0,00053 | 0,155 0,007 0,218 0,0691 | 0,00294702 0,00065973
2008 0,00618 0,00060 | 0,145 0,007 0,148 0,0673 | 0,00190328 0,00072299
2009 0,00587 0,00053 | 0,146 0,007 0,162 0,0647 | 0,00219680 0,00065218

Males

Year P sertt [ Tnooseln [t 2 P sefln

1996 0,02804 0,00470 | 0,095 0,012 0,024 0,0656 | 0,00003450 0,00489150
1997 0,01860 0,00294 | 0,129 0,013 0,229 0,0755 | 0,00796982 0,00319241
1998 0,01991 0,00335| 0,122 0,014 0,183 0,0786 | 0,00662657 0,00359371
1999 0,02253 0,00389 | 0,108 0,013 0,083 0,0737 | 0,00278095 0,00412313
2000 0,01839 0,00279 | 0,122 0,012 0,144 0,0694 | 0,00520186 0,00303321
2001 0,02196 0,00354 | 0,109 0,012 0,085 0,0690 | 0,00000117 0,00375497
2002 0,02217 0,00348 | 0,105 0,012 0,051 0,0657 | 0,00000135 0,00368799
2003 0,02070 0,00338 | 0,106 0,012 0,035 0,0676 | 0,00004048 0,00358712
2004 0,01744 0,00314 | 0,111 0,013 0,051 0,0760 | 0,00346777 0,00335876
2005 0,01784 0,00312 | 0,105 0,013 0,001 0,0730 | 0,0020718 0,00331083
2006 0,01847 0,00338 | 0,104 0,013 0,008 0,0784 | 0,00087293 0,00356306
2007 0,01224 0,00180 | 0,133 0,012 0,170 0,0741 | 0,00748102 0,00200498
2008 0,01584 0,00311 | 0,107 0,014 0,000 0,0868 | 0,00263763 0,00330948
2009 0,00919 0,00137 | 0,149 0,012 0,251 0,0815 | 0,01044860 0,00160300

G

Source:WHOMD and HMD 2014, own elaboratio



Table A. 10: Gamma-Gompertz-Makeham parameter estimateswith associated standard

errors for neoplasms mortality in Finland

Females

Year ri serttt [ T seltrr | rir sertt! ri s.elll!

1996 0,00373 0,00244 1 0,075 0,035 0,183 0,2251 | 0,00066248 0,00254026
1997 0,00467 0,00191 | 0,067 0,020 0,206 0,1374 | 0,00000001 0,01442005
1998 0,00429 0,00159 | 0,074 0,019 0,251 0,1384 | 0,00000056 0,00166289
1999 0,00406 0,00145 | 0,082 0,020 0,406 0,1587 | 0,00001814 0,00152318
2000 0,00415 0,00162 | 0,079 0,021 0,354 0,1601 | 0,00000034 0,00206517
2001 0,00389 0,00213 | 0,081 0,030 0,396 0,2384 | 0,00022399 0,00222672
2002 0,00399 0,00215 | 0,074 0,028 0,285 0,2071 | 0,00000025 0,00318920
2003 0,00411 0,00213 | 0,072 0,026 0,226 0,1912 | 0,00000278 0,00221289
2004 0,00140 0,00059 | 0,137 0,029 0,766 0,2614 | 0,00278243 0,00070222
2005 0,00376 0,00107 | 0,079 0,015 0,337 0,1286 | 0,000000@ 0,00296060
2006 0,00262 0,00128 | 0,092 0,028 0,419 0,2425 | 0,00141252 0,00136745
2007 0,00380 0,00086 | 0,073 0,012 0,289 0,1139 | 0,00003110 0,00090672
2008 0,00400 0,00141 | 0,071 0,018 0,281 0,1515 | 0,00000008 0,00367305
2009 0,00398 0,00192 | 0,065 0,023 0,196 0,1844 | 0,00000083 0,00198724

Males

Year NI selllt | T selltt | iy selll! P s.eflll!

1996 0,00820 0,00320 | 0,092 0,026 0,306 0,1530 | 0,00000014 0,00621545
1997 0,00770 0,00272 | 0,097 0,024 0,395 0,1501 | 0,00000024 0,00409855
1998 0,00805 0,00323 | 0,082 0,025 0,209 0,1401 | 0,00000023 0,00493389
1999 0,00790 0,00268 | 0,082 0,021 0,235 0,1213 | 0,00000019 0,00454051
2000 0,00736 0,00274 | 0,088 0,024 0,269 0,1396 | 0,00000029 0,00373888
2001 0,00668 0,00245 | 0,107 0,027 0,423 0,1669 | 0,00000521 0,00256882
2002 0,00698 0,00146 | 0,100 0,015 0,438 0,1041 | 0,00000006 0,00434283
2003 0,00689 0,00209 | 0,088 0,019 0,257 0,1159 | 0,00000011 0,00472403
2004 0,00657 0,00220 | 0,098 0,023 0,370 0,1427 | 0,00000009 0,00549566
2005 0,00621 0,00170 | 0,092 0,018 0,277 0,1128 | 0,000000@ 0,00712662
2006 0,00631 0,00198 | 0,102 0,022 0,431 0,1477 | 0,00000011 0,00445835
2007 0,00619 0,00200 | 0,095 0,021 0,357 0,1421 | 0,00000591 0,00209127
2008 0,00607 0,00257 | 0,093 0,027 0,367 0,1829 | 0,00000052 0,00266184
2009 0,00625 0,00261 | 0,086 0,025 0,279 0,1628 | 0,00004575 0,00271180

Source:WHOMD and HMD 2014, own elaboratio

N



Table A. 11. Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for ischaemic heart diseases mortality in Finland

Femades

Year ri serttt [ T seltrr | rir sertt! ri s.elll!

1996 0,00272 0,00036 | 0,155 0,010 0,472 0,0853 | 0,00000007 0,00118714
1997 0,00242 0,00035 | 0,159 0,011 0,455 0,0939 | 0,00000003 0,00176893
1998 0,00246 0,00035 | 0,154 0,011 0,394 0,0900 | 0,00000007 0,00115988
1999 0,00202 0,00029 | 0,172 0,011 0,509 0,0960 | 0,00000000 0,01626090
2000 0,00181 0,00027 | 0,175 0,012 0,484 0,1000 | 0,00014978 0,00033361
2001 0,00174 0,00023 | 0,176 0,011 0,502 0,0938 | 0,00000001 0,0019346
2002 0,00152 0,00021 | 0,186 0,011 0,553 0,0961 | 0,00000006 0,00080278
2003 0,00139 0,00019 | 0,189 0,011 0,588 0,0964 | 0,00000011 0,00053287
2004 0,00107 0,00017 | 0,195 0,013 0,588 0,1157 | 0,00021883 0,00022606
2005 0,00099 0,00016 | 0,199 0,013 0,599 0,112 0,00030345 0,00021821
2006 0,00113 0,00017 | 0,184 0,012 0,465 0,1137 | 0,00000003 0,00092306
2007 0,00112 0,00015 | 0,180 0,011 0,399 0,1069 | 0,00000000 0,00325391
2008 0,00105 0,00015 | 0,180 0,011 0,346 0,1154 | 0,00000004 0,00065480
2009 0,00093 0,00013 | 0,182 0,011 0,362 0,1164 | 0,00005260 0,00017205

Males

Year NI selllt | T selltt | iy selll! P s.eflll!

1996 0,00953 0,00266 | 0,092 0,020 0,114 0,1076 | 0,00004212 0,00276594
1997 0,00516 0,00140 | 0,143 0,023 0,393 0,1413 | 0,00345327 0,00154462
1998 0,00640 0,00201 | 0,122 0,025 0,257 0,1486 | 0,00206662 0,00215333
1999 0,00595 0,00167 | 0,126 0,023 0,233 0,1345 | 0,00200717 0,00180662
2000 0,00488 0,00124 | 0,137 0,021 0,276 0,1262 | 0,00249869 0,00137429
2001 0,00669 0,00319 | 0,107 0,035 0,081 0,1924 | 0,00000016 0,00595897
2002 0,00640 0,00209 | 0,106 0,024 0,031 0,1345 | 0,00001887 0,00222556
2003 0,00572 0,00137 | 0,115 0,018 0,131 0,1086 | 0,00000149 0,00147056
2004 0,00554 0,00174 | 0,110 0,023 0,071 0,1330 | 0,00010031 0,00185403
2005 0,00314 0,00080 | 0,144 0,021 0,171 0,1296 | 0,0022338 0,00091805
2006 0,00368 0,00100 | 0,134 0,022 0,137 0,1366 | 0,00143872 0,00110811
2007 0,00206 0,00048 | 0,180 0,020 0,422 0,1359 | 0,00304555 0,00060407
2008 0,00413 0,00122 | 0,115 0,022 0,000 0,1390 | 0,00055894 0,00131763
2009 0,00236 0,00062 | 0,154 0,021 0,212 0,1458 | 0,00267023 0,00072970

S X!

Source:WHOMD and HMD 2014, own elaboratio



Table A. 122 Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for cerebrovascular diseases mortality in Finland

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00123 0,00019 | 0,167 0,013 0,520 0,1095 | 0,00000001 0,00148485
1997 0,00117 0,00020 | 0,163 0,014 0,436 0,1151 | 0,00000002 0,00132397
1998 0,00096 0,00020 | 0,174 0,017 0,579 0,1446 | 0,00000659 0,00024860
1999 0,00072 0,00015 | 0,198 0,017 0,798 0,1482 | 0,00022061 0,00019889
2000 0,00089 0,00018 | 0,180 0,016 0,610 0,1412 | 0,00000009 0,00052332
2001 0,00086 0,00016 | 0,171 0,015 0,467 0,1331 | 0,00000000 0,0025366
2002 0,00059 0,00014 | 0,198 0,018 0,689 0,1611 | 0,00033210 0,00019178
2003 0,00080 0,00017 | 0,178 0,017 0,610 0,1518 | 0,00000001 0,00165131
2004 0,00072 0,00017 | 0,175 0,019 0,530 0,1728 | 0,00002377 0,00021501
2005 0,00067 0,00017 | 0,169 0,019 0,411 0,155 | 0,00000078 0,00020428
2006 0,00044 0,00010 | 0,206 0,018 0,789 0,1738 | 0,00014845 0,00013341
2007 0,00057 0,00015| 0,169 0,019 0,387 0,1916 | 0,00006471 0,00017821
2008 0,00051 0,00011 | 0,187 0,017 0,703 0,1742 | 0,00000000 0,00164867
2009 0,00056 0,00009 | 0,175 0,012 0,547 0,1362 | 0,00000945 0,00012469

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00177 0,00073 | 0,148 0,037 0,372 0,2242 | 0,00036467 0,00079786
1997 0,00109 0,00038 | 0,203 0,034 0,766 0,2202 | 0,00105516 0,00045883
1998 0,00137 0,00046 | 0,176 0,032 0,552 0,2048 | 0,00068502 0,00052925
1999 0,00127 0,00043 | 0,181 0,032 0,594 0,2074 | 0,00056659 0,00050493
2000 0,00141 0,00054 | 0,152 0,033 0,307 0,2033 | 0,00033151 0,00060953
2001 0,00155 0,00046 | 0,144 0,025 0,271 0,1592 | 0,00000000 0,00600225
2002 0,00145 0,00044 | 0,142 0,026 0,276 0,1649 | 0,00000002 0,00259190
2003 0,00148 0,00049 | 0,143 0,028 0,278 0,1756 | 0,00000005 0,00166704
2004 0,00118 0,00044 | 0,152 0,032 0,309 0,2017 | 0,00018311 0,00049992
2005 0,00107 0,00036 | 0,166 0,030 0,490 0,1985 | 0,0003097 0,00041652
2006 0,00117 0,00041 | 0,157 0,030 0,443 0,2058 | 0,00000009 0,00105103
2007 0,00107 0,00044 | 0,144 0,034 0,202 0,2248 | 0,00016877 0,00049815
2008 0,00119 0,00044 | 0,144 0,034 0,202 0,2248 | 0,00016877 0,00049815
2009 0,00099 0,00041 | 0,141 0,033 0,191 0,2262 | 0,00021356 0,00045969

Source:WHOMD and HMD 2014, own elaboratio



Table A. 13: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for remaining circulatory system diseases mortalityin Finland

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00046 0,00013 | 0,180 0,022 0,204 0,1758 | 0,00031240 0,00017194
1997 0,00059 0,00018 | 0,160 0,023 0,124 0,1812 | 0,00010449 0,00022043
1998 0,00062 0,00019 | 0,153 0,023 0,094 0,1831 | 0,00006415 0,00023887
1999 0,00034 0,00011 | 0,193 0,025 0,377 0,2007 | 0,00030098 0,00015390
2000 0,00063 0,00019 | 0,144 0,023 0,034 0,1846 | 0,00000001 0,00166816
2001 0,00048 0,00017 | 0,157 0,026 0,051 0,2122 | 0,00019938 0,00020802
2002 0,00060 0,00018 | 0,144 0,022 0,004 0,1790 | 0,00000000 0,00359209
2003 0,00043 0,00013 | 0,170 0,024 0,247 0,2034 | 0,00008786 0,00016616
2004 0,00046 0,00015 | 0,162 0,026 0,240 0,2234 | 0,00005950 0,00018774
2005 0,00025 0,00008 | 0,203 0,025 0,519 0,2295 | 0,00036384 0,00012484
2006 0,00043 0,00013 | 0,160 0,023 0,103 0,2145 | 0,00008812 0,00016685
2007 0,00035 0,00009 | 0,186 0,021 0,385 0,2087 | 0,00015870 0,00012773
2008 0,00036 0,00009 | 0,181 0,020 0,315 0,1984 | 0,00013072 0,00012786
2009 0,0041 0,00010 | 0,175 0,018 0,335 0,1885 | 0,00012634 0,00012745

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00056 0,00030 | 0,191 0,050 0,427 0,2984 | 0,00141121 0,00038650
1997 0,00081 0,00042 | 0,148 0,045 0,073 0,2561 | 0,00101103 0,00048610
1998 0,00146 0,00106 | 0,106 0,056 0,008 0,3041 | 0,00040917 0,00112790
1999 0,00128 0,00089 | 0,112 0,054 0,000 0,2967 | 0,00039790 0,00095698
2000 0,00114 0,00069 | 0,116 0,046 0,000 0,2515 | 0,00039153 0,00075366
2001 0,00112 0,00070 | 0,117 0,049 0,000 0,4423 | 0,00027566 0,00075225
2002 0,00100 0,00064 | 0,119 0,050 0,000 0,2803 | 0,00057726 0,00070888
2003 0,00121 0,00059 | 0,114 0,038 0,017 0,2150 | 0,00026409 0,00064776
2004 0,00060 0,00048 | 0,143 0,065 0,037 0,3748 | 0,00095816 0,00056060
2005 0,00059 0,00041 | 0,136 0,054 0,000 0,3086 | 0,0009443 0,00049451
2006 0,00059 0,00033 | 0,147 0,046 0,016 0,2860 | 0,00082908 0,00038607
2007 0,00090 0,00053 | 0,124 0,045 0,001 0,2741 | 0,00066419 0,00059320
2008 0,00077 0,00054 | 0,132 0,053 0,000 0,3243 | 0,00088791 0,00062246
2009 0,00038 0,00018 | 0,199 0,041 0461 0,2820 | 0,00123691 0,00025868

Source:WHOMD and HMD 2014, own elaboratio



Table A. 14: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for respiratory system diseases mortality in Finland

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00049 0,00011 | 0,180 0,019 0,252 0,1522 | 0,00000002 0,00073923
1997 0,00048 0,00015 | 0,162 0,024 0,056 0,1848 | 0,00015753 0,00018894
1998 0,005 0,00016 | 0,155 0,021 0,000 0,1684 | 0,00000000 0,01152571
1999 0,00056 0,00015 | 0,165 0,021 0,220 0,1708 | 0,00000001 0,00148511
2000 0,00051 0,00013 | 0,164 0,020 0,122 0,1653 | 0,00000001 0,00159184
2001 0,00040 0,00012 | 0,177 0,024 0,320 0,2052 | 0,00014396 0,00016232
2002 0,00047 0,00013 | 0,155 0,020 0,025 0,1720 | 0,00000000 0,00205414
2003 0,00040 0,00011 | 0,172 0,021 0,280 0,1882 | 0,00000000 0,00248831
2004 0,00034 0,00015| 0,151 0,033 0,000 0,2803 | 0,00006752 0,00019158
2005 0,00020 0,00011 | 0,156 0,041 0,000 0,3471 | 0,00024151 0,00014625
2006 0,00026 0,00013 | 0,131 0,034 0,000 0,2993 | 0,00004332 0,00015650
2007 0,00014 0,00007 | 0,172 0,037 0,274 0,3477 | 0,00017874 0,00010381
2008 0,00011 0,00006 | 0,192 0,042 0,760 0,4226 | 0,00032006 0,00009574
2009 0,00037 0,000 | 0,113 0,034 0,099 0,3078 | 0,00002354 0,00023082

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00192 0,00050 | 0,152 0,024 0,202 0,1452 | 0,00000000 0,00629348
1997 0,00193 0,00055 | 0,140 0,025 0,120 0,1492 | 0,00000001 0,00464478
1998 0,00199 0,00057 | 0,140 0,025 0,132 0,1500 | 0,00000001 0,00387180
1999 0,00168 0,00061 | 0,149 0,032 0,149 0,1914 | 0,00019978 0,00068143
2000 0,00165 0,00039 | 0,161 0,021 0,245 0,1328 | 0,00000000 0,00909384
2001 0,00169 0,00044 | 0,144 0,023 0,179 0,1410 | 0,00000003 0,00208758
2002 0,00144 0,00034 | 0,159 0,021 0,261 0,1342 | 0,00000001 0,00327586
2003 0,00141 0,00041 | 0,143 0,024 0,102 0,1508 | 0,00000003 0,00202416
2004 0,00089 0,00036 | 0,153 0,034 0,094 0,2058 | 0,00042679 0,00042096
2005 0,00112 0,00040 | 0,231 0,029 0,094 0,1810 | 0,0000228 0,00044022
2006 0,00099 0,00044 | 0,133 0,036 0,121 0,2323 | 0,00000002 0,00245833
2007 0,00118 0,00054 | 0,113 0,035 0,045 0,2154 | 0,00000004 0,00217271
2008 0,00059 0,00026 | 0,161 0,038 0,357 0,2635 | 0,00025165 0,00030480
2009 0,00053 0,00024 | 0,176 0,038 0492 0,2748 | 0,00043125 0,00028722

Source:WHOMD and HMD 2014, own elaboratio



Table A. 15 Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for digestive system diseases of mortality in Finlash

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00016 0,00006 | 0,212 0,033 0,756 0,2748 | 0,00021330 0,00009313
1997 0,00028 0,00012 | 0,162 0,035 0,340 0,2783 | 0,00005435 0,00014961
1998 0,00023 0,00011 | 0,174 0,037 0,511 0,3025 | 0,00014345 0,00014172
1999 0,00040 0,00021 | 0,123 0,036 0,043 0,2778 | 0,00000005 0,00074489
2000 0,00037 0,00014 | 0,137 0,027 0,264 0,2284 | 0,00000000 0,00365064
2001 0,00020 0,00011 | 0,169 0,042 0,457 0,3564 | 0,00023676 0,00014503
2002 0,00021 0,00012 | 0,164 0,044 0,422 0,3725 | 0,00017983 0,00015479
2003 0,00005 0,00003 | 0,259 0,045 1,151 0,3983 | 0,00039444 0,00006951
2004 0,00036 0,00021 | 0,129 0,040 0,233 0,3377 | 0,00000062 0,00023735
2005 0,00024 0,00018 | 0,138 0,053 0,239 0,4576 | 0,00026754 0,00020799
2006 0,00030 0,00016 | 0,130 0,038 0,190 0,3355 | 0,00011189 0,00019022
2007 0,00020 0,00014 | 0,137 0,050 0,000 0,4523 | 0,00029188 0,00016838
2008 0,00020 0,00010 | 0,160 0,039 0,568 0,3856 | 0,00013955 0,00013220
2009 0,00018 0,000L0 | 0,158 0,041 0,483 0,4145 | 0,00023590 0,00013170

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00012 0,00009 | 0,248 0,068 0,725 0,4235 | 0,00072499 0,00014092
1997 0,00011 0,00009 | 0,258 0,080 0,864 0,4924 | 0,00078404 0,00015884
1998 0,00021 0,00020 | 0,186 0,089 0,503 0,5476 | 0,00070778 0,00025900
1999 0,00021 0,00027 | 0,163 0,111 0,171 0,6285 | 0,00070273 0,00033481
2000 0,00011 0,00012 | 0,234 0,097 0,696 0,5811 | 0,00085647 0,00019347
2001 0,00030 0,00033 | 0,137 0,090 0,076 0,5137 | 0,00050376 0,00037592
2002 0,00013 0,00019 | 0,169 0,123 0,127 0,6967 | 0,00094494 0,00026337
2003 0,00005 0,00006 | 0,279 0,099 0,874 0,5981 | 0,00081382 0,00012905
2004 0,00016 0,00023 | 0,155 0,117 0,102 0,6724 | 0,00086266 0,00029357
2005 0,00006 0,00007 | 0,227 0,092 0,441 0,5640 | 0,0010758 0,00013233
2006 0,00006 0,00008 | 0,243 0,125 0,671 0,7937 | 0,00095740 0,00014827
2007 0,00015 0,00015 | 0,174 0,086 0,362 0,5621 | 0,00090853 0,00020523
2008 0,00004 0,00008 | 0,206 0,153 0,275 0,9987 | 0,00102952 0,00013146
2009 0,00004 0,00006 | 0,224 0,125 0412 0,8350 | 0,00126865 0,00012819

JHx!

Source:WHOMD and HMD 2014, own elaboratio



Table A. 16: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for external causes of mortality in Finland

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00016 0,00012 | 0,160 0,056 0,094 0,4154 | 0,00035218 0,00015604
1997 0,00025 0,00015 | 0,143 0,044 0,145 0,3388 | 0,00020717 0,00018143
1998 0,00023 0,000 | 0,141 0,051 0,000 0,3841 | 0,00034347 0,00019139
1999 0,00006 0,00003 | 0,255 0,045 1,045 0,3842 | 0,00033046 0,00006916
2000 0,00021 0,00014 | 0,137 0,050 0,000 0,3897 | 0,00025230 0,00017046
2001 0,00014 0,00008 | 0,183 0,046 0,582 0,3907 | 0,00032102 0,00012262
2002 0,00009 0,00006 | 0,212 0,048 0,677 0,4088 | 0,00038285 0,00009678
2003 0,00028 0,00019 | 0,127 0,049 0,000 0,3851 | 0,00015879 0,00022675
2004 0,00019 0,00014 | 0,139 0,053 0,000 0,4400 | 0,00030963 0,00017006
2005 0,00017 0,00014 | 0,141 0,059 0,000 0,4981 | 0,00027595 0,00017073
2006 0,00013 0,00010 | 0,159 0,055 0,107 0,4963 | 0,00036752 0,00012864
2007 0,00003 0,00004 | 0,253 0,087 1,024 0,8243 | 0,00047862 0,00008283
2008 0,00016 0,00011 | 0,145 0,051 0,084 0,4881 | 0,00028629 0,00013633
2009 0,00004 0,00002 | 0,258 0,045 1,314 0,4764 | 0,00044239 0,00005778

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00000 0,00000 | 0,532 0,066 2,098 0,4136 | 0,00178794 0,00009312
1997 0,00024 0,00030 | 0,150 0,107 0,000 0,5881 | 0,00154010 0,00037615
1998 0,00014 0,00012 | 0,255 0,081 0,783 0,4907 | 0,00155233 0,00020469
1999 0,00009 0,00012 | 0,237 0,110 0,537 0,6395 | 0,00153778 0,00020420
2000 0,00014 0,00016 | 0,199 0,097 0,286 0,5567 | 0,00147474 0,00024044
2001 0,00038 0,00051 | 0,126 0,105 0,000 0,5630 | 0,00119191 0,00059529
2002 0,00016 0,00021 | 0,179 0,111 0,186 0,6345 | 0,00159978 0,00029998
2003 0,00004 0,00004 | 0,317 0,089 1,019 0,5356 | 0,00159490 0,00013373
2004 0,00020 0,00029 | 0,150 0,114 0,000 0,6320 | 0,00163116 0,00037332
2005 0,00011 0,00010 | 0,230 0,081 0,546 0,4942 | 0,0015874 0,00018691
2006 0,00000 0,00000 | 0,533 0,049 2,414 0,3713 | 0,00191723 0,00008675
2007 0,00011 0,00013 | 0,187 0,095 0,161 0,5934 | 0,00162058 0,00019724
2008 0,00014 0,00016 | 0,186 0,092 0,215 0,5926 | 0,00144383 0,00022459
2009 0,00007 0,00006 | 0,273 0,074 0,933 0,5103 | 0,00144386 0,00013532

Source:WHOMD and HMD 2014, own elaboratio

HH



Table A. 17. Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for the remaining causes of death of mortality in Fnland

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00101 0,00021 | 0,172 0,016 0,227 0,1305 | 0,00024723 0,00026261
1997 0,00100 0,00019 | 0,178 0,015 0,301 0,1226 | 0,00023950 0,00024476
1998 0,00110 0,00021 | 0,165 0,015 0,168 0,1210 | 0,00000005 0,00080013
1999 0,00116 0,00022 | 0,165 0,015 0,230 0,1218 | 0,00000001 0,00173407
2000 0,00103 0,00020 | 0,170 0,015 0,219 0,1260 | 0,00004948 0,00024649
2001 0,00102 0,00017 | 0,169 0,013 0,202 0,1126 | 0,0000000 0,00675175
2002 0,00113 0,00021 | 0,168 0,015 0,204 0,1238 | 0,00000007 0,00068899
2003 0,00122 0,00022 | 0,156 0,014 0,061 0,1186 | 0,00000004 0,00093358
2004 0,00100 0,00018 | 0,168 0,014 0,185 0,1248 | 0,00000001 0,00133997
2005 0,00076 0,00014 | 0,189 0,015 0,389 0,1363 | 0,00025667 0,00019192
2006 0,00101 0,00016 | 0,168 0,012 0,185 0,1138 | 0,00000002 0,00097220
2007 0,00096 0,00016 | 0,172 0,013 0,202 0,1274 | 0,00000004 0,00070655
2008 0,00105 0,00016 | 0,164 0,012 0,111 0,1166 | 0,00000001 0,00133118
2009 0,00099 0,00014 | 0,172 0,010 0,205 0,1099 | 0,00000004 0,00063820

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00142 0,00059 | 0,145 0,037 0,075 0,2168 | 0,00046384 0,00065842
1997 0,00099 0,00033 | 0,192 0,031 0,437 0,1929 | 0,00084215 0,00040201
1998 0,00135 0,00049 | 0,164 0,034 0,228 0,2050 | 0,00028934 0,00054489
1999 0,00166 0,00060 | 0,145 0,032 0,125 0,1876 | 0,00016870 0,00067162
2000 0,00081 0,00026 | 0,208 0,030 0,496 0,1890 | 0,00081657 0,00033987
2001 0,00058 0,00018 | 0,239 0,029 0,674 0,1826 | 0,00135505 0,00027172
2002 0,00110 0,00032 | 0,187 0,027 0,364 0,1703 | 0,00079491 0,00039697
2003 0,00114 0,00033 | 0,178 0,026 0,295 0,1643 | 0,00045913 0,00040072
2004 0,00115 0,00034 | 0,170 0,026 0,232 0,1647 | 0,00054826 0,00040695
2005 0,00130 0,00036 | 0,167 0,024 0,240 0,1552 | 0,0005548 0,00042687
2006 0,00170 0,00051 | 0,142 0,025 0,049 0,1599 | 0,00000008 0,00143173
2007 0,00119 0,00031 | 0,180 0,023 0,340 0,1559 | 0,00053069 0,00037479
2008 0,00148 0,00040 | 0,160 0,023 0,196 0,1577 | 0,00008606 0,00046481
2009 0,00087 0,00021 | 0,209 0,022 0,534 0,1566 | 0,00080556 0,00028496

,H?!

Source:WHOMD and HMD 2014, own elaboratio



Table A. 18 Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for overall mortality in France

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

2000 0,00747 0,00018 | 0,128 0,002 0,003 0,0195 | 0,00070134 0,00021242
2001 0,00707 0,00016 | 0,129 0,002 0,000 0,0192 | 0,00096048 0,00019648
2002 0,00708 0,00016 | 0,129 0,002 0,000 0,0191 | 0,00078990 0,00019278
2003 0,00691 0,00014 | 0,132 0,001 0,000 0,0180 | 0,00093440 0,00017599
2004 0,00625 0,00014 | 0,130 0,002 0,000 0,0188 | 0,00102167 0,00017026
2005 0,00589 0,00011 | 0,134 0,001 0,000 0,0168 | 0,00140542 0,00014819
2006 0,00550 0,00010 | 0,134 0,001 0,000 0,0164 | 0,00164684 0,00013747
2007 0,00508 0,00009 | 0,137 0,001 0,000 0,0165 | 0,00210556 0,00013044
2008 0,00518 0,00008 | 0,136 0,001 0,000 0,0161 | 0,00186926 0,00012375
2009 0,00518 0,00008 | 0,136 0,001 0,000 0,0159 | 0,0016498 0,00011976

Males

Year T selil [T selftir | Ty serlt! ri s.elll!l

2000 0,01199 0,00053 | 0,131 0,003 0,148 0,0232 | 0,00963124 0,00060303
2001 0,01207 0,00055 | 0,130 0,004 0,136 0,0237 | 0,00866848 0,00061879
2002 0,01235 0,00059 | 0,126 0,004 0,101 0,0248 | 0,00782392 0,00066665
2003 0,01241 0,00059 | 0,128 0,004 0,111 0,0255 | 0,00718608 0,00066656
2004 0,01287 0,00066 | 0,120 0,004 0,087 0,0265 | 0,00514006 0,00072273
2005 0,01385 0,00068 | 0,112 0,004 0,000 0,0247 | 0,00417267 0,00074675
2006 0,01283 0,00063 | 0,113 0,004 0,000 0,0252 | 0,00435097 0,00068920
2007 0,01214 0,00055 | 0,115 0,003 0,000 0,0242 | 0,00462099 0,00060548
2008 0,01211 0,00055 | 0,116 0,003 0,006 0,0247 | 0,00408154 0,00060484
2009 0,00902 0,00037 | 0,136 0,003 0,162 0,0253 | 0,00698778 0,00043031

Source:WHOMD and HMD 2014, own elaboratio

Table A. 19: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for neoplasms mortality in France

Females

Year ri sefttt | seflttr | rir serttl ri s.elll!

2000 0,00401 0,00043 | 0,069 0,006 0,175 0,0529 | 0,00000002 0,00200979
2001 0,00409 0,00040 | 0,066 0,005 0,113 0,0461 | 0,00000002 0,00208661
2002 0,00397 0,00037 | 0,070 0,005 0,200 0,0485 | 0,00000044 0,00041404
2003 0,00396 0,00035 | 0,068 0,004 0,136 0,0444 | 0,00000178 0,00036240
2004 0,00385 0,00033 | 0,069 0,004 0,162 0,0448 | 0,00000006 0,00098884
2005 0,00385 0,00029 | 0,068 0,004 0,146 0,0408 | 0,00004543 0,00031172
2006 0,0036 0,00026 | 0,065 0,003 0,087 0,0367 | 0,00002290 0,00027857
2007 0,00379 0,00026 | 0,067 0,003 0,150 0,0405 | 0,00000001 0,00167520
2008 0,00393 0,00027 | 0,064 0,003 0,109 0,0397 | 0,00000005 0,00087090
2009 0,00381 0,00023 | 0,065 0,003 0,085 0,0393 | 0,00000276 0,00025048




Males

Year T selftit [T sellr | v sert! ril s.elll!l

2000 0,00995 0,00792 | 0,063 0,041 0,083 0,2152 | 0,00001519 0,00806628
2001 0,00954 0,00202 | 0,067 0,011 0,125 0,0636 | 0,00017309 0,00206348
202 0,00949 0,00181 | 0,064 0,010 0,078 0,0537 | 0,00022940 0,00184822
2003 0,00917 0,00133 | 0,069 0,008 0,128 0,0463 | 0,00000031 0,00174819
2004 0,00879 0,00569 | 0,072 0,036 0,160 0,2084 | 0,00000396 0,00584371
2005 0,00883 0,00103 | 0,069 0,006 0,123 0,0385 | 0,000M000 0,01106944
2006 0,00859 0,00111 | 0,069 0,007 0,127 0,0435 | 0,00002921 0,00114801
2007 0,00840 0,00114 | 0,069 0,007 0,111 0,0475 | 0,00003606 0,00117500
2008 0,00807 0,00108 | 0,073 0,007 0,174 0,0511 | 0,00000015 0,00206570
2009 0,00768 0,00106 | 0,075 0,008 0,177 0,0544 | 0,00031323 0,00109135

Source:WHOMD and HMD 2014, own elaboratio

Table A. 20: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for ischaemic heart diseases mortality in France

Females

Year r selttl [Ty seltryr | rirr ser! rt s.elll!

2000 0,00053 0,00003 | 0,156 0,005 0,482 0,0580 | 0,00000000 0,00116172
2001 0,00051 0,00003 | 0,153 0,004 0,403 0,0561 | 0,00000000 0,00050981
2002 0,00048 0,00003 | 0,151 0,004 0,308 0,0550 | 0,00000000 0,00150121
2003 0,00046 0,00002 | 0,148 0,004 0,194 0,0545 | 0,00000000 0,00062926
2004 0,00041 0,00002 | 0,149 0,004 0,240 0,0564 | 0,00000000 0,00067828
2005 0,00041 0,00002 | 0,141 0,004 0,025 0,0511 | 0,00000000 0,00059266
2006 0,00038 0,00002 | 0,140 0,003 0,000 0,0514 | 0,00000000 0,00055835
2007 0,00035 0,00002 | 0,142 0,003 0,000 0,0531 | 0,00000000 0,00062167
2008 0,00034 0,00002 | 0,142 0,003 0,000 0,0551 | 0,00000000 0,00061457
2009 0,00030 0,00001 | 0,147 0,003 0,069 0,0559 | 0,0000000 0,00043880

Males

Year T sellil [T seltir | vy serlt! ri s.elll!l

2000 0,00166 0,00021 | 0,129 0,010 0,304 0,0685 | 0,00038148 0,00023158
2001 0,00153 0,00021 | 0,132 0,011 0,318 0,0741 | 0,00032669 0,00023132
2002 0,00143 0,00018 | 0,133 0,010 0,313 0,0695 | 0,00033574 0,00020061
2003 0,00163 0,00024 | 0,119 0,011 0,199 0,0775 | 0,00003769 0,00026078
2004 0,00126 0,00016 | 0,135 0,010 0,307 0,0744 | 0,00029444 0,00018104
2005 0,00144 0,00021 | 0,118 0,011 0,161 0,0762 | 0,00003605 0,00022348
2006 0,00103 0,00013 | 0,137 0,010 0,264 0,0743 | 0,00032515 0,00014361
2007 0,00094 0,00012 | 0,138 0,010 0,252 0,0789 | 0,00037635 0,00013731
2008 0,00097 0,00012 | 0,134 0,010 0,229 0,0779 | 0,00023323 0,00013826
2009 0,00093 0,00013 | 0,131 0,011 0,193 0,0908 | 0,00018693 0,00014998

Source:WHOMD and HMD 2014, own elaboratio



Table A. 21: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for cerebrovascular diseases mortality in France

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

2000 0,00052 0,00003 | 0,167 0,004 0,566 0,0526 | 0,00000000 0,00076115
2001 0,00050 0,00002 | 0,164 0,004 0,515 0,0517 | 0,00000000 0,00158793
2002 0,00049 0,00002 | 0,157 0,004 0,395 0,0520 | 0,00000000 0,00056283
2003 0,00049 0,00002 | 0,158 0,004 0,422 0,0511 | 0,00000000 0,00244776
2004 0,00046 0,00002 | 0,147 0,003 0,192 0,0485 | 0,00000000 0,00059179
2005 0,00045 0,00002 | 0,147 0,003 0,202 0,0482 | 0,00000000 0,00064959
2006 0,00044 0,00002 | 0,139 0,003 0,062 0,0477 | 0,00000000 0,00033267
2007 0,00042 0,00002 | 0,139 0,003 0,038 0,0496 | 0,00000000 0,00053441
2008 0,00042 0,00002 | 0,138 0,003 0,003 0,0501 | 0,00000000 0,00180081
2009 0,00040 0,00002 | 0,142 0,003 0,113 0,0514 | 0,0000000 0,00040110

Males

Year T selil [T selftir | Ty serlt! ri s.elll!l

2000 0,00092 0,00011 | 0,153 0,010 0,361 0,0713 | 0,00003176 0,00012211
2001 0,00071 0,00008 | 0,170 0,010 0,470 0,0712 | 0,00023335 0,00009472
2002 0,00087 0,00009 | 0,148 0,009 0,329 0,0654 | 0,00000003 0,00046366
2003 0,00068 0,00008 | 0,173 0,010 0,541 0,0755 | 0,00017193 0,00009298
2004 0,00068 0,00009 | 0,157 0,011 0,404 0,0816 | 0,00008070 0,00010073
2005 0,00058 0,00007 | 0,167 0,011 0,450 0,0815 | 0,00016842 0,00008602
2006 0,00066 0,00008 | 0,150 0,010 0,335 0,0773 | 0,00000000 0,00234448
2007 0,00063 0,00008 | 0,148 0,010 0,300 0,0819 | 0,00000002 0,00049061
2008 0,00061 0,00007 | 0,149 0,010 0,342 0,0793 | 0,00000001 0,00077741
2009 0,00058 0,00007 | 0,148 0,010 0,305 0,0836 | 0,00000004 0,00026962

Source:WHOMD and HMD 2014, own elaboratio

Table A. 222 Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for remaining circulatory system diseases mortalitym France

Females

Year ri sefttt | seflttr | rir serttl ri s.elll!

2000 0,00081 0,00003 | 0,166 0,003 0,196 0,0381 | 0,00000001 0,00031636
2001 0,00085 0,00003 | 0,157 0,003 0,044 0,0367 | 0,00000001 0,00038631
2002 0,00080 0,00003 | 0,159 0,003 0,059 0,0362 | 0,00000001 0,00029660
2003 0,00078 0,00003 | 0,161 0,003 0,058 0,0354 | 0,00000001 0,00029313
2004 0,00072 0,00003 | 0,158 0,003 0,037 0,0366 | 0,00000000 0,00076051
2005 0,00069 0,00002 | 0,159 0,002 0,000 0,0337 | 0,00000002 0,00019708
2006 0,00064 0,00002 | 0,161 0,002 0,000 0,0334 | 0,00002332 0,00003336
2007 0,00061 0,00002 | 0,162 0,002 0,000 0,0330 | 0,00000000 0,00115242
2008 0,00060 0,00002 | 0,163 0,002 0,000 0,0326 | 0,00000063 0,00002972
2009 0,00058 0,00002 | 0,163 0,002 0,000 0,0324 | 0,0000000 0,00069309

,HN



Males

Year T selftit [T sellr | v sert! ril s.elll!l

2000 0,00157 0,00014 | 0,150 0,007 0,152 0,0509 | 0,00055500 0,00016117
2001 0,00132 0,00012 | 0,159 0,008 0,193 0,0528 | 0,00072400 0,00014169
2002 0,00123 0,00011 | 0,165 0,007 0,231 0,0528 | 0,00067536 0,00013074
2003 0,00114 0,00010 | 0,172 0,008 0,289 0,0552 | 0,00073426 0,00012358
2004 0,00138 0,00013 | 0,149 0,008 0,137 0,0572 | 0,00029340 0,00014913
2005 0,00155 0,00015 | 0,135 0,008 0,000 0,0546 | 0,00006366 0,00016343
2006 0,00120 0,00011 | 0,151 0,007 0,103 0,0555 | 0,00034825 0,00012516
2007 0,00130 0,00011 | 0,141 0,007 0,000 0,0545 | 0,00015376 0,00013278
2008 0,00118 0,00010 | 0,146 0,007 0,009 0,0547 | 0,00020645 0,00011730
2009 0,00071 0,00006 | 0,188 0,007 0,372 0,0567 | 0,00071539 0,00007549

Source:WHOMD and HMD 2014, own elaboratio

Table A. 23: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for respiratory system diseases mortality in France

Females

Year r selttl [Ty seltryr | rirr ser! rt s.elll!

2000 0,00034 0,00002 | 0,155 0,005 0,000 0,0639 | 0,00000002 0,00015892
2001 0,00028 0,00002 | 0,157 0,006 0,025 0,0686 | 0,00000001 0,00022633
2002 0,00029 0,00002 | 0,159 0,005 0,052 0,0620 | 0,00000000 0,00027683
2003 0,00031 0,00002 | 0,157 0,005 0,006 0,0601 | 0,00000001 0,00016709
2004 0,00026 0,00002 | 0,154 0,005 0,000 0,0714 | 0,00000002 0,00011959
2005 0,00027 0,00002 | 0,160 0,004 0,000 0,0555 | 0,00000001 0,00018315
2006 0,00023 0,00001 | 0,157 0,004 0,000 0,0589 | 0,00001584 0,00002091
2007 0,00025 0,00001 | 0,154 0,004 0,000 0,0570 | 0,00000003 0,00008816
2008 0,00025 0,00001 | 0,154 0,004 0,000 0,0572 | 0,00000001 0,00017465
2009 0,00025 0,00001 | 0,156 0,003 0,000 0,0551 | 0,0000000 0,00024022

Males

Year T sellil [T seltir | vy serlt! ri s.elll!l

2000 0,00084 0,00010 | 0,150 0,010 0,096 0,0673 | 0,00028466 0,00011548
2001 0,00094 0,00012 | 0,134 0,010 0,010 0,0705 | 0,00003062 0,00013488
2002 0,00089 0,00010 | 0,142 0,009 0,075 0,0639 | 0,00000398 0,00011263
2003 0,00092 0,00011 | 0,140 0,010 0,017 0,0712 | 0,00000819 0,00012709
2004 0,00075 0,00010 | 0,147 0,011 0,124 0,0779 | 0,00002426 0,00011092
2005 0,00087 0,00010 | 0,137 0,009 0,000 0,0686 | 0,00000006 0,00033604
2006 0,00076 0,00008 | 0,136 0,008 0,000 0,0638 | 0,00000001 0,00063962
2007 0,00076 0,00008 | 0,137 0,009 0,004 0,0665 | 0,00000004 0,00032824
2008 0,00073 0,00008 | 0,140 0,009 0,036 0,0709 | 0,00000030 0,00012100
2009 0,00072 0,00008 | 0,140 0,009 0,018 0,0717 | 0,00000001 0,00072643

Source:WHOMD and HMD 2014, own elaboratio



Table A. 24: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for digestive system diseases of mortality in France

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

2000 0,00028 0,00004 | 0,128 0,009 0,000 0,1042 | 0,00013912 0,00004403
2001 0,00026 0,00003 | 0,130 0,008 0,000 0,0984 | 0,00013270 0,00003797
2002 0,00031 0,00004 | 0,123 0,008 0,000 0,0996 | 0,00009801 0,00004409
2003 0,00028 0,00003 | 0,127 0,008 0,000 0,0988 | 0,00013658 0,00004049
2004 0,00028 0,00003 | 0,123 0,008 0,000 0,1004 | 0,00008346 0,00004075
2005 0,00027 0,00003 | 0,124 0,007 0,000 0,0866 | 0,00006564 0,00003606
2006 0,00025 0,00002 | 0,126 0,006 0,000 0,0842 | 0,00008405 0,00003217
2007 0,00024 0,00002 | 0,126 0,006 0,000 0,1060 | 0,00011576 0,00003181
2008 0,00027 0,00003 | 0,123 0,006 0,000 0,0862 | 0,00004408 0,00003280
2009 0,00028 0,00002 | 0,120 0,005 0,000 0,0832 | 0,000044% 0,00003176

Males

Year T selil [T selftir | Ty serlt! ri s.elll!l

2000 0,00019 0,00005 | 0,178 0,023 0,380 0,1541 | 0,00100588 0,00007056
2001 0,00020 0,00006 | 0,172 0,025 0,352 0,1695 | 0,00098813 0,00008340
2002 0,00025 0,00008 | 0,152 0,025 0,206 0,1689 | 0,00083523 0,00009732
2003 0,00024 0,00007 | 0,150 0,022 0,139 0,1532 | 0,00090958 0,00008208
2004 0,00044 0,00015 | 0,111 0,025 0,000 0,1672 | 0,00054571 0,00016759
2005 0,00030 0,00009 | 0,137 0,023 0,138 0,1605 | 0,00070284 0,00010355
2006 0,00034 0,00011 | 0,122 0,023 0,000 0,1629 | 0,00058625 0,00012225
2007 0,00052 0,00017 | 0,102 0,022 0,000 0,1542 | 0,00032313 0,00018546
2008 0,00038 0,00010 | 0,121 0,020 0,066 0,1481 | 0,00049782 0,00011588
2009 0,00037 0,00010 | 0,120 0,020 0,056 0,1501 | 0,00045487 0,00011341

Source:WHOMD and HMD 2014, own elaboratio

Table A. 25: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for external causes of mortality in France

Females

Year ri sefttt | seflttr | rir serttl ri s.elll!

2000 0,00028 0,00003 | 0,142 0,007 0,007 0,0866 | 0,00015735 0,00003692
2001 0,00028 0,00003 | 0,141 0,007 0,000 0,0847 | 0,00012469 0,00003508
2002 0,00025 0,00002 | 0,146 0,007 0,000 0,0826 | 0,00017037 0,00003113
2003 0,00029 0,00002 | 0,144 0,006 0,000 0,0768 | 0,00011745 0,00003187
2004 0,00024 0,00002 | 0,141 0,007 0,000 0,0856 | 0,00010934 0,00003016
2005 0,00021 0,00002 | 0,148 0,006 0,000 0,0769 | 0,00017174 0,00002550
2006 0,00019 0,00002 | 0,147 0,006 0,000 0,0760 | 0,00018698 0,00002465
2007 0,00019 0,00001 | 0,146 0,005 0,000 0,0748 | 0,00015922 0,00002350
2008 0,00019 0,00001 | 0,147 0,005 0,000 0,0740 | 0,00015295 0,00002238
2009 0,00020 0,00001 | 0,143 0,005 0,000 0,0728 | 0,0001358 0,00002273




Males

Year T selftit [T sellr | v sert! ril s.elll!l

2000 0,00034 0,00006 | 0,161 0,016 0,187 0,1069 | 0,00076780 0,00008279
2001 0,00024 0,00005 | 0,184 0,017 0,323 0,1207 | 0,00082128 0,00006753
2002 0,00029 0,00006 | 0,168 0,017 0,209 0,1192 | 0,00073590 0,00007898
2003 0,00039 0,00008 | 0,148 0,017 0,082 0,1188 | 0,00064068 0,00009837
2004 0,00044 0,00010 | 0,130 0,019 0,000 0,1282 | 0,00048749 0,00011975
2005 0,00039 0,00008 | 0,144 0,016 0,104 0,1136 | 0,00054098 0,00009154
2006 0,00037 0,00008 | 0,136 0,017 0,000 0,1208 | 0,00056613 0,00009433
2007 0,00039 0,00008 | 0,134 0,016 0,000 0,1173 | 0,00046428 0,00009396
2008 0,00035 0,00007 | 0,143 0,015 0,079 0,1161 | 0,00052893 0,00008342
2009 0,00027 0,00005 | 0,167 0,014 0,274 0,1145 | 0,00057304 0,00006184

Source:WHOMD and HMD 2014, own elaboratio

Table A. 26: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for the remaining causes of death of mortality in Frame

Females

Year ri serttt [Ty seltry | rir sertt! rt s.ellll

2000 0,00142 0,00006 | 0,148 0,003 0,035 0,0347 | 0,00005406 0,00007018
2001 0,00135 0,00005 | 0,152 0,003 0,063 0,0337 | 0,00006688 0,00006424
2002 0,00141 0,00005 | 0,151 0,003 0,050 0,0326 | 0,00003526 0,00006410
2003 0,00152 0,00005 | 0,151 0,002 0,047 0,0298 | 0,00000001 0,00036801
2004 0,00123 0,00004 | 0,151 0,002 0,041 0,0324 | 0,00005182 0,00005609
2005 0,00128 0,00004 | 0,150 0,002 0,000 0,0289 | 0,00001926 0,00005378
2006 0,00119 0,00003 | 0,151 0,002 0,000 0,0280 | 0,00007012 0,00005018
2007 0,00116 0,00003 | 0,153 0,002 0,000 0,0273 | 0,00003573 0,00004711
2008 0,00115 0,00003 | 0,155 0,002 0,000 0,0268 | 0,00011309 0,00004561
2009 0,00116 0,00003 | 0,154 0,002 0,000 0,0262 | 0,0000756 0,00004377

Males

Year NI selllt | T selltt | iy selll! P s.eflll!

2000 0,00119 0,00009 | 0,187 0,006 0,375 0,0447 | 0,00189770 0,00011822
2001 0,00161 0,00013 | 0,163 0,007 0,215 0,0462 | 0,00130290 0,00015417
2002 0,00158 0,00012 | 0,164 0,007 0,215 0,0472 | 0,00132320 0,00015328
2003 0,00143 0,00011 | 0,179 0,007 0,318 0,0476 | 0,00152906 0,00013764
2004 0,00147 0,00012 | 0,166 0,007 0,251 0,0521 | 0,00111307 0,00015028
2005 0,00152 0,00012 | 0,162 0,006 0,191 0,0475 | 0,00116753 0,00014243
2006 0,00172 0,00013 | 0,147 0,006 0,092 0,0465 | 0,00075524 0,00015342
2007 0,00154 0,00011 | 0,155 0,006 0,142 0,0462 | 0,00095672 0,00013496
2008 0,00170 0,00011 | 0,151 0,005 0,106 0,0423 | 0,00074451 0,00013330
2009 0,00124 0,00008 | 0,177 0,005 0,315 0,0461 | 0,00121650 0,00010631

?=1

Source:WHOMD and HMD 2014, own elaboratio



Table A. 27. Gamma-Gompertz-Makeham parameter estimateswith associated standard

errors for overall mortality in Netherlands

Females

Year T serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00944 0,00057 | 0,134 0,004 0,152 0,0416 | 0,00332719 0,00067055
1997 0,00969 0,00060 | 0,131 0,005 0,127 0,0429 | 0,00241294 0,00069633
1998 0,00904 0,00054 | 0,135 0,004 0,159 0,0425 | 0,00302259 0,00063621
1999 0,01025 0,00061 | 0,127 0,004 0,069 0,0399 | 0,00183904 0,00070251
2000 0,00975 0,00057 | 0,131 0,004 0,134 0,0409 | 0,00205020 0,00066431
2001 0,01061 0,00063 | 0,124 0,004 0,057 0,0412 | 0,00091658 0,00072047
2002 0,01135 0,00066 | 0,119 0,004 0,000 0,0395 | 0,00001168 0,00074408
2003 0,00939 0,00054 | 0,130 0,004 0,080 0,0407 | 0,00182153 0,00062902
2004 0,00977 0,00056 | 0,124 0,004 0,039 0,0401 | 0,00082191 0,00064552
2005 0,01000 0,00056 | 0,121 0,004 0,004 0,0392 | 0,00000015 0,00117763
2006 0,00925 0,00051 | 0,125 0,004 0,022 0,0398 | 0,00052871 0,00058130
2007 0,00862 0,00047 | 0,125 0,004 0,028 0,0400 | 0,00102452 0,00053893
2008 0,00843 0,00045 | 0,126 0,004 0,004 0,0399 | 0,00103496 0,00051835
2009 0,00746 0,00038 | 0,133 0,004 0,0/8 0,0411 | 0,00165147 0,00045476

Males

Year T seftit [T sellnr|rir serf! ril s.elll!l

1996 0,02577 0,00225 | 0,110 0,007 0,154 0,0421 | 0,00008105 0,00237503
1997 0,02295 0,00228 | 0,115 0,008 0,169 0,0480 | 0,00203371 0,00241523
1998 0,02194 0,00224 | 0,115 0,008 0,143 0,0492 | 0,00305978 0,00237056
1999 0,02417 0,00230 | 0,207 0,007 0,079 0,0429 | 0,00000202 0,00242049
2000 0,02308 0,00209 | 0,112 0,007 0,132 0,0420 | 0,00002049 0,00221236
2001 0,02248 0,00207 | 0,209 0,007 0,095 0,0420 | 0,00003301 0,00219099
2002 0,02151 0,00185| 0,114 0,007 0,133 0,0402 | 0,00025759 0,00196658
2003 0,02042 0,00188 | 0,116 0,007 0,110 0,0426 | 0,00021383 0,00200490
2004 0,01906 0,00179 | 0,115 0,007 0,112 0,0430 | 0,00072641 0,00191699
2005 0,01874 0,00153 | 0,116 0,006 0,108 0,0379 | 0,00000771 0,00163819
2006 0,01769 0,00151 | 0,116 0,006 0,096 0,0396 | 0,00000065 0,00162271
2007 0,01572 0,00128 | 0,122 0,006 0,119 0,0386 | 0,00140521 0,00138390
2008 0,01483 0,00119 | 0,123 0,006 0,114 10,0383 | 0,00142542 0,00129839
2009 0,01397 0,00113 | 0,126 0,006 0,148 0,0397 | 0,00217719 0,00123129

Source:WHOMD and HMD 2014, own elaboratio



Table A. 28 Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for neoplasms mortality in Netherlands

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00432 0,00164 | 0,071 0,020 0,120 0,1492 | 0,00132860 0,00169632
1997 0,00542 0,00154 | 0,062 0,014 0,084 0,1016 | 0,00000028 0,00213237
1998 0,00470 0,00148 | 0,068 0,016 0,090 0,1235 | 0,00064450 0,00152965
1999 0,00555 0,00135| 0,059 0,011 0,048 0,0830 | 0,00000008 0,00348677
2000 0,00540 0,00127 | 0,060 0,011 0,046 0,0821 | 0,00001431 0,00130908
2001 0,00532 0,00172 | 0,064 0,016 0,155 0,1228 | 0,00006166 0,00176670
2002 0,00547 0,00160 | 0,062 0,014 0,147 0,1114 | 0,00000031 0,00210240
2003 0,00545 0,00120 | 0,062 0,011 0,145 0,0871 | 0,00000052 0,00124372
2004 0,00532 0,00167 | 0,066 0,016 0,217 0,1284 | 0,00000028 0,00232050
2005 0,00515 0,00116 | 0,067 0,011 0,187 0,0956 | 0,00002799 0,00120518
2006 0,00510 0,00115] 0,071 0,012 0,295 0,1051 | 0,00013722 0,00119132
2007 0,00505 0,00142 | 0,071 0,014 0,336 0,1308 | 0,00000053 0,00146957
2008 0,00536 0,00148 | 0,064 0,013 0,210 0,1159 | 0,00000001 0,01499447
2009 0,00520 0,00183 | 0,065 0,017 0,213 0,1517 | 0,00000099 0,00188195

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,01050 0,00246 | 0,090 0,016 0,317 0,0964 | 0,00000175 0,00253729
1997 0,01033 0,00292 | 0,085 0,018 0,261 0,1078 | 0,00000936 0,00299963
1998 0,00848 0,00209 | 0,097 0,017 0,316 0,1061 | 0,00167729 0,00216552
1999 0,01008 0,00219 | 0,088 0,014 0,293 0,0861 | 0,00000819 0,00225524
2000 0,00982 0,00265 | 0,086 0,017 0,278 0,1030 | 0,00004947 0,00272928
2001 0,00961 0,00183 | 0,090 0,012 0,333 0,0772 | 0,00000130 0,00189915
2002 0,00939 0,00159 | 0,090 0,011 0,334 0,0709 | 0,00006048 0,00164742
2003 0,00897 0,00152 | 0,095 0,011 0,353 0,0719 | 0,00000029 0,00208144
2004 0,00893 0,00140 | 0,092 0,010 0,351 0,0661 | 0,00000035 0,00175385
2005 0,00862 0,00144 | 0,093 0,011 0,331 0,0698 | 0,00000030 0,00194925
2006 0,00835 0,00134 | 0,094 0,010 0,353 0,0685 | 0,00000022 0,00213296
2007 0,00825 0,00169 | 0,096 0,013 0,371 0,0870 | 0,00000004 0,00609331
2008 0,0816 0,00138 | 0,090 0,011 0,301 0,0684 | 0,00000046 0,00150237
2009 0,00817 0,00146 | 0,092 0,011 0,349 0,0755 | 0,00000018 0,00254784

Source:WHOMD and HMD 2014, own elaboratio



Table A. 29: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for ischaemic heart diseases mortality in Netherlands

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00192 0,00029 | 0,127 0,011 0,484 0,1047 | 0,000M000 0,00345778
1997 0,00169 0,00026 | 0,131 0,011 0,527 0,1117 | 0,00000014 0,00055591
1998 0,00156 0,00027 | 0,132 0,013 0,484 0,1251 | 0,00014787 0,00030960
1999 0,00146 0,00020 | 0,135 0,010 0,536 0,1031 | 0,00000002 0,00126566
2000 0,00143 0,00020 | 0,133 0,010 0,524 0,1042 | 0,00000006 0,00069752
2001 0,00125 0,00018 | 0,137 0,011 0,503 0,1115 | 0,00000002 0,00110353
2002 0,00121 0,00018 | 0,136 0,011 0,502 0,1153 | 0,00000004 0,00077249
2003 0,00104 0,00017 | 0,142 0,013 0,522 0,1283 | 0,00000002 0,00102695
2004 0,00092 0,00012 | 0,141 0,010 0,444 0,1066 | 0,00000001 0,00090915
2005 0,00084 0,00011 | 0,143 0,010 0,508 0,1066 | 0,00000000 0,00151225
2006 0,00096 0,00011 | 0,143 0,010 0,508 0,1066 | 0,00000000 0,00151225
2007 0,00074 0,00012 | 0,135 0,012 0,338 0,1306 | 0,00000004 0,00046225
2008 0,00063 0,00009 | 0,143 0,011 0,381 0,1221 | 0,00000001 0,00103893
2009 0,00051 0,00008 | 0,155 0,012 0,580 0,1409 | 0,00000001 0,00059201

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00514 0,00089 | 0,109 0,013 0,366 0,0863 | 0,00000003 0,00362339
1997 0,00474 0,00138 | 0,108 0,022 0,342 0,1371 | 0,00021958 0,00144095
1998 0,00462 0,00126 | 0,106 0,021 0,312 0,1274 | 0,00000027 0,00178738
1999 0,00433 0,00110| 0,105 0,019 0,271 0,1153 | 0,0000291 0,00115709
2000 0,00390 0,00085 | 0,110 0,016 0,329 0,1039 | 0,00000035 0,00107953
2001 0,00346 0,00060 | 0,112 0,013 0,265 0,0854 | 0,00016129 0,00064711
2002 0,00296 0,00077 | 0,119 0,020 0,305 0,1261 | 0,00032859 0,00081470
2003 0,00305 0,00048 | 0,112 0,012 0,246 0,0785 | 0,00000001 0,00490967
2004 0,00190 0,00044 | 0,144 0,019 0,451 0,1246 | 0,00076906 0,00048575
2005 0,00178 0,00032 | 0,143 0,015 0,445 0,1014 | 0,00060477 0,00036001
2006 0,00174 0,00043 | 0,132 0,020 0,317 0,1263 | 0,00044363 0,00046790
2007 0,00137 0,00030 | 0,144 0,018 0,346 0,1173 | 0,00048144 0,00033427
2008 0,00126 0,00028 | 0,147 0,018 0,398 0,1210 | 0,00047859 0,00031371
2009 0,00157 0,00039 | 0,125 0,019 0,285 0,1272 | 0,00000011 0,00092229

Source:WHOMD and HMD 2014, own elaboratio

,?H



Table A. 30: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for cerebrovascular diseases mortality in Netherlands

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.ellll

1996 0,00084 0,00009 | 0,180 0,009 0,735 0,0962 | 0,00000005 0,00038196
1997 0,00083 0,00011 | 0,177 0,011 0,685 0,1107 | 0,00000000 0,00149387
1998 0,00084 0,00010 | 0,173 0,010 0,647 0,1007 | 0,00000001 0,00090975
1999 0,00089 0,00011 | 0,170 0,010 0,648 0,1010 | 0,00000001 0,00078845
2000 0,00082 0,00010 | 0,175 0,009 0,700 0,0998 | 0,00000000 0,00166318
2001 0,00078 0,00009 | 0,171 0,009 0,576 0,0986 | 0,00000000 0,00148398
2002 0,00075 0,00008 | 0,175 0,009 0,641 0,0960 | 0,00000000 0,00115377
2003 0,00065 0,0007 | 0,182 0,009 0,694 0,0963 | 0,00000000 0,00126467
2004 0,00063 0,00007 | 0,182 0,009 0,746 0,1021 | 0,00000003 0,00036782
2005 0,00061 0,00007 | 0,174 0,009 0,616 0,1041 | 0,00000000 0,00140005
2006 0,00058 0,00007 | 0,168 0,009 0,483 0,1067 | 0,00000001 0,0007204
2007 0,00054 0,00006 | 0,169 0,010 0,543 0,1110 | 0,00000001 0,00058129
2008 0,00047 0,00005 | 0,173 0,009 0,526 0,1052 | 0,00000000 0,00682799
2009 0,00046 0,00005 | 0,177 0,009 0,635 0,1118 | 0,00000000 0,00070201

Males

Year T selil [T seltir| iy seflt!l ri s.elll!l

1996 0,00104 0,00023 | 0,190 0,021 0,668 0,1465 | 0,00051529 0,00026529
1997 0,00116 0,00024 | 0,181 0,020 0,621 0,1371 | 0,00023513 0,00027579
1998 0,00128 0,00029 | 0,163 0,021 0,455 0,1419 | 0,00013940 0,00032537
1999 0,00132 0,00025 | 0,160 0,018 0,406 0,1178 | 0,00000005 0,00089800
2000 0,00125 0,00021 | 0,164 0,015 0,482 0,1050 | 0,00000000 0,00347701
2001 0,00122 0,00026 | 0,160 0,019 0,441 0,1284 | 0,00000017 0,00048943
2002 0,00111 0,00023 | 0,168 0,019 0,479 0,1281 | 0,00017698 0,00026722
2003 0,00109 0,00022 | 0,161 0,018 0,423 0,1176 | 0,00000001 0,00226828
2004 0,00092 0,00021 | 0,165 0,020 0,406 0,1315 | 0,00015082 0,00023547
2005 0,00086 0,00017 | 0,168 0,018 0,458 0,1207 | 0,00000004 0,00071348
2006 0,00082 0,000% | 0,164 0,017 0,426 0,1191 | 0,00000000 0,00218245
2007 0,00068 0,00015 | 0,169 0,019 0,427 0,1323 | 0,00013321 0,00017702
2008 0,00067 0,00015 | 0,160 0,019 0,344 0,1290 | 0,00009296 0,00017552
2009 0,00062 0,00013 | 0,167 0,018 0,436 0,1284 | 0,00000001 0,00146705

2?1

Source:WHOMD and HMD 2014, own elaboratio



Table A. 31. Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for remaining circulatory system diseases mortality in Netherlands

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00132 0,00017 | 0,145 0,010 0,151 0,0929 | 0,00000006 0,00054802
1997 0,00126 0,00017 | 0,147 0,010 0,172 0,0987 | 0,00005074 0,00019894
1998 0,00121 0,00016 | 0,148 0,010 0,146 0,0986 | 0,00001372 0,00018747
1999 0,00125 0,00015 | 0,147 0,010 0,153 0,0929 | 0,00002080 0,00018385
2000 0,00118 0,00014 | 0,156 0,009 0,264 0,0922 | 0,00008297 0,00016949
2001 0,00122 0,00013 | 0,151 0,009 0,204 0,0882 | 0,00000001 0,00108480
2002 0,00117 0,00012 | 0,154 0,008 0,213 0,0845 | 0,00000001 0,00143822
2003 0,00112 0,00011 | 0,157 0,008 0,248 0,0810 | 0,00000000 0,00228273
2004 0,00110 0,00011 | 0,154 0,008 0,207 0,0833 | 0,00000002 0,00076547
2005 0,00106 0,00010 | 0,159 0,007 0,283 0,0796 | 0,00000000 0,00280564
2006 0,00093 0,00009 | 0,165 0,008 0,288 0,0830 | 0,00000001 0,00112212
2007 0,00096 0,00009 | 0,160 0,007 0,216 0,0825 | 0,00000002 0,00052777
2008 0,00087 0,00008 | 0,167 0,007 0,285 0,0835 | 0,00000000 0,00345226
2009 0,00080 0,00007 | 0,169 0,007 0,298 0,0793 | 0,00000000 0,00108478

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00298 0,00070 | 0,124 0,020 0,144 0,1222 | 0,00020138 0,00074572
1997 0,00280 0,00053 | 0,126 0,016 0,145 0,1005 | 0,000001 0,00343837
1998 0,00236 0,00053 | 0,132 0,019 0,145 0,1178 | 0,00088483 0,00057964
1999 0,00259 0,00057 | 0,127 0,018 0,122 0,1125 | 0,00040931 0,00061571
2000 0,00280 0,00056 | 0,125 0,017 0,128 0,1015 | 0,00001158 0,00060785
2001 0,00268 0,00057 | 0,121 0,017 0,062 0,1048 | 0,00000018 0,00102742
2002 0,00263 0,00052 | 0,128 0,016 0,142 0,1004 | 0,00000103 0,00056281
2003 0,00228 0,00045 | 0,134 0,016 0,112 0,1015 | 0,00025620 0,00049696
2004 0,00232 0,00048 | 0,131 0,017 0,104 0,1035 | 0,00008506 0,00052401
2005 0,002® 0,00040 | 0,132 0,014 0,106 0,0883 | 0,00000044 0,00046434
2006 0,00202 0,00035 | 0,139 0,014 0,166 0,0909 | 0,00000710 0,00038620
2007 0,00189 0,00033 | 0,139 0,014 0,125 0,0919 | 0,00009246 0,00037125
2008 0,00171 0,00026 | 0,146 0,013 0,178 0,0829 | 0,00000002 0,00165012
2009 0,00139 0,00023 | 0,156 0,014 0,185 0,0922 | 0,00032924 0,00026645

Source:WHOMD and HMD 2014, own elaboratio

<



Table A. 322 Gamma-Gompertz-Makeham parameter estimateswith associated standard

errors for respiratory system diseases mortality in Netherlands

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00053 0,00008 | 0,171 0,013 0,298 0,1232 | 0,00027188 0,00011079
1997 0,00064 0,00010 | 0,159 0,013 0,205 0,1240 | 0,00016660 0,00012656
1998 0,00066 0,00010 | 0,161 0,012 0,243 0,1227 | 0,00018575 0,00012963
1999 0,00069 0,00011 | 0,156 0,012 0,132 0,1183 | 0,00028918 0,00013980
2000 0,00081 0,00012 | 0,147 0,012 0,124 0,1143 | 0,00011077 0,00014999
2001 0,000 0,00012 | 0,140 0,012 0,087 0,1154 | 0,00000001 0,00108577
2002 0,00086 0,00014 | 0,134 0,012 0,000 0,1203 | 0,00000001 0,00122956
2003 0,00089 0,00013 | 0,135 0,011 0,010 0,1100 | 0,00000909 0,00015822
2004 0,00077 0,00012 | 0,140 0,012 0,113 0,1223 | 0,00000048 0,00015142
2005 0,00083 0,00011 | 0,139 0,010 0,034 0,1059 | 0,00000002 0,00075935
2006 0,00080 0,00010 | 0,140 0,010 0,099 0,1031 | 0,00000001 0,00096377
2007 0,00078 0,00011 | 0,134 0,010 0,035 0,1068 | 0,00000000 0,00271565
2008 0,00077 0,00009 | 0,141 0,009 0,155 0,1015 | 0,00000001 0,00074483
2009 0,00072 0,00009 | 0,146 0,010 0,192 0,1092 | 0,00000000 0,00136579

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00192 0,00027 | 0,176 0,014 0,484 0,0940 | 0,0000@05 0,00097122
1997 0,00192 0,00029 | 0,168 0,015 0,394 0,0977 | 0,00000010 0,00075537
1998 0,00199 0,00030 | 0,169 0,014 0,430 0,0958 | 0,00000008 0,00081754
1999 0,00175 0,00023 | 0,175 0,013 0,400 0,0852 | 0,00000012 0,00055197
2000 0,00175 0,00021 | 0,183 0,012 0,512 0,0799 | 0,00000004 0,00086046
2001 0,00144 0,00021 | 0,188 0,014 0,537 0,0964 | 0,00022093 0,00025479
2002 0,00153 0,00020 | 0,179 0,012 0,453 0,0818 | 0,00000000 0,00244445
2003 0,00123 0,00018 | 0,199 0,014 0,555 0,0920 | 0,00028398 0,00021666
2004 0,00128 0,00017 | 0,184 0,012 0,473 0,0845 | 0,00000000 0,00243048
2005 0,00142 0,00019 | 0,176 0,012 0,384 0,0814 | 0,00000001 0,00176044
2006 0,00121 0,00015 | 0,182 0,011 0,406 0,0771 | 0,00000000 0,00272135
2007 0,00122 0,00016 | 0,175 0,012 0,336 0,0792 | 0,00000003 0,000/8659
2008 0,00108 0,00013 | 0,184 0,010 0,407 0,0722 | 0,00000001 0,00091371
2009 0,00116 0,00015] 0,174 0,011 0,350 0,0787 | 0,00000010 0,00040129

,?7G!

Source:WHOMD and HMD 2014, own elaboratio



Table A. 33: Gamma-Gompertz-M akeham parameter estimatesvith associated standard
errors for digestive system diseases of mortality in Netherlands

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00032 0,00008 | 0,152 0,020 0,188 0,1860 | 0,00011879 0,00009976
1997 0,00032 0,00008 | 0,156 0,021 0,319 0,2023 | 0,00007921 0,00010277
1998 0,00040 0,00010 | 0,133 0,019 0,050 0,1812 | 0,00000000 0,00453155
1999 0,00029 0,00007 | 0,166 0,019 0,420 0,1856 | 0,00005439 0,00008397
2000 0,00039 0,00008 | 0,142 0,016 0,201 0,1642 | 0,00000000 0,00207128
2001 0,00038 0,00008 | 0,145 0,016 0,232 0,1662 | 0,00000002 0,00048580
2002 0,00039 0,00008 | 0,145 0,016 0,232 0,1662 | 0,00000002 0,00048580
2003 0,00031 0,00007 | 0,156 0,018 0,246 0,1821 | 0,00012971 0,00008926
2004 0,00038 0,00008 | 0,145 0,016 0,238 0,1670 | 0,00000000 0,00190752
2005 0,00035 0,00008 | 0,146 0,016 0,285 0,1714 | 0,00000000 0,00101589
2006 0,00031 0,00007 | 0,155 0,017 0,365 0,1832 | 0,00005878 0,00008236
2007 0,00036 0,00006 | 0,140 0,012 0,223 0,1405 | 0,00000001 0,00048152
2008 0,00032 0,00006 | 0,154 0,016 0,428 0,1786 | 0,00000000 0,00112785
2009 0,00029 0,00006 | 0,150 0,015 0,342 0,1740 | 0,00000000 0,00122869

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00071 0,00037 | 0,109 0,043 0,000 0,2564 | 0,00000001 0,00254221
1997 0,00037 0,00016 | 0,164 0,040 0,385 0,2630 | 0,00034616 0,00018983
1998 0,00059 0,00030 | 0,115 0,042 0,001 0,2486 | 0,00012085 0,00032457
1999 0,00053 0,00026 | 0,131 0,041 0,139 0,2509 | 0,00012655 0,00028025
2000 0,00048 0,00019 | 0,150 0,035 0,309 0,2260 | 0,00016212 0,00021293
2001 0,00041 0,00015 | 0,155 0,033 0,279 0,2147 | 0,00020688 0,00017416
2002 0,00043 0,00017 | 0,158 0,035 0,319 0,2229 | 0,00015659 0,00019669
2003 0,00054 0,00023 | 0,129 0,035 0,058 0,2148 | 0,00013940 0,00025319
2004 0,00040 0,00017 | 0,157 0,035 0,339 0,2263 | 0,00030253 0,00019153
2005 0,00019 0,00007 | 0,214 0,031 0,641 0,2097 | 0,00043765 0,00009364
2006 0,00028 0,00010 | 0,178 0,032 0,420 0,2102 | 0,00030105 0,00012508
2007 0,00051 0,00017 | 0,131 0,026 0,147 0,1660 | 0,00000003 0,00082363
2008 0,00026 0,00010 | 0,171 0,032 0,358 0,2113 | 0,00032945 0,00012096
2009 0,00025 0,00010 | 0,167 0,033 0,300 0,2178 | 0,00030169 0,00011967

Source:WHOMD and HMD 2014, own elaboratio

,?N



Table A. 34: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for external causes of mortality in Netherlands

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00015 0,00005 | 0,149 0,028 0,000 0,2594 | 0,00009582 0,00006758
1997 0,00012 0,00004 | 0,155 0,028 0,000 0,2719 | 0,00012999 0,00005670
1998 0,00011 0,00004 | 0,162 0,030 0,092 0,2869 | 0,00014328 0,00005441
1999 0,00008 0,00003 | 0,193 0,026 0,324 0,2541 | 0,00013961 0,00004106
2000 0,00012 0,00005 | 0,153 0,030 0,000 0,2853 | 0,00015115 0,00006056
2001 0,00015 0,00004 | 0,154 0,023 0,000 0,2292 | 0,00002511 0,00005523
2002 0,00015 0,00005 | 0,149 0,025 0,000 0,2526 | 0,00005362 0,00006037
20 0,00012 0,00004 | 0,159 0,025 0,000 0,2491 | 0,00011373 0,00005043
2004 0,00012 0,00004 | 0,155 0,025 0,000 0,2485 | 0,00006864 0,00005160
2005 0,00013 0,00004 | 0,155 0,023 0,000 0,2379 | 0,00008073 0,00004996
2006 0,00009 0,00002 | 0,186 0,021 0,282 0,2301 | 0,000®680 0,00003585
2007 0,00014 0,00004 | 0,154 0,022 0,029 0,2330 | 0,00004582 0,00004862
2008 0,00013 0,00003 | 0,165 0,019 0,114 0,2156 | 0,00005539 0,00004201
2009 0,00013 0,00003 | 0,173 0,020 0,308 0,2255 | 0,00006701 0,00004216

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00029 0,00017 | 0,130 0,051 0,000 0,3154 | 0,00013839 0,00018941
1997 0,00006 0,00003 | 0,264 0,050 0,768 0,3303 | 0,00036736 0,00005540
1998 0,00008 0,00005 | 0,226 0,053 0,563 0,3518 | 0,00034401 0,00006839
1999 0,00012 0,00009 | 0,167 0,064 0,054 0,4007 | 0,00037092 0,00010669
2000 0,00010 0,00005 | 0,214 0,048 0,437 0,3116 | 0,00030656 0,00007451
2001 0,00010 0,00005 | 0,219 0,047 0,447 0,3030 | 0,00035245 0,00007117
2002 0,00019 0,00011 | 0,180 0,050 0,139 0,3124 | 0,00019933 0,00012739
2003 0,00012 0,00007 | 0,190 0,053 0,231 0,3282 | 0,00030461 0,00009487
2004 0,00006 0,00003 | 0,269 0,043 0,813 0,2829 | 0,00035901 0,00005167
2005 0,00018 0,00009 | 0,159 0,045 0,023 0,2775 | 0,00023713 0,00011361
2006 0,00013 0,00006 | 0,188 0,039 0,225 0,2512 | 0,00034539 0,00008157
2007 0,00018 0,00009 | 0,162 0,043 0,075 0,2737 | 0,00020580 0,00010895
2008 0,00013 0,00006 | 0,172 0,040 0,030 0,2496 | 0,00029959 0,00008537
2009 0,00009 0,00004 | 0,223 0,039 0,456 0,2559 | 0,0003109 0,00006348

,?X1

Source:WHOMD and HMD 2014, own elaboratio



Table A. 35 Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for the remaining causes of death of mortality in Netherlands

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00130 0,00014 | 0,160 0,008 0,102 0,0811 | 0,00038308 0,00017468
1997 0,00140 0,00015 | 0,157 0,008 0,065 0,0810 | 0,00012638 0,00018009
1998 0,00131 0,00013 | 0,164 0,008 0,163 0,0806 | 0,00022843 0,00016749
1999 0,00161 0,00016 | 0,150 0,008 0,003 0,0732 | 0,00001653 0,00018956
2000 0,00121 0,00011 | 0,175 0,007 0,274 0,0745 | 0,00036773 0,00014526
2001 0,00152 0,00014 | 0,161 0,007 0,164 0,0741 | 0,00031023 0,00017719
2002 0,00173 0,00015 | 0,154 0,007 0,075 0,0681 | 0,00000003 0,00078368
2003 0,00138 0,00012 | 0,166 0,007 0,145 0,0710 | 0,00028417 0,00015637
2004 0,00133 0,00012 | 0,166 0,007 0,194 0,0725 | 0,00023270 0,00014981
2005 0,00134 0,00012 | 0,160 0,007 0,092 0,0715 | 0,00000005 0,00046233
2006 0,00140 0,00011 | 0,157 0,006 0,057 0,0660 | 0,00000001 0,00088225
2007 0,00121 0,00010 | 0,162 0,006 0,094 0,0709 | 0,00006698 0,00012710
2008 0,00122 0,00009 | 0,162 0,006 0,052 0,0678 | 0,00000003 0,00053529
2009 0,00103 0,00008 | 0,172 0,006 0,152 0,0717 | 0,00021551 0,00010692

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00224 0,00047 | 0,131 0,019 0,000 0,1156 | 0,00030341 0,00051703
1997 0,00236 0,00052 | 0,126 0,019 0,000 0,1148 | 0,00015789 0,00055916
1998 0,00196 0,00038 | 0,138 0,017 0,000 0,1085 | 0,00056931 0,00042780
1999 0,00202 0,00033 | 0,138 0,014 0,007 0,0895 | 0,00062301 0,00036941
2000 0,00182 0,00033 | 0,148 0,016 0,070 0,0988 | 0,00089805 0,00038137
2001 0,00147 0,00026 | 0,271 0,016 0,193 0,1018 | 0,00143937 0,00031343
2002 0,00211 0,00037 | 0,147 0,015 0,094 0,0940 | 0,00066948 0,00041592
2003 0,00162 0,00028 | 0,165 0,015 0,155 0,0952 | 0,00110020 0,00032641
2004 0,00156 0,00029 | 0,156 0,016 0,079 0,0985 | 0,00104565 0,00033757
2005 0,00131 0,00021 | 0,175 0,014 0,227 0,0892 | 0,00117162 0,00025764
2006 0,00184 0,00030 | 0,144 0,014 0,016 0,0865 | 0,00041385 0,00034560
2007 0,00129 0,00020 | 0,168 0,013 0,174 0,0870 | 0,00099393 0,00024938
2008 0,00114 0,00017 | 0,183 0,013 0,260 0,0823 | 0,00B7773 0,00020951
2009 0,00122 0,00017 | 0,177 0,012 0,273 0,0821 | 0,00087505 0,00021553

Source:WHOMD and HMD 2014, own elaboratio



Table A. 36: Gamma-Gompertz-Makeham parameter estimateswith associated standard

errors for overall mortality in Norway

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00881 0,00090 | 0,136 0,008 0,152 0,0679 | 0,00266912 0,00107351
1997 0,01093 0,00119 ] 0,121 0,008 0,031 0,0691 | 0,00021404 0,00135892
1998 0,01025 0,00110| 0,126 0,008 0,096 0,0722 | 0,00021249 0,00126362
1999 0,00864 0,00090 | 0,136 0,008 0,120 0,0726 | 0,00270497 0,00107508
2000 0,00886 0,00092 | 0,136 0,008 0,169 0,0716 | 0,00147772 0,00109593
2001 0,01022 0,00106 | 0,122 0,007 0,019 0,0679 | 0,00000698 0,00122757
2002 0,00951 0,00097 | 0,127 0,007 0,046 0,0682 | 0,00083136 0,00114481
2003 0,00880 0,00093 | 0,128 0,007 0,049 0,0706 | 0,00117644 0,00109508
2004 0,00927 0,00098 | 0,122 0,007 0,009 0,0705 | 0,00000076 0,00112480
2005 0,00812 0,00082 | 0,127 0,007 0,003 0,0695 | 0,00130307 0,00097432
2006 0,00876 0,00082 | 0,125 0,007 0,000 0,0657 | 0,00000004 0,00336644
2007 0,00754 0,00069 | 0,135 0,007 0,111 0,0682 | 0,00169783 0,00084635
2008 0,00804 0,00074 | 0,127 0,006 0,018 0,0677 | 0,00126808 0,00087570
2009 0,00688 0,00059 | 0,139 0,006 0,150 0,0692 | 0,00201003 0,00072970

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,02334 0,00335| 0,108 0,011 0,111 0,0664 | 0,00000196 0,00358126
1997 0,02262 0,00354 | 0,109 0,012 0,094 0,0721 | 0,00001162 0,00378977
1998 0,02194 0,00354 | 0,112 0,012 0,145 0,0756 | 0,00000726 0,00379367
1999 0,01865 0,00282 | 0,123 0,012 0,161 0,0738 | 0,00337257 0,00308416
2000 0,01983 0,00320 | 0,115 0,012 0,119 0,0761 | 0,00034607 0,00343662
2001 0,01813 0,00280 | 0,122 0,012 0,152 0,0747 | 0,00151361 0,00305356
2002 0,01647 0,00250 | 0,124 0,012 0,136 0,0732 | 0,00354592 0,00275653
2003 0,01228 0,00186 | 0,141 0,012 0,216 0,0774 | 0,00671989 0,00213895
2004 0,01194 0,00181 | 0,141 0,012 0,230 0,0758 | 0,00589189 0,00208293
2005 0,01485 0,00217 | 0,125 0,011 0,144 0,0681 | 0,00172692 0,00239970
2006 0,01010 0,00136 | 0,148 0,011 0,253 0,0687 | 0,00624682 0,00160502
2007 0,01104 0,00152 | 0,142 0,011 0,202 0,0695 | 0,00551579 0,00175577
2008 0,01275 0,00179 ] 0,130 0,011 0,122 0,0687 | 0,00299523 0,00200193
2009 0,00895 0,00127 | 0,153 0,011 0,289 0,0751 | 0,00649733 0,00149327

<=!

Source:WHOMD and HMD 2014, own elaboratio



Table A. 37. Gamma-Gompertz-Makeham parameter estimateswith associated standard

errors for neoplasms mortality in Norway

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00357 0,00250 | 0,075 0,037 0,163 0,2734 | 0,00205167 0,00262826
1997 0,00540 0,00260 | 0,059 0,022 0,186 0,1723 | 0,00000335 0,00267287
1998 0,00485 0,00203 | 0,068 0,021 0,312 0,1808 | 0,00000001 0,01507222
1999 0,00532 0,00276 | 0,054 0,022 0,093 0,1585 | 0,00000009 0,00686251
2000 0,00499 0,00247 | 0,068 0,024 0,256 0,1989 | 0,000M039 0,00291336
2001 0,00538 0,00252 | 0,056 0,021 0,068 0,1504 | 0,00000044 0,00277177
2002 0,00533 0,00264 | 0,059 0,022 0,141 0,1670 | 0,00000010 0,00617627
2003 0,00512 0,00198 | 0,063 0,018 0,227 0,1486 | 0,00000001 0,01378304
2004 0,00528 0,00182 | 0,055 0,015 0,063 0,1197 | 0,00000780 0,00189434
2005 0,00390 0,00200 | 0,077 0,027 0,323 0,2359 | 0,00109989 0,00211585
2006 0,00469 0,00154 | 0,072 0,017 0,308 0,1562 | 0,00000020 0,00260413
2007 0,00517 0,00215 | 0,062 0,019 0,234 0,1703 | 0,00000007 0,00591698
2008 0,00503 0,00188 | 0,071 0,019 0,517 0,1956 | 0,00002979 0,00196097
2009 0,00475 0,00294 | 0,073 0,031 0,421 0,3006 | 0,00000027 0,00418784

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00855 0,00250 | 0,02 0,019 0,381 0,1284 | 0,00000030 0,00339779
1997 0,00795 0,00364 | 0,092 0,030 0,312 0,1872 | 0,00033521 0,00378042
1998 0,00682 0,00295 | 0,101 0,030 0,377 0,1921 | 0,00141205 0,00310012
1999 0,00855 0,00310 | 0,079 0,022 0,188 0,1261 | 0,00000042 0,00351660
2000 0,00783 0,00303 | 0,090 0,025 0,342 0,1577 | 0,00000010 0,00715058
2001 0,00767 0,00217 | 0,095 0,019 0,364 0,1236 | 0,00000104 0,00228682
2002 0,00665 0,00309 | 0,099 0,031 0,325 0,1936 | 0,00122956 0,00324779
2003 0,00761 0,00361 | 0,084 0,029 0,188 0,1702 | 0,00000@1 0,00415424
2004 0,00757 0,00221 | 0,090 0,018 0,298 0,1162 | 0,00000015 0,00421201
2005 0,00701 0,00199 | 0,100 0,019 0,393 0,1234 | 0,00000008 0,00515188
2006 0,00558 0,00241 | 0,101 0,028 0,306 0,1747 | 0,00163995 0,00256015
2007 0,00519 0,00180 | 0,113 0,024 0,419 0,1586 | 0,00191295 0,00194080
2008 0,00669 0,00214 | 0,096 0,020 0,311 0,1335 | 0,00000065 0,00225292
2009 0,00611 0,00200 | 0,100 0,021 0,351 0,1440 | 0,00048974 0,00211288

Source:WHOMD and HMD 2014, own elaboratio



Table A. 38 Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for ischaemic heart diseases mortality in Norway

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00191 0,00035 | 0,140 0,014 0,345 0,1295 | 0,00000001 0,00365558
1997 0,00189 0,00032 | 0,142 0,013 0,358 0,1240 | 0,00000003 0,00167856
1998 0,00157 0,00024 | 0,157 0,012 0,569 0,1240 | 0,00005106 0,00030190
1999 0,00153 0,00031 | 0,156 0,016 0,472 0,1589 | 0,00012714 0,00B7679
2000 0,00149 0,00028 | 0,157 0,014 0,532 0,1441 | 0,00000840 0,00034963
2001 0,00132 0,00021 | 0,156 0,012 0,432 0,1275 | 0,00000000 0,00522747
2002 0,00124 0,00022 | 0,157 0,013 0,376 0,1371 | 0,00000001 0,00191549
2003 0,00111 0,00019 | 0,161 0,013 0,403 0,1404 | 0,00000000 0,00546314
2004 0,00088 0,00014 | 0,177 0,013 0,589 0,1399 | 0,00000001 0,00181345
2005 0,00082 0,00015 | 0,162 0,014 0,368 0,1522 | 0,00000000 0,00494946
2006 0,00089 0,00017 | 0,149 0,014 0,166 0,1530 | 0,00000001 0,00199818
2007 0,00074 0,00013 | 0,166 0,013 0,396 0,1496 | 0,00000002 0,00094838
2008 0,00078 0,00015 | 0,154 0,015 0,240 0,1671 | 0,00000001 0,00112860
2009 0,00071 0,00014 | 0,162 0,015 0,395 0,1800 | 0,00000002 0,00086937

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00522 0,00181 | 0,118 0,027 0,296 0,1721 | 0,00134471 0,00195342
1997 0,00596 0,00139 ] 0,114 0,018 0,288 0,1166 | 0,00002024 0,00150503
1998 0,00543 0,00163 | 0,122 0,024 0,369 0,1535 | 0,00002560 0,00175857
1999 0,00442 0,00131 | 0,130 0,024 0,358 0,1546 | 0,00089792 0,00143846
2000 0,00322 0,00093 | 0,147 0,024 0,402 0,1611 | 0,00131787 0,00106086
2001 0,00387 0,00119 ] 0,129 0,025 0,262 0,1587 | 0,00026668 0,00129810
2002 0,00320 0,00106 | 0,135 0,027 0,254 0,1683 | 0,00102412 0,0011862
2003 0,00219 0,00063 | 0,164 0,024 0,461 0,1619 | 0,00152608 0,00074995
2004 0,00178 0,00055 | 0,168 0,026 0,457 0,1720 | 0,00151214 0,00067596
2005 0,00151 0,00043 | 0,177 0,024 0,525 0,1591 | 0,00114104 0,00053224
2006 0,00242 0,00084 | 0,117 0,025 0,032 0,15&7 0,00000024 0,00131867
2007 0,00162 0,00056 | 0,145 0,027 0,163 0,1767 | 0,00090387 0,00065425
2008 0,00114 0,00036 | 0,175 0,026 0,416 0,1776 | 0,00130908 0,00045753
2009 0,00092 0,00030 | 0,186 0,027 0,501 0,1899 | 0,00135731 0,00039791

<* |

Source:WHOMD and HMD 2d4, own elaboratior



Table A. 39: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for cerebrovascular diseases mortality in Norway

Females

Year ri serttt [ Tir seltry | rir sert! rt s.ellll

1996 0,00094 0,00018 | 0,185 0,016 0,742 0,1551 | 0,00000002 0,00106875
1997 0,00081 0,00014 | 0,195 0,015 0,827 0,1487 | 0,00000000 0,00773824
1998 0,00090 0,00016 | 0,183 0,014 0,738 0,1502 | 0,00000001 0,00175296
1999 0,00075 0,00014 | 0,188 0,015 0,717 0,1612 | 0,00000001 0,00108672
2000 0,00063 0,00012 | 0,202 0,016 0,906 0,1661 | 0,00000001 0,00137626
2001 0,00063 0,00011 | 0,193 0,014 0,808 0,1522 | 0,00000000 0,00197153
2002 0,00071 0,00013 | 0,182 0,015 0,688 0,1571 | 0,000001 0,00114349
2003 0,00066 0,00014 | 0,180 0,017 0,608 0,1767 | 0,00000000 0,00183835
2004 0,00073 0,00016 | 0,160 0,017 0,383 0,1784 | 0,00000000 0,00275198
2005 0,00054 0,00011 | 0,183 0,016 0,651 0,1732 | 0,00000001 0,00138988
2006 0,00059 0,00010 | 0,167 0,014 0,373 0,1565 | 0,00000000 0,01766902
2007 0,00052 0,00010 | 0,179 0,015 0,638 0,1773 | 0,00000000 0,00145810
2008 0,00050 0,00009 | 0,178 0,014 0,572 0,1666 | 0,00000000 0,00245288
2009 0,00040 0,00007 | 0,197 0,015 0,882 0,1849 | 0,00000000 0,00257300

Males

Year NI selllt | T selltt | iy selll! P s.eflll!

1996 0,00161 0,00038 | 0,167 0,022 0,461 0,1510 | 0,00000000 0,00513146
1997 0,00128 0,00033 | 0,189 0,024 0,645 0,1727 | 0,00000009 0,00091268
1998 0,00116 0,00031 | 0,203 0,025 0,794 0,1836 | 0,00020797 0,00037498
1999 0,00127 0,00036 | 0,177 0,026 0,504 0,1782 | 0,00000001 0,00276678
2000 0,00104 0,00033 | 0,186 0,029 0,575 0,2041 | 0,00030185 0,00040316
2001 0,00118 0,00032 | 0,169 0,024 0,477 0,1688 | 0,00000001 0,00314833
2002 0,00089 0,00033 | 0,185 0,032 0,508 0,2182 | 0,00032183 0,00040470
2003 0,00088 0,00034 | 0,176 0,033 0,454 0,2254 | 0,00013039 0,00040106
2004 0,00077 0,00027 | 0,190 0,030 0,615 0,2080 | 0,00021582 0,00033008
2005 0,00073 0,00026 | 0,178 0,030 0,427 0,2030 | 0,0003B63 0,00032318
2006 0,00068 0,00018 | 0,181 0,023 0,467 0,1628 | 0,00000001 0,00178996
2007 0,00079 0,00027 | 0,164 0,028 0,381 0,1967 | 0,00000001 0,00183314
2008 0,00052 0,00017 | 0,202 0,028 0,635 0,2007 | 0,00026176 0,00021259
2009 0,00073 0,00030 | 0,158 0,033 0,282 0,2262 | 0,00021048 0,00034711

Source:WHOMD and HMD 2014, own elaboratio

,<H



Table A. 40. Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for remaining circulatory system diseases mortalityin Norway

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00080 0,00014 | 0,175 0,014 0,321 0,1413 | 0,00000000 0,00316404
1997 0,00072 0,00013 | 0,183 0,015 0,377 0,1460 | 0,00000000 0,00355302
1998 0,00078 0,00014 | 0,179 0,014 0,381 0,1457 | 0,00000000 0,00252353
1999 0,00087 0,00016 | 0,166 0,015 0,165 0,1503 | 0,00000000 0,00218243
2000 0,00073 0,00023 | 0,175 0,024 0,251 0,2332 | 0,00010651 0,00029735
2001 0,00065 0,00011 | 0,195 0,013 0,545 0,1409 | 0,00001782 0,00015777
2002 0,00067 0,00011 | 0,186 0,013 0,432 0,1415 | 0,00000000 0,00172665
2003 0,00078 0,00014 | 0,162 0,014 0,121 0,1459 | 0,00000000 0,00222883
2004 0,00068 0,00012 | 0,175 0,014 0,255 0,1474 | 0,00000001 0,00130596
2005 0,00068 0,00014 | 0,158 0,016 0,040 0,1677 | 0,00000003 0,00072659
2006 0,00056 0,00008 | 0,186 0,012 0,359 0,1364 | 0,00000000 0,00281942
2007 0,00059 0,00010 | 0,183 0,013 0,380 0,1463 | 0,00000001 0,00121742
2008 0,00050 0,00008 | 0,179 0,013 0,229 0,1547 | 0,00000001 0,00072565
2009 0,00049 0,00008 | 0,183 0,013 0,315 0,1594 | 0,00000003 0,00049224

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00198 0,00062 | 0,135 0,026 0,126 0,1701 | 0,00000000 0,01122930
1997 0,00194 0,00063 | 0,136 0,028 0,117 0,1753 | 0,00000005 0,00233384
1998 0,00196 0,00051 | 0,138 0,022 0,161 0,1452 | 0,00000001 0,00568806
1999 0,00144 0,00042 | 0,172 0,026 0,399 0,1753 | 0,00036778 0,00050585
2000 0,00133 0,00041 | 0,173 0,028 0,360 0,1851 | 0,00032429 0,00049710
2001 0,00100 0,00029 | 0,200 0,027 0,563 0,1834 | 0,00077302 0,00037846
2002 0,00169 0,00049 | 0,140 0,024 0,097 0,1549 | 0,00000000 0,00842673
2003 0,00097 0,00032 | 0,179 0,029 0,302 0,1906 | 0,00055048 0,00040590
2004 0,00092 0,00029 | 0,183 0,027 0,361 0,1777 | 0,00046747 0,00036482
2005 0,00078 0,00026 | 0,186 0,028 0,360 0,1854 | 0,00062902 0,00033801
2006 0,00062 0,00019 | 0,209 0,026 0,519 0,1783 | 0,00084245 0,00026628
2007 0,00055 0,00017 | 0,215 0,026 0,503 0,1798 | 0,00112097 0,00025726
2008 0,00093 0,00031 | 0,163 0,028 0,148 0,1850 | 0,00035095 0,00037759
2009 0,00105 0,00038 | 0,143 0,028 0,000 0,1887 | 0,00003602 0,00042626

<?!

Source:WHOMD and HMD 2014, own elaboratio



Table A. 41. Gamma-Gompertz-Makeham parameter estimateswith assocated standard
errors for respiratory system diseases mortality in Norway

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1996 0,00060 0,00017 | 0,156 0,021 0,050 0,1994 | 0,00008277 0,00021154
1997 0,00051 0,00015 | 0,160 0,022 0,000 0,2069 | 0,00046124 0,00020818
1998 0,00024 0,00007 | 0,222 0,022 0,616 0,2255 | 0,00070459 0,00012706
1999 0,00057 0,00016 | 0,160 0,022 0,081 0,2105 | 0,00044846 0,00022693
2000 0,00078 0,00022 | 0,142 0,021 0,000 0,1985 | 0,00013853 0,00027297
2001 0,00057 0,00018 | 0,153 0,023 0,000 0,2173 | 0,00047668 0,00024843
2002 0,00068 0,00017 | 0,156 0,019 0,109 0,1827 | 0,00032753 0,00023054
2003 0,00064 0,00019 | 0,141 0,022 0,005 0,2084 | 0,00026537 0,00025286
2004 0,00065 0,00020 | 0,145 0,022 0,258 0,2189 | 0,00008357 0,00024675
2005 0,00064 0,00019 | 0,141 0,021 0,025 0,2109 | 0,00030264 0,00025203
2006 0,00088 0,00028 | 0,124 0,021 0,000 0,2086 | 0,00004730 0,00033120
2007 0,00053 0,00013 | 0,175 0,018 0,605 0,2022 | 0,00032972 0,00018912
2008 0,00065 0,00019 | 0,138 0,020 0,091 0,2103 | 0,00044235 0,00024776
2009 0,00066 0,00017 | 0,146 0,019 0,272 0,2116 | 0,00037194 0,00022489

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1996 0,00128 0,00037 | 0,163 0,026 0,288 0,1753 | 0,00000002 0,00215298
1997 0,00099 0,00033 | 0,174 0,030 0,259 0,2008 | 0,00044000 0,00040412
1998 0,00125 0,00037 | 0,156 0,027 0,215 0,1771 | 0,00000002 0,00205878
1999 0,00140 0,00042 | 0,151 0,026 0,116 0,1709 | 0,00000009 0,00116467
2000 0,00129 0,00046 | 0,156 0,031 0,169 0,2026 | 0,00024674 0,00053737
2001 0,00118 0,00028 | 0,171 0,021 0,286 0,1457 | 0,00000001 0,00242312
2002 0,00118 0,00029 | 0,174 0,022 0,330 0,1504 | 0,00005174 0,00035875
2003 0,00101 0,00034 | 0,165 0,029 0,205 0,1881 | 0,00029218 0,00041315
2004 0,00078 0,00029 | 0,169 0,031 0,204 0,2010 | 0,00042634 0,00036017
2005 0,00128 0,00037 | 0,154 0,023 0,206 0,1529 | 0,00000000 0,00560658
2006 0,00096 0,00030 | 0,175 0,026 0,384 0,1760 | 0,00027996 0,00036160
2007 0,00117 0,00025 | 0,163 0,018 0,320 0,1253 | 0,00000000 0,00571945
2008 0,00124 0,00029 | 0,155 0,019 0,246 0,1331 | 0,00000001 0,00242056
2009 0,00102 0,00032 | 0,163 0,025 0,305 0,1773 | 0,00010242 0,00037562

Source:WHOMD and HMD 2014, own elaboratio
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Table A. 42 Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for digestive system diseases of mortality in Norway

Females

Year rint serttt | iy sellll | r) sep!l) rn s.elly!

1996 0,00016 0,00007 | 0,203 0,038 0,968 0,3803 | 0,00010024 0,00010378
1997 0,00014 0,00007 | 0,193 0,040 0,643 0,3924 | 0,00023580 0,00010541
1998 0,00018 0,00009 | 0,177 0,041 0,566 0,4081 | 0,00014838 0,00012447
1999 0,00025 0,00011| 0,173 0,038 0,759 0,3886 | 0,00008380 0,00014331
2000 0,00036 0,00014 | 0,128 0,029 0,179 0,2873 | 0,00001805 0,00016442
2001 0,00029 0,00013 | 0,147 0,033 0,386 0,3279 | 0,00000001 0,00129238
2002 0,00035 0,00020 | 0,121 0,039 0,000 0,3635 | 0,00000000 0,00413969
2003 0,00028 0,00015| 0,136 0,041 0,123 0,395 | 0,00001615 0,00017888
2004 0,00033 0,00017 | 0,127 0,038 0,052 0,3691 | 0,00000002 0,00115130
2005 0,00032 0,00017 | 0,119 0,038 0,000 0,3751 | 0,00000000 0,01225809
2006 0,00023 0,00012 | 0,146 0,037 0,260 0,3834 | 0,00007149 0,00014631
2007 0,00028 0,00014 | 0,131 0,036 0,251 0,3706 | 0,00000001 0,00101036
2008 0,00026 0,00013 | 0,130 0,036 0,077 0,3852 | 0,00005017 0,00015754
2009 0,00030 0,00012 | 0,125 0,027 0,080 0,3108 | 0,00000000 0,00155251

Males

Year a(y) sed(y) | T(y! sebly! | TI) sel(y! Tyl s.elll!

1996 0,00056 0,00043 | 0,114 0,061 0,051 0,3726 | 0,00000856 0,00047244
1997 0,00055 0,00047 | 0,114 0,066 0,071 0,4083 | 0,00000001 0,00312223
1998 0,00032 0,00031 | 0,156 0,082 0,375 0,5332 | 0,00035987 0,00035762
1999 0,00026 0,00022 | 0,178 0,074 0,446 0,4789 | 0,00024623 0,00028337
2000 0,00039 0,00031 | 0,143 0,067 0,264 0,4330 | 0,00013494 0,00035738
2001 0,00050 0,00032 | 0,124 0,050 0,102 0,3161 | 0,00000001 0,00220681
2002 0,00038 0,00041 | 0,124 0,084 0,000 0,5047 | 0,00012612 0,0004252
2003 0,00030 0,00034 | 0,118 0,085 0,000 0,5046 | 0,00034147 0,00038395
2004 0,00008 0,00006 | 0,274 0,066 1,164 0,4587 | 0,00049293 0,00011819
2005 0,00011 0,00009 | 0,214 0,072 0,616 0,4762 | 0,00040190 0,00014694
2006 0,00046 0,00086 | 0,107 0,131 0,000 0,768 | 0,00003485 0,00091538
2007 0,00027 0,00026 | 0,137 0,073 0,144 0,4661 | 0,00019675 0,00029897
2008 0,00025 0,00027 | 0,133 0,081 0,075 0,5195 | 0,00035754 0,00031233
2009 0,00018 0,00017 | 0,169 0,075 0,338 0,5042 | 0,00025386 0,00021562

<Gl

Source:WHOMD and HMD 2d4, own elaboratior



Table A. 43: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for external causes of mortality in Norway

Females
Year rint serttt | iy sellll | rirr serit! Pt s.ellt!
1996 0,00015 0,00007 | 0,171 0,038 0,112 0,3599 0,00014647 0,00010198
1997 0,00025 0,00014 | 0,141 0,040 0,000 0,3680 0,00006718 0,00016988
1998 0,00013 0,00006 | 0,183 0,039 0,258 0,3836 0,00017387 0,00009419
1999 0,00007 0,00003 | 0,241 0,034 0,815 0,3605 0,00022586 0,00006054
2000 0,00017 0,00008 | 0,167 0,040 0,181 10,3858 0,00009503 0,00011496
2001 0,00023 0,00011 | 0,145 0,038 0,000 0,7001 0,00000224 0,00014359
2002 0,00011 0,00005 | 0,197 0,040 0,518 0,4053 0,00016507 0,00009028
2003 0,00011 0,00005 | 0,202 0,036 0,667 0,3778 0,00007051 0,00007619
2004 0,00012 0,00006 | 0,168 0,041 0,135 0,4190 0,00017488 0,00009124
2005 0,00017 0,00007 | 0,155 0,034 0,000 0,3519 0,00000715 0,00009255
2006 0,00021 0,00009 | 0,142 0,033 0,000 0,3484 0,00000560 0,00010986
2007 0,00013 0,00006 | 0,178 0,032 0,345 0,3583 0,00015444 0,00008110
2008 0,00019 0,00008 | 0,149 0,031 0,029 0,3420 0,00000000 0,00223189
2009 0,00018 0,00007 | 0,155 0,029 0,058 0,3334 0,00005485 0,00009331
Males
Year T selil [T seltir | rir sertt! ri s.ec!!!
0,00023| 0,00020 0,187 0,079 0,361 0,5051 0,00061977| 0,00027060 0,00023
0,00036| 0,00030 0,141 0,070 0,000 0,4293 0,00040208| 0,00036446 0,00036
0,00028| 0,00028 0,147 0,086 0,006 0,5261 0,00043949( 0,00034444 0,00028
0,00021| 0,00017 0,168 0,067 0,023 0,4242 0,00069011f 0,00022840 0,00021
0,00014| 0,00013 0,198 0,086 0,250 0,5497 0,00064127| 0,00019725 0,00014
0,00024| 0,00020 0,159 0,072 0,017 0,4588 0,00043195| 0,00024418 0,00024
0,00013]| 0,00012 0,226 0,079 0,615 0,5085 0,00060922( 0,00019997 0,00013
0,00017]| 0,00014 0,174 0,072 0,094 0,4519 0,00060080| 0,00020301 0,00017
0,00017| 0,00017 0,165 0,083 0,000 0,5127 0,00064171{ 0,00022936 0,00017
0,00027| 0,00022 0,150 0,066 0,043 0,4135 0,00020864{ 0,00026467 0,00027
0,00020] 0,00014 0,184 0,057 0,322 0,3760 0,00036340| 0,00018174 0,00020
0,00007| 0,00004 0,265 0,049 0,757 0,3389 0,00054189 0,00008930 0,00007
0,00009| 0,00007 0,241 0,058 0,571 0,3940 0,00045003| 0,00011988 0,00009
0,00007| 0,00005 0,266 0,065 0,776 0,4436 0,00058366| 0,00010966 0,00007

Source:WHOMD and HMD 2014, own elaboratio
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Table A. 44: Gamma-Gompertz-Makeham parameter estimateswith associated standard

errors for the remaining causes of death of mortality in Norway

Females

Year aty! sellyl | i1 sellll | rirr serit! r s.elll!

1996 0,00084 0,00021 | 0,153 0,019 0,045 0,1732 | 0,00047893 0,00027001
1997 0,00126 0,00027 | 0,137 0,016 0,000 0,1513 | 0,00000000 0,00506873
1998 0,00126 0,00085 | 0,140 0,050 0,002 0,4408 | 0,00004273 0,00099069
1999 0,00116 0,00027 | 0,142 0,018 0,000 0,1661 | 0,00027033 0,00034709
2000 0,00102 0,00023 | 0,149 0,017 0,012 0,1620 | 0,00027450 0,00028879
2001 0,00096 0,000 | 0,161 0,016 0,183 0,1566 | 0,00049614 0,00027183
2002 0,00110 0,00022 | 0,154 0,015 0,095 0,1482 | 0,00028138 0,00028057
2003 0,00095 0,00019 | 0,165 0,015 0,187 0,1481 | 0,00051843 0,00026017
2004 0,00101 0,00018 | 0,164 0,013 0,235 0,1393 | 0,00000000 0,00979626
2005 0,00131 0,00023 | 0,146 0,013 0,000 0,1323 | 0,00000008 0,00072929
2006 0,00115 0,00018 | 0,162 0,012 0,190 0,1286 | 0,00000004 0,00086014
2007 0,00124 0,00019 | 0,151 0,011 0,000 0,1219 | 0,00000004 0,00086297
2008 0,00131 0,00019 | 0,152 0,011 0,084 0,1227 | 0,00000007 0,00064062
2009 0,00125 0,00017 | 0,153 0,010 0,033 0,1196 | 0,00000012 0,00044464

Males

Year all! selil [T seltir | vy serlt! ri s.elll!l

1996 0,00144 0,00063 | 0,132 0,036 0,000 0,2220 | 0,00078289 0,00071740
1997 0,00136 0,00061 | 0,140 0,038 0,035 0,2360 | 0,00128729 0,00071552
1998 0,00158 0,00068 | 0,131 0,035 0,000 0,2129 | 0,00096524 0,00077903
1999 0,00109 0,00037 | 0,177 0,030 0,365 0,1972 | 0,00146525 0,00047284
2000 0,00226 0,00085 | 0,118 0,029 0,021 0,1803 | 0,00000001 0,00602204
2001 0,00053 0,00023 | 0,223 0,038 0,572 0,2482 | 0,00251095 0,00037139
2002 0,00178 0,00081 | 0,129 0,036 0,005 0,2199 | 0,00091118 0,00091028
2003 0,00111 0,00038 | 0,175 0,029 0,313 0,1915 | 0,00136686 0,00049262
2004 0,00090 0,00029 | 0,190 0,028 0,374 0,1820 | 0,00130286 0,00039699
2005 0,00212 0,00077 | 0,128 0,028 0,000 0,1695 | 0,00029261 0,00086453
2006 0,00160 0,00050 | 0,148 0,025 0,116 0,1602 | 0,00061053 0,00058444
2007 0,00131 0,00037 | 0,168 0,023 0,225 0,1531 | 0,00108556 0,00046489
2008 0,00157 0,00048 | 0,150 0,024 0,085 0,1593 | 0,00083993 0,00056665
2009 0,00120 0,00034 | 0,178 0,023 0,322 0,1607 | 0,00108952 0,00042789

<Xl

Source:WHOMD and HMD 2014, own elaboratio



Table A. 45 Gamma-Gompertz-Makeham parameter estimateswith associated standard

errors for overall mortality in Sweden

Females

Year re sellyl | i1 sellll | rirr serit! r s.elll!

1997 0,00854 0,00065 | 0,133 0,005 0,120 0,0506 | 0,00203255 0,0007684
1998 0,00887 0,00063 | 0,131 0,005 0,118 0,0489 | 0,00145373 0,00074356
1999 0,00883 0,00056 | 0,132 0,005 0,120 0,0452 | 0,00147394 0,00066438
2000 0,00853 0,00057 | 0,133 0,005 0,118 0,0473 | 0,00151881 0,00067522
2001 0,00908 0,00061 | 0,126 0,005 0,035 0,0464 | 0,00115910 0,00071294
2002 0,00922 0,00060 | 0,125 0,005 0,000 0,0453 | 0,00088076 0,00070169
2003 0,00824 0,00054 | 0,130 0,005 0,048 0,0474 | 0,00158176 0,00064729
2004 0,00872 0,00057 | 0,125 0,005 0,014 0,0463 | 0,00070247 0,00067169
2005 0,00825 0,00051 | 0,126 0,004 0,000 0,0444 | 0,00136907 0,00060330
2006 0,00807 0,00047 | 0,127 0,004 0,000 0,0438 | 0,00105595 0,00056878
2007 0,00772 0,00045 | 0,130 0,004 0,017 0,0452 | 0,00165860 0,00054007
2008 0,00734 0,00040 | 0,131 0,004 0,001 0,0436 | 0,00168082 0,00049024
2009 0,00749 0,00041 | 0,129 0,004 0,002 0,0438 | 0,00138124 0,00050104
2010 0,00744 0,00039 | 0,129 0,004 0,000 0,0434 | 0,00137350 0,00047486

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1997 0,01686 0,0076 | 0,121 0,0079 | 0,122 0,0481 | 0,00353164 0,00193730
1998 0,01524 0,00154 | 0,129 0,0078 | 0,169 0,0485 | 0,00497918 0,00171954
1999 0,01713 0,00169 | 0,120 0,0074 | 0,117 0,0453 | 0,00219142 0,00186046
2000 0,01631 0,00160 | 0,120 0,0073 | 0,096 0,0449 | 0,00216924 0,00177240
2001 0,01498 0,00154 | 0,122 0,0076 | 0,082 0,0469 | 0,00307946 0,00170842
2002 0,01395 0,00135| 0,128 0,0072 | 0,118 0,0449 | 0,00393242 0,00152715
2003 0,01297 0,00121| 0,133 0,0070 | 0,174 0,0440 | 0,00470033 0,00138862
2004 0,01154 0,00121| 0,137 0,0079 | 0,181 0,0502 | 0,00542591 0,00139552
2005 0,01245 0,00114 | 0,132 0,0068 | 0,147 0,0440 | 0,00416955 0,00128912
2006 0,01176 0,00107 | 0,134 0,0068 | 0,164 0,0450 | 0,00411610 0,00122413
2007 0,01096 0,00096 | 0,136 0,0065 | 0,145 0,0441 | 0,00426993 0,00109383
2008 0,00960 0,00082 | 0,146 0,0065 | 0,227 0,0447 | 0,00546084 0,00096351
2009 0,00980 0,00083 | 0,142 0,0063 | 0,190 0,0447 | 0,00444081 0,00095449
2010 0,01042 0,00090 | 0,137 0,0064 | 0,164 0,0458 | 0,00359561 0,00101660

Source:WHOMD and HMD 2014, own elaboratio



Table A. 46: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for neoplasms mortality in Sweden

Females

Year rint sellll | T1y) s.ebly! | M) sep(! é@y! s.ely)

1997 0,00518 0,00161 | 0,063 0,015 0,293 0,1240 | 0,00000788 0,00166624
1998 0,00504 0,00199 | 0,063 0,018 0,319 0,1576 | 0,00000003 0,00828110
1999 0,00505 0,00218 | 0,066 0,021 0,405 0,1888 | 0,00000057 0,00224966
2000 0,00483 0,00132 | 0,071 0,014 0,458 0,1306 | 0,00005149 0,00138133
2001 0,00534 0,00135 | 0,066 0,012 0,373 0,1126 | 0,00000002 0,00664475
2002 0,00520 0,00191 | 0,064 0,017 0,343 0,1522 | 0,00000008 0,00483858
2003 0,00506 0,00161 | 0,066 0,015 0,386 0,1417 | 0,00000020 0,00267317
2004 0,00503 0,00145 | 0,069 0,014 0,449 0,1387 | 0,00000019 0,00247821
2005 0,00516 0,00154 | 0,066 0,014 0,463 0,1425 | 0,00000008 0,00397783
2006 0,00511 0,00136 | 0,067 0,013 0,405 0,1271 | 0,00000105 0,00141407
2007 0,00516 0,00111 | 0,068 0,011 0,438 0,1130 | 0,00002738 0,00116364
2008 0,00497 0,00138 | 0,065 0,013 0,326 0,1320 | 0,00006674 0,00142314
2009 0,00498 0,00128 | 0,067 0,012 0,430 0,1310 | 0,00000002 0,00764316
2010 0,00481 0,00103 | 0,070 0,011 0,476 0,1212 | 0,00000002 0,00496152

Males

Year INID) sedy [Tyl sel(@ | Tly) sey! rly) s.eély!

1997 0,00723 0,00200 | 0,089 0,017 0,324 0,1090 | 0,00000558 0,00208448
1998 0,00712 0,00195 | 0,088 0,017 0,274 0,1049 | 0,00004003 0,00204144
1999 0,00708 0,00287 | 0,088 0,025 0,298 0,1502 | 0,00000859 0,00299230
2000 0,00660 0,00145 | 0,095 0,014 0,350 0,0909 | 0,00000004 0,00571131
2001 0,00678 0,00165 | 0,089 0,015 0,285 0,0937 | 0,00000053 0,00173595
2002 0,00673 0,00155 | 0,089 0,014 0,293 0,0880 | 0,00000002 0,00791282
2003 0,00674 0,00129 | 0,094 0,012 0,353 0,0791 | 0,00000347 0,00137358
2004 0,00664 0,00145 | 0,093 0,013 0,346 0,0887 | 0,00000018 0,00254747
2005 0,00685 0,00188 | 0,085 0,016 0,257 0,1005 | 0,00000104 0,00196418
2006 0,00619 0,00135| 0,100 0,014 0,416 0,0966 | 0,00000002 0,00773164
2007 0,00427 0,00092 | 0,122 0,015 0,571 0,1117 | 0,00185159 0,00100980
2008 0,00584 0,00125 | 0,097 0,014 0,365 0,0945 | 0,00007262 0,00131930
2009 0,00565 0,00121| 0,101 0,014 0,420 0,1000 | 0,00001886 0,00128222
2010 0,00582 0,00086 | 0,093 0,009 0,310 0,0695 | 0,00000002 0,00469778

Source:WHOMD andHMD 2014, own elaboratior



Table A. 47. Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for ischaemic heart diseases mortality in Sweden

Females

Year rint serttt |t sel(y) | p'y! s.elly) D) s.elll)

1997 0,00192 0,00026 | 0,144 0,010 0,304 0,0966 | 0,00000004 0,00109399
1998 0,00176 0,00021 | 0,151 0,009 0,401 0,0898 | 0,00000004 0,00087019
1999 0,00167 0,00019 | 0,148 0,009 0,321 0,0897 | 0,00000169 0,00023556
2000 0,00155 0,00017 | 0,150 0,008 0,327 0,0888 | 0,00000003 0,00081846
2001 0,00155 0,00019 | 0,146 0,009 0,264 0,0963 | 0,00000001 0,00202730
2002 0,00143 0,00016 | 0,152 0,008 0,311 0,0908 | 0,00000003 0,00076167
2003 0,00140 0,00016 | 0,148 0,009 0,249 0,0951 | 0,00000005 0,00063965
2004 0,00133 0,00014 | 0,149 0,008 0,283 0,0899 | 0,00000001 0,00171419
2005 0,00115 0,00012 | 0,151 0,008 0,212 0,0868 | 0,00000001 0,00087869
2006 0,00117 0,00011 | 0,148 0,007 0,129 0,0846 | 0,00000001 0,00097217
2007 0,00104 0,00011 | 0,153 0,008 0,189 0,0943 | 0,00000157 0,00014098
2008 0,00104 0,00010 | 0,147 0,007 0,080 0,0890 | 0,00000004 0,00045654
2009 0,00094 0,00010 | 0,148 0,008 0,068 0,0938 | 0,00000002 0,00067277
2010 0,00090 0,00009 | 0,144 0,007 0,000 0,0940 | 0,00000000 0,00135948

Males

Year al) sed(l!' [ Try) seb(l! | T() selly) e(l! s.el(l)

1997 0,00610 0,00142 | 0,106 0,017 0,145 0,0982 | 0,00000204 0,00151729
1998 0,00422 0,00080 | 0,132 0,015 0,263 0,0939 | 0,00149286 0,00089767
1999 0,00483 0,000® | 0,120 0,015 0,203 0,0942 | 0,00060272 0,00108764
2000 0,00364 0,00073 | 0,130 0,015 0,194 0,0953 | 0,00133448 0,00082342
2001 0,00321 0,00065 | 0,133 0,016 0,164 0,0976 | 0,00154217 0,00074896
2002 0,00255 0,00043 | 0,155 0,013 0,327 0,0880 | 0,00200684 0,00052681
2003 0,00275 0,00050 | 0,146 0,014 0,270 0,0895 | 0,00156509 0,00058364
2004 0,00279 0,00052 | 0,138 0,014 0,217 0,0910 | 0,00102001 0,00059272
2005 0,00273 0,00049 | 0,138 0,014 0,210 0,0901 | 0,00088541 0,00056531
2006 0,00288 0,00056 | 0,130 0,014 0,134 0,0947 | 0,00042559 0,00062603
2007 0,00196 0,00036 | 0,150 0,014 0,239 0,0972 | 0,00130386 0,00042705
2008 0,00165 0,00029 | 0,162 0,014 0,314 0,0952 | 0,00145971 0,00035141
2009 0,00204 0,00041 | 0,137 0,015 0,100 0,1034 | 0,00073720 0,00046616
2010 0,00183 0,00033 | 0,147 0,014 0,201 0,0992 [ 0,00057550 0,00037671

Source:WHOMD and HMD 2014, own elaboratio



Table A. 48 Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for cerebrovascular diseases mortality in Swaen

Females

Year rint seltl [Ty sebt! | M1l sep(! rt s.eé(!!

1997 | 0,00076  0,00010 | 0,187 0,011 | 0,772 0,1112 | 0,00000000 0,00225641
1998 | 0,00081  0,00010 | 0,181 0,010 | 0,706 0,1104 | 0,00000002 0,00064822
1999 | 0,00076 0,00009 | 0,187 0,010 | 0,798 0,1093 | 0,00000000 0,00249302
2000 | 0,00072  0,00009 | 0,187 0,010 | 0,788 0,1077 | 0,00000000 0,00212608
2001 | 0,00074  0,00009 | 0,176 0,010 | 0,595 0,1080 | 0,00000023 0,00017883
2002 | 0,00082  0,00010| 0,167 0,009 | 0,499 0,1059 | 0,00000000 0,00188845
2003 | 0,00070  0,00008 | 0,177 0,010 | 0,641 0,1102 | 0,00000000 0,00206098
2004 | 0,00064  0,00007 | 0,177 0,009 | 0,608 0,1069 | 0,00000000 0,00642890
2005 | 0,00062  0,00007 | 0,168 0,009 | 0,497 0,1103 | 0,00000000 0,00180448
2006 | 0,00060  0,00007 | 0,169 0,009 [ 0,507 0,1060 | 0,00000000 0,00138609
2007 | 0,00057  0,00007 | 0,166 0,010 | 0,437 0,1190 | 0,00000001 0,00080683
2008 | 0,00057  0,00006 | 0,166 0,008 | 0,360 0,1051 | 0,00000000 0,01297483
2009 | 0,00057  0,00008 | 0,160 0,011 | 0,313 0,1295 | 0,00000034 0,00013076
2010 | 0,00047  0,00005 | 0,174 0,008 | 0,460 0,1078 | 0,00000000 0,00230813

Males

Year ay! sedaly! [ Tly) seb(l! | P'y! selll) P s.eély!

1997 |[0,00108  0,00022 | 0,182 0,018 | 0,564 0,1251 | 0,00042825 0,00027542
1998 | 0,00112  0,00024 | 0,175 0,019 0,511 0,1281 | 0,00040227 0,00029415
1999 |[0,00130  0,00026 | 0,161 0,017 | 0,446 0,1146 | 0,00000000 0,00470864
2000 |[0,00120  0,00027 | 0,165 0,019 | 0,456 0,1267 | 0,00015357 0,00031513
2001 | 0,00087  0,00018 | 0,188 0,018 | 0,585 0,1236 | 0,00031409 0,00022495
2002 | 0,0074 0,00017 | 0,193 0,019 | 0,601 0,1298 | 0,00060169 0,00022009
2003 | 0,00104  0,00022| 0,170 0,017 |[0,492 0,1180 | 0,00000041 0,00028129
2004 | 0,00098  0,00020| 0,164 0,017 | 0,444 0,1184 | 0,00000002 0,00119448
2005 |[0,00083  0,00018 | 0,172 0,018 | 0,469 0,1262 | 0,00012483 0,00021770
2006 | 0,00079  0,00018 | 0,167 0,018 | 0,415 0,1312 | 0,00009911 0,00021313
2007 |0,00088  0,00018 | 0,151 0,016 | 0,282 0,1185 | 0,00000001 0,00136088
2008 | 0,00076  0,00016 | 0,172 0,017 | 0,476 0,1227 | 0,00000015 0,00033789
2009 |[0,00072  0,00013|0,171 0,015 | 0,438 0,1163 | 0,00000001 0,00106374
2010 |[0,00073  0,00015| 0,157 0,017 | 0,297 0,1270 | 0,00000001 0,00138260

,G*!

Source:WHOMD and HMD 2014, own elaboratio



Table A. 49: Gamma-Gompertz-Makeham parameter estimateswith associated stndard
errors for remaining circulatory system diseases mortality in Sweden

Females

Year rirt sed(y! [Ty sel() | r1l sert! rirl s.elt!

1997 0,00073 0,00009 | 0,180 0,010 0,300 0,1045 | 0,00000001 0,00077146
1998 0,00076 0,00009 | 0,178 0,010 0,350 0,1006 | 0,00000000 0,00193938
1999 0,00076 0,00008 | 0,178 0,009 0,319 0,0932 | 0,00000000 0,00125606
2000 0,00075 0,00008 | 0,179 0,009 0,358 0,0966 | 0,00000001 0,00074627
2001 0,00076 0,00008 | 0,171 0,009 0,224 0,0945 | 0,0000@01 0,00108377
2002 0,00074 0,00008 | 0,168 0,008 0,143 0,0909 | 0,00000001 0,00098987
2003 0,00072 0,00008 | 0,166 0,009 0,091 0,0963 | 0,00000000 0,00115224
2004 0,00059 0,00006 | 0,180 0,009 0,261 0,0975 | 0,00000001 0,00053287
2005 0,00061 0,00005 | 0,182 0,007 0,348 0,0834 | 0,00000001 0,00071468
2006 0,00055 0,00005 | 0,189 0,008 0,402 0,0937 | 0,00000000 0,00278632
2007 0,00057 0,00005 | 0,187 0,007 0,304 0,0918 | 0,00000000 0,00162733
2008 0,00051 0,00005 | 0,188 0,007 0,277 0,0907 | 0,00000000 0,00088083
2009 0,00057 0,00005 | 0,180 0,007 0,258 0,0915 | 0,00000000 0,00097773
2010 0,00060 0,00005 | 0,176 0,007 0,139 0,0860 | 0,00000001 0,00058636

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1997 0,00155 0,00031 | 0,153 0,017 0,150 0,1074 | 0,00000129 0,00035912
1998 0,00180 0,00042 | 0,139 0,019 0,093 0,1194 | 0,00002579 0,00047548
1999 0,00150 0,00027 | 0,156 0,015 0,188 0,1009 | 0,00000010 0,00071226
2000 0,00125 0,00025 | 0,162 0,016 0,165 0,1068 | 0,00045020 0,00030189
2001 0,00153 0,00033 | 0,146 0,017 0,097 0,1105 | 0,00000001 0,00222550
2002 0,00083 0,00016 | 0,192 0,016 0,367 0,1052 | 0,00061042 0,00020846
2003 0,00123 0,00025 | 0,155 0,016 0,126 0,1063 | 0,00022616 0,00030371
2004 0,00057 0,00011 | 0,215 0,016 0,498 0,1102 | 0,0007628 0,00016484
2005 0,00081 0,00015| 0,192 0,015 0,375 0,1038 | 0,00043944 0,00019526
2006 0,00059 0,00011 | 0,212 0,015 0,478 0,1074 | 0,00073920 0,00016083
2007 0,00079 0,00014 | 0,191 0,015 0,358 0,1058 | 0,00044142 0,00018691
2008 0,00061 0,00011 | 0,205 0,015 0437 0,1063 | 0,00059461 0,00015310
2009 0,00046 0,00008 | 0,226 0,015 0,565 0,1092 | 0,00077547 0,00012844
2010 0,00063 0,00011 | 0,199 0,015 0,349 0,1098 | 0,00056424 0,00015241

Source:WHOMD and HMD 2014, own elaboratio



Table A. 50: Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for respiratory system diseases mortality in Sweden

Females

Year ar! serttt [ Ty seltrr | rir sertt! ri s.elll!

1997 0,000® 0,00012 | 0,147 0,017 0,000 0,1648 | 0,00009300 0,00014396
1998 0,00043 0,00011 | 0,148 0,018 0,066 0,1751 | 0,00025472 0,00013869
1999 0,00062 0,00015 | 0,133 0,017 0,000 0,1638 | 0,00004444 0,00017435
2000 0,00044 0,00010 | 0,146 0,017 0,046 0,1692 | 0,00032778 0,00013265
2001 0,00054 0,00014 | 0,130 0,018 0,000 0,1784 | 0,00006418 0,00016617
2002 0,00052 0,00012 | 0,135 0,017 0,001 0,1676 | 0,00022960 0,00015382
2003 0,00054 0,00013 | 0,130 0,017 0,002 0,1689 | 0,00013474 0,00015896
2004 0,00055 0,00015 | 0,125 0,019 0,000 0,2026 | 0,00011531 0,00018089
2005 0,00054 0,00012 | 0,130 0,016 0,000 0,1612 | 0,00014807 0,00014715
2006 0,00048 0,00011 | 0,131 0,016 0,034 0,1711 | 0,00016600 0,00013970
2007 0,00060 0,00014 | 0,122 0,016 0,030 0,1694 | 0,00003596 0,00016603
2008 0,00061 0,00013 | 0,120 0,015 0,000 0,1594 | 0,00000002 0,00083922
2009 0,00058 0,00012 | 0,129 0,015 0,184 0,1674 | 0,00000001 0,00098546
2010 0,00055 0,00014 | 0,114 0,017 0,057 0,1890 | 0,00010906 0,00016558

Males

Year T sellil [T seltir | iy seflitl ri s.elll!l

1997 0,00093 0,00021 | 0,159 0,019 0,175 0,1225 | 0,00000001 0,00176281
1998 0,00083 0,00018 | 0,160 0,018 0,178 0,1199 | 0,00000000 0,00383856
1999 0,00078 0,00018 | 0,170 0,020 0,253 0,1312 | 0,00016225 0,00022316
2000 0,00093 0,00022 | 0,151 0,019 0,155 0,1272 | 0,00000006 0,00075420
2001 0,00073 0,00021 | 0,154 0,023 0,128 0,1481 | 0,00016172 0,00024345
2002 0,00092 0,00020 | 0,144 0,018 0,090 0,1146 | 0,00000003 0,00097733
2003 0,00076 0,00019 | 0,162 0,020 0,276 0,1337 | 0,00007491 0,00®3142
2004 0,00060 0,00016 | 0,170 0,021 0,308 0,1413 | 0,00015502 0,00019339
2005 0,00076 0,00019 | 0,152 0,020 0,165 0,1340 | 0,00001993 0,00022370
2006 0,00070 0,00016 | 0,151 0,018 0,180 0,1253 | 0,00000001 0,00111914
2007 0,00067 0,00015| 0,149 0,017 0,127 0,1200 | 0,00000012 0,00035396
2008 0,00072 0,00018 | 0,149 0,020 0,173 0,1395 | 0,00000009 0,00049946
2009 0,00063 0,00016 | 0,159 0,020 0,279 0,1446 | 0,00000114 0,00018085
2010 0,00064 0,00017 | 0,152 0,020 0,304 0,1510 | 0,00000000 0,00221421

,G?!

Source:WHOMD and HMD2014, own elaboratior



Table A. 51. Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for digestive system diseases of mortality in Sweden

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1997 0,00032 0,00014 | 0,120 0,031 0,003 0,2779 | 0,00000002 0,00084000
1998 0,00032 0,00011 | 0,122 0,025 0,020 0,2400 | 0,00000000 0,00133828
1999 0,00018 0,00007 | 0,162 0,028 0,386 0,2845 | 0,00016157 0,00008707
2000 0,00026 0,00010 | 0,136 0,029 0,173 0,2930 | 0,00009215 0,00012271
2001 0,00025 0,00010 | 0,128 0,029 0,000 0,2814 | 0,00013288 0,00012304
2002 0,00021 0,00007 | 0,155 0,024 0,296 0,2545 | 0,00014153 0,00009028
2003 0,00026 0,00009 | 0,133 0,025 0,107 0,2577 | 0,007552 0,00011279
2004 0,00024 0,00009 | 0,134 0,026 0,084 0,2635 | 0,00011656 0,00010549
2005 0,00020 0,00008 | 0,144 0,028 0,358 0,2976 | 0,00016957 0,00009610
2006 0,00032 0,00011 | 0,115 0,023 0,000 0,2463 | 0,00000000 0,00303479
2007 0,00026 0,00010 | 0,122 0,06 0,000 0,2844 | 0,00015604 0,00011462
2008 0,00025 0,00008 | 0,137 0,022 0,260 0,2530 | 0,00004411 0,00009171
2009 0,00028 0,00010 | 0,117 0,024 0,010 0,2615 | 0,00009364 0,00011684
2010 0,00023 0,00008 | 0,119 0,025 0,000 0,2825 | 0,00011166 0,00010095

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1997 0,00011 0,00006 | 0,239 0,049 0,750 0,3199 | 0,00052932 0,00009927
1998 0,00019 0,00011 | 0,175 0,047 0,295 0,3013 | 0,00044851 0,00014086
1999 0,00039 0,00027 | 0,123 0,053 0,019 0,3212 | 0,00021822 0,00029652
2000 0,00051 0,00039 | 0,103 0,054 0,000 0,3133 | 0,00009838 0,00041592
2001 0,00023 0,00013 | 0,160 0,044 0,274 0,2846 | 0,00037027 0,00016204
2002 0,00031 0,00021 | 0,132 0,050 0,000 0,3042 | 0,00033525 0,00024609
2003 0,00008 0,00005 | 0,234 0,054 0,648 0,3476 | 0,00069066 0,00009799
2004 0,00007 0,00005 | 0,231 0,059 0,622 0,3846 | 0,00060698 0,00009586
2005 0,00026 0,00015 | 0,155 0,044 0,336 0,2904 | 0,00029099 0,00017787
2006 0,00021 0,00015 | 0,149 0,055 0,173 0,3557 | 0,0005®79 0,00018416
2007 0,00008 0,00005 | 0,215 0,050 0,559 0,3457 | 0,00056229 0,00008641
2008 0,00019 0,00011 | 0,161 0,044 0,286 0,3054 | 0,00049007 0,00014234
2009 0,00010 0,00006 | 0,201 0,045 0,514 0,3232 | 0,00047785 0,00008803
2010 0,00021 0,00017 | 0,130 0,059 0,000 0,3990 | 0,00040409 0,00019989

Source:WHOMD and HMD 2014, own elaboratio



Table A. 52 Gamma-Gompertz-Makeham parameter estimateswith associated standard
errors for external causes of mortality in Sweden

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1997 0,00017 0,00008 | 0,144 0,034 0,084 0,3176 | 0,00006227 0,00009956
1998 0,00013 0,00006 | 0,159 0,038 0,235 0,3661 | 0,00017756 0,00008532
1999 0,00015 0,00m6 | 0,147 0,032 0,111 0,3160 | 0,00014358 0,00008277
2000 0,00009 0,00004 | 0,173 0,031 0,222 0,3239 | 0,00020415 0,00005696
2001 0,00017 0,00007 | 0,139 0,030 0,000 0,3001 | 0,00007726 0,00009105
2002 0,00015 0,00006 | 0,146 0,028 0,000 0,2845 | 0,00010848 0,00007750
2003 0,00016 0,00006 | 0,147 0,026 0,000 0,2756 | 0,00005621 0,00007249
2004 0,00015 0,00006 | 0,153 0,027 0,210 0,2834 | 0,00012888 0,00007647
2005 0,00013 0,00004 | 0,152 0,023 0,000 0,2508 | 0,00020788 0,00006134
2006 0,00012 0,00004 | 0,153 0,026 0,000 0,2834 | 0,00014793 0,00005874
2007 0,00013 0,00004 | 0,156 0,024 0,081 0,2747 | 0,00012209 0,00005630
2008 0,00013 0,00004 | 0,152 0,022 0,001 0,2571 | 0,00013984 0,00005694
2009 0,00011 0,00003 | 0,157 0,022 0,000 0,2656 | 0,00018479 0,00005020
2010 0,00015 0,00004 | 0,145 0,022 0,000 0,2581 | 0,00014612 0,00006132

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1997 0,00016 0,00010| 0,176 0,052 0,172 0,3293 | 0,00063507 0,00013843
1998 0,00005 0,00003 | 0,288 0,055 1,046 0,3617 | 0,00082908 0,00008109
1999 0,00009 0,00005 | 0,229 0,050 0,626 0,3277 | 0,00069289 0,00009863
2000 0,00017 0,00012 | 0,164 0,059 0,106 0,3578 | 0,00066547 0,00017055
2001 0,00011 0,00006 | 0,207 0,049 0,406 0,3192 | 0,00071146 0,00010671
2002 0,00019 0,00012 | 0,161 0,050 0,000 0,3080 | 0,00059874 0,00016602
2003 0,00005 0,00003 | 0,259 0,048 0,641 0,3075 | 0,00078696 0,00007772
2004 0,00006 0,00004 | 0,249 0,049 0,554 0,3180 | 0,00080355 0,00008388
2005 0,00008 0,00004 | 0,230 0,039 0,504 0,2627 | 0,00082061 0,00007616
2006 0,00013 0,00007 | 0,197 0,044 0,354 0,2937 | 0,00070317 0,00010966
2007 0,00014 0,00007 | 0,193 0,040 0,316 0,2735 | 0,00057452 0,00010404
2008 0,00007 0,00004 | 0,229 0,044 0,460 0,2992 | 0,00073549 0,00008525
2009 0,00004 0,00002 | 0,272 0,049 0,728 0,3389 | 0,00070509 0,00006363
2010 0,00005 0,00003 | 0,267 0,042 0,835 0,3047 | 0,00072181 0,00006505

Source:WHOMD and HMD 2014, own elaboratio



Table A. 53: Gamma-Gompertz-Makeham parameter estimateswith associated standard

errors for the remaining causes of death of mortality in Sweden

Females

Year ri serttt [ Ty seltrr | rir sertt! ri s.elll!

1997 0,00078 0,00013 | 0,157 0,013 0,042 0,1192 | 0,00028107 0,00016807
1998 0,00078 0,00012 | 0,162 0,011 0,080 0,1129 | 0,00024454 0,00015341
1999 0,00090 0,00012 | 0,161 0,010 0,071 0,1031 | 0,00021362 0,00015544
2000 0,00084 0,00011 | 0,163 0,010 0,074 0,1023 | 0,00028163 0,00014563
2001 0,00078 0,00009 | 0,177 0,009 0,240 0,0971 | 0,00029554 0,00012961
2002 0,00105 0,00012 | 0,159 0,009 0,062 0,0925 | 0,00003501 0,00015595
2003 0,00081 0,00009 | 0,174 0,009 0,227 0,0969 | 0,00026725 0,00013174
2004 0,00091 0,00010 | 0,165 0,009 0,144 0,0936 | 0,00010794 0,00014004
2005 0,00105 0,00011 | 0,155 0,008 0,000 0,0864 | 0,00014268 0,00014741
2006 0,00105 0,00010 | 0,155 0,007 0,000 0,8395 | 0,00000000 0,00156225
2007 0,00111 0,00011 | 0,159 0,007 0,102 0,0862 | 0,00000000 0,00218333
2008 0,00107 0,00010 | 0,162 0,007 0,136 0,0833 | 0,00008245 0,00013244
2009 0,00106 0,00009 | 0,163 0,006 0,158 0,0792 | 0,00000001 0,00113051
2010 0,00126 0,00011 | 0,155 0,006 0,096 0,0792 | 0,00000013 0,00027490

Males

Year T selil [T seltir | vy serlt! ri s.elll!l

1997 0,00096 0,00028 | 0,151 0,024 0,036 0,1460 | 0,00071413 0,00033666
1998 0,00087 0,00020 | 0,176 0,020 0,255 0,1282 | 0,00086268 0,00026212
1999 0,00143 0,00036 | 0,138 0,020 0,000 0,1231 | 0,00034128 0,00041719
2000 0,00078 0,00017 | 0,191 0,018 0,351 0,1188 | 0,00097608 0,00023771
2001 0,00097 0,00020 | 0,272 0,017 0,199 0,1126 | 0,00075870 0,00026661
2002 0,00168 0,00036 | 0,136 0,017 0,000 0,1053 | 0,00000017 0,00070695
2003 0,00091 0,00020 | 0,177 0,017 0,240 0,1131 | 0,00089307 0,00026252
2004 0,00099 0,00022 | 0,168 0,018 0,170 0,1163 | 0,00104872 0,00028367
2005 0,00174 0,00038 | 0,134 0,017 0,000 0,1066 | 0,00000006 0,00122316
2006 0,00118 0,00023 | 0,161 0,016 0,162 0,1054 | 0,00076226 0,00028583
2007 0,00138 0,00029 | 0,150 0,016 0,034 0,1098 | 0,00045407 0,00034617
2008 0,00108 0,00020 | 0,173 0,014 0,257 0,1009 | 0,00(4288 0,00024867
2009 0,00151 0,00027 | 0,151 0,014 0,117 0,0966 | 0,00038284 0,00031194
2010 0,00185 0,00032 | 0,142 0,013 0,101 0,0961 | 0,00020524 0,00036772

Source:WHOMD and HMD 2014, own elaboratio






