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Chapter 1

1.1 Introduction

Changes in incidence, progression and recovery of morbidity and related
disability have important consequences for mortality, and, vice versa,
changes in mortality have important consequences for morhidity. The inter-
play of changes in mortality and morbidity determines whether population
health is improving or deteriorating. A deterioration or an improvement in
the health status of the population has far reaching consequences. A deterio-
ration in population health affects the lives of individuals and has implica-
tions for society as a whele, for instance in terms of population (health)
service needs and social security. The subject of this thesis is the association
between mortality and morbidity and its implications for population health.
We will examine which conditions are necessary for longer life to be associ-
ated with better health. To this end we will assess which changes in undenr-
lying patterns of mortality and morbidity will produce a reduction in years
with disability (‘absolute compression of morbidity’y and/or a reduction of the
proportion of life with disability (‘relative compression of morbidity’).

1.2 Changes in mortality

Nowadays, in The Netherlands and in other low mortahty countries, a
longer life is often taken for granted. Life expectancy has already risen since
the eighteenth century in some European countries, including England,
France and Scandinavia.l'8 That is, in those countries the average number of
vears that someone of a given age may expect to hve has increased, In The
Netherlands, mortality reductions arve likely to have started in the nine-
teenth century.? From 1840/61 to 1990/94 life expectancy increased from
36.1 to 74.2 years in men and from 38.5 to 80.2 years in women.24

This impressive increase in length of life has been accompanied by substan-
tial changes in the age-at-death and cause-of-death patterns. These shifts in
age- and cause-specific mortality are described in the ‘epidemiologic transi-
tion theory® which is an extension of the mortality component of the
‘demographic transition’? Qriginally, three phases were distinguished: ‘the
age of pestilence and famine’, ‘the age of receding pandemics’ and ‘the age of
degenerative and man-made diseases’.? During the epidemiclogic transition,
changes in the cause-of-death pattern from mainly infectious diseases to
chronic diseases were accompanied by a shift in the age pattern of mortality
from younger towards older ages, In the third stage mortality was concen-
trated at older ages and was mainly caused by chronic diseases.

At the time the epidemiclogic transition theory was formulated, the increase
in life expectancy had already been slowing down for some years and chronic
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degenerative diseases had become the most important causes of death,
These facts suggested that the increase in life expectancy had come to a
halt®? and that the epidemiologic transition had ended.8 However, since the
early 1970s, declines in mortality from chronic diseases at older ages have
caused sharp rises in life expectancy of the elderly population.t-1¢ In order to
incorporate this renewed decline in mortality, researchers have suggested
adding a fourth stage to the epidemiologic transition.8 Qlshansky formulated
‘the age of delayed degenerative diseases’. This phase is characterized by the
delay of mortality from degenerative diseases to older ages, implying rapidly
falling death rates, rising life expectancy at older age and a significant rise
in the mean age of death from these diseases.® The most important diffey-
ence between the last two phases is the shift of mortality towards older ages
without a shift in the cause-of-death pattern, chronic diseases remaining the
main cause of death.

Uncertainty abounds, even today, as to whetheyr the delay in mortality at
older ages, which characterizes the fourth stage of the epidemiologic transi-
tion model, will continue to generate substantial increases in life expectancy
in the near future or will generate ever smaller increases.

Two opinions are prevalent. One group of researchers, known as the pro-
ponents of ‘the limited-life-span paradigm’, believes that average life ex-
pectancy will not increase beyond 85 years of age.'4 Further substantial
reductions in death rates at advanced ages are constrained by biclogical
barriers (e.g. senescence) which will be overcome only in the event of ma-
jor unforeseeable breakthroughs in the process of aging, or by societal bax-
riers (e.g. environmental deterioration and smoking). The increasingly rec-
tangular shape of the survival curve, seen as a manifestation of the fact
that the natural imit to human life has almost been completed!2!5 and the
enormous reductions in mortality rates which would be needed to achieve
a life expectancy at birth of 85 years!? are used as arguments in support of
this view, Arguments for the existence of a limited-life-span are provided
by the evolutionary theory of senescence, well-known to researchers in the
field of biodemography.14.16

Others, known as proponents of ‘the mortality-reduction paradigm’!™21 ar-
gue that the decline in mortality rates will continue and may even acceler-
ate, also at the most advanced ages. A life expectancy at birth of 100 years or
more is considered to be within reach somewhere in the near future,!81® The
observed decreases of mortality at advanced ages by 1-2% per year, and the
very low mortality rates in subpopulations with healthy life styles, are used
as arguments in favour of substantial future increases in life expectancy,!719
Among those who judge that large improvements in life expectancy are still
possible, viewpoints differ as to whether there are biological limits to life
expectancy. Some researchers believe that biological mits exist, but that
future advances in biomedical research may nevertheless raise life expec-
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tancy up to 100 years (e.g. Cutler and Havigrust), to 100-125 years (e.g.
Strehler) or even up to 150-200 years (e.g. Rosenberg).®

1.3 Changes in morbidity

Traditionally, improvements in life expectancy have been considered an in-
dicator of improving population health. The fact that data on mortality were
(and are) widely available and reliable played a part in the choice for this
indicator. Vital statistics and population registers which cover the entirve
population provide accurate data over a long period of time, These mortality
data ave reliable since death is a unique event and is clearly defined, as op-
posed to morbidity, which can be defined in numerous ways.?? A second rea-
son is that the positive association between mortality and morbidity was
taken for granted for a long time. A decline in mortality was generally con-
sidered to reflect a decline in morbidity in the population. Nowadays, in low
mortality countries where improvements in life expectancy are caused by
mortality reductions from chronie diseases in older ages, serious doubt exists
ag to whether longer life means a reduction in morbidity 2326

With regard to the development of morbidity in the (elderly) population in
low mortality countries during the fourth stage of the epidemiologic transi-
tion, three hypotheses have been forimnulated: (1) the expansion-of-morbidity
hypothesis, (2) the compression-of-morbidity hypothesis and (3) the dy-
namic-equilibrium hypothesis. These hypotheses differ as far as the ex-
pected size of the increases in life expectancy is concerned and the way in
which these mortality reductions are or will be achieved.

1, The expansion-of-morbidity hypothesis

The expansion-of-morbidity hypothesis (also called the ‘pandemic-of-mental-
disorders-and-disabilitieg’ or ‘failure-of-success’ hypothesis) states that mor-
tality reductions will produce more years with morbidity and related dis-
ability.2326 Mortality reductions might produce this increase in years with
morbidity and disability (i.e. expansion of morbidity) in two ways. First,
through a reduction in the lethal sequelae of degenerative conditions, due to
medical interventions that prolong the life of the seviously chyonically ill.23.24
Second, through increased survival which pushes the saved population into
the oldest-old ages where the risks of nonfatal diseases of aging are ex-
tremely high.26:26 Hence, declining mortality from fatal diseases produces a
population with high risks of chronic morbidity and related disability and
thus leads to a shift in the distribution of causes of disability from fatal to
nonfatal diseases. These nonfatal conditions, like arthritis, dementia, di-
minished hearing, hip fracture and depression, are considered factors which
cause expansion of morbidity 27
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2, The compression-of-morbidity hypothesis

In response to the pessimistic view of a pandemic of chronic diseases and
disability, Fries formulated the compression-of-morbidity hypothesis. 215,28
The compression-of-morbidity hypothesis assumes that life span is fixed,
that life expectancy is veaching this limit, that chronic diseases and related
digability can be postponed to older ages by behaviourial changes and that
the physiologic (e.g. serum cholesteral, blood pressure) and psychologic
markers (e.g. social interaction, memory) of aging can be modified. Fries axr-
gues that there is a natural limit to the life span (i.e. the genetically en-
dowed limit to life for a single individual if free of all exogenous risk factors).
A linear decline in organ reserve with increasing age parallels the decline in
the ability to restore homeostasis. Eventually, the smallest perturbation
prevents homeostasis from being restored and causes ‘natural deatl’, which
may even occur without disease.)? The occurrence of rectanguiarization is
regarded as an indication that life expectancy is reaching the maximum life
span, which prevents life expectancy from any further substantial increase.
Chronic diseases, which are responsible for the majority of all deaths and
disability, can be postponed or even prevented by adopting a healthy life
style, such as avoiding overweight, quitting smoking and doing exercise, The
amount of morbidity can decrease as chronic morbidity is compressed into
the shorter span between the increasing age at onset of morbidity and the
fixed age at death, Postponement of chronic diseases thus results in rectan-
gularization not only of the mortality curve but also of the morbidity curve.
Thus delaying the onset of chronic disease and disability, while assuming
that the length of human life is fixed, produces a decline in the number of
years with morbidity. This is known as ‘compression of morbidity’. The com-
pression-of-morbidity hypothesis thervefore associates longer life (although
limited) with an improvement in the healthfulness of life.

3. The dynamic-equilibrium hypothesis

A third, intermediate view, known as the ‘dynamic-equilibrium’ hypothesis
has been put forward by Manton.2? According to this hypothesis there exists
an equilibrium between life expectancy and the health and functioning of
the elderly population. As does the expansion-of-morbidity hypothesis, the
dynamic-equilibrium hypothesis predicts further increases in life expec-
tancy. The dynamic-equilibrium hypothesis states that increased survival
will produce an increase in years with morbidity, but years with severe monr-
bidity and disability will be relatively constant, because the rate of progres-
sion of chronic diseases is reduced.?® What counts, therefore, is not the post-
ponentent of the lethal sequelae, but the fact that the rate of progression of
certain degenerative diseases in the elderly population has been slowed
down by medical interventions and lifestyle changes in an earlier (less se-
vere) stage of the disease process.

Empirical evidence on trends in morbidity which have accompanied the
mortality yveductions since the early 1970s is not conclusive as to which of
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these hypotheses is supported by the facts.30-32 Most studies indicate an in-
creaso of morbidity and/or disability among the elderly in the 1970s (except
for those over age 75), stability or continuation of the deterioration in the
first years of the 1980s, followed by some improvement in the second half of
the 1980s and 1990s, Uncertainty exists as to whether these changes based
on data of self-reported health are due to changes in objective morbidity (i.e,
morbidity assessed through an independent observer) or due to changes in
the way people perceive their health and report on it.22.25.30.33

1.4 The relation between changes in
mortality and morbidity

The compression-versus-expansion debate and empirical studies on trends
in health during the period of mortality decline have shown that it would be
an oversimplification to make inferences about the change in population
health solely from mortality trends. Apart from the time lag between the
occurrence of disease and death, two groups of explanations can be distin-
guished for the possibie absence of a parallel development of mortality and
morbidity. One set of explanations is at the level of disease processes, and
one at the level of the distribution of diseases and frailty in the population
(i.e. population heterogeneity).

IMirst, diseases and conditions differ as far as they are associated with mor-
tality (i.e. operate as cause of death) and/or with morbidity (i.e. operate as
cause of morbidity and disability). Acute deaths resulting from external
causes of death (e.g. homicide and suicide) or fatal diseases with a very short
duration {such as some cancers) do not cause (significant) chronic morbidity
or disability. Consequently, changes in mortality from these diseases can
occur without substantial changes in morbidity from these conditions. Non-
fatal diseases, such as arthritis, musculoskeletal diseases, vision and hear-
ing loss do not cause mortality but have a considerable burden of morbidity,
in terms of disability.2634 For these diseases, changes in morbidity can occur
without substantial changes in mortality. In between are chronic diseases
which are - to a greater or lesser extent - both disabling and fatal, For this
group, the association between mortality, morbidity and disability depends
upon the nature of changes in incidence of morbidity, in the rate of progres-
sion of diseases, in the probability of recovery and in case-fatality, If mortal-
ity declines because people do not develop the disease, develop the disease
later in life, or recover from the disease, a mortality reduction is accompa-
nied by improved health. On the other hand, if mortality declines among
persons who already have the disease, if the disease progression is reduced
or if death is delayed, a mortality reduction is accompanied by an increase in
morbidity in the population, 293!
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Second, the absence of a parallel movement of changes in mortahity and
morbidity can be due to interaction effects between mortality and morbidity
which affect the distribution of risk factors, morbidity and frailty in the
population. Two mechanisms which affect population heterogeneity and may
explain the absence of the parallel movement between changes in mortality
and morbidity can be distinguished. The first relates to mortality selection.
As mortality falls, genetically weaker individuals survive longer and in turn
are subject to higher rates of disease, disability and mortality later in
life, 222925 Thus, morbidity and related disability in the population may in-
crease after initial mortality declines, because the frailer and weaker pey-
sons become a relatively more numerous group in the population. The sec-
ond mechanism implies changes in the prevalence of risk factors in the
population. Chronic diseases can sharve common risk factors (e.g. smoking
causes both lung cancer and cardiovascular diseases), and one disease can
act as a risk factor for a second disease (diabetes mellitus increases the risk
of cardiovascular diseases). As a consequence, reductions in mortality in one
chronic disease due to reduced case-fatality or a slower progression of the
disease may affect the risk factor distribution of the population, and thus
might increase the susceptibility to morbidity and further mortality. On the
other hand, there are also mechanisms which affect population heterogene-
ity that may cause a positive correlation between mortality and morbidity.
For instance the experience of morbidity at one point in the life course might
have important negative consequences for morbidity and mortality later in
life, because damage from illness or injury (i.e. insult accumulation) in-
creases the susceptibility for disease and mortality in the future.3® As a re-
sult, a yeduction in incidence of morbidity may leave a stronger population,
In general, a parallel development of morbidity and mortality, depends upon
the stage in the causal chain running from risk factor{s) through disease(s)
to mortality at which a change occurs.

1.5 A comprehensive framework for
integrating changes in mortality and
morbidity

The complex association between mortality and morbidity implies that we
should not confine owrselves to examining changes in either mortality or
morbidity from which we subsequently draw inferences about the evolution
of population health in general. Reductions in mortality are not necessarily
accompanied by reductions in morbidity and disability in the population and
vice versa. For example, if the prevalence of morbidity declines due to an
increase in premature mortality, population health can hardly be said to be
improving. On the other hand, when increases in the length of life imply
that the duration of time spent with severe disability and frailty is increas-
ing, the improvements in population health might be smaller (or might even
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become negative) than the extension of life would suggest. It is exactly the
balance between changes in mortality and morbidity that determines
whether population health is improving or deteriorating. Therefore the focus
should not only be on the lengthening of life (‘adding years to life’y but also
on the improvement of the healthfulness of life (‘adding life to years’).

The preceding remarks on the complex association between mortality and
morbidity and the importance of both aspects together for the health status
of the population, suggest the need to take into account factors not consid-
ered in the epidemiologic transition model. To describe and explain (changes
in) population health an elaborate model is required, which includes fatal
and nonfatal health outcomes, and relates (changes in) mortality and mor-
bidity to (changes in) population health, and vice versa.

The survival curve model, originally introduced by the World Health Ox-
ganisation in 1984%, provides a comprehensive framework and an analytic
tool to integrate changes in mortality and morbidity. The WHO model cap-
tures the dynamics of mortality, morbidity and disability over the life course
in a relatively standardized manner. It consists of three survival curves, the
mortality, disability and morbidity cwrve, which describe changes in the
proportion of individuals in a cohort who can expect to survive without re-
spectively mortality, disability and morbidity. For reasons of transparency
and consistency of terminology, we will not distinguish between a morbidity
curve and a disability curve. Morbidity is used in general terms; disability is
considered as a dimension of morbidity. In Figure I the area below the mor-
tality curve represents total life expectancy, while the area under the mor-
bidity curve represents life expectancy without morbidity. The area between
the mortality and the morbidity curve rveflects the expected duration of life
with morbidity. The WHO model enables us to evaluate whether or not
changes in mortality and morbidity result in compression or expansion of
morbidity.

The survival curves used m the WHO model arve determined by age-specific
mortality, disability and morbidity rates and are caleulated from the life ta-
ble. Total life expectancy and life expectancies with and without morbidity
and disability can be easily derived from the number of person years spent
by the (synthetic) cochort in different health states distinguished in the life
table.

Using a life table perspective has several advantages. First, the life table
provides a tool to analyze (changes in) mortality and morbhidity rates within
the framework of a single integrated model of population health and to
summarize information on (changes in) mortality and morbidity into an in-
tegrated indicator of population health. This indicator, ‘health expectancy’, is
the expected duration that individuals on average will spend in a specific
health state, provided that current age-specific mortality and morbidity
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Mortality {hypothetical) and morbidity (hypothetical) survival curves.

rates remain unchanged during the lives of these individuals. Health expec-
tancy is increasingly used as an indicator for population health.3738 To date,
health expectancy has been calculated in 32 countries,3?

Second, the life table can serve as a conceptual model to describe and visu-
alize the association between changes in mortality and morbidity and popu-
lation health. It thus helps to clarify the debate on compression- and expan-
sion-of-morbidity. For this reason, health expectancy is a key concept in this
debate. The life-table model of health expectancy clearly illustrates that
changes in population health depend upon the relative importance of
changes in the underlying mortality and morbidity curves. It will be chvious
that these curves need not necessarily change in the same direction and to
the same extent. This implies that the area between two curves might
shrink or expand. Thus a situation of absolute compression of morbidity and
absolute expansion of morbidity can be described as fellows:

1. Absolute compression of morbidity (disability) occurs when the area be-
tween the mortality and the morbidity (disability) curve diminishes, In
other words, life expectancy with morbidity (disability) declines,

2. Absolute expansion of morbidity (disability) occurs when the area be-
tween the mortality and the morbidity {(disability) curve expands. In
other words, life expectancy with morbidity {(disability) increases.
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Sometimes it is not enough to describe a situation in terms of absolute ex-
pansion or compression of morbidity, especially when the total length of life
is increasing or diminishing substantially. In order to allow for the latter
changes, relative measures, such as ‘relative compression of morbidity’ and
‘relative expansion of morbidity’, are in use.*®

1.6 This thesis

This thesis reports the results of a study on the association between
{changes in) mortality, morbidity and population health. The main objective
is to specify which changes in mortality and morbidity would be needed to
achieve compression of morbidity in The Netherlands in the future. The life
table is used as a conceptual model and an analytic tool to examine changes
in mortality, morbidity and population health, The main focus is on the bux-
den of mortality and morbidity due to chronic diseases, or in other words, on
the consequences of chronic diseases, The burden of morbidity is defined op-
erationally in terms of disability, In this thesis disability means restrictions
in both actions and activities. The former comprise restrictions in perform-
ing fundamental actions used in daily life, such as walking, climbing stairs
and reading standard-size print. These can also be labelled as functional
limitations. Activities refer to more complex operations which comprise of
several basic physical and mental actions, like dressing and bathing. 1542

Both disability and death are generic health outcomes, which can be used to
summarize the population burden of morbidity and mortality due to diseases
and injuries, Disability, like mortality, indicates that a certain ‘severity’
threshold is passed, reflecting a negative impact of one or more chronic dis-
eases or injuries on the quality of life. The time spent above a disability
threshold is more revealing than the time spent between the onset of disease
and the occurrence of death. This is chvious, when we consider the conse-
quences of improved detection of disease, Due to improved case-finding we
will find increases in the time spent with disease. But this does not neces-
sarily imply that the burden of morhidity has increased. In the same way, an
improvement in survival does not imply that the burden of morbidity will
increase. By using a threshold based on disability this problem can be par-
tially circumvented.

Health expectancy, in this thesis operationally defined as life expectancy
with or without disability, will be used to assess population health. Changes
in health expectancy thus defined are evaluated in order to assess whether
or not compression of morhidity has occurred. Compression of morbidity is
defined as a concentration of disability into a smaller number of years of life
(absolute compression) or inte a smaller proportion of total life expectancy
(relative compression). The relationship between mortality and disability on
the one hand and diseases and their risk factors (such as smoking) on the
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other hand is investigated in several parts of this thesis, In this thesis, a top-
down approach is followed from generic health outcomes (i.e. mortality and
disability) to diseases and risk factors. The alternative approach would have
been a disease-specific or bottom-up approach, which starts from risk factors
and diseases.

The study aims are the following:

1. To describe and analyze recent changes in Dutch mortality, paying spe-
cial attention to changes in the rectangularity of the survival curve and
in life expectancy at older ages. Both issues play an important role in the
compression-of-morbidity debate.

2. To describe the current age-specific mortality and disability patterns in
the Dutch adult population and to translate these patterns into an inte-
grated population health indicator.

3. To determine which changes are needed in current mortality and dis-
ability patterns to achieve compression of morbidity in The Netherlands.
The effect of the following (hypothetical) situations will be studied: (a) a
general reduction in age-specific mortality and disability rates; (b) a re-
duction in mortality and disability due to the elimination of smoking, and
(c) a reduction in mortality and (hsablhty due to the elimination of spe-
cific chronic diseases.

The thesis consists of three parts, each related to one of the three aims of the
study just described.

Part I! Old-age mortality and ‘rectangularization’ (chapters 2-4)

In chapter 2 changes in life expectancy at ages 60 and 85 in the period 1970-
1994 will be studied. Next, changes in life expectancy at these ages will be
decomposed by age and by cause of death. Chapter 3 deals with develop-
ments in mortality in The Netherlands since 1950 and focuses on changes in
the shape of the survival curve and in life expectancy at clder ages. We will
assess whether or not rectangularization has occurred in The Netherlands in
recent years. In chapter 4 the contribution of different causes of death to
changes in the shape of the survival curve will be examined by means of a
life-table decomposition analysis, which relates changes in the shape of the
survival curve to changes in age- and cause-specific death rates.

Part II: Health expectancy (chapter §)

The fifth chapter deals with the estimation of health expectancy on the basis
of longitudinal data. We will first estimate current age-specific mortality and
disability rates in The Netherlands using Poisson regression analysis with
offset (also known as ‘log-rate analysis’). Next, these mortality and disability
rates will be combined in a multistate life-table model of health expectancy,
consisting of three health states; ‘nondisabled’, ‘disabled’ and ‘dead’. The
multistate life table translates the mortality and disability rates into an in-

11
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tegrated population health indicator, health expectancy. The current meortal-
ity and disability patterns and the integrated population health indicator
will be used as a starting point for two of the three scenario caleulations in
part three,

Part III: Compression of morbidity (chapters 6-8)

In the third part of this thesis we will examine which changes in current
mertality and disability patterns will be necessary to achieve compression of
morhidity in The Netherlands. For this purpose, we will follow three differ-
ent approaches. First, in chapter 6, we will examine which changes in the
age-specific incidence rates of disability, recovery rates from disability and
mortality rates among nondisabled and disabled persons will be needed to
result in compression of morbidity in The Netherlands. Next, in chapter 7,
we will examine the effect of the elimination of an important risk factor -
smoking - on health expectancy. We will assess whether elimination of
smoking is likely to produce compression of morbidity., We will combine epi-
demiolegic information on the association between smoking and disability
and mortality with the multistate life-table model of health expectancy, es-
timated in chapter five. Finally, in chapter 8, we will examine whether the
elimination of several chronic conditions causimg disability and/or death is
likely to produce compression of morbidity. For this purpose we will combine
the cause-elimination life-table technique with logistic-regression analysis.

In chapter 9 we will summarize the main findings of our studies and discuss
the main features of the approach we followed in this thesis. Finally, we will
make some recommendations for further research and will discuss several
policy implications of the outcomes.
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PART 1

Old-age mortality and
rectangularization






Lack of improvement of life

expectancy at advanced ages
in The Netherlands

Abstract

Objective: Several countries have reported thal life expectancy at ad-
vanced ages is increasing. This paper analyzes recent changes in life expec-
tancy at age 60 and age 85 in The Netherlands, a low mortality country
with reliable moriality data.

Methods: We used data on the population and the number of deaths by
age, sex and underlying cause of death for the period 1970-1384 from Sta-
tistics Netherlands. Life expectancy at age 60 and 85 was estimated using
standard life-table techniques. The coniribution of different ages and
causes of death to the change in life expeciancy during the 1970s (1970/74-
1980/ 84) and the 1980s (1980/84-1990/94) was estimated with a decom-
position technique, originally developed by Arriaga.

Results: Life expectancy at age 60 increased in both the 1970s and 1980s,
whereas life expectancy at age 85 decreased in men and stagnated in
women tn the 1980s. Since 1985/ 89, life expectancy at age 85 has decreased
in women as well. The decomposition by age showed that a stagnation of
the decline in mortality rates in women aged 85-89, and an increase in
mortality rates ai age 85+ and (men) and 90+ (women) have caused the
observed change in life expectancy at age 85 since 1980/ 84. The decomposi-
tion by cause of death showed thai smaller mortality reductions from other
cardiovascular diseases and cerebrovascular diseases - which contributed
most o the increase in life expectancy at age 85 in the 1970s - and mortal-
ity increases inter alia from chronic obstructive pulmonary disease
(COPD), menial disorders and diabetes mellitus produced the decrease
{men) and stagnation in the increase (women) in life expectancy af age 85.
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Conclusions: Life expectancy at advanced ages siopped increasing during
the 1980s in The Netherlands due to mortality increases at ages 85+ in men
and ages 90+ in women. As a result, rectangularization of the survival
curve fook place. The increase in mortality at advanced ages from specific
causes suggesis that, in addition to (past) smoking behaviour in men,
changes in the distribuiton of merbidity and frailty in the population
might have contributed to the lack of improvement in life expectancy af ad-
vanced ages. Further investigation into these factors is necessary and is
likely to benefit from cross-national comparisons and from an analysis of
the changes in incidence, progression, and case-fatality of chronic diseases
which caused the mortality increases in the oldest old Dutch population.

2.1 Introduction

In 1980, Fries argued in a well-known article in the New England Journal of
Medicine that the average length of life spent with morbidity and the need
for medical care in later life will decline, because chronic diseases can be
postponed towards older ages and the increase in life expectancy is limited
by a fixed human life span.! This optimistic scenario was the antithesis of
the ‘expansion-of-morbidity’ hypothesis?5, which anticipates an increasingly
older and frailer population,

Developments in mortality among the oldest old (age 85 and over) play an
important role in the ongoing debate on what is the most likely scenario.
According to Fries, the survival curve has assumed an ever more rectangu-
lar form (rectangularization’), because life expectancy is reaching the fixed
human life span, Opponents of Fries argue that the average age at death
can still be delayed substantially. If this life extension resulted from ad-
vances in medical treatment which reduce the lethal sequelae of chronic dis-
eases, persons will live longer with chronic diseases and disability 24 But
apart from mortality reductions among the chronically ill, improvements in
the chances of surviving up to advanced ages might imply that the propor-
tion of the population that faces these higher risks will increase, due to the
strong age dependence of the risks of chronic diseases and associated dis-
ability.35 Thus as a consequence of mortality declines at advanced ages, the
health status of the oldest old population might deteriorate. This might
eventually result in an increase in the demand for medicai care and other
long-term care services. Hence, mortality declines not only affect the size of
the cldest old population, but might also have an effect on their health
status.

Ever since I'ries formulated the compression-of-morbidity hypothesis, sev-
eral studies have reported rapid declines in oldest old mortality.610 In The
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Netherlands, oo, a country with traditionally low mortality and reliable
mortality data at advanced ages!!, life expectancy of the elderly (65+) and
oldest old (85+) has increased. i

This study aims at obtaining a better understanding at the recent changes
in mortality in the Dutch elderly population. The central questions are: (1)
did the increase in life expectancy of the elderly population accelerate, con-
tinue or stagnate in past years and (2) which age- and cause-specific mortal-
ity dynamics underlay these recent changes in the life expectancy? We will
use total and cause-specific Duteh mortality data of the population aged 60
and over in the period 1970/74-1990/94. The implications of the recent mor-
tality developments at older ages are discussed in terms of rectangulariza-
tion of the swrvival curve.

2.2 Methods

Data

Data on the population and the number of deaths by age, sex and underlying
cause of death for the period 1970-1994 were obtained from Statistics Neth-
ertands. 1*14 Total mortality and population data had originally been derived
from municipal population registers and can be considered reliable and con-
sistent. Population and total mortality data by single year-of-age were used,
whereas cause-specific mortality data were only available by 5-year age
groups, with age 95 and over as the oldest age group. In the period 1970-
1994 causes of death were classified according to two different revisions of
the International Classification of Diseases, Injuries and Causes of Death:
the eighth revision (1CD-8) for the period 1970-1978 and the ninth revision
(ICD-9) for the period 1979-1994. In order to maximize the comparability
over both ICD-classifications, we regrouped the causes classified in both re-
visions into 26 cause-of-death groups (Appendix 1).

Methods

We started with a description of the change in life expectancy at age 60 and
age 85 In The Netherlands in the period 1970/74-1990/94, Life expectancies
were estimated from complete life tables with age 105 as oldest age group.
These life tables, each covering five calendar years, were constructed for
both sexes from total mortality and population data, using standard demo-
graphic technigues. 16,16

Next, we looked for explanations of the change in life expectancy at age 60
and 85 in the 1970s (1970/74-1980/84) and the 1980s (1980/84-1990/94) by
examining the contribution of different age groups and causes of death to
the change in life expectancy. This contribution was estimated from age- and
cause-specific mortality data using a method developed by Arriagal?is,
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which decomposes the change in life expectancy into the contribution to this
change of different age groups and/or causes of death. Although changes in
mortality rates could also give an indication of the contribution of different
ages and causes to the change in life expectancy, we preferred the Arriaga
method for twe reasons. First, this method takes into account substitution
between competing causes of death. Second, it takes into account the fact
that similar changes in mortality rates at different ages influence life expec-
tancy - being a population health measure - to a different extent. The impact
of underlying mortality dynamics on life expectancy, depends on the size of
the population at risk and the remaining life expectancy. Therefore, in gen-
eral, mortality changes at young ages have a larger impact on life expec-
tancy than changes at advanced ages.31?

This does not mean that changes in age and cause-specific mortality rates
are irrelevant. Having assessed which age groups and causes of death con-
tributed most to the change in life expectancy, looking at changes in age and
cause-specific rates will provide more insight into the exact chanpes. There-
fore we also calculated directly standardized death rates (using the popula-
tion of 1990/94 by 5-year of age up to age 95+ as standard) for each 5-year
period. We expressed changes in standardized mortality rates as ratios of
Comparative Mortality TFigures (the so-called CMUFs). To assess whether
these changes in the ratios of CMFs were statistically significant, we calcu-
lated 95%-confidence intervals of the CMFs ratios.?® In the presentation of
the outcomes of the age-specific changes in total mortality, we focus on the
change in CMFs hy 10-year age groups since 1970/74.

Results for specific eause-of-death groups are not shown separately in tables
or figures. Only cause-specific changes in mortality are presented separately
for the age group 86+ in the 1980s, because changes in mortality in the
oldest old have heen striking since 1980/84 in The Netherlands?! and de-
serve closer inspection,

Table 1 Life Expectancy at Age 60 and Age 86 and Change in Life Expectancy at
Age 60 and Age 856, The Netherlands, by Sex

Men Women
At age 60,y At age 85, v At age 60, y At age 85,y
1970/74 16.85 4,46 20.87 4.98
1975/79 17.15 4,74 21.89 5.45
1980/84 17.52 4,85 22,72 5.84
1985/89 17.78 4.74 23.01 5.86
1990/94 18.22 4.63 23.14 5.82

Note: y means in years.
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2.3 Results

Change in life expectancy

During the past two decades, life expectancy of the elderly and oldest old
population has increased in The Netherlands. Table 1 shows that life expec-
tancy at age 60 increased from 16.95 to 18.22 years in men and from 20.87 to
23.14 years in women in the period 1970/74-1990/94, Life expectancy at age
86 increased from 4.46 to 4.63 years in men and from 4.96 to 5.82 years in
women in the same period, A closer inspection of Table 1 indicates that the
gain in life expectancy was not evenly spread across the different 5-year pe-
riads. In men, the increase in life expectancy at age 60 was slightly larger in
the 1980s (0.7 y) than in the previous decade (0.6 y), whereas in women the
opposite was true (1970s 1.8 y; 1980s 0.4 y). The trend in life expectancy at
age 85 was even more remarkable: a gain was seen until 1980/84 (mmen) and
1985/89 (women), but since then life expectancy at age 85 has declined,

Table 2 Decomposition of the Change in Life Expectancy at Age 60 and Age 85 in
the Period 1970/74 to 1980/84 and 1980/84 to 1990/94, The Netheriands, by

Sex”
SOOIV . .11 -1 SN
Atage 60,y At age 85,y Atage 60,y At age 85, y

1970/74 - 1980784

60-64 +0,20 +0.14

65-69 +0.17 +0.25

70-74 +0.07 +0.38

75-79 +0.03 +0.41

80-84 +0.03 +0.37

85-89 +0.04 +0.20 +0.20 +0.59

90-94 +0.02 +0.12 +0.07 +0.22

95+ +0.01 +0.07 +0.02 +0.07

Total +0.58 +0.3% +1.85 +0.88
1980/84 - 1990/94

60-64 +0.22 +0.02

65-69 +0.23 +0.05

70-74 +0,18 +0.10

75-79 +0.10 +0.,16

80-84 +0.01 +0.11

85-90 -0.02 -0.08 +0.03 +0.07

90-94 -0.02 -0.08 -0.02 -0.05

g5+ -0.04 -0.05 -0.02 -0.05
Total +0.70 -0,22 +0.42 -0.02

® Figures are rounded to 0.01,
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Figure 1a

Comparative Mortality Figure (CMF) by 5-year period as a ratio of the CMF in 1970/74,
by 10-year age group, men.
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Figure 1b

Comparative Mortality Figure (CMF) by 5-year period as a ratio of the CMF in 1870/74,
by 10-year age group, women,
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Contribution of different age groups and causes of death to
the change in life expectancy

Because changes in age- and cause-specific mortality might give clues to
changes in the determinants of mortality, we first assessed the extent to
which mortality declines or increases in different age groups and cause-of-
death groups contributed to the described change in life expectancy.

Table 2 shows the contribution of different age groups to the change in life
expectancy at ages 60 and 85, calculated with the Arriaga method. A
‘positive’ contiibution indicates that a mortality reduction in the relevant
age group contributes to an increase in life expectancy, whereas a negative’
contribution indicates that a mortality increase contributes to a reduction of
life expectancy. In the 1970s mortality reductions in all age groups contrib-
uted to the increase in life expectancy at age 60 and age 85, although the
size of these contributions differed. The most striking development in the
1980s was that mortality changes at age 85 and over (men) and at age 90
and over (women) contributed negatively to the increase in life expectancy at
age 60. At age 85, the same changes in mortality were responsible for the
stagnating increase in life expectancy among women (-0,.02 y) and for the
decline in life expectancy among men (-0.22 y). That nevertheless life expec-
tancy at age 60 continued to increase, was due to mortality reductions in the
age groups between 60 and 84 years of age, which have a larger impact on
life expectancy at age 60. For men, larger mortality declines at ages 65 to 79
produced even a larger increase in life expectancy at age 60 in the 1980s,
despite the unfavourable developments at older ages. For women the in-
crease in life expectancy at age 60 was smaller than in the 1970s, also be-
cause the positive impact of mortality reductions below age 90 shrank.

Figure 1 shows the ratios of the standardized monrtality rates (CMFs) by 10-
year age groups since 1970/74, using 1970/74 as reference {ie. 1970/74=1).
The developments in 1970s and 1980s in mortality for each age group are
clear at a glance. As could be expected, the age groups which showed a mor-
tality increase or a decline are the same as those picked out by means of the
Arrviaga method. However, comparison of Figure 1 and Table 2 makes it
clear that caution should be exercised when looking at changes in mortality
rates in order to explain changes in life expectancy. [For example, Figure 1
shows that the reduction in the CMF for age group 90+ was largest for men
in the 1970s, whereas Table 2 shows that this age group did not contribute
most to the increase in life expectancy at age 60. After all, the contribution of
age group 70-79 (0.1) was higher than that of 90+ (0.03).

The contributions of the five causes of death which contributed most, both in

.a positive and negative sense, to the change in life expectancy at age 60 and
age 85 in the 1970s and 1980s are presented in Table 3a-b.
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Table 3b shows that in the 1980s mortality increases from chronic
obstructive pulmonary disease (COPD), mental disorders and diabetes
mellitus (and to a lesser extent other cancers (men) and lung cancer
(women)) contributed ‘negatively’ to the increase in life expectancy at age 60.

Table 3a Decomposition of the Contribution of Selected Causes of Death to the
Change in Life expectancy at Age 60 and 85 In the Period 1970/74 fo
1980/84, The Netherlands, by Sex*

Men Women
At age 60, y

All causes +0.577 All causes +1.847

Increase in Life Expectancy  +0.961 Increase in Life Expectancy +1.815
{HD +0.257 Cerebrovascular diseases +0.417
Cerebrovascular diseases +0.197 IHD +0,391
Pneumoniafinfluenza +0.091 Other CVD +0.186
Stomach cancer +0.083 Prneumeniafinfluenza +0.137
Traffic accidents +0.065 Other heart diseases +0.134
Rest +0.268 Rest” +0.850

Decrease in life expectancy  -0.384 Decrease In Life Expectancy  -0.068
L.ung cancer -0.177 Lung cancer -0.040
Other hearldiseases -0.079 Other causes -0.014
Other cancers -0.052 Breast cancer -0.006
Prostate cancer -0.022 Dis. narvous system -0.006
COPD -0.017 Other endocrine -0.002
Rest” -0.038 Rest® -0.000

At age 85, y

All causes +0,387 All causes +0.878

Increase In Life Expectancy +0.641 Increase In Life Expectancy  +1.031
Other CVD +0.133 {HD +0.193
Cerebrovascular diseases  +0.129 Cerebrovascular diseases +0.182
{HD +0.119 other CVD +0.180
li--defined +0.078 Other accidents +0.110
Pneumoniafinfluenza +0.066 Hi-defined cond. +0.101
Resl” +0.116 Rest” +0.265

Decrease in life expectancy -0.254 Decrease in life expectancy  -0.153
Lung cancer -0.054 Genito-tirinary -0.048
CCPD -0.050 Dis. digestive sys. -0.031
Other heart diseases -0.037 Other causes -0.028
Dis. digestive syst. -0.028 Other endocrine -0.021
Dis. nervous sys. -0.017 Dis. nervous sys. -0.014
Rest" -0.068 Rest” -0.013

Note: CVD = cardiovascular diseases.
f Figures are rounded to 0.001.
® See Appendix 2.
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Mortality increases from these diseases, together with those from prostate
cancer (men) and ill-defined conditions (women), were also largely responsi-
ble for the decline (men) and stagnation in the increase {(women) in life ex-
pectancy at age 85 in this perviod. At age 60, these effects were counterbal-
anced by mortality reductions from especially ischasmic heart disease (IHD)

Table 3b Decomposition of the Contribution of Selected Causes of Dgath to the
Change in Life Expectancy at Age 60 and 85 in the Period 1980/84 to
1990/94, The Netherlands, by Sex*

Men Women
Atage 60, y
All causes +0.701 All causes +(.423
increase in Life Expectancy  +1.131 Increase in Life Expectancy +0.996
HD +0.596 IHD +0.442
Lung cancer +0.144 Cerebrovascular diseases +0.186
Cerebrovascular diseases +0.132 Other heart diseases +0.137
Stomach cancer +0.072 Stomach cancer +0.054
Genito-urinary +0.048 Other accidents +0.047
Rest® +0,138 Rest® +0.130
Decrease in Life Expectancy  -0.430 Decrease in Life Expectancy -0.573
COoPD -0.079 Mental disorders - -0.131
Diabetes Mellitus -0.078 Diabetes Mellilus -0.120
Other cancers -0.065 COPD -0.098
Mental disorders -0.053 Lung cancer -0.085
Cther CVD -0.038 Dis. of the nervous system -0.022
Rest" -0.117 Rest 0118
Atage 85, y
Ali causes -0.215 All causes -0.022
Increase in Life Expectancy  +0.266 Increase in Life Expectancy +0.371
{HD +0.091 IHD +0.118
Other heart diseases +0.081 Cther heart diseases +0.110
Genlto-urinary +0.046 Other accidents +0.042
Cerebrovascular diseases +0.018 Cerebrovascular diseases +0,028
Stomach cancer +0,016 Stomach cancer +0.021
Restb +0.014 Resth +0.053
Decrease in Life Expectancy  -0.481 Decrease in Life Expectancy -0.393
COPD -0.102 Mental disorders -0.162
Mental disorders -0.064 Diabetes mellitus -0.062
Prostate cancer -0.047 {ll-defined cond. -0,036
Other cancers -0.044 COPD -0.031
Diabetes mellitus -0.039 Other endocrine -0.023
Rest® -0.184 Rest" -0.089

Note: CVD = cardiovascular diseases.
?Figures are rounded to 0.001.
®See Appendix 2.
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and cerebrovascular diseases, and from lung cancer (men) and other heart
diseases (women). However, at age 85, the negative effect of mortality in-
creases outweighed the positive effect of mortality reductions from other
causes.

Compared to the 1980s, the 1970s had shown both larger positive contribu-
tions (1970s: 0.64 (men) and 1.08 (women) versus 1980s: 0.27 (men) and 0.37
(women)) and smaller negative contributions (1970s: -0.25 (men) and -0.16
{women) versus 1980s: -0.48 (men) and -0.39 {(women)) to the life expectancy
at age 85, which on balance produced an increase in life expectancy at age
85 in the 1970s, and a decrease (men) or slowdown (women) in the 1980s
(Table 3a-3b). Both smaller mortality reductions (or sometimes even an in-
crease in mortality)} from cerebrovascular diseases and other cardiovascular

Table 4 Ratio of Comparative Mortality Figure® (CMF) of 1980/94 to CMF of 1980/84
at Age 85 and Over, by Sex

Men 95%-C! Women 95%-ClI

Infectious + parasitic diseases 1.63 1.38-1.93 1.51 1.33-1.71
Stomach cancer 0.77 0.70-0.85 0.67 0.62-0.73
Colorectum cancer 0.96 0.88-1.04 0.91 0.86-0.96
Lung cancer 1.21 1.14-1.29 0.97 0.84-1.11
Breast cancer 0.74 0.32-1.71 1.05 0.98-1.12
Prostate cancer 1.34 1.26-1.42 .

Other cancers 1.20 1.15-1.26 1.06 1.03-1.10
Diabetes Mellitus 2.22 1.98-2.49 1.98 1.85-2.12
Endocr. + nutritional + metabolic 1.52 1.30-1.77 1.71 1.55-1.88
Blocd + bloodforming 1.88 1.66-2.27 1.56 1.36-1.80
Mental disorders 4,88 4.22-5.64 4.93 4.54.5.35
Nervous system 1.52 1.36-1.70 1.48 1.35-1.62
IHD 0.85 0.83-0.88 0.83 0.81-0.85
Cerebrovascular diseases 0.96 0.93-1.00 0.97 0.94-0.99
Other cardiovascular diseases 1.14 1.07-1.22 0.91 0.86-0.85
Other heartdiseases 0.86 0.84-0.89 0.87 0.85-0.89
Pneumonia/influenza 1.156 1.09-1.20 1.06 1.02-1.10
COPD 1.52 1.45-1.60 1.39 1.31-1.48
Other respiratory 117 1.01-1.35 1.04 0.91-1.18
Digestive system 1.06 0.99-1.13 1.03 0.99-1.07
Genito-urinary 0.75 0.71-0.80 0.89 0.85-0.93
li--defined 1.28 1.20-1.35 1.20 1.15-1.25
Traffic accidents 0.72 0.56-0.93 0.86 0.57-1.30
Other accidents 0.95 0.88-1.03 0.77 0,73-0.81
Other external causes .87 0.71-1.07 0.65 0.51-0.84
Other causes 1,32 1.15-1.51 1.18 1.11-1.27
Total 1.06 1.05-1.08 1.02 1.01-1.03

Note: CVD = cardiovascular diseasas,

# CMF using the 1990/94 population as standard population,
... Not applicable,
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diseases - which contributed largely to the increase in life expectancy at age
85 in the 1970s - and (larger) mortality increases from e.g. COPD, mental
disorders and diabetes mellitus, together with those from cancer (prostate
and other cancers) and ill-defined conditions, explain the reversal of the
trend in life expectancy at age 85.

Table 4 focuses on recent changes in mortality above age 85 from specific
causes. For the ease of interpretation, we expressed the change as the ratio
of the CMF in 1990/94 to that in 1980/84 (i.e. 1980/84=1). A ratio larger than
1 indicates an increase in mortality as compared to 1980/84, whereas a ratio
smaller than I indicates a decline. Some causes of death showed mortality
declines in the 1980s, but overall the situation was one of mortality increase.
Substantial increases in mortality above age 85 from mental disorders, dia-
betes mellitus and other endocrine, nutritional and metabolic diseases,
COPD, diseases of the nervous system, diseases of blood- and bloodforming
organs, ill-defined conditions, prostate and other cancers, infectious/parasitic
diseases and pnenmonia/influenza took place.

2.4 Discussion

This study examined recent mortality changes in the elderly population of
The Netherlands in the 1970s and in the 1980s. Our results showed that life
expectancy at age 60 increased in the 1970s and 1980s, whereas life expec-
tancy at age 85 has declined since 1980/84 (men) and 1985/89 (women), A
stagnation of the decline in mortality rates in women at ages 85 to 89, and
an increase in mortality rates above age 85 (men) and above age 90 (women)
underlay this trend in life expectancy at age 85. Decomposition of the
change in life expectancy by cause of death showed that both smaller mor-
tality reductions (or sometimes even an increase in mortality) from cerebro-
vascular diseases and other cardiovascular diseases - which contributed
largely to the increase in life expectancy at age 85 in the 1970s - and mor-
tality increases from e.g, COPD, mental disorders and diabetes mellitus, to-
gether with those from cancer (prostate and other cancers) and ill-defined
conditions produced the decrease (men) and a stagnation in the increase
(women} in life expectancy at age 85. The continuing rise in life expectancy
at age 60, on the other hand, was caused by mortaiity reductions at ages 60
to 84 which have a relatively large impact on life expectancy at age 60.

Before turning the attention to the meaning and implications of our results,
it must be emphasized that the findings which are based on underlying
cause-of-death data might be subject to coding and classification errors.
First, at advanced ages, underlying causes of death are difficult to assess
and may therefore be unreliable.?? Furthermore, estimates of the magnitude
of the effects of THD and other heart diseases might be hiased, due to the
ICD-revision of 1979. The number of deaths from these causes by calendar
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vear showed a small increase for other heart diseases mirrored by a decrease
for THD between 1978 and 1979. Finally, the effect of diabetes mellitus and
mental disorders might be overestimated due to a more frequent classifica-
tion of diabetes mellitus?? and senile dementia (part of mental disorders)?4 as
underlying cause of death in The Netherlands since 1983 and 1992, respec-
tively. The number of deaths from diabetes by calendar year showed an in-
crease in diabetes deaths in the years immediately after 1982. For senile
dementia the increase started before and continued after the change in clas-
sifieation. Despite these uncertainties related to cause-of-death data, our
findings indicating a lack of improvement in life expectancy at advanced
ages are based on Dutch total mortality data which are considered to be very
reliable.H

Moreover, differences in the contribution of each age group to the change in
life expectancy (based on the Arriaga method) and changes in age-specific
mortality rates (based on the CMF method) merit attention. The outcomes of
both methods might not always lead to the same conclusion. For a full un-
derstanding of the changes in mortality, information derived from both ap-
proaches is needed. To explain changes in life expectancy, the Arriaga
method is the most appropriate of the two, because, like life expectancy, it
takes into account the fact that changes in mortality in different age groups
affect life expectancy to a different extent. The magnitude of the effect de-
pends upon the size of the population in a certain age group being exposed to
the (changed) mortality rate and the remaining life expectancy of this age
group. On the other hand, changes in age-specific mortality rates provide
more insight into changes in the age structure and size of the elderly popula-
tion. In addition, looking at changes in age- and cause-specific mortality
rates is indispensable to discovering possible determinants of the changes in
mortality.

Table 5 Numerator of Keyfitz' H The outcomes of this study raise the
(NH) and Standard Devia- question of whether the recent
tion (SD) at Age 60, by Sex mortality developments in The Neth-

NH, y SD,y erlands imply rectangularization of
the survival curve. Elsewhere, we

Men defined rectangularization as a trend

1970/74 8.00 8.86 :
towards a more rectangular shape of
1975/79 8.12 8.93 . ;
1980/84 8.14 8.95 the survival curve due to increased
1986/89 8.00 8.85 survival and concentration of deaths
1990/94 7.84 8.76 around the mean age at death of the
Women population (i.e. compression of mor-
1970/74 7.48 8.61 tality). We used the numerator of
1975179 7.71 8.89 Keyfitz H (NH), which interpretation
ggggg ;?1 ggg is similar to the standard deviation
y ) (81)), to measure compression of

1990/94 7.65 9.04

mortality into a smaller age inter
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val?s For comparison, the change in the standard deviation (SD) is
presented, The results from this study showed a decline in NH (and SD)
since 1980/84 (Table 5). This implies that compression of mortality into a
smaller age interval has taken place since 1980/84, which, in combination
with the observed increase in life expectancy at age 60, implies rect-
angularization (in an absolute sense). Without making any inferences as to
whether life expectancy is approaching the biological limit, the recent
rectangularization might indicate that increases in life expectancy ave likely
to decelerate owing to diminishing returns of mortality reductions. 326

Studies for other low mortality countries found no rises in mortality in the
oldest 0ld, 91026 Only in Norway did mortality at advanced ages increase
slightly between 1986/90 and 1991/94.27 Explanations for the recent rise in
old-age mortality in The Netherlands (and Norway) are still being sought.
More research on this topic is needed. As a start, we will elaborate on possi-
ble explanations for the recent rise in old-age mortality in The Netherlands,
First, the increase in old-age mortality might have been caused by excess
mortality due to influenza epidemics in 1989/90 and 1993.282° This is not
likely, however. In 1975 and 1978, influenza also produced substantial ex-
cess mortality.?8 without seriously interrupting the mortality decline among
the oldest old. In addition, our results are not very sensifive to annual per-
turbations due to influenza epidemics, for we used quinquennial data. Sec-
ond, the alleged liberalization of euthanasia policy could have brought for-
ward the average age at death. However, considering the low frequency of
physician assistance in death at advanced ages (in only 0.78% of all deaths
above age 80) and the estimated small decrease in the length of life due to
euthanasia (less than one week in 66% of these cases)®, we do not consider
euthanasia a significant factor, Thivd, the increase in mortality from (ung)
cancer and COPD among the oldest old suggests that (past) smoking behav-
iour might have contributed to the increase in mortality. A reconstruction of
smoking prevalence by birth cohort3' showed that the percentage of
{ex)smokers in men aged 85 and over was probably higher in 1990/94 than
in 1980/84. However, although past smoking behaviour might have played a
role, the evidence is not conclusive, After all, this factor cannot explain the
increase in female mortality at advanced ages, as the percentage of
(ex)smokers aged 85 and over was too small to have had a significant effect
on old age mortality.

The causes discussed so far cannot fully explain the increase in mortality at
advanced ages and thus we should consider other causes, such as those re-
lating to changes in the dis{ribution of morbidity and frailty in the popula-
tion, Less selection due to decreased mortality may have produced a more
frail oldest old population.32 The subsequent increase in mortality from men-
tal disorders, ill-defined conditions and influenza/pneumonia might be a
manifestation of this increased frailty. In addition, decreased mortality from
circulatory diseases might have created a pool of persons with circulatory
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diseases, who run a higher risk of developing severe stages of these diseases
and dying from them.333¢ Finally, reduced mortality from cirenlatory dis-
eases, might have increased the prevalence of diseases that share the same
risk factors or are themselves a risk factor for circulatory diseases, such as
some cancers or diabetes meHitus. Although it is plausible that these factors
have contributed to the increase in old-age mortality, it is not clear why
these mechanisms, which may be expected to operate in other countries as
well, have not (yet) caused old-age mortality to rise in these countries,

Further investigation into the determinants of the old-age mortality is nec-
essary and may benefit from empirical data on the current developments in
old-age mortality in The Netherlands and other low mortality countries,
Monitoring of old-age mortality and cross-national comparisons should
therefore receive high priority. In addition, an important, but in terms of
data requirements very demanding step, would be to disentangle the
changes in incidence, disease progression, and fatality of chronic diseases
which have caused the mortality increases in the oldest old in The Nether-
lands.
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APPENDIX 1
Classification in Cause-of-Death Groups According to the ICD-classifications
10 ene ICD-9
Name of dlsease category Cl:;p 19701976 printy
infectious and parasitic 1 001-136 001-139
diseases
Cancer of stomagh 2 161 151
Cancer of colorectum 2 153-154 163-164
Cancer of frachea, bronchus 2 162-163 162-163;165
and lung
Cancer of breast 2 174 174-175
Cancer of prostate 2 186 185
QOther neoplasms 2 r{140-239) r(140-239)
Diabetes mellitus 3 250 250
Other endocrine, nukritional 3 240-246,251-269, 240-246;251-259
and metabolic diseases 270-279 260-279
Diseases of blood and 4 280-289 280-289
bloodforming organs
Mental disorders 5 280-315 290-319
Diseases of the nervous sys- 6  320-389 320-389
tem and sense organs
Ischagmic heart diseases 7 410-414 410-414
Cerebrovascular diseases 7 430-438 430-438
Other cerebrovascular disea- 7 440-448:450-458 440-448;416
ses 417;451-469
Other heart diseases 7 390-398:400-404 390-398,401-405
420-429 416,420-429
Prneumontalinfluenza 8  470-474,480-484;486 487,480-486
Chronic Obstr. Pulmonary 8 480-493 490-494:496
Disease
Other diseases of the respir- 8  r{460-519) r{460-519),495
atory system
Diseases of the digestive 9 B20-577 520-579
system
Diseases of the genito-urinary 10 580-629 580-629
system
Symptoms and Hi-defined 16 780-796 780-799
conditions
Traffic accidents 17 E800-845,E940-941 ES00-E848
Other accidents 17  E880-887,E890-909 E880-888;£890-909
ES11-929;E943-946 E911-929
E9380-989 E980-989
Other external causes 17  E850-877,; E850-869;E910
E910; E930-999 E870-879
excl. E940-941 excl. E943-946 E930-099
axcl, E980-989 excl. EG80-089
Other causes 11-15 630-678 . ’ 630-676
680-686,690-709 710-738 680-686,600-709 710-
740-759 739
760-776 740-759
760-779
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APPENDIX 2

Table A1 Contribution of Selected Causes of Death to the Change in Life Ex-
pectancy at Age 60 Between 1970/74 and 1980/84 and Between 1980/84
and 1990/94, by Sex®

e 1970/74-1980/84 | 1980/84-1990/94

Men Women Men Women
Total 0.677 1.847 0.701 0.423
Infectious+parasitic diseases 0.009 0.017 -0.010 -0.015
Stomach cancer 0.083 0.091 0.072 0.054
Colorectum cancer -0.005 0.029 0.015 0.038
Lung cancer -0.177 -0.040 0.144 -0.085
Breast cancer 0.000 -0.006 -0.000 -0.013
Prostate cancer -0,022 0.000 -0,032 0.000
Other cancers -0.052 0.071 -0.065 -0.021
Diabstes Meliitus 0.021 0.092 -(.678 -0.120
Endocr, + Nutritional -0.007 -0.002 -0.010 -0.017
Blood + blood forming -0.002 0.003 -0.011 -0.007
Menta! disorders 0.031 0.052 -0.053 -0.131
Nervous system -0.016 -0.008 -0.014 -0.022
[HD 0.257 0.391 0.598 0.442
cerebrovascular diseases 0.197 0.417 0.132 0.186
OtherCvD 0.047 0.186 -0,039 0.007
Otherheart diseases -0.079 0.134 0.047 0.137
Pneumoniafinflugnza 0.091 0.137 -0.023 -0.014
COPD -0.017 0.002 -0.079 -0.098
Other respiratory 0.014 0.012 -0.006 -0.003
Digestive system 0.011 0.043 0.020 0.013
Genito-urinary 0.049 0.009 0.048 0.039
lii-defined 0.057 0.087 -0.010 -0.022
Traffica ecidents 0.065 0.022 0.023 0.014
Other accidents 0.029 0.118 0.016 0.047
Other external causes -0.001 0.000 0.017 0.020
Other causes -0.007 -0.014 -0,002 -0.006

Note: CVD = cardlovascular diseases.
? Figures are rounded to 0.001,
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Table A2 Contribution of Selected Causes of Death to the Change In Life Ex-
pectancy at Age 85 Between 1970/74 and 1980/84 and Between 1980/84

and 1990/94, by Sex*

e AOT0/74-1980/84

] 980/84-1990/04

Men Women Men Women
Total 0.387 0.878 -0.216 -0.022
Infectious + parasitic diseases 0.003 6.008 -0.010 -0.010
Stomach cancer 0.029 0.034 0.016 0.021
Colorectum cancer -0.006 0.002 0.004 0.011
Lung cancer -0.054 -(1.006 -0.026 0.001
Breast cancer -0.001 -0.001 0.000 -0.004
Prostate cancer -0.011 0.000 -0.047 0.000
Other cancers -0.016 0.015 -0.044 -0.015
Diabetes Mellitus 0.008 0.022 -0.039 -0.062
Endocr. + Nutritional -0.016 -0.021 -0.010 -0,023
Blood + bloodforming -0.000 0.001 -0.011 -0.009
Mental disorders 0.032 0.052 -0.064 -0.152
Nervous system -0.017 -0.014 -0.020 -0.019
IHD 0.119 0.193 0,091 0.118
Cerebrovascular diseases 0.129 .182 0.018 0.028
Other GVD 0.133 0.180 -0.018 0.017
Other heartdiseases -0.037 0.050 0.081 0.110
Pneumenialinfluenza 0.066 0.071 -0.032 -0,014
COPD -0.050 -0.004 -0.102 -0.031
Other respiratory 0.005 0.007 -0.004 -0.001
Digestive system -0.028 -0.031 -0.006 -0.003
Genito-urinary -0.003 -0.048 0.046 0.020
lli-defined 0.078 0.101 -0.037 -0.036
Traffic accidents 0.005 0.001 0.003 0.000
Other accldents 0.035 ¢.110 0.005 0.042
Other external causes -0.002 -0.003 0.002 0.003
Other causes -0.013 -0.026 -0.009 -0.014

Note: CVD = cardiovascular diseases.
2 Figures are rounded to 0.001,
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Rectangularization of the
survival curve in

The Netherlands, 1950-1992

In this article, we determine whether reciangularization of the survival
curve oceurred in The Netherlands in the period 1950-1992. Rectangu-
larization is defined as « trend toward a more rectangular shape of the
survival curve due to increased survival and concentration of deaths
around the mean age at death. We distinguish between absolute and rela-
tive rectangularization, depending on whether an increase in life expec-
tancy is accompanted by conceniration of deaths into a smaller age interval
or inlo a smaller proportion of lotal life expectancy. We used measures of
variability based on Keyfitz' H and the standard deviation, both life-table
based. Our results show that absolute and relative rectangularization of
the entire survival curve occurred in both sexes and over ithe entire period
(except for the years 1955759 to 1365763 in men). Af older ages, results dif-
fer between sexes, periods and an absolute versus a relative definition of
rectangularization. Above age 60%, relative rectangularization occurred in
women over the entire period and in men only from 1975/79 on, whereas
absolute rectangularization is seen in both sexes from the period of
1980/84. The implications of the recent rectangularization at older ages for
achieving compression of morbidity are discussed.



Chapter 3

3.1 Introduction

Low mortality countries are experiencing an almost steady increase in the
average length of life due to considerable declines in mortality rates, even at
higher ages. Whether this increase in total life expectancy is accompanied by
a favourable change in health expectancy of the population is still under de-
bate. The different views can be summarized as: ‘compression of morbid-
ity’t2, ‘expansion of morbidity’ (also known as a ‘pandemic of mental disox-
ders and disabilities’)®5, or a ‘dynamic equilibrium’.¢ Rectangularization of
the survival curve plays an important role in this debate, since it is a major
argument in the compression-of-morbidity hypothesis. According to the main
proponent of this hypothesis, James Fries! rectangularization of the survival
curve shows that life expectancy at birth is approaching the average life
span, which is conceptualized as a state in which mortality from exogenous
causes is completely eliminated, and in which the remaining variability in
the age at death is caused by genetic factors. Approaching the average life
span implies that increases in total life expectancy must decelerate. Since
compression of morbidity eccurs if the morbidity-free life expectancy (the
expected duration of life free of irreversible chronic diseases and their con-
sequences) increases more than total life expectancy!, rectangularization
makes compression of morbidity more easy to achieve compared o a situa-
tion without rectangularization,

Despite its importance in the compression-of-morbidity hypethesis, the con-
cept of rectangularization was only loosely defined by Fries 179 It apparently
describes the process that becomes visually manifest by an increasingly
‘square’ or rectangular’ survival curve. That is, a survival curve that has an
increasingly flat top and an increasingly sharp downslope. A rectangular
curve emerges when the probability of survival remains high until advanced
age and drops to zero in a short age range where senescence dominates. Op-
posite to a vectangular shape is the swrvival curve observed among wild
animals (and humans until just 200 vears ago) characterized by a high in-
fant and high adult mortality nearly independent of ape.” Partly as a result
of the lack of a clear definition, the measurement of rectangularization is
ambiguous. Empirical studies of rectangularization or ‘compression of mor-
tality’ used diverse methodologies to examine changes in the shape of the
swrvival curve. Some studies have used absolute measures of the variability
in the age at death, such as the standard deviationi®-13, whereas other stud-
ies have (also) used relative measures of the variability in the age at death,
such as the coefficient of variation or Keyfitz' H, 13" In addition, studies dif-
fered by kind of analysis (visual examination vs examination of age-at-death
distribution), type of data {(number of deaths vs mortality risks) and the
choice of a starting age (fixed starting ages vs percentile points).

In this article, we use measures of rectangularization of the survival curve
based upon an unambiguous definition of the concept, and determine
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whether rectangularization took place in The Netherlands during the period
of 1950-1992,

3.2 Methods

Definition of rectangularization of the survival curve

Rectangularization is defined as a trend towards a more rectangular shape
of the survival curve due to increased survival and concentration of deaths
arvound the mean age at death of the population. That is, the variability in
the age at death declines and deaths arve being compressed into the upper
years of life. This definition is based upon the description of rectangulariza-
tion by Friesl? and the necessary corollary of the concept of rectangulariza-
tion, i.e. the inverse correlation of the variability in the age at death with
increases in life expectancy, pointed out by Myers and Manton!!. Two crite-
ria are taken into account in determining the presence of rectangularization:
increased survival to advanced ages and increased concentration of deaths
around the mean age at death. Increased survival to advanced ages takes
place when the number of swrvivors of successive cohorts, and thus life ex-
pectancy, is increasing. Concentration of deaths and consequently, rectangu-
larization, can take place in an absolute and in a relative sense, When mor-
tality is concentrated into a shorter age range, absolute variability in the age
at death (expressed in years) declines. On the other hand, if mortality is
compressed into a smaller proportion of the total life expectancy, relative
variability (i.e. relative to the mean) declines, We define the concentration of
deaths into a smaller age range as absolute compression of mortality and the
concentration of deaths into a smaller proportion of the life expectancy as
relative compression of mortality. Absolute compression of mortality in com-
bination with an increased life expectancy is defined as rectangularization in
an absolute sense. Relative compression of mortality in combination with an
increased life expectancy is considered to represent rectangularization in a
relative sense.

Measurement of rectangularization of the survival curve

Measures of variability that were used to assess rectangularization in our
study are the standard deviation of the age-at-death distribution (SD) and
the related coefficient of variation (CV), as well as the index of mortality en-
tropy, called ‘Keyfitz’ H’ (H) and its numerator {NH), in all cases life table-
based. SD is a commonly used measure of absolute variability, that measures
the deviation between the subsequent ages at death in the life-table popula-
tionn and the mean age at death, In a life table starting at birth, the mean
age at death is the life expectancy at birth, The SD divided by the mean age
at death is the CV, which is a measure of relative variability.® H is a less
well-known measure. Keyfitz and Golini'6 introduced H into the field of de-
mography as a measure of the elasticity of the life expectancy for propor-
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tional changes in mortality rates (see Appendix, note 1). That is, H gives the
percentage change in life expectancy produced by a reduction of 1% in the
force of mortality at all ages. If H is 1, a decrease in mortality rates at all
ages by 1% leads to an increase in life expectancy by 1%. Similarly, if H is
0.2, a decrease in mortality by 1% results in an increase in life expectancy by
0.2%. H is also a measure of the heterogeneity!?, the variability!8 or the in-
equality!? of the age-at-death distribution and a measure of the concav-
ity*620, the convexity'8, the curvatuwre?), or the rectangularitylt of the sur-
vival curve. If the survival curve is completely rectangular, H is zero. In that
case everybody dies at exactly the same age and the variability in the age at
death is zero. If mortality is independent of age (the force of mortality is
equal at all ages), H is unity. If the survival curve declines in a linear fash-
ion with age (the number of deaths is equal at all ages), H is 0.5. Finally, H
can be viewed as the average years of future life that are lost by the ob-
served deaths, relative to the life expectancy.?2 We used a discrete approxi-
mation of H, based on the linear method, to calculate H from a complete life
table with an initial cohort of one at the starting age x (.= 1):
[0}
Z n@a ea+o.5n
He = 5 1)

€x

where x is the starting age; nde is the number of persons alive at age x who
will die in the age interval a, a+n; o is the final age (105 in our study); es+0.5
is the mid-interval (local) life expectancy at age a+0.5n and n is the length of
the age interval {one in our study, except for age 105, which includes ages
105 and over). H multiplied by the life expectancy at the starting age gives
NH. The measures of variability can be calculated easily from survival
curves starting at any age. We placed a subscript (ike Ho) to specify the
starting age.

To determine whether there is rectangularization, the change in the vari-
ability in the age at death is decisive, A decline in SD or NH in combination
with an increase in life expectancy indicates rectangularization in an abso-
lute sense, whereas a decline in CV or H, in combination with an increase in
life expectancy, means rectangularization in a relative sense. In addition, a
decline in H shows that equivalent proportional mortality declines produce
smaller relative increases in life expectancy” and a decline in NH indi-
cates that proportional mortality declines produce smaller absolute in-
creases in life expectancy.

Data

Data on the number of deaths and the population structure by sex, age and
calendar year were obtained from Statistics Netherlands.2426 These data,
covering all single year age groups of the Dutch population in the period
1950-1992 had originally been derived from the municipal population regis-
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ters, Complete life tables using a period-cohort observational plan (i.e. in-
cluding one calendar year, one cohort and two age groups, see Appendix,
Note 2), with age 105 as the final age, were constructed on the basis of mor-
tality risks (i.e. probabilities of dying), assuming that deaths are uniformly
distributed over the (one-year) age interval.262" These life tables, covering
five calendar years, except for the most recent period of 1990-1992, were
used to assess rectangularization of the survival curve.

3.3 Results

Survival curves of Dutch men and women for 1950/64, 1970/74 and
1990/92 are presented in Figure 1. The area under the curve between a
certain starting age (x) and the oldest age group divided by the number of
persons alive at age x is the life expectancy at that age (Table 1). Changes
in the shape of the survival curve and life expectancy can be traced back to
changes in the underlying pattern of mortality rates (Figure 2a-b). Visual
inspection of the survival curves as such cannot provide an objective
answer fo the question of whether rectangularization of the survival curve
occurred, although the crossing of the survival curves of men shows that
the proportion of survivors to age 60 and over declined between 1950/54
and 1970/74. Therefore, we calculated H, NH, CV and SD on the basis of
complete life tables (Tables 2 and 3). The values of SD and NH indicate
the variability in the apge at death in years, CV and H present the
variability standardized for the mean (i.e. life expectancy), whereas, NH
and H moreover quantify the effect of a proportional mortality decline on
the life expectancy. In 1990/92 Ho was 0.15 for men and 0.13 for women,
indicating that a 1% drop in mortality at all ages would raise life
expectancy at birth by 0.16% and 0.13% respectively. Multiplying He by
the life expectancy at birth shows that a proportional mortality reduction
of 1% would raise life expectancy by 0.109 and 0.100 years, respectively.
This change in years could also be derived directly from NH in Table 2 (by
dividing the NHp by 100). The values of Hies, Hsow and Heou were higher in
1990/92, varying between 0.14 and 0.16 (at age 10%), 0.18 and 0.22 (at age
30%) and 0.34 and 0.44 (at age 60%). A proportional mortality reduction of
1% above age 60%, would raise life expectancy at that age by about 0.44%
and 0.078 years (men) and 0.34% and 0.077 years (women).

A comparison of these measures of variability and life expectancy over
time should indicate whether rectangularization took place. Tables 2 and 3
and Figure 3 show that when all ages are included in the analyses, abso-
lute and relative variability declined in both sexes during the periods of
1950-1992, with the exception of the stagnation in the decline in Ho in men
during the periods of 1955-1969. Life expectancy at birth increased in
women during the entire period, whereas in men the increase was inter-
rupted by a stagnation during the period of 1955/59 to 1960/64 and a de-
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Survival curves starting at birth, by sex.
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cline during the period 1960/64 to 1965/69 (Table 1). The decline in both
absolute and relative variability during most of the period indicates that
mortality was compressed into a smaller age span (i.e. absolute compres-
sion) and into a smaller proportion of the life expectancy (i.e. relative com-
pression). That is, with the exception of the second half of the 1950s and
the 1960s, when life expectancy did not increase in men, rectangulariza-
tion of the entire swrvival curve took place in an absolute and a relative
sense,

Since the change in the entire survival curve combines the effects of two
different types of mortality reductions, i.e. those due to declines in infant
and child mortality and those due to declines from chronic disease mortal-
ity at later ages!!, we examined changes in the survival curve starting at
ages other than birth, Excluding ages below 10% results in a smaller de-
cline in the variability of the age at death between 1950/54 and 1990/92
(see Tables 2 and 3). A closer inspection of the results shows differences
between men and women until the 1980s. In women, relative variability
remained more or less constant and absolute variability rose gradually
during the periods of 1960-1979, whereas in men both relative and abso-
late variability increased during the periods of 1955-1969 and gradually
declined thereafter. Since 1980/84, a slight decline in absolute and relative
variability was found in both sexes, Comparing these results with the

Table 1 Life Expectancy at Birth, Ages 10, 30%, 60%: and 85%, by Sex

€o, Y €10, Y a0u, Y a0y, Y a5y, Y

Men
1950/54 70.57 62.82 43,76 17.37 3.99
1955/59 71.20 62.90 43.74 17.28 3.98
1960/64 71.21 62.60 43,45 17.12 415
1965/69 71.03 62.15 43.02 16.80 4,29
1970174 71.10 61.99 42,88 16.60 4,32
1975179 71.89 62.52 43.30 16.78 4.61
1980/84 72,77 63.22 43.90 17.16 474
1985/89 73.41 83.73 44.34 17.42 4.62
1990/92 74.06 64,32 44,91 17.82 4.57
Women
1950/54 73.08 64.78 45.38 18.31 4,27
1955/59 74.56 65.81 46.28 18.86 4.25
1960/64 75.73 66.72 47.14 19.55 4.49
1965/69 76.31 67.10 47.55 19.98 4.66
1970474 76.96 67.57 48.03 20.45 4,79
1975/79 78.32 68.75 49.15 21.47 5.28
1980/84 79.44 69.74 50.11 22,29 5.65
1985/89 79.90 70.09 50.42 22.59 567
1990/92 80.18 70.30 50.64 22,76 5.69
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change in life expectancy at age 10% indicates that rectangularization in a
relative and an absolute sense took place from 1970/74 (men) and 1980/84
{(women). Above age 10%, excess mortality among adolescents mainly due
to accidents is included. Excluding ages below 30% gave more or less
similar results (see Tables 2 and 3).

With respect to the compression-of-morbidity debate, changes in the rec-
tangularity of the survival curve at older ages are most interesting, be-
cause morbidity is mainly concentrated at higher ages. Above age 60,
relative variability has declined in women over the complete period and in
men since 19756/79, although in men it remained above the level in 1950/54
(Figure 4). Absclute variability has declined in both sexes since 1980/84,
with the exception of the virtually constant SDgox in women. Life expec-
tancy at age 60% has increased in men since 1970/74 and in women during
the entire period, aithough the increase has been smaller in women since
1980/84. The recent decline in absolute variability in combination with the
continuing increase in life expectancy at age 60% indicates that rectangu-
lavization in an absolute sense {ook place. This reversal from a decreas-
ingly rectangular shape of the survival curve in the 1960s and 1970s (men
also in the 1950s) to an increasingly rectangular shape in the 1980s is
worth locking at more carefully.

Table 2 Keyfitz' H (H) and Numerator of Keyfitz' H'(NH), by Sex, for Different

Starting Ages
LooAtpirth L Atage 10 Atage30v: | Atage 80z
H NH H NH H NH H NH
Men
1950/54 0.182 12.87 0.168 10.59 0.225 983 0420 7.45
1955/50 0.173 12.34 0167 1049 0.224 982 0435 7.52
1960/64 0.173 12,33 0172 1074 0232 1007 0452 7.74
1965/69 0.173 12,30 0176 1085 0238 1026 (0471 7.91
1970/74 0.170 1240 0176 1083 0239 1023 0478 7.93
1975/79 0.164 11.78 0.173 10.83 0236  10.21 0.480 8.06
1980/84 0.158 .47 01689 1067 0231 1042 0471 8.08
1985/89 0.151 11.09 0.163 10.39  0.223 9.90 0.456 7.94
1990/62 0.147 1087 0.159  10.22 0.217 975 0.440 7.84
Women
1950/54 0.161 11.80 0.153 9.63 0.208 943 0406 743
1955/59 0.148 11.02 0145 9.51 0197 a.11 0.388 7.31
1960/64 0.141 10,71 0.141 9.42 0192 9.07 0377 7.36
1065/69 0.140 10.67 0.142 9.56 0.193 919 0373 7.486
1970774 0.137 1051 0141 055 0,191 917 0364 7.44
1975/79 0.134 1047  0.141 9.66 0.190 933 0.357 7.67
1980/84 0.130 1035 0.138 966 0.187 935 0349 7.77
1985/89 0.127 10.16  0.136 956 0,184 928 0341 7.70
1990/92 0.125 10.04 0.135 950 0.182 9.21 0.337 767
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Figure 5 confirms that compression of moxtality took place in the 1980s:
the peak of the age-at-death distribution (da) was higher in 1990/92 than
in 1980/84, whereas the area under the da curve remained constant
{equals one in both periods). Visual inspection of the survival curves
presented in Figure 6 confirms that the survival curve became more
rectangular in the 1980s. Standardized mortality rates and life expectancy
in the oldest old showed a change as well. The steady decline in
standardized mortality rates since 1950/64 stopped and reversed into a
slight increase (see Figure Za-b). This increase started at about age 85 in
men and age 90 in women and was more pronounced in men. In contrast
with the 1970s, life expectancy at age 85% was virtually constant in
women and has declined slightly in men since 1980/84.

3.4 Discussion

The main objective of this article is to determine whether rectangulariza-
tion of the survival curve took place in The Netherlands from 1950-1992.
As in the studies mentioned in the introduction, we analyzed the change
in the variability in the age at death and in the life expectancy to assess
rectangularization, but we made some improvements upon previcus stud-

Table 3  Coeffictent of Variation (CV) and the Standard Devlation (SD), by Sex, for
Different Starting Ages

LAtbih o Atage 10 | Atage30%.  Atage60%
cvV SD CvV sSD CcvV Sb CvV SD

Men
1950/54 0.276 19.46 0.223 14.04 0.281 12.28  0.482 8.38
1955/59 0.258 18.35 0.219 1377 0.278 1218 0.489 8.45
1960/64 0.251 17.89 0222 1392 0.284 1235 0.507 8.67
1965/69 0.248 1744 0226 1403 (288 1243 0522 8.77
1970/74 0.238 16,96 0225 1397 0288 1233 0.528 8.76
1975/79 0.226 16.24 0.219 13.70 0.283 12.24 0527 8.84
1980/84 0.218 16,69 0213 1345 0276 1214 0516 8.86
1985/89 0.207 1618 0206 13.16 0,270 11.97  0.503 8.76
1990/92 0.202 1498 0203 13.09 0265 11.91 0489 8.72

Women
1950754 C.246 18.00 0202 13.11  0.262 11.88 0456 8.35
1955/59 0.225 16,81 0192 1260 0250 1166 0.439 8.29
1960/64 0.214 16.20 0,187 1245 0244 1181 0.429 8.38
1965/69 0.209 1593 0189 1268 0246 11.68 0.426 8.52
1970174 0.203 16.60 0189 1275 0.244 11.73 0.418 8.54
1975179 0.195 16.28 0186 12.82 0.242 11.91 0411 8.82
1980/84 0.188 1496 0183 1278 0238 1194 0404 9.00
19685/89 0.183 1463 0181 1272 0,237 11.95 0,398 8.99
1990/92 0.180 14.46  0.181 12.71 0236 1193 0.386 9.01
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ies with regard to the type of data, the definition of rectangularization and
the measures of variability, Before summarizing our main conclusions and
comparing our results with those from other studies, we discuss issues re-
lated to the data and measurement of rectangularization.

A frequently mentioned problem in studies dealing with mortality includ-
ing old age groups, is the problem of unreliability of age reporting at ad-
vanced ages, L1 Using Dutch mortality and population data derived from
municipal population registers eliminates most of this uncertainty.28
There are three principal advantages of using data from continuous
population registers that have been kept in The Netherlands since 185028
over data from death certificates and censuses. First, we considered the
validity of age recording. At birth a personal card hased on the birth cer-
tificate is made and all changes in vital status, including death, are re-
corded on this card. Second, population registers also provide data on the
population at risk by single year of age and sex. Finally, mortality data by
single year of age at death and year of birth are available for all ages, in-
cluding centenarians.

Because of the high quality of the mortality and population data in The
Netherlands, we could use life tables based on mortality risks to determine
whether rectangularization of the survival curve ccourred, A life table
analysis has several advantages over the numerator analysis that was
used by Myers & Manton'®!! and in most analyses of Go'? and Rothen-
berg,1¥ First, changes in the population structure do not affect the results.
Second, in a life table with an initial cohort of one at the starting age, the
proportion of deaths included in the analysis always eqguals one and is
thus constant. Consequently, fixed percentile points are not necessary to
avoid the situation that the proportion of deaths included in the analysis is
not constant.?? Third, analyses of both the variability in the life table age-
at-death distribution and visual inspection of the shape of the survival
curvel!? use the life table perspective, which increases the comparability
of the outcomes.

We made a distinction between rectangularization in an absolute sense
and rectangularization in a relative sense, depending on whether an ab-
solute or a relative measure of variability was used. Although in the case
where life expectancy is increasing, rectangularization in an absolute
sense automatically means rectangularization in a relative sense, the re-
verse is not true. Especially in women, rectangularization in a relative
sense was not generally accompanied by rectangularization in an absolute
sense until the 1980s, because the ape-at-death distribution shifted to the
right. Since the choice between rectangularization in an absolute sense
and in a relative sense influences whether rectangularization is found or
not, it is important always to mention explicitly whether an absolute or a
relative measure of variability was used to assess rectangularization,
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Finally, besides measurves of variability based on the commonly used stan-
dard deviation (i.e. SD and CV), we used measures of variability based on
Keyfitz’ H (NH and H), which have important advantages in studying rec-
tangularization. The most important advantage is that H and NH not only
measure the variability in the age at death, but also quantify the effect of
small proportional mortality reductions at all ages on the life expectancy.
Due to this property of mortality entropy, which expresses the fact that
the effect of a mortality change on the life expectancy depends on the con-
vexity of the survival curved?, there exists a relationship between rectan-
gularization and further increases in life expectancy even without making
inferences about whether or not the maximum life span is being reached.
Another advantage is that measures based on Keyfitz H can be decom-
posed by age!? and cause of death.3! Finally, H and NH are more balanced
measures of changes occurring over the entire survival curve than the SD
and CV. In SD-based measures ‘outliers’ (i.e, the youngest and oldest ages)
have an important weight because in the caleculations deviations are
squared and Hfe expectancy at the starting age is used as the reference
point. Measures based on Keyfitz’ H use the local life expectancy, which
links up better with the concept of rectangularization, because in general,
rectangularization occurs when the age-at-death distribution shows an
increased concentration around the life expectancy, as the latter moves to
older age (or its maximum).

Despite these improvements, which enabled us to assess rectangulariza-
tion unambiguously, some caution must be exercised when interpreting
our results. The most important caveat relates to the use of period life ta-
bles, which combine mortality of different birth cohorts into one synthetic
cohort. We did not use cohort life tables because analyses of recent
changes in the shape of the survival curve would be impossible without
making assumptions on the development of mortality of cohorts born be-
fore 1896 who had not yet completed their mortality in 1990/92. Using a
period perspective might have biased our results because of differences in
mortality selection; only 11.5% (men) and 23.3% (women) of generations
born in 1896-1900 have survived to age 8552, compared to 18.6% and 40.2%
of the synthetic cohort dying in 1981-1985. Visual inspection of the incom-
plete survival curves of generations born in 1881-1885 and 1901-1905%2
confirms the crossing of the survival curves observed in men and the
shifting to the right in women. However, as mentioned before, there is no
information about changes in the shape of the survival curve of these birth
coharts above age 85, which is important in order to determine whether
there is rectangularization or not.

Although the conclusions based on the standard deviation (SD and CV)
were generally confirmed by those based on the index of mortality entropy
(H and NH), pair-wise comparison of the results derived with H and CV
and with NH and SD shows differences as well. CVo and SDo showed an
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uninterrupted decline, whereas Ho and NHo demonstrated a stagnation in
the decline in men by the end of the 1950s and during the 1960s. Of note is
also the difference between the recent trend in SDeox and NHeox in
women, Although this disparate finding recommends some caution in the
conclusion that rectangularization in an absolute sense occurred in women
above age 60%, we consider the outcomes based on NHsox to be more valid.
Changes in the age-at-death distribution, standardized mortality rates
and life expectancy of the oldest old support the trend in NHgos.

Our results show that rectangularization of the entire survival curve oc-
curred both in a relative and an absclute sense in The Netherlands in
most of the period of 1950-1992, Results with respect to the survival curve
starting at age 60% were more divergent until the 1980s. In men, an in-
crease in variability took place until 1975/79 (rvelative variability) and
1980/84 (absolute variahility), indicating that neither rectangularization in
an absolute nor in a relative sense occurred prior to these years. For
women, the variability corrected for the change in life expectancy (Heou
and CVeox) showed a steady decline since the period of 1950/54, but abso-
Iute variability increased prior to the 1980s, indicating that rectangulariz-
ation in a relative sense only cccurred, During the last decade, stabilizing
and even increasing mortality rates of the oldest old resulted in a shght
rectangularization of the survival curves of men and women above age
60%, both in a relative and an absolute sense. Although the reduction in
variability was small, we considered it to he relevant, considering that one
cannot expect large reductions any more, because the variability is
bounded by zero (or even by a value above this level, since in the case
where the genetically endowed limit would be approached, there will al-
ways remain some genetic variability in the age at death).

Comparison with results from other studies on rectangularization or com-
pression of mortality in the United States during the periods of 1962-
19791¢ and 1962-198413, California in 1970, 1980, and 19902, and Canada
during the period of 1951-198114 shows similarities and differences. With
respect to the entive survival curve, our results were in agreement with
the other studies, showing a decline in relative variability (CV or H) and
absolute variability (SD). The only exception is the increase in SP in Cali-
fornian men between 1980 and 1990, but this increase was not found in
white Californian men. The results at older ages (age 60%) corresponded
less. Analyses including the oldest 756% of the deaths (i.e. starting age of
about 60), showed a slight decline in SD in Americans in the 1960s and
1970s and in white Californians in the 1970s, while we found an increase
in absolute variability (i.e. SD and NH) in Dutch men and women above
age 60% in the same period. The decline in absolute variability in the
1980s, found in our study, was also reported for white Californians. Dis-
crepancies between the studies may be due to differences in the data col-
lection and methods of assessing rectangularization, or due to actual dif-
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ferences between the populations and periods studied. A recent study of
Himes3 shows that the pattern of old age mortality in the United States
and, to a lesser extent, in Canada, differs from that in other low mortality
countries, To our knowledge, however, there are no studies that have re-
ported on the change in the variability in the age at death and life expec-
tancy in other low mortality countries. The relational model of Himes and
coworkers?334 provides some information on changes in the age pattern of
mortality for a large number of countries up to the mid-1980s, but com-
parison with other studies is difficult because of the difference in measur-
ing rectangularization and the lack of information by starting age or per-
centile point. Further investigations including recent periods will be nec-
essary to find out whether the recent rectangularization at older ages is
taking place in other countries. In addition, a better understanding is
needed of the stagnation in the mortality decline in the oldest old and of
the mortality changes that caused the recent rectangularization in The
Netherlands. As a start, we have performed a decomposition analysis in
order to determine the contribution of selected causes of death to rectan-
gularization of the survival curve above age 60 in The Netherlands.?

Rectangularization is often interpreted as an indication that the life expec-
tancy is approaching its biological limit. If the recent rectangularization
continues, rectangularization in an absolute sense at advanced ages could
be a sign that life expectancy is approaching the genetically endowed limit
to life. However, on the basis of mortality data, one cannot determine
whether the biological limit is being approached 263" Even with a fixed life
span, there will be variability (due to genetic heterogeneity) in the age at
death, which makes it impossible to determine whether the remaining
variahility in the age at death is due to envivronmental influences or het-
erogeneity in endowment for longevity.10.t538 Nevertheless, even without
making any inferences on whether the life expectancy is approaching the
biological limit, the rectangularvity (or convexity or concavity) of the sur-
vival curve, and changes therein measured by the mortality entropy (H
and NH) provide useful information about further increases in life expec-
tancy. Although rectangularization of the survival curve and compression
of morbidity are two distinct phenomena not related in a simple manner,
this feature of H and NH makes the outcomes of our study important for
answering the question of whether or not compression of morbidity is
likely to occur. The recent decline in NH and H, found in-our study, might
indicate that increases in life expectancy are likely to decelerate owing to
diminishing returns of mortality reductions. Compvression of morbidity is
much harder to achieve if the life expectancy is still increasing rapidly. As
long as this is true, compression of morbidity will only take place if the
morbidity-free life expectancy increases at an even greater pace. Thus, a
continuation of rectangularization, indicating that increases in life expec-
tancy are decelerating, will bring compression of morbidity within reach.
Whether this ideal will be achieved depends on the progress that will be
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made in delaying the onset of chronic diseases and disability, as well as in
slowing down or reversing the disease and disability process.

Appendix

1.

Keyfitz?t described H as follows:

G_J[l(a) Inl(a) da
H= .9

0j[l(a) da
0

where Ka) is the number of swivivors at age a and w is the oldest age
(Keyfitz, 1977).

In the case where the number of survivors at the starting age, 1(0),
equals one, re-expression of H gives!7.22.3%;

{}d(a)e(a)da Gj‘d(a)e(a)aicz
0

H = U =
[Ha)da «(0)
0

where d{a) is the number of persons alive at age 0 who will die between
age a and a+da and e{¢) is the life expectancy at age ¢.

2. In a life table based on a period-cohort observational plan, age ¢ {(e.g. Is,
da, eq) refers to ‘half ages’ like 10% 30% and 60%.
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Rectangularization of the
survival curve 1n

The Netherlands:

an analysis of underlying
causes of death

his study analyzed the contribution of selected causes of death to the

rectangularization of the survival curve of Duich men and women
above age 60 in the 1980s, and determined why rectangularization fook
place in the 1980s but not in the 1970s. The contribution of causes of death
was determined by means of a decomposition analysis, using moriality
data by underlying cause of death, sex, and age from Stalistics Nether-
lands. Our results show that mortality reductions from ischemic heart dis-
ease, cerebrovascular diseases, and lung cancer (inen only) and mortality
increases from chronic obstructive pulmonary disease (men only) and men-
tal disorders contributed fo rectangularization in the 1980s, Comparison
with the 1970s, moreover demonstrated that particularly changes in mor-
tality at advanced ages (i.e. smaller mortality reductions and mortality
increases) were responsible for the reversal from a decreasingly rectangular
shape of the survival curve in the 1970s curve to reclangularization in the
1980s. The combination of increased survival to advanced ages and re-
duced survival at advanced ages explains why rectangularization of the
survival curve took place recently in The Netherlands.



Chapter 4

4.1 Introduction

Declining death rates from chronic diseases among the elderly population in
fow-mortality countries have contributed to the ongoing debate on further
increases in life expectancy!t? and its consequences for the health expectancy
of the population!34, Rectangularization of the survival curve plays an im-
portant role in these discussions. An increasingly rectangular shape of the
survival curve, reflecting an increased survival until advanced age and con-
centration (compression) of deaths into a small age range, implies that fur-
ther increases in life expectancy are harder to achieve. This makes a favour-
able development of health expectancy, known as ‘compression of morbidity’,
more likely.! The question of whether there is rectangularization of the sur-
vival curve was addressed in several studies.510 Most studies concluded that
there was no rectangularvization at older ages, although there exists some
controversy about the assessment of rectangularization. Examination of
Dutch survival curves showed that an increase in life expectancy above age
60 was accompanied by compression of mortality into a smaller age interval
in the 1980s, whereas in the 1960s and 1970s (men also in the 1950s), de-
compression of mortality occurred. That is, a reversal took place fiom a de-
creasingly rectangular shape of the survival curve prior to the 1980s to rec-
tangularization in the 1980s.11

The objective of this study was to develop a better understanding of the re-
cent rectangularization of the survival curve at older age in The Nether-
lands by examining the contribution of selected causes of death. Changes in
the cause-of-death pattern can give a hint of changing determinants of mor-
tality and may therefore afford a glance behind the scenes of the processes
which caused rectangularization. The central question is which changes in
the cause-of-death pattern underlie rectangularization of the survival curve
above age 60 in the 1980s. To answer this question we conducted a bipartite
analysis, First, we examined which causes of death contributed to rectan-
gularization of the survival curve in the 1980s. Next, we analyzed which
causes of death contributed to the reversal from a decreasingly rectangular
shape of the survival curve in the 1970s to rectangularization in the 1980s.

4.2 Methods

Data on the population and the number of deaths by age and sex were ob-
tained from Statistics Netherlands.12!2 Population and total mortality data
covering the period 1950-1992 were classified by single year of age. Analyses
using cause-specific mortality data cover the period 1970-1992. In this pe-
viod deaths were classified by underlying cause of death according to two
different revisions of the International Classification of Diseases, Injuries
and Causes of Death: the eighth revision (ICD-8) for the period 1970-1978
and the ninth revision (ICD-9) for the period 1979-1992. From all causes dis-
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Table 1 Classification in Cause-of-Death Groups According to the ICD-Clas-
sifications
ICD-
IGD-8 ICD-9
Disease Category Clt1:rp- 19701978 1979.
Infectious and parasitic diseases 1 001-136 001-139
Cancer of stomach 2 151 151
Cancer of colorectum 2 153-154 1653-154
Cancer of frachea, bronchus and lung A 162-163 162-163;165
Cancer of breast 2 174 174-175
Cancer of prostate 2 185 185
Other neoplasms 2 r(140-238} 1(140-239)
Diabetes melfitus 3 250 250
Other endocring, nutritional and 3 240-246,2561-269, 240-246;2561-259;
metabolic diseases 270-279 260-279
Diseases of blood and bloodiorming 4 280-289 280-280
organs
Mental disorders 5  290-315 280-319
Diseases of the nervous system and 6 320-389 320-389
sense organs
Ischemic heart diseases 7 410-414 410-414
Cerebrovascular diseases 7 430-438 430-438
Other cardiovascular diseases 7 440-448,450-458 440-448;415,
417,451-459
Other heart diseases 7 390-398,400-404, 390-398;401-405;
420-429 416;420-429
Pneumoniafinfluenza 8  470-474,480-484,486 487,480-486
Chronic Obstr. Pulmonary Disease 8  490-493 490-494,496
Other diseases of the respiratory 8  r{460-519) 1{460-519)
system
Diseases of the digestive system g  B20-577 520-579
Diseases of the genito-urinary system 40 580-629 580-629
Symploms and ill-defined conditions 16 780-796 780-79%
Traffic accidents 17  E800-845,E240-941 E800-E848
Other accidents 17  EB880-887,E880-809, E880-888;E890-
E911-920,E943-946; 909,
E9804-989 ES11-029;E980-988
Other external causes i7  E850-877; E850-869;
E910; E930-999; E870-879;,E910;
excl. E940-941; excl. E930-999;
5333-946; excl. EQ80- excl. E980-989
Other causes 11-15 630-678;680-686; 630-676;680-686;

690-709,710-738;
740-759,760-776

690-709,710-739;
740-759,760-779
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tinguished in these ICD-classifications, we composed 26 cause-of-death
groups for which the comparability over the ICD-classifications is maxi-
mized (Table 1). Cause-specific mortality data were (at the time we per-
formed this study) only available in 5-year age groups with age 85 and over
as the oldest age group. Age groups below age 60 were not included in the
analyses, since especially changes in the rectangularity of the survival curve
at older ages are relevant to the further development of life and health
expectancy.

Construction of life tables

Abbreviated total mortality life tables consisting of 5-year age groups start-
ing at age 60 and with age 100 and over as oldest age group were con-
structed for both sexes using standard life-table techniques.i416 These are
period life tables covering 5 calendar years (e.g. 1980/84), except for the last
period, 1990/92, Period life tables combine mortality of different birth co-
horts which might have faced different influences on mortality (cohort ef-
fects) and different mortality selection. Nevertheless, we did not use cohort
iife tables, because in that case assumptions on the development of mortality
of cohorts born before 1895 which have not yet completed their mortality in
1990/92 would have had to be made. Cause-of-death ratios by 5-year age
groups and sex were calculated by dividing the number of deaths per cause
by the total number of deaths.’® These cause-of-death ratios were assumed
to be constant within five-year age intervals and above age 85, The life ta-
bles and cause-of-death ratios were the starting point of cur analyses.

Measurement of rectangularization

Rectangularization of the survival curve is assessed by determining whether
there is a reduction in the variability in the age at death. In the extreme
situation of a perfectly rectangular survival curve, everyone survives to ad-
vanced ages and then dies at the same age (i.e. there is nc variability in the
age at death). Empirical survival curves are not (and are not likely to be)
perfectly rectangular as the age at death differs between individuals, but
changes in the age pattern of mortality can result in squaring of the survival
curve, known as ‘rectangularization’. Rectangularvization is defined as a
trend toward a more rectangular shape of the survival curve due to an in-
creased survival and increased concentration (compression) of deaths
around the mean age at death, This study focuses on rectangularization and
compression of mortality in an absolute sense, designating a situation of in-
creased concentration of deaths into a smaller age interval (i.e. a decline in
the variability of the age at death, expressed in years). Rectangularization in
a relative sense, which occurs when deaths are concentrated into a smaller
proportion of total life expectancy (i.e. a decline in the variability of the age
at death, relative to the life expectancy), is not considered for two reasons.
First, if life expectancy is increasing, then absolute compression automati-
cally means relative compression. Second, previous analyses have shown
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that in particular the trend in absoclute variability showed a remarkable
change during the 1980s in The Netherlands, 1!

To assess rectangularization, we used the numerator of ‘Keyfitz H’ (NH)17.18,
which, like the standard deviation, is a measure of absolute variability, Ad-
vantages of NI over the better known standard deviation are that (the
change in) the NH can be decomposed by cause of death and that NH not
only quantifies the variability in the age at death, but also the effect of small
proportional mortality reductions on the life expectancy, which makes the
outcomes directly quantitatively interpretable. A change in absolute vari-
ability, measured with the NH, indicates that compression (decline in NH)
or decompression (increase in NH) is taking place. NH is calculated from
abbreviated period life tables with an mitial cohort of one at the starting age
(Is=1), using a discrete approximation.® For each age group a, a+n, NH (i.e.
1IVH.) is calculated as follows:

nNHa = ,da ea+osn (1)

where »dq is the number of persons alive at age x who will die in the interval
a, a+n; a is age; n is the length of the age interval; eq+o.s is mid-interval life
expectancy at age a+0.5n. Summation over all age groups from age x gives
NH,, where the subscript x after I indicates the starting age. The mid-in-
terval life expectancy is calculated as the weighted average of the life expec-
tancy at age a and at age a+n, using the proportion of deaths in the first n/2
and second 1./2 ages as weights,

Decomposition analysis

In order to assess the contribution of different caunses of death to rectangu-
larvization of the survival curve, the change in NH is decomposed by cause.
First, the principles of the decomposition analysis, leaving out of considera-
tion different causes of death are described. Next is explained how causes of
death are incorporated in the decomposition technique.

In one age group »NH, is the product of the number of life-table deaths and
the remaining life expectancy {formula 1). This means that a change in ,NH,
occurs if the number of deaths changes, if the remaining life expectancy
changes or if both change, or

A,, NHG = [(n da + Anda) (ea+0.5n + Aea+0.5n)] - [uda ea+0.5n] (2)

where A is change between the two periods under consideration. Reexpres-
sion gives,

A” NHa = [A” da ea+o.5n] + [n da A€a+0.5n] +[An da Aea+0.5n] (3)
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A change in .VHy due to a change in the number of deaths in that age group
(first component of formula 3), is termed the ‘dirvect effect’ (DI). A change in
WNH, due to a change in remaining life expectancy (second component of
formula 3) is termed the ‘indirvect effect’ (IE). To correct for doublecounting
or undercounting, which occurs when both the number of deaths and the life
expectancy change, a correction is added to the IE (third component of for-
mula 3). A negative DE reflects a decline in the number of deaths in the con-
sidered age group due to a shift in mortality to other age groups, A negative
IE reflects an increase in mortality at later ages (i.e. older than the age in-
terval considered), which results in a decline in remaining life expectancy. A
complicating factor is that DE and IE operate in opposite directions, For ex-
ample, a decline in mortality in a given age interval results in both a direct
effect (due to fewer deaths in that age interval) and an indirect effect {the
decline in mortality in the given age group leads to an increase in life expec-
tancy at younger ages). Whether the net effect (aggregated over all age
groups above age 60) is one of decline depends on the size of both effects. In
general, changes in mortality rates at younger ages affect the variability
more than those at older ages, since the life expectancy and population alive
(and thus at risk for mortality changes) decrease with age.

Next, we included different causes of death in the decomposition analyses,
For each »VH, (i.e. for each age group) we determined which causes of death
were responsible for the DE (through a change in the number of deaths) and
which causes of death were responsible for the IE {(through a change in re-
maining life expectancy, or in both). Given,

m

Ad = ;'EA" d_, (4)

o

where m is the number of causes of death compriging total mortality, the DE
is calculated as follows:

m
n DEa = IE:IAR da,iea+0.5n (5)
Thus, the age- and cause-specific DE (DEq;} is:
n DEa,i = Auda,i ea+0.5n ©®
Similarly, given,
m
(7)

Ae osn T ,ZIAe(HOﬁu.i
i=
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the IE is calculated as follows:
m m m
] IE |:n da E‘ Aea+0.5re.a:| [? Au da: }5 A n+0.5n,i] (8)
Reexpression of the I gives:
. m m m (9)
n IEq = udn iE:I Aeu+0.5n,t:| Andat E: Aea+0.5n.i + (Anda Anda 1) z Aer:z+l3'.5i'l,i
Thus, the age- and cause-specific IE (I Fq;) is:

nooad noa n Gl

nIEa,i=[udaAea+0.5n,s] [, Aea+0.5u: (A d, -A,d )Aea+ﬂ.5n,i] (10)

The change in the number of deaths by cause and age {(Audlc,) is calculated on
the basis of the number of life-table deaths by cause and age for each period.
These are chtained by multiplying the number of life-table deaths by age
with age-specific cause-of-death ratios, The change in life expectancy by
cause (Aea+o.sn,) 15 estimated with a standard decomposition technigue devel-
oped by Arriaga,.1?? This technigque assumes that the contribution of a cause
of death to the change in life expectancy that can be attributed to an age
group is proportional to the contribution of this cause to the change in the
total central mortality rate in that age group.

Adding age- and cause-specific DEs and 1Es (i.e. 2DFEq; and . [E.;) over all
ages ahove age 60 yields the cause-specific DEs and IEs, These can be ar-
ranged in a table with causes of death presented in the columns, DEs and
IEs in the rows, and cause- and effect-specific contiibutions in the cells
Based on this table, the contributions are arranged according to two per-
spectives: by cause and by type of effect (i.e. divect vs indirect). In order to
obtain from this table the contribution by cause, the DE and I of each cause
is added up {i.e. aggregation over the rows), A ‘negative’ effect indicates that
the cause contributes to a decline in NHgo, A ‘negative’ contribution occurs if
mortality from that cause is redistributed to age groups closer to the mean
age at death (which contribute less to the variability in the age at death).
Such a redistribution takes place in the event of a mortality reduction (in
any case at younger ages), or if a mortality increase at older ages reduces the
remaining life expectancy. For a ‘positive’ contribution the opposite is true.

Alternatively, addition of the cause-specific DEs and IEs over all causes (l.e.
aggregation over columns} affords insight into the ways through which mor-
tality changes contribute to the change in NHgp. The cause- and effect-spe-
cific contributions (i.e, cells in the table referred to above) give this informa-
tion for each cause separately. The DE guantifies the change in NHgo that is
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Figure 1

Numerator of Keyfitz' H {NHgp) and life expectancy at age 60 (LEgo) in the period

1950/64-1990/92 in The Netherlands, by sex.

Table 2 Change in the Numerator of
Keyfitz' H at Age 60 (NHso), In
Years, by Sex

Men Women

1950/54-1960/64 0.28 -0.06
1960/64-1970/74 0.18 0.09
1970/74-1980/84 0.14 0.35
1980/84-1990/02 -0.23 -0.09

caused divectly by a changing num-
ber of deaths (of a cause). The I is
caused indirectly by a changing
number of deaths (of a cause), and
operates via the remaining life ex-
pectancy,

in the verbal description of our re-
sults (using standard techniques),
we have made use of mortality
measures calculated on the basis of
mortality and population data
above age 60. These are age- and
cause-specific mortality rates (per
B-year age groups up to and in-

cluding age 85+), age-adjusted cause-specific death rates (using dirvect
standardization with the total Dutch population of 1990/92 by single year-of-
age as standard), and mean ages at death for each cause (caleulated from
multi-decrement life tables?!). The results of these caleculations are not
shown separately in tables or figures, except for the change in age-specific
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mortality rates between 1970/74-1980/84 and 1980/84-1990/92, which is
presented for selected causes.

4.3 Results

Figure 1 shows the trend in NHego and life expectancy at age 60 since the
19508, Changes in NHeo per decade are summarized in Table 2. The increase
in NHgo in the 1960s and 1970s (and among men in the 1950s, as well)
shows that the variability in the age at death increased (i.e. decompression
of mortality). The slight declines in NHee by -0.23 years among men and
-0.09 among women during the 1980s indicate a reversal of this trend (i.e.
compression of mortality). These trends in NHgo and life expectancy indicate
that rectangularization of the survival curve occurred in the 1980s, but not
in the 1970s,

Causes of death contributing to the change in NHeo

Table 3 presents the change in NHgo durving the periods 1970/74 to 1980/84
and 1980/84 to 1990/92, as well as a selection of causes of death that con-
tributed most (both positively and negatively) to this change. (A compete set,
including the change in NHeo for all causes of death, is presented in the Ap-
pendix). The decline in NHeo in the 1980s was the net effect of ‘negative’ con-
tributions {-0.41 for men and -0.35 for women) and ‘positive’ contributions of
causes (0,19 and 0.26 respectively) to the change in the variability in the age
at death. The positive contributions were entirely offset by the negative con-
tributions. Ischemic heart disease (IHD), lung cancer (men), and cerebrovas-
cular diseases were the most important negative contributors. Such a nega-
tive contribution is the result of either a decrease in mortality firom that
cause, in any case at younger ages, or an increase in mortality at older ages.
For the above mentioned negative contributors, age-adjusted death rates
declined during the 1980s (not shown).

A comparison of these results with those of the 1970s when NHgp increased,
shows that negative contributions were larger (-0.41 vg -0.17 for men and
-0.35 vs -0.12 for women) and positive contributions were smaller
{respectively 0.19 vs 0.31 and 0.26 vs 0.47) in the 1980s. In addition, the
largest positive and negative contributors to the change in NHeo were not
the same ones in both decades, Some causes, like THD (men), chronic ob-
structive pulmonary disease (COPD), other cardiovascular diseases, and
lung cancer (women) differed only in the ranking of their contribution to the
change in NHgo. Others, like THD (women), lung cancer (men), cerebrovas-
cular diseases, and mental disorders contributed positively to the change in
NHeo in the 1970s and negatively in the 1980s or vice versa. This change in
sign was not restricted to causes showing a reversal of the trend in age-ad-
justed death rates (e.g. mental disorders and hung cancer among men), but

67



Chapter 4

also occwrred for causes with declining age-adjusted death rates in both dec-
ades {(e.g. THD in women and cerebrovascular diseases),

For causes contributing largely to the change in NHego in the 1970s and
1980s, Table 3 shows the size of the DE and IE (a compete set, including the
DE and IE for all causes of death, is presented in the Appendix). Figure 2
presents the absolute change in age-specific mortality rates for selected

Table 3 Decomposition of the Contribution of Selected Causes of Death to the
Change in the Numerator of Keyfitz' H at Age 60 (NHeo) Into a Direct Effect
(DE) and an Indirect Effect (IE), 1970/74-1980/84 and 1980/84-19890/92, by Sex®

Men DE,y [E,y To;al, Women DE,y {Ey To;al.
1970/74-1980/84
All causes 022 038 014  Allcauses 070 105 0.36
Pecline In NHgo 031 014 047  Decline in NHgo 013 001 012
Traffic accldents 006 002 -0.04 Genito-urinary 002 008 -0.03
COPD 003 -007 -004 Diabetes Mellitus 007 004 -0.02
Stornach cancer -0.07 005 -002 Digestive system 0.00 -0.03 -002
Digestive system 0.00 -0.02 -002  Stomach cancer -0.06 005 002
Genito-urinary -0.04 002 -0.02 Endociine+nutr. 001 -002 -0.01
Rest® 017 014 003 Rest’ -0.04 002 -0.02
Increase in NHgo 009 023 0.3 Increase in NHgo 056 1.04 0.47
Other CVD 003 041  0.08  Other heart diseases 003 005 0.08
Lung cancer 020 -014 006  OtherCVD 013 019 0.07
Other heart diseases 011 007 005 [IHD 018 023 0.08
Other cancers 008 -003 0.04 Hi-defined 004 009 0.06
{ii-defined 004 0.07 003 Ofner accidents -0.07 012 0.05
Resl® 023 029 007 Rest -0.18 035 .17
1980/84-1950/32
All causes -0.29 006 -0.23  All causes 0.20 010 -0.09
Decline In NHgo 048 0.07 041 Decline in NHgp 044 008 036
IHD 045 024 -022 IHD 037 02t 015
Lung cancer 0.09 000 -0.09 Cerebrov. diseases 013 006  -0.07
Cerebrov. diseases 0.08 006 -0.03 Mental disorders 008 012 -0.03
Stomach cancer -0.05  0.04 -0.02  Slomach cancer 0056 003 -0.02
COPD 011 013 -002  Otherexternalcauses -0.02 000 -0.04
Rest® 0.09 -0.14 -0.05 Rest’ 0.04 011 007
Increase in NHgo 0,20 001 019 Increase In NHsp 0.24 0.02 0.26
Other heart diseases  -0.03 011 0.08  Lungcancer 007 -0.00 0.07
Other cancers o1t 007 004 COPD 0.10 -0.05 0.04
Diabetes Mellitus 008 -006 0.02 Other heart diseases -0.12 016 0.04
Genito-urinary 004 006 0.02 Diabsles Meliitus 0.14 011 0.03
Other CVD 005 -0.04 0.01 Olher cancers 005 -0.03 0.02
Rest” 003 001 001 Rest 000 005 005

Note: CVD = cardicvascular diseases.
? Figures are rounded to 0.01.

P See Appendix.
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causes in the 1970s and 1980s. For the largest negative contributors to NHeo
in the 1980s (i.e. I[HD, cerebrovascular diseases, and lung cancer among
men), the negative DE was of overriding importance {Table 3). That is, mor-
tality reductions directly affected NHeo. Except for lung cancer, declining
mortality rates from these causes also resulted in a negative DE in the
1970s. For lung cancer (men), increasing mortality rates in all age groups
above age 65 contributed directly to an increase in the variability in the age
at death in the 1970s, whereas increasing mortality rates were only ob-
served above age 80 in the 1980s, This age pattern showing mortality reduc-
tions at younger ages and increases at older ages, is vesponsible for the con-
tribution of lung cancer to compression of mortality in the 1980s.

Causes contributing mainly via the IE to compression of mortality in the
1980s are COPD (men) and mental disorders (women) (Table 3). These
causes have in common & high mean age at death (i.e. above the average age
at death at age 60). The negative IE indicates that increasing mortality rates
(mainly at advanced ages) from these causes had a negative impact on the
remaining life expectancy and thus on the variability in the age at death, In
the 1970s, the IE was also negative for COPD in men, reflecting that mor-
tality rates among the oldest old also increased in this decade (Figure 2), For
mental disorders, declining mortality rates among the oldest old contributed
indirectly to an increase in the variability in the age-at-death in the 1970s.
The case of diabetes mellitus illustrates that an increase in mortality rates
at older ages does not necessarily imply a negative contribution. Increasing
mortality rates from this cause at all age groups above age 60 resulted not
only in a negative IE, but also in a (even larger) positive DE,

Causes of death contributing to the reversal in the trend in
NHaso

Figure 3 shows that the reversal of the trend in NHgo between the 1970s
(summarized as 1972-1982) and 1980s (summarized as 1982-1991) was
caused mainly by the IE, The signs of the DEs and IEs did not change. This
is true especially for women, for whom the negative DE was even larger in
the 1970s than in the 1980s. The decline in IE in the 1980s indicates that
the increase (after all IE is positive) in remaining life expectancy contributed
less to the change in NHgo, This is in accordance with the fact that life expec-
tancy at older ages increased less in the 1980s than in the 1970s and even
slightly declined among the oldest old (above age 85 {for men and above age
90 for women) during the 1980s (see chapter 2). Such a declining life expec-
tancy at the older ages means that people surviving to those ages ave ex-
pected to die in a shorter interval.

Causes with the largest decline in IE between the 1970s and 1980s are other
cardiovascular diseases, cerebrovascular diseases, ill-defined conditions,
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Figure 2 — Absolute change in age-specific mortality rates of selected causes of death (per 100000) in 1970/74-1980/84 and 1930/84-
1980/82, The Netherlands, by sex.
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Decomposition of the change in the numerator of Keyfitz’ H at age 60 {NHso) into a
direct effect (DE) and an indirect effect (iE), 1972-1982 and 1982-1991, The Nether-

lands, by sex.

mental disorders, and diabetes mellitus (Table 4). These causes showed con-
siderable changes in mortality among the oldest old (Figure 2). That is, ei-
ther a shift took place from large mortality reductions in the 1970s to
smaller reductions or even mortality increases in the 1980s, or mortality
rates at older ages were increasing more rapidly in the 1980s. This under-
scores the importance of mortality changes at advanced ages in the explana-
tion of compression of mortality. This is all the more so, since large mortality
reductions, eontribuiing via a negative direct effect to the change in the

variability in the age at death, were
observed in the 1970s as well. A sim-
tlar phenomenon was observed for
THD among women, Although mor-
tality reductions from this cause con-
tributed directly to a decline in HNgo
both in the 1970s and 1980s (the
effect being even larger in the
1970s), an increase in the varviability
which was caused indivectly by large
mortality reductions at advanced
apes nullified this effect completely
in the 1970s, Smaller mortality re-
ductions from IHD at advanced ages
no longer undid the negative DE in
the 1980s.
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Table 4

Causes With the Largest Decline in
the indirect Effect (IE) in the Period
1980/84-1990/92 compared to 1979/
74-1980/84, by Sex®

years
Men
Other CVD -0,15
Cerebrovascular diseases -0.1
lli-defined -0.09
Diabetes Mellitus -0.08
Pneumoniafinfluenza -0.08
Women
Other CVD -0.18
Cerebrovascular diseases -0,18
Mental disorder -0.17
Diabetes Meltitus -0.15
l-defined -0.14

Nofe: CVD = cardiovascular diseases.
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4.4 Discussion

The main objective of this study was to develop a better understanding of
rectangularization of the survival curve above age 60 in The Netherlands, by
analyzing the contribution of selected causes of death, To measure rectan-
gularization, we used the numerator of Keyfitz H (NH), which is, like the
standard deviation, a measure of absolute variability, A decline in NH at age
80 (NHeo) indicates that mortality is compressed into a smaller age interval.
This means that rectangularization of the survival curve takes place, given
that life expectancy increases. To assess the contribution of causes of death
to rectangularization of the survival curve, we could not make use of a stan-
dard technique. The decomposition technique developed in this study
enabled us to determine which causes of death contributed to compression of
mortality in the 1980s and which changes contributed to the shift from de-
compression in the 1970s to compression in the 1980s. It takes into account
that compression of mortality (i.e. concentration of deaths around the mean
age at death) can be caused both directly by a mortality reduction (also at
younger ages) and indirvectly by a mortality increase (mainly at advanced
ages).

Although our decomposition technigque proved to be a useful tool to deter-
mine which changes in the cause-of-death pattern underlie compression of
mortality above age 60 in The Netherlands, caution must be exercised when
Interpreting the results. Most uncertainties relate to the cause-specific mor-
tality data.

I'ivst, deaths by cause were only available by 5-year age groups, with age 85
and over as final age group. Using these age intervals and assuming a con-
stant distribution of cause-of-death ratios within age intervals might have
affected our results in two ways. First, especially above age 85, aging might
have changed cause-specific death rates, even if age-specific rates remained
constant. For causes with increasing age-specific mortality rates with age
within the final age interval, this might have resulted in an overestimation
of mortality increase and an underestimation of mortality decline. For
causes with declining age-specific mortality rates with age (which is unlikely
to occur), the opposite is true. Second, if cause-of-death ratios are not con-
stant within the final age-group, but for example increase, deaths are con-
centrated more at advanced ages. Consequently, the effect of increased mor-
tality at advanced ages might be underestimated. Similay mechanisms oper-
ate for declining ratios with age and for a mortality decline. In general, the
two biases operate in the opposite direction and thus (partly) nullify each
other.

Second, discontinuity in time series of cause-specific mortality, either due to
the ICD-revision in 1979 or due to changes in coding practices of physicians
or encoders of Statistics Netherlands, is a threat to the validity of our re-
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sults, Although we composed cause-of-death categories for which the compa-
rability over ICD-classifications is maximized, continuity of time trends was
not achieved in all cases since deaths by cause are only published at the
three-digit level in The Netheriands. Thevefore, it was impossible to catego-
rize ‘cardiovascular disease, unspecified’ (429.2) as IHD and the rvest of 429
as other heart diseases in the ninth revision, and to transfer ‘acute heart
failure, unspecified’ from the ill-defined category (782.4) to other heart dis-
eases in the eighth revision. As a result, the mortality dechine from THD be-
tween 1970/74 and 1980/84 might be overestimated.

Changes in coding practices within the ICD-9 classification are known to
have occurred for diabetes mellitus and senile dementia. Since 1983, diabe-
tes mellitus has been classified more often as an underlying cause of death
(and less as a secondary cause) of cardiovascular diseases,?? Senile dementia
has been classified more frequently as an underlying cause of death since
mid-1992,23 The increase in mortality from these causes and the decline in
mortality from THD might thus be overestimated for the period 1980/84-
1990/92. If discontinuity in the time-series of THD mortality affected mainly
older age groups, the contribution of IHD to decompression of mortality in
the 1970s is likely to be overestimated and its contribution to compression in
the 1980s is likely to be underestimated. If overestimation occurred at
younger ages, the contribution of IHD to compression of mortality in the
1980s might be overestimated, Yet, if overestimation took place at all ages,
positive and negative biases might (partly) be nullified by each other. Simi-
larly, the contribution of mental disorders to compression of mortality in the
1980s might be slightly smaller than estimated, if changes in coding mainly
affected the oldest old. However, since the increase in mortality was also
observed before the change in coding practices in 1992, the contribution of
mental disorders to compression of mortality is not likely to be an artifact.

Third, we used underlying causes-of-death data, because multiple cause-of-
death data are not generally available in The Netherlands, Underlying
causes disregard the fact that often not one, but multiple conditions, con-
tributed to death at advanced age. In addition, using only the underlying
cause makes the outcomes more sensitive to changes in coding practices. In
general, causes of death are difficult to assess in the oldest old, and thus
may be unreliable.

These limitations related to mortality data by cause of death should not be
undervalued; they underscore the need for validation of our outcomes in
other studies, preferably based on mortality data by single year of age and
multiple causes of death. Nevertheless, the overall results suggest that com-
pression of mortality in the 1980s was caused both by increased survival {o
advanced ages due to mortality reductions from IHD, cerebrovascular dis-
eases, and (for men) lung cancer, and by increases in mortality at older ages
from a large number of causes, the most important ones being: COPD
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{emphysema) for men and mental disorders (senile dementia) for women. In
addition, our results show that mortality changes at advanced ages (i.e.
smaller mortality reductions from cerebrovascular and cardiovascular dis-
eases and larger mortality increases from ill-defined conditions, mental dis-
orders, and diabetes mellitus) were especially responsible for the reversal
from a decreasing rectangular shape of the survival in the 1970s curve to
rectangularization in the 1980s. That is, increased swrvival to advanced ages
was not a sufficient condition for rectangularization. The finding that in-
creased survival fo advanced ages and the reduction of the survival prob-
abilities of advanced ages (i.e. people swviving to advanced ages are
expected to die in a shorter interval) together were necessary to explain why
compression tock place in the 1980s and not in the 1970s (Figure 2), is not
influenced by uncertainties related to cause-specific data. These results are
derived from analyses aggregated over all causes, and are thus based on to-
tal mortality data, which are considered to be very reliable in The Nether-
lands.

The reductions in NHgo appear to be small, but we consider them to be rele-
vant {especially in men), taking into account that the size of the changes in
NHéeo in the previous decades was more or less the same (except for females
in the 1970s) and that the survival curve will never become perfectly rectan-
gular (l.e. NHeo will never equal zerc). Even in the extreme case where the
genetically endowed limit is approached will there be genetic variability in
the age at death. On the basis of certain assumptions, Fries? estimated that
where the genetically endowed limit were to be approached, the standard
deviation in the age at death would be about 7 years (in his earlier publica-
tions this was 4 years). It is obvious that such an estimate has a highly
speculative character, since the amount of genetic variability cannot be de-
termined unambiguously from the tail of the survival curve.2 However, in
the context of interpreting the magnitude of the changes in NHeg, Fries' es-
timate is helpful and suggests that the variability in the age at death will be
at least some years. Considering that NHgo was 8.1 in men and 7.8 years in
women in 1980/84 and that the minimum level of NHgo would still be some
years, we consider the decline of NHeo over a 10-year period by 0.23 years in
men to be of importance.

Further research is needed to explain the stagnation of the mortality decline
among the oldest old in The Netherlands, which played a major role in rec-
tangularization of the swrvival curve. Here, we will briefly discuss three (not
mutually exclusive) explanations for the mortality increase among the oldest
old, which was observed for total mortality and causes such as: COPD
(emphysema), mental disorders (senile dementia), cancer (prostate and lung
for men, and other cancers), diabetes mellitus, ill-defined conditions
(senility), and diseases of the nervous system (Parkinson’s disease).
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Fivst, cohort effects partly related to smoking behaviour might have contrib-
uted to increased mortality in particular from (fung) cancer and COPD
among men above age 85. A recent study?® showed a cohort effect for lung
cancer. A reconstruction of smoking prevalence by male birth cohort has
shown that smoking prevalence increased from birth cohoris 1897 to 1917
and then declined, with the exception of the high smoking prevalence of the
cohort born before 1887 (which might be an artifact}.?” Thus, the percentage
of (ex)smokers in persons aged 85 and over may have been higher in 1990/92
than the percentage in the same age group 10 years earlier. Particulary for
lung cancer and COPD, the excess risk of death remains elevated after
smoking cessation, even after a long period of time.28 Women show a differ-
ent smoking pattern - a small smoking prevalence in the clder birth cohorts
which increased in the more recent birth cohorts.?” The percentage of
{ex)smokers among women who were 85 and over in 1990/92 (or 10 years
earlier) is thus small and is unlikely to have affected mortality from COPD
and lung cancer in this age group.

Second, the influenza epidemic in December 1989 until January 1990 might
have contributed to a (temporary) excess mortality of frail elderly in the pe-
viod 1990/92, However, it is unlikely that the recent rectangularization is
caused solely by this influenza epidemic, since half of the excess mortality in
Janunary 1990 was compensated by lower mortality in the following months,
and influenza epidemics with considerable excess mortality also occurred in
earlier periods (e.g. in 1975, 1978 and 1986) when no rectangularization took
place.2%3 In addition, repeating our analyses using 1991 and 1992 mortaiity
data only {and thus excluding 1990) did not change our conclusions.

Third, less selection due to increased survival from circulatory diseases
might have created a more vulnerable (frail) population with a higher risk of
dying from several causes striking at old age. This phenomenon of compet-
ing risks (i.e. those not dying from circulatory diseases were at a higher risk
of dying from other causes) can result in a general increase in mortality at
advanced ages or in an increase in mortality from specific causes which are
themselves a risk factor for civculatory diseases (like diabetes mellitus) or
share common risk factors, In addition, it is not unthinkable that the
smaller mortality reductions from cerebrovascular diseases, other cardiovas-
cular diseases, and THD (especially in women) (which contributed to the
shift from decompression in the 1970s to compression in the 1080s) may be
caused by increased survival of persons with circulatory diseases. Milder
disease stages may then act as a risk factor for more severe stages. This is
true for heart diseases: mortality was postponed more than incidence, cre-
ating a pool of persons with chronic heart diseases.3! These persons are at a
higher risk to die.

If the phenomenon we have observed is based on cohort dynamics related to
smoking behaviour, rectangularization of the swrvival cuave in men is ex-
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pected to continue for the next one or two decades, while smoking-related
premature mortality is expected to reduce rectangularization in the next
decades in women (if smoking has a similar effect as in men), However,
apart from these ‘temporal’ changes in the shape of the survival curves
caused by changes in health behaviour, increased frailty of the population
causing more ‘permanent’ rectangularization cannot be excluded. Taking for
granted that increased frailty of the population indeed plays a role, our re-
sults have consequences for the further increase in life expectancy. The oc-
curvence of rectangularization of the survival curve might then indicate
that, unless breakthroughs in the major process of aging occur, further in-
creases 1n life expectancy will be increasingly hard to achieve because the
‘hard’ core of mortality related to senescence increasingly acts as a barrier to
further increases in survival at old age.

The implications of these results for achieving compression of morbidity are
not unambiguous. On the one hand, delaying the age at onset of chronic dis-
eases and long-term disabilities is likely to result in compression of morbid-
ity, since the life expectancy is not expected to increase rapidly. On the other
hand, increased frailty of the elderly might not only imply that mortality is
unavoidable, but also that cumulation of severe morbidity at advanced ages
cannot he prevented.
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Appendix

Table A1 Contribution of Selected Causes of Death to the Change in the Numerator
of H (NHg) and Decomposition Into a Direct Effect (DE} and an Indirect
Effect (IE), 1970f74-1980/84, by Sex®

Men Women
DE IE TOTAL DE IE TOTAL

1970/74 - 1980/84

Fotal -0.226 0.364 0.139 -0.699  1.047 0.348
Infectious + parasitic diseases  -0.007 0.0056 -0.002 -0.011 0012 0.001
Stomach cancer 0.071  0.049 -0.022 -0.0656 0.050 -0.015
Colorectum cancer 0,014 -0.008 0.008 0.002 0.008 0.009
Lung cancer 0.188 -0.141  0.057 0.042 -0.01% 0.031
Breast cancer -0.000 -0.000 -0.001 ¢.030 -0.002 0.028
Prostate cancer 0.031 -0.014 0.018 0.000 0.000 0.000
Other cancers 0.076 -0.034 0.042 0.013 0.020 0.033
Diabetes Mellitus 0.017 0017  -0.000 -0.065 0.040 -0.025
Endocr. + nutrit. + metabolic 0.008 -0.015 -0.007 0.007 -0.021 -0.014
Blood + bloodforming 6.003 -0.001 0.002 0.001 0.001 0.001
Mental disorders -0.028 0,035 0.008 -0.037 0.055 0.017
Nervous system 0.019 -0.022 -0.003 0.015 -0015 0.000
IHD 0173 04162  -0.0114 -0.178  0.235 0.057
CVA 0.154 0165 0.011 -0.225 0.238 0.013
Other CVD -0.032 0109 0.077 0126 0.193 0087
Other heartdiseases 0.113  -0.067 0.045 0.033 0.047 0.080
Pneumoniafinfluenza -0.073  0.078 0.005 0070 0.083 0.013
COPD 0.033 -0.069 -0.036 0.0156 0005 0.011
Other respiratory -0.012  0.006 -0.005 -0.005 0.007 0.002
Digestive system -0.001  -0.020 -0.021 0.003 -0.026 -0.022
Genito-urinary -0.037  0.016 -0.021 0.022 -0.048 -0.026
lil-defined -0.042  0.067 0.026 -0.039  0.094 0.056
Traffic accidents -0.060 G.022 -0.038 -0.018  0.004 -0.014
Other accidents -0.022 0.034 0.012 0.071 0120 0.049
Other external causes 0.002 -0.001 0.002 0.002 -0.002 0.000
Other causes 0.008 -0.014 -0.005 6.026 -0.029 -0.003

Note: CVD = cardiovascular diseases
® Figures are rounded to 0.001,
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Table A2 Contribution of Selected Causes of Death to the Change in the Numerator
of H (NHg) and Decomposition Into a Direct Effect (DE) and an Indirect

Effect (IE), 1980/84-1290/92, by Sex®

Men Women
DE IE TOTAL DE IE TOTAL
1980/84 - 1990/92

Total -0.285 0.086 -0.220 -0.499  0.104 -0.094
Infectious + parasitic diseases 0.008 -0.01¢ -0.00t1 0.012 -0.011  0.004
Stomach cancer -0.054 0.035 -0.019 -0.046 0030 -0.018
Colorectum cancer -0.005 0.013 0.008 -0.028 0.018 -0.010
Lung cancer -0.086 0.000 -0.086 0.070 -0.003 0.068
Breast cancer -0.000 0.000 0.000 6.018 -0.003 0.015
Prostate cancer 0.040 -0.041 -0.000 0.000 0.000 0.000
Other cancers 0.109 -0.067 0.041 0.048 -0.027 0,021
Diabetas Mellitus 0.084 -0.083 0.021 0.142 -0.110 0.032
Endocr. + nutrit. + metabolic 0.008 -0.008 -0.000 0,016 -0.024 -0.008
Blood + bloodforming 0.012 -0.014 -0.002 0.009 -0.014 -0.005
Mental disorders 0.030 -0.040 -0.010 0.081 -0.i115 -0.035
Nervous system 0.035 -0.038 -0.003 0.038 -0.039 -0.001
IHD -0.454 0239 -0.215 -0,366 0211 -0.155
CVA -0,084 0.058 -0.027 -0,130  0.059 -0.071
Other CVD 0.051 -0.036 0.015 0.004 0011 0.014
Cther heartdiseases -0.030 0.109 0.079 0117 0161 0.044
Pneumoniafinfluenza 0.001 0002 0.003 -0.006 0.013 0.008
CcoPrPD 0.109 -0.127 -0.018 0.097 -0.063 0.044
Other respiratory 0.005 -0.005 0.000 0.003 -0.001 0.002
Digestive system -0.00%  0.003 -0.008 -0.002 -0.003 -0.005
Genito-urinary 0.041 0.058 0.017 -0.033 0.027 -0.007
l-defined 0.026 -0.025 0.000 0.035 -0.045 -0.010
Traffic accidents -0.019  0.009 -0.010 -0.012  0.002 -0.010
Other accidents -0.010 0.008 -0.002 -0.035 0.045 0.010
Other external causes -0.014  0.004 -0.010 0,016 0.004 -0.012
Other causes 0.005 -0.008 -0.004 0.018 -0.028 -0.010

Note; CVD = cardiovascular diseases
® Figures are rounded to 0.001.
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PART 11

Health expectancy






A multistate life-table analysis
of health expectancy

using pooled data from
different longitudinal studies

his paper estimates a multistate life-table model of health expectancy

for The Netherlands using longitudinal data. The objective of this pa-
per is twofold. First, it aims fo describe the current age-specific moriality
and disability rates in the Dutch adult population in terms of the transi-
tion rates of the mullistate life table, and to summarize these patterns in
terms of health expeclancies. Second, it shows how a multistate life-table
model of health expectancy and ils transition rates can be estimated on the
basis of longitudinal data. The paper starts with an explanation of the
principles of the multistate life-table technique and of a procedure, based
on log-rate regression, that permits the estimation of smoothed transition
rates that are more stable across age than those directly computed from
sample data, Next, these fechniques are used to estimate health expectan-
cies for The Netherlands. Health expectancy was made operational in terms
of life expectancy with and without disability. Persons were considered to
be disabled if they were living in an institution or indicated that they
needed help or were unable to perform without (great) difficulty one or
more activities of daily life, mobility and communication. For the Duich
adulf population, we estimaled age-specific incidence rates of disability,
recovery rates from disability, and mortality rates among the nondisabled
and the disabled using log-rate regression. We found that different models
were necessary to describe the relationship with age. For mortality among
nondisabled and disabled persons, the model with the fewest parameters -
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the Gompertz model - could be selected to deseribe the transition rates by
age. However, the fit improved significantly by using the Gompertz-
Makeham model for incidence for men and the Sigmoid model for recovery
for men and women. Our results showed thal the incidence rates of disabil-
ity and mortalily rates among nondisabled and disabled persons increase
with inereasing age, whereas recovery rates from disability decline with
tncreasing age. Next, by using the muliistate life-table model consisting of
three states (nondisabled, disabled and dead), we estimated life expectancy
with and without disability. In 1986-1994, loial life expectancy at age 30'%
was 44.8 years for Duich men and 50.8 years for Dutch women., We found
that respectively 38.5 and 38.4 years were spent without disability. The
remaining 6.4 (14.2%) and 12.4 (24.3%) years were spent with disability. At
age 70%, life expectancy was 10.7 and 14.3 years, respectively. About 6.3
and 5.8 years were speni without disability, and 4.4 (41.3%) and 8.5
(59.6%) years with disability, respectively. A comparison of the age-specific
total mortality rates, age-specific disability prevalence and total life expec-
lancy at age 304% and 70% derived from the multistate life table with data
based on nationally representative data sources showed that the estimates
of the muliistate life-table model closely represent the Duich situation.

5.1 Introduction

Health expectancy is increasingly used for summarising (changes in) the
health status of the population and addressing the discussion of compression
and expansion of morbidity. Disability-free life expectancy is the best known
examplel3, but health expectancy can be defined in several ways, varying
from the number of years in good self-perceived health? to years spent with-
out specific diseasest, In general, health expectancy refers to the number of
further years in a specified health state which someone of a given age can on
average expect to hive, given that current mortality and morbidity rates re-
main constant. To date, health expectancy has been caleulated in 32 coun-
tries.®

Health expectancy can be easily calculated from readily available data on
the prevalence of morbidity and a standard life table using the Sullivan
method.”8 The prevalence data on morbidity are used to divide the number
of person years lived by a period life-table cohort into years with and without
morbidity (or into more health states).

As a consequence of integrating prevalence data on morbidity (ie. stock
data) in a life table which is based on incident data on mortality (i.e. flow
data), the Sullivan method generally does not produce a pure period indica-
tor such as (period) life expectancy.$%1 Only after all flow variables (i.e.
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transition rates) have been constant for a long period of time will an equi-
librium situation emerge in which the Sullivan method provides a pure pe-
riod indicator. The deviation from a pure period indicator can introduce bias
when the Sullivan method is used to assess whether changes in health ex-
pectancy have occurred over timeb6, although views diverge as to how se-
rious these biases are®1®14, In particular, problems may arise when the
Sullivan method is used to assess whether compression or expansion of mor-
bidity is occurring. A deviation from the ‘veal value has a larger effect on the
- smaller - number of years with disability than on disability-free life expec-
tancy.!® A small reduction in the number of years with disability, caused by
prevalence reaching its equilibrium values, may easily be interpreted
wrongly as compression of morbidity.

Another conseguence of using prevalence data on morbidity is the limited
applicability of the indicator. First, since the indicator largely depends on
health conditions prevailing in the past®1%15, the indicator is inert to reflect
current changes in morbidity and mortality, as is generally true for meas-
ures of population structure (stocks). This makes the indicator less useful to
assess the effectiveness of present health programmes? and to peint out un-
favourable developments. Second, as the underlying flow variables inci-
dence, recovery and mortality that govern the value of the prevalence of
morbidity are not made explicit, the Sullivan-based life-table model cannot
be used to answer questions as to how changes in incidence, recovery and
survival affect health expectancy. Insight into these dynamics is of impor-
tance for the compression versus expansion-of-morbidity discussion, and for
evaluating the potential effects of interventions aimed at maintaining or
increasing population’s health.

Health expectancy estimates based on multistate life tables!?0, arve an im-
portant supplement to Sullivan-based estimates, By using flow data (i.e.
transition rates), the multistate life table avoids the problems related to the
use of prevalence data. Consequently, the multistate life table allows a bet-
ter understanding of the current mortality and morbidity processes. Besides,
it allows to study the implications of current conditions (and changes
therein) for the future health status of the population, to monitor trends and
to assess whether compression or expansion of morbidity is occurring. The
multistate method tends not to he widely applied mainly because this
method is much more demanding in terms of data requirements. Longitudi-
nal surveys or registers, which are needed to produce transition rates, are
still scarce, and even when longitudinal studies are available, they are often
limited in sample size and/or in the age range of the population included and
in general do not provide continuous time data, but only interval-censored
data,

This paper estimates a multistate life-table model of health expectancy, con-
sisting of three states: ‘nondisabled’, ‘disabled’ and ‘dead’ using longitudinal
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data. The objective of this paper is twofold. First, it aims to describe the cur-
rent age-specific mertality and disability patterns in the Dutch adult
population in terms of the transition rates of the multistate life table, and to
summarise these patterns in terms of health expectancies (i.e. life expec-
tancy with and without disability}, This information is necessary to conduct
scenario analyses aiming at determining the conditions which are needed to
achieve compression of morbidity in The Netherlands. Second, it shows how
a multistate life-table model of health expectancy and its transition rates
can be estimated on the basis of longitudinal data. Before describing the ac-
tual estimation of the transition rates and health expectancies for the Dutch
adult population, we will first describe the methods in more detail. That is,
we will elaborate on the multistate life-table technique and we will explain a
procedure, based on log-rate regression, that permits the estimation of
smoothed transition rates that are more stable across age than those directly
computed from sample data. The approach followed in this paper can be
easily generalized to apply to the whole range of health expectancy indica-
tors and extended to a model with more than three health states, or to a
model that estimates health expectancy for subgroups of a population (e.g.
smokers and nonsmokers).

5.2 Multistate life-table analysis of health
expectancy

5.2.1 The multistate life-table model

The multistate life table (increment-decrement life table) is an extension of
the standard single-decrement life table. For an introduction into life-table
techniques we refer to existing literature.?t23 The multistate life table, like
the standard life table uses transition rates (occurrence-exposure rates) or
transition probabilities between health states. The major difference is that a
multistate life table recognizes more than one living state. Most multistate
life-table models allow members of the life-table population to move into and
out of these states, that is, increments (e.g. regaining in functioning) and
decrements (e.g. loss of functioning and meortality) are allowed. Multistate
life tables can be described as finite space (s+1 states, the (s+1)th state is an
absorbing state), continucus-time Markev models.?2 In a Markov process the
probability that a person will leave a state depends only on the present
state.2d This present state is assumed to include all relevant information on
past history; the influence of duration or past history are ignored.

Within multistate life-table models, a further distinction can be made be-
tween nonhierarchical and hierarchical, population-based and status-based,
and uniradix and multiradix models. As opposed to hierarchical medels
dealing with cases moving through successive states without reentry, in
nenhierarchical models reentry into a given health state is allowed .25 In
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most multistate life-table analyses of health expectancy a nonhierarchical
model is used. The choice for a nonhierarchical model is dictated by the fact
that a regaining of functioning (i.e. reentering the nondisabled state), has
shown to be a significant force of increment.'¢19 In addition, the nenhierax-
chical model might reduce misclassification in the event of persons who do
not consistently report their health status over time. A population-based
model deals with the expected duration in different health states of the en-
tive population, that is, rvespective of the initial health state, whereas the
status-based model relates to a cohort that enters the life table in one par-
ticular health state and focuses on the evolution of health in persons who
were initially in that particular state.22242? The same data can be used to
estimate population-based and status-based life tables. For example, the
Longitudinal Study of Aging has been used to estimate life expectancy with
and without disability of persons who were disabled at age 70 (i.e. status-
based)!? and of the total 70 year old population (i.e. population-based)!®, The
choice between a population-based and status-hased model depends on the
objective of the study. When the primary focus is on studying (changes in)
the health status of the population and on addressing the compression-of-
morbidity discussion, a population-based model is used.1819 In uniradix life
tables, the initial cohort is concentrated in one state (e.g. mavital-status life
tables, working-status life tables). On the other hand, in multiradix incre-
ment-decrement life tables, the initial cohort is allocated to several, or all
states.?8 In the field of health expectancy, multivadix life tables are used,
especially when the initial cohorts start at older age (at birth one could as-
sume that virtually the whole population is in the active, nondisabled state).

Calculation of health expectancy using the multistate life table

The nonhierarchical population-based multistate life-table model is (as is
any life table) calculated from three different sets of equations: 1) flow equa-
tions which describe the movement of persons in the life-table cohort 2) ori-
entation equations which relate observed (M) rates to life-table (m) rates and
3) person-years equations, which specify the numerical solution to the inte-
gral of the survivorship functions.2?

The flow equation is specified as follows:
s s
Lc+n) = (%) - Y d(en) + Y dulen)- dilxn) (n
j=1 k=1

whenre, [i(x+n) is the number of persons in state { at the exact age of x+n; lifx)
is the number of persons in state i at the exact age of x; (,n) is the age inter-
val x to x+n, n the length of the age intexval, s is the number of nonabsorb-
ing states, dy(x,n) is number of flows from state ¢ to state j between age x and
x¥n, dis(x,n) is number of flows from state { to'dead between age x and x+n.
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In matrix notation the flow equation is written as follows:
l(x+n) = I{x) - dix,n) @)

where, I(x) is a vector, having elements li(x) which represent the number of
persons in state [ at the exact age of x; n the length of the age interval, and
d{x,n} is the vector of flows, having elements dif,1) which represent the net
flows from state i at the exact age of x to state i at the exact age of x+n.

The orientation equation which relates the observed transition rates (ie.
occurrencefexposure rates, M(x,n)) to the life-table transition rates, m(x,n),
is;

M{x,n) = m(n) (3)
where;
_ dij(x:n’)

(en) = LT 4
mij (’\’,' .?L) Li (x,n) ( )
and

Dij(x:n)

(X, = ZYt 7 7 b

Mi(xn) N &)

and M; represents the observed transition rates from state i to state j in the
age interval x, x+n, my; the life-table transition rates, Dy (x,n} the number of
persons at the exact age of x in state { who move to state j during the inter-
val n, Li(x,n) the number of person years in state ¢ between age x and x+u,
and Ni(x,n) the ochserved mid-year population in state { between age x, x+n.

Arranging the transition rates in matrix notation, gives?®:

5
(maslan) + Xmglen)] -mep(xn) - g(X0)
f# 1 !
7
s (6)
mx,n) = “miglxn) [mastxn} + 3 mg(xn}] “Mng
22
§
“mp(xn) - o (X,1) fmas + X omaxn)]
J#n

where: mis(x,n) refers to the transition rate from state i=1 to dead in the age
interval x, x+n.

When sample data, such as longitudinal surveys, are used to calculate ob-
served transition rates, an additional step is often required to smooth transi-

tion rates in order to avoid evratic changes across age (see next section).

The person-year equation can be written as follows:

Liten) = [Li(x+t)dt O
=0
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Often, continuous-time data are not available and thus approximations are
used. There are different alternatives to specify the numerical solution of the
integral of the survivorship function?2, of which the linear and exponential
method are mostly used. The methods differ in the assumptions on the dis-
tribution of transitions (including deaths) over the age interval and on the
shape of the survivorship function{s) within the age interval. Thervefore, the
assumptions relate to the formulas to approximate L; (x,n} and to transform
the transition rates inte transition probabilities (and vice versa). The linear
method assumes that deaths and other transitions are distnbuted uniformly
over the interval x to x+n, yielding (piecewise) linear survival functions. The
mean duration for transfer is n/8, that 1s, transitions occur on average in
the middle of the interval?730 The exponential method assumes that the
forces of transition are constant within the age intervals. We focus on the
linear method, because it is easier to calculate and it is used in most studies
on health expectancy!71931 whereas the exponential method is used in just
one study!32, Using the linear assumption is not completely consistent with
the assumption of a constant hazard within the interval in the log-rate
analysis {see next section). However, when small age intervals are used, the
resulis based on both approximations are similar.33

Using the linear method?22%:

umw=gmmww@ww 8)
and
Pmﬂ)=[I+(%»Mmﬂn4uw(g»MmmU ©

where: P(x,n) is transition-probability matrix, consisting of elements Py(x)
which represent the probability that an individual alive in state [ at age x
will be in state j at age x+n; M{x,n) is the matrix of transition rates and I is
the identity matrix,

Using this matrix equation to transform fransition rates into {ransition
probabilities (referred to as ‘option 132), no assumption is made on the num-
ber of moves,29.34

For the oldest open age group (@), the following formula can be used:

L(o,0) = [M(0,®) ] {o,n) (10)
Combining eguation (2) and (4) gives:
I(x+n) = l('c) - M(x,n)L(x,n) (11)
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Substituting equation (8) into {11) gives:

Ws+n) = ([T + (5) Mesn) ] [T - (3) M(sn)])- 1) (12)
Combining equation (9) and (12) gives:

l(x+n)=Plx,n)-l{x) (13)
Using equation (8) and (10), the number of person years lived in status i be-
vond age x, Ti(x} can be caleulated:

Ti() = 3 Li(xn)+ Li(©,0) (14)

The population-based life expectancy in state i at age x, ey, is calculated as
follows:
X
I(x)

where: [{x) is the exact number of survivors at age x.

€ix

Calculation of the number of net flows between the health states is based on
the following formula;

d{x,n) = M{x,n) - L(x,n) (16)

The implied prevalence of health states (i.e. synthetic prevalence) at age x,
x+n can be caleulated easily. In case of two nonabsorbing health states (state
‘1" and state ‘2") the formula is as follows3:

(7
Li(x,n)+ Lg(x,n)

PREV(x,n) =

5.2.2 Log-rate analysis to estimate smoothed transition rates
for multistate life table

When a multistate life-table analysis is based on longitudinal survey data
rather than on vital-statistics data or complete registers, observed age-spe-
cific transition rates often show an erratic pattern across age due to limited
sample sizes. When using sample data, therefore, before the actual mult-
state life-table analysis can be performed, an additional step is generally
needed to smooth out exratic changes in the transition rates across age due
to stochastic variability, Both simple graduation methods such as exponen-
ttal smoothing?? and log-rate regression models can be used to compute
smoothed transition rates. We focus on the latter, because regression analy-
sis gives maximum likelihood estimates and thus takes into account the
number of observations on which each observed age-specific transition rate
is based. Moreover, when applicable, regression enables transition rates to
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be estimated in the presence of multiple covariates. Regression analysis can
be used to estimate the effect of age and other covariates (e.g. smoking) on
the transition rates, using standard approaches for model selection and pa-
rameter estimation.®

Conuventional log-rate analysis

Supposing that continuous event histories of movements into and out of dif-
ferent health states are available - which is generally net true when panel
{i.e. discrete-time or interval-censored) data are used - continuous-time log-
rate models can be used. The log-rate modeld” is also known as a log-linear
model with offset®8, Poisson regression with a rate multiplier?® or with off-
getdl, This mode! is characterized by a Poisson distribution, the log function
as link function, and a rate multiplier (or offset). In general, a continuous-
tine log-rate model is used to estimate the hazard of one specific event, such
as incidence of disability or mortality, using information on the number of
events and exposure times (i.e. the times between the start of follow-up or
entrance into a specific state and end of follow-up or the event). The log-rate
mode] specifies an exponential relation between the explanatory variable
{e.g. age) and the hazard for an event, This relation is also known as the
‘Gompertz model™ L2

E(ﬁ )= g*tBX (18
R

or equivalently:

E(N)= R. go+pX (19)

or

N= e” tRX log(R) + E Poisson (20)

where: E(N) is the expected number of events in a certain age group; « is the
log (expected number of events during 1 unit of time at age 0); #is the log
(ratio of the number of events during 1 unit of time at age x and at age x+1);
X is age (more covariates can be added); R is exposure time and £ an error
term. Log(R) handles differences in exposure times and is known in statisti-
cal literature as the ‘offset’ and R as ‘rate multiplier’. More {(or other) covari-
ates than age alone are simple to include in the model. By treating age as a
continuous variable, smoothed transition rates across age can be obtained.
Observations can be taken at the individual level or aggregated into groups
of respondents with the same value for the covariate (X}, in this case age.
The last situation is called the person-years method.?? The model is similar
to Cox proportional hazards with a constant baseline hazard.+

Extension of the conventional log-rate analysis

The type of data obtained from longitudinal surveys and the presence of
multiple states in a multistate life-table model, makes extra demands on the
regression model. Pirst, a multistate life-table model of health expectancy
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consists of at least three states, two living states (e.g. nondisabled and dis-
abled) and dead. Out of one state of origin {(e.g. nondisabled) transitions to
more than one state of destination (e.g. disabled and dead} can take place.
The Likelihood of making a specific transition competes with the likelihood of
making another transition. This is known as ‘competing risks’ of multiple
kind of events. When the competing causes are assumed to be independent,
this mechanism is called ‘substitution’, and when the causes are assumed to
be dependent, ‘competition’. We have assumed that the competing causes
arve independent, which means that a change in one transition rate does not
affect the estimates of competing transition rates. The presence of competing
risks requires a regression model that can handle multiple (i.e. more than
two) outcomes, Second, in general only panel data can be derived from longi-
tudinal surveys consisting of two or more measurements of a subject’s health
status {or other characteristics), repeated after certain (often fixed) periods
of time, That is, a difference in a subject’s health status between two meas-
urements indicates that a transition has occurred, but in general it is un-
known when exactly this change took place, and whether other changes oc-
curred in the time interval, nor does the same health status at both meas-
urements necessarily imply that no transitions occurred. Accordingly, the
exact number of events and the exact exposure times which are needed for
log-rate regression analysis are not known, and must be derived under cer-
tain restrictions, taking into account that multiple kinds of events occur.

We used an extension of the log-rate model. By malking Hnks with a second
type of regression analysis, which is a kind of contingency table analysesf
and is known as log-linear regression analyses of turnover {or mobility) ta-
bles!647 the extra requirements which stem from the use of interval-censored
data on multiple events could be handled by standavd statistical software.
We made use of the similarity of the data obtained from sequential waves in
longitudinal surveys and the type of data used in turnover tables. The turn-
over table cross-classifies data on two sequential points in time with respect
to the state on the first and the second point in time. The diagonal of the
turnover table gives the number of persons with the same state on both
points in time, the nondiagonal cells give the number of persons whose state
has changed, The turnover table is used as a multistate demographic ac-
count, which links population flows {e.g. changes in health status) and
population stocks {(number of subjects in each of the multiple states) at two
points in time.47® An important advantage of using the turnover table is
that one cell of the turnover table can be easily viewed in relation to the
other cells. Therefore, the number of events and the associated exposure
times can be estimated in a cohevent and internally consistent way. Assum-
ing that only one movement (i.e. event) occurs in the interval the number of
subjects whose health status has changed in the interval, equals the number
of events (N), That is, under the restriction of a maximum of one movement
per interval, the number of events can be derived from the nondiagonal cells
of the turnover table. We emphasize that in reality the number of events (N
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in the log-rate model) might be larger than the number of persons in the
cells of the turnover table, since multiple movements may have occurred
between the observed state of origin and state of destination, even if the
state of origin is the same as the state of destination, Therefore this assump-
tion produces no valid estimates on the number of events (e.g. the number of
incident cases), In the ideal situation, where continuous event histeries or
movements into and out of the different health states ave available, a
movement table, which contains all flows, is preferred, since no assumptions
have to be made concerning the number of events.

Assuming an uniform distribution of the events across the interval (i.e, the
linear assumption), the exposure time Ri(x,n} for state i can be estimated
from the turnover table, using:

Ri = (0 Nyjj=i +% Y Ny =n(X Nyj-05 3 Ny) @1

pjw i Jil#
where: Nj is the number of persons with health status ¢ at the beginning of
the interval (state of origin) and j at the end of the interval (state of destina-
tion); 2.4 Ny is the number of persons who make a transition in the interval;
it is the length of the interval; Ny is the number of persons whose health
status at the beginning is the same as that at the end of the interval and R;
is the exposure time. NV vefers here to the number of persons in the cells and
marginals of the turnover table. The exposure time is the same for all transi-
tions from state 7. As mentioned, only under restrictive assumptions does the
number of persons in the nondiagonal cells equal the number of events. The
agsumption that only one movement occurs in the middie of the interval was
also included in previous research.!? The method to caleulate the exposure
time from interval-censored data was also used by Laird.50 Substitution be-
tween transitions from the same health state of origin to different states of
destination is taken into account in the exposure time, by counting in the
exposure time persons who made another (competing) transition for only
half of the interval. This procedure is similar to the adjustment of probabili-
ties of death for independent competing causes in cause-elimination life ta-
bles.?! Without correcting for the reduction in the length of time persons ave
exposed to the spectfic transition due to the occurrence of competing transi-
tions, substitution of another transition would artificially reduce the transi-
tion rate in question.

Using the number of events and exposure times, transition rates between
two specific health states can be estimated with the log-rate model. How-
ever, the multistate model requires transition rates for multiple kind of
events, ie. for all nondiagonal cells of the turnover table, rather than for
only one kind of event (i.e. one specific nondiagonal celi) as is general prac-
tice in conventional log-rate regression. In order to specify the kind of event,
we add indices if to the events, to the parameters of the regression equation
and to the transition rates, where, again, i refers to the state of origin and J
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to the state of destination. The extended log-rate model for interval-censored
data on multiple events is specified as follows:

Nij = e* B X+ log(R) € Poisson (i=+J) (22)
or equivalently:
E(MU) = s Th X (23)

where: E(Mj) is the expected transition rate from state i to state j. The log-
rate model can be estimated in GLIM with Poisson regression using expo-
sure time as 'offset’? or in EGRET using a rate multiplier3?,

Flexibility of the extended log-rate model

The extended log-rate model can be easily adapted to examine relations
other than exponential with age, to include sample weights, to adjust for
missing values, to examine other covariates than (only) age, and to pool dif-
ferent waves and/or datasets.

First, by treating age as a continuous variable, an exponential increase (or
decline) of the transition rates with ape is assumed {equations 22, 23). In
most multistate life-table analyses of health expectancy this exponential
model is used to describe the increase in incidence of disahbility and state-
specific mortality, and the decrease in recovery from disability with in-
creasing age.!719 This exponential model, also known as the Gompertz model
{see Appendix) when an exponential increase is modeled, reflects an expo-
nential decline in the power to oppose destruction or a exponential diminu-
tion of the vital force.4142 Besides this exponential model, more complex rela-
tions with age can be specified. We focus on the Gompertz-Makeham model
and the Sigmoid model, but other modifications are also possible. The
Gompertz-Makeham model is, like the Gompertz model, a well-known mox-
tality function. The Gompertz-Makeham model specifies hesides the expo-
nential component, a mortality component independent of age, i.e. one of
chance. This constant term is the Makeham parameter.425! Assuming that
similar forces of deterioration cause death and disability, we propose the
same model to describe the relationship with age of incidence of disability.
Analogous to the extension of the Gompertz model with the Makeham con-
stant, we use an extension of the exponential model which specifies an ex-
ponential decline in the likelihood of recovering with increasing age. This
extension takes into account that, in addition to an exponential increase in
the chance of not recovering (i.e. a decrease in the chance of recovering),
there is another component which is independent of age. We call this com-
ponent, which reflects to the upper houndary of the likelihood of recovering,
the Sigmoid constant, as the shape of the curve which includes such a con-
stant is S-shaped or sigmoid.’? The standard procedure for selecting differ-
ent models, i.e. the likelihood ratic test can be used to select between the
exponential model and the Gompertz-Makeham and the Sigmoid model, re-
spectively.
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The Gompertz-Makeham model is specified as follows#251;
E(MU ) = Aj t 20 By X (24)

where: Mj; is the transition rate from state i to state j; oy and S are the re-
gression coefficients and Aj is the constant of Makeham, indicating an age-
independent component of the chance of making a transition.

The Sigmoid model is specified as follows:
e(L.‘,"'ﬁﬁ‘X

P — 25
G!.J 1 + eas}+ﬁqX ( )

E(M i )=
where: gy is a4 constant, the maximuwm transition rate indicating an age-in-
dependent chance of not making a transition. The Gompertz-Makeham and
the Sigmoid model are nonlinear models and can only be fitted by non-stan-
dard iterative algorithms. To estimate standard errors of the estimated pa-
rameters in nonlinear models bootstrapping can be used.’ To estimate boot-
strap standard ervors, one replicates the original dataset by drawing indi-
viduals with replacements. Rerunning the analysis on this replica gives an
alternative estimate of the parameter. Repeating this procedure many times
(e.g. 1000 times} will yield an indication of the uncertainty of the effect of
random variability.

Second, some study designs require a reweighting to correct for the sampling
design. Stratum weights can be used to inerement the number of events and
the exposure times. That is, depending on the stratum weights some sub-
jects weigh more heavily in the regression analysis than others. The expo-
sure time adjusted to mclude reweighing (Ri¥), is calculated as follows:

R =n( Y w; Nyt 0.5 2. Wi Ni ) (26)
L=t Ji#

Dividing the weighted number of events by the adjusted exposure time
would give the estimate of the transition rates adjusted for the sampling
design. However, using the weighted number of events in the regression
analyses would erroneously decrease the standard errors of the estimates.
This can be avoided by using the original number of events in the regression
model and dividing the adjusted exposure time by the mean weight in each
in state i:

R w
Ri n - 1,_
R

Using this ‘normalised’ exposure time (B#) in combination with the un-
weighed number of events gives the adjusted transition rates without af-
fecting the number of events in the regression analysis.

@7
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Third, a correction for missing information is often required when longitudi-
nal survey data are used. Since information on mortality is often devived
from a follow-up of subjects in administrative databases or a linkage with
the national death registration, information on vital status is often more
complete than information on disability status. Simply ignoring subjects
with missing information on mortality or disability status would then pro-
duce an overestimation of mortality rates. This can be avoided by redistrib-
uting nonrespondents over the turnover table. Persons for whom the dis-
ability status was unknown at the beginning or end of the interval, but who
were known to be alive, can be allocated to the nondisabled or disabled state,
using the marginal distribution of the states of origin (L.e. beginning of the
interval) and destination (i.e. end of the interval) of subjects with complete
infermation, respectively, Subjects who had died during the interval, but
whose disability status was unknown at the beginning of the interval can be
also redistributed over the nondisabled and disabled state, using the distri-
bution of persons who died and whose disability status was known at the
beginning at the interval, In order to avoid an artificial increase of the num-
ber of events, this redistribution can bhe handled by using redistribution
weights in the same way as the stratun weights, i.e. by normalising the ex-
posure time,

Fourth, the extended log-rate model can be applied in a situation with mul-
tiple covariates by expanding the number of dimensions in the
{(multidimensional) turnover table, This enables one to examine the effect of
other covariates than only age (such as smoking status} on transition rates
and to examine whether effects of covariates differ significantly hetween the
different transition rates.

Fifth, when transition data for more than one interval (i.e. more than two
waves) are available from one (or more) longitudinal survey(s), cross-tabula-
tions derived from different periods and/or different datasets can be handled
in the same way as other covariates, i.e. by adding one or more dimensions
to the cross-tabulation. Differences between periods or studies can be as-
sessed by standard log-linear modelling techniques. Pooling of different
waves is based on the Markovian assumption that the likelihood of making a
transition in an interval is independent of transitions in earlier intervals (no
history). However, it should be noted that using data for the same subjects
for more than one interval may bias the conclusion on the significance of the
results, Valid standard errors can be estimated by bootstrapping techniques,
which enable individual histories to be sampled.

98



Multistate life-table analysis of health expectancy

5.3 A multistate life-table analysis of health
expectancy for the Netherlands

We used the extended log-rate model to estimate smoothed age-specific
transition rates between three health states (nondisabled’, ‘disabled’ and
‘dead’) on the basis of two longitudinal surveys. These transition rates were
analyzed together in a nonhierarchical population-based multistate life-table
model, in order to estimate life expectancy with and without disability for
The Netherlands. The face-validity of our outcomes is determined by com-
paring several outcome measures of the multistate model with those based
on additional nationally representative data sources.

5.3.1 Data

Longitudinal data sources

The primary data source used is the GLOBE study - GLOBE being the
Dutch acronym for Health and Living Conditions of the population of Eind-
hoven and swrroundings. Disability and vital status was assessed in two
subpopulations (n=7677). These populations were composed of respondents
to a postal questionnaire in 1991 among an aselect sample of 27000 (net re-
sponse of 18973, 70.3%) 15-74 years old persons of Dutch nationality living
in the city of Eindhoven and surrounding municipalities. Persons living in
institutions were included, except for Eindhoven {(40% of all respondents)
where the institutionalized population only comprises residents of homes for
the elderly. The first subpopulation consists of a random sample of 3707 re-
spondents of the postal questionnaire. The second subpopulation consists of
a random sample of 1333 persons and 2637 persons who mentioned in the
postal questionnaire to be suffering from diabetes mellitus, chronic bronchi-
tis, serious heart disease or chronic back complaints or slipped disk, Both
subpopulations received an interview in 1991 and rvespondents (in total
5666, response rate 73.8%) and follow-up questionnaires were sent to the
5666 respondents of this interview in 1993 (n=4496, i.e. 79.4%; 81.1% after
corvection for mortality) and 1995 (n=4105, i.e. 72.4%; 76.4% after correc-
tion),

Since persons above age 74 at baseline (1991) were not included in GLOBE,
and a substantial part of the mortality and disability occurs beyond age 75, a
second dataset, the Longitudinal Study of Aging (LSOA) was used. The
LSOA started in 1984 with in-home interviews of 7527 noninstitutionalized
persons of age 70 and over in the United States, as part of the Supplement
on Aging (SOA) of the Health Interview Survey (response rate 97%). Persons
who were institutionalized after the baseline measurement are included in
the sample. Follow-up information was coliected by telephone interviews in
1986, 1988 and 1990. The complete sample was reinterviewed in 1988
(n=4984, 66.2%; 89.0% after correction for mortality) and 1990 (n=4142, i.e.
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55.0%; 87.4% after correction), while a subsample of 5151 persons was re-
interviewed in 1986 (n=4113, i.e. 79.8%; 92.4% after correcticn). The mean
interval between two waves was not exactly two years, but 2.2, 2.1 en 1.9
years respectively in 1984-1986, 1986-1988 and 1988-1990. If sample per-
sons were mentally or psychically unable to respond for themselves or when
the sample person was absent during the periad of data collection, informa-
tion was collected from proxy respondents. Proxies were used for 14% of the
respondents at baseline and for 34% (1988), 36% (1988) and 35% (1990) at
follow-up.

Both studies contain continuous information on mortality based on munici-
pal population registers (GLOBE) and the National Death Index (LSOA). A
more detailed description of the sample and the design of each study is given
elsewhere. 5556

Additional data sources

In order to determine whether the multistate life-table model reproduced
the Dutch situation, information was obtained from several sources. Data on
the number of deaths and the population structure by sex, age and calendar
year were cbtained from Statistics Netherlands.’” These data, covering all
single-year age groups of the Dutch population in the period 1985-1994 had
originally been derived from the municipal population registers. Data on the
prevalence of disability in the noninstitutionalized Dutch population were
obtained from the continuous Health Interview Survey, 1993 and 1994, con-
ducted by Statistics Netherlands.552 Additional estimates on disability
prevalence in the institutionalized population for the period 1982-1991 were
based on several administrative data sources and surveys.60

5.3.2 Definition of study population and health states

Study population

Table 1 summarizes per biennial interval the selection of the study popula-
tion, and the number of persons with an unknown vital or disability status
at the beginning or end of the biennial interval.

The study population was limited to persons age 30 and over (n= 4875 in
1991 in GLOBE), whites (n=6880 in 1984 in LSOA) and persons alive at the
beginning of each interval (both datasets). Although GLOBE includes ages
14-29, these younger age groups are not of primary interest with respect to
the debate on compression of morbidity and the evolution of population’s
health status. An additional argument for starting at age 30 was that in-
cluding younger ages would require a more complex model to describe the
relationship of the transition rates with increasing age, as external causes
produce an ‘accident hump’ among adolescents. The number of deaths in the
sample would not allow us to give stable estimates of such a complex model,
Nonwhites in LSOA were excluded from the study population, in order to
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better reproduce the Dutch situation and to increase the comparability with
the GLOBE which only includes persons of Dutch nationality.

The study populations differ between the periods. For the period 1991-1993,
changes in disability status between 1991 and 1993 were included only for a
subset of the study population {(the second subpopulation n=3970, net re-
sponse 2867), since in the 1991 GLOBE questionnaire the complete set of
disability questions was not presented to all subjects. For the periods 1984.
1986 and 1986-1988 (L.SOA), only the 1986 subsample of 5151 persons could
be included,

Some information on subjects included in the study population was incom-
plete, First, for a small number of persons (less than 0.5% in both datasets,
Table 1) the vital status at the beginning or end of an interval was missing,
because of a bad match with the National Death Index or lack of administra-
tive follow-up of those who emigrated. These persons were excluded from the
analyses. Second, for a larger group, the disability status was unknown at
the beginning or the end of the interval, because of item nonresponse or at-
trition (Table 1), Subjects with missing information on disability status were

Table 1 Sample Size, Exclusion of Subjects from Analysis, Attrition and Non-
response in GLOBE and LSOA .

Nonwhites Unknown
and persons  Whether Still  Dead at Nonresponse
Sample  younger  Alive at Begin Beginof  Aftritton 4 Disability
than 30 year orEndof2- Interval

of age year Interval
GLOBE
{n=5666°
1991-19903 2867° 262 3 ¢ 19910 1991: 77
1993: 475 1903: 58
1993-1995 5666 659 i6 99 1993: 872 1993: 96
1985: 1113 1995: 219
LSOA
(n=7527)"
1984-1986 51517 616 18 c  1984: 0 1984: 142
1986: 303  1986: 384
1986-1988 51514 616 23 577 1986303 1986: 384
19886; 408  1988: 275
1988-1980 7527 847 28 1565  1988: 710 1988: 415

1990: 805 1990 385

® Response to postal questionnalire is: 70.3.%.
Response to questionnaire in first subpopulation is: 72.2%.
Response to questionnaire in second subpopulation is: 75.6%.
® Response to NHIS Is 97%.
° 1991, only second subpopulation of GLOBE.
? 1986 only subsample of LSOA,
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Table 2 Disability Items and Cut-Off Point® in GLOBE and LSOA

GLOBE LSOA
1 eating/ eten an drinken ja, zonder enige moeite  no difficulty
jg, met enige moeite some difficully
ja, met grote moeite at lot of difficulty
nee, dat kan ik niet unable to do
2 getting in and out of bed or a chair/inen  zonder mogite no difficulty
uit bed stappen, gaan ziften en opstaan uif met enige moeite some difficulty
stoe! met grote moeile at lot of difficulty
alleen met hulp unable to do
3 dressing and undressing / aan-en uitkleden zonder moeite no difficulty
met enfge moeite some difficult
mat grote moeite at lot of difficulty
alleen met hulp unabtle to do
4 bathing or showering / volledig wassen zonder mosite no difficulty
mef enige moeite some difficulty
met grote moeite at ot of difficulty
alleen met hulp unable to do
5 gelting outside / wening verlaten, zonder moeite no difficutty
binnengaan met enige moeite some difficully
met grote moeite at tot of difficulty
alleen met hulp unable to do
6  walking up 10 steps without rest f frap op-  zonder moeite difficulty: no
en aflopen met enige mosite difficully: yes
met grote mosite
alleen met hutp
7 [lifting or carrying something as heavy as a  |a, zonder enige mogite  difficully: no
10° pound bag of polatoes / veorwerp van  ja, met enige mosite difficulty: yes
5 kg 10 m dragen fa, met grote mosite
nee, dat kan ik niet
8 walking a quarter of a mile / 400 meter aan ja, zonder enige moeite  difficulty: no
één stuk lopen ja, met enige moeite difficulty:yes
ja, met grole mosile
nee, dat kan ik niet
9  see well enough to read newspaper print®/ ja, zonder enige moeite  can; ves
kleine letters in de krant lezen® ja, met enige moeite can, no
ja, met grote moeite
nee, dat kan ik niet
10 see well enough to recognize a friend ia, zonder enige moeite  can: yes
walking on the other side of the street®/ ja. met enige moeite can: no
gezicht herkennen op afstand van 4 m® ja, met grote moeite
nee, dat kan ik niet
11 Living in an institution ia yes
nee no

? Underlined is without disability, rest is with disability.
One pound is 453.8 grammes.
¢ Wearing glasses or contact lenses if that's how you see best / Zonodig met bril.
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not completely ignored in the analyses, but were used to adjust the esti-
mates by normalising the exposure time, Proxy respondents (LSOA) were
included in the analyses, since excluding proxies would have led to an un-
derestimation of disability.51%2 For GLOBE, complete information on dis-
ability and vital status at the beginning and end of a 2-year interval was
available for 1988 persons in 1991-1993 and 3119 in 1993-1995, which re-
sulted in a total number of 5107 observations. For LSOA, complete informa-
tion on disability and vital status was available for 3720 persons in 1984-
1986, 2853 in 1986-1988 and 3535 in 1988-1990, which resulted in a total
number of 10108 observations.

Definition of health states

Based on information about disability and mortality, we defined three
health states at each biennial measurement: ‘nondisabled’, ‘disabled’ and
‘dead’. Persons were considered to be disabled if they were living in an insti-
tution or indicated that they needed help or were unable to carry out with-
out (great) difficulty one or more of the activities of daily life, mobility and
communication that are essential for independent functioning (Table 2). Ten
activities which were part of both GLOBE and LSOA were included in the
disability indicator; bathing/showering, getting in and out of bed or a chair,
dressing and undressing, walking a quarter of a mile (400 m), carrying an
object of ten pounds (b kg), walking 10 steps without rest (walking stairs),
reading small print in a newspaper, recognizing someone’s face, eating and
getting outside, Hearing items were not included in the follow-up measure-
ments of LSOA and could therefore not be taken into account.

5.3.3 Extended log-rate analysis

Turnover table

Starting point of the estimation of the transition rates for the multistate life-
table was a large multidimensional cross-tabulation of the population hy
health status at the beginning of the interval (state of origin £), health status
at the end of the interval (state of destination j), two-year age group, follow-
up period, and sex. An illustration of the cross-tabulation for one specific age
and sex group and period is given in Table 3. In the nondiagonal cells, the
state of origin differs from the state of destination. Information about
persons who are dead at the beginning of the interval is irrelevant, because
they cannot make a transition. This row, therefore, will be left out of the
turnover table in the further analyses. The remaining cells are used to
derive the number of events and the exposure times. Assuming that only one
movement occurs in the middle of the interval, we estimated the niumber of
events from the nondiagonal cells of the turnover table, and the exposure
time for subjects in each state of origin (row in the turnover table) from all
cells per row. The length of the interval n which was used in the estimation
of the exposure time was 2.2 (1984-1986 LSCOA), 2.1 (1986-1988 LS0A), 1.9
(1988-1990 L.SOA), 2 (1991-1993; 1993-1995 GLOBE) years. We used sample
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weights to adjust for the sample design in LSOA and for the overrepresenta-
tion of persons with chronic diseases in GLOBE, and we used the propor-
tional distribution of subjects with complete information who belonged to the
same state at the beginning or at the end of the interval to adjust for mis-
sing values on disability status.

Logistic regression of missing disability status on age (included as a
continuous variable) and sex, showed that response differed significantly by
age in 1984 (p=0,019), 1988 (p=0.047) and 1990 (p=0.0008) in LSOA, In these
years, missing values increased by age (OR 1.01-1.03). Significant
differences by sex were found in 1986 (p=0.013), 1988 (p=0.009) and 1990
(p=0.018) in LSOA; and in 1993 (p=0.003) in GLOBE. In LSOA (1986, 1988
and 1990}, response was lower in women than in men {(OR 0.81-0.85)
whereas in the younger GLOBE population (1993) the opposite was true (OR
1.24). Although persons with missing information on disability status
differed significantly by age and sex in some periods, we did not perform age
and sex specific adjustments in order to avoid unstable estimates.

By pooling all biennial intervals, i.e. two from GLOBE (i.e. 1991-1993; 1993-
1995) and three from LSOA (i.e. 1984-1986; 1986-1988; 1988-1990), we could
obtain transition rates for all age groups above age 29 and we could increase
the number of events per cell, and thus the reliability of the estimates of the
transition rates. Pooling waves and datasets requires that there are no pe-
riod effects in the transition rates and that the two datasets can be joined.
Although we tried to maximize the comparability of the GLOBE and LSOA
study by selecting similar disability items and excluding nonwhites from
LSOA, the comparability may have been compromised by numerous factors,
such as real differences between the Dutch and US population and time pe-

Table 3 Turnover Table for One Age-Sex Group

destination (1}

Nondisabled Disabled Dead Total
_— Nondisabled 104 64 26 194
bl .
: Disabled 18 167 45 230
2 Dead 0 0 * 0
o

Total 122 231 71 424

* Persons dead at the beginning of the interval will be removed.

Note: When the interval between the two waves equals 2, the exposure time in the
nondisabled state = 2*(104 + 0.5%(64+26)) = 298. This results in an incidence rate of
64/298 = 0.215 per year.
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riods (1984-1990 vs 1991-1995), as well as differences in study designs, exact
wording of disability items and exact response categories, Therefove, we first
examined whether the two datasets produced comparable outcomes and to-
gether described the Dutch population’s health. That is, we examined
whether significant discontinuities existed between the two datasets in the
preportions of persons who died and who were disabled, and whether the
two datasets together described the Dutch situation.

Figure 1 compares the proportions of persons who died in the two-year age
interval for GLOBE (younger ages), LSOA (clder ages) and for The Nether-
lands (all ages). The proportions for GLOBE and LSOA arve based on two
(GLOBE) and three (LSOA) biennial periods. The proportions for The Neth-
erlands are derived from a single-decrement life table with two-year age in-
tervals, constructed on the basis of information on the number of deaths and
the population by single year of age and sex for the period 1986-1994,63-65
The limited sample sizes of GLOBE and LSQA produce erratic changes
across age, but the overall pattern is one of an increase in the proportion of
persons who died with increasing age. The two datasets show no substantial
discontinuities, and with the exception of the lower proportions of persons
dying at older ages in the LSOA (especially in women) the datasets roughly
describe the national Dutch situation.

Figure 2 compares the age-specific proportion of person with disabilities in
GLOBE (1991, 1993}, LSOA (1984, 1986, 1988) and in The Netherlands. The
Dutch estimates are based on the Health Interview Survey for 1993 and
1994 and an additional estimate for the population in institutions.’8-4¢ Espe-
cially in men, the proportion of disabled persons at ages 70-75 is smaller in
GLOBE than in LSOA and in the national estimate, This produces a slight
jump in disability prevalence between GLOBE and LSOA. In elderly women,
the proportions of disabled persons ave slightly lower both in LSOA and
GLOBE, compared to the national estimates. We emphasize that the na-
tional disability estimates for The Netherlands are also derived from sam-
ples, and unlike the national mortality data, cannot be viewed as a ‘golden
standard’.

The likely underestimation of the population in istitutions may have
caused the lower mortality at advanced ages (especially in women) and the
slightly lower prevalence of disability in oldest old women, although the low
mortality level at advanced ages in the US6 may also have contributed to
the slight difference in mortality. Despite these differences, we did not seri-
ously doubt the appropriateness of the two datasets for the estimation of
transition rates by age. Nevertheless, we decided to exercise caution with
respect to the possible bias due to the underestimation of the population in
ingtitutions and the slight jump in prevalence in the further analyses,
wherein the transition rates by age are estimated and used,
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Flgure 1
Proportion of persons who died in the two-year interval based on GLOBE, LSOA and
Statistics Netherlands (StatNeth), by age.
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Tabie 4 Selection of the Log-Rate Models: Gompertz, Gompertz-Makeham, Sigmoid

Mortality A li
Incidence Recovery ortality Among Mortality Among

Nondisabled Disabled
Deviance P Deviance p Deviance p Deviance n

Men

Gompertz 140 97 88 59

+ Makeham constant 125 0.0001 97 1 88 1 69 1

+ Sigmoid constant 140 12 82 0.0001 87 0.346 65 0.054
Women

Gompertz 118 100 62 82

+ Makeham constant 112 0.015 100 1 59 0.07 82 1

+ Sigmoid constant 118 1 76 <0.0001 62 1 82 0.81

2 P-values can he exactly 1 when there is neither a Makeham nor a Sigmoid constant which improves the
model.
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Log-rate analysis

Next step was to estimate transition rates from GLOBE and LSOA using
log-rate regression. Since the main purpose of the regression analysis was to
obtain smoothed transition rates by age, we included age as a continuous
variable in the model. We compared three models to summarize the rela-
tionship of the transitions with age: the Gompertz model (i.e. exponential
increase with age) the Gomperiz-Makeham model and the Sigmoid moedel.
The likelihood ratio test was used to select hetween these three models
(Table 4). We used a significance level of 0,01 rather than 0.05 in order to
take inte account dependency between the observations in the subsequent
waves. All regression analysis were conducted in GLIM. The only death be-
low age 40 was excluded from the analyses in order to avoid an overestima-
tion of mortality rates at younger ages.

We found that for transitions from the nondisabled and the disabled state to
dead, the model with the fewest parameters - the Gompertz-model - could be

Table 5  Parameters of the Log-Rate Models (SE Between Brackets)

oy at age 70° Bi MP o°
Men
Incidence of disability -2.945(0,0399)  0.0859 (0.00333) 0.0237 n.a.
Mortality among nondisabled  -3.813 (0.0718)  0.1078 (0.00698) n.a. n.a.
Recovery from disability -0.906 {0.0546)  -0.1052 (0.00453) n.a. 0.5056
Mortality among disabled -2.505 (0.0663)  0.0577 (0.00507) n.a. n.a.
Women
incidence of disability -2.487 (0.0323)  0,0725(0.00283) 0.0192 n.a,
Mortality among nondisabled  -4.642 (0.1199) 0.1097 (0.01153) n.a. n.a.
Recovery from disability -0.627 (0.0429)  -0.1085 (0.00344) n.a. 0.3384
Mortality among disabled -3.308 (0.0730)  0.0747 (0.00520) n.a. n.a.

8 Age was transformed to age -70.

® M = Makeham constant,

¢ o = sigmoid constant,

When the model does not inctude M nor s, the interpretation is as follows:
exp(a} is the rate at age 70;
exp{B) is the ralio of the rates at age x+1 and x.

When the modetl includes M, the rate is the sum of an age-independent and an age-
dependent component:
M = age independent component;
exp(a) is the age dependent component at age 70,
exp(B) is the ratio of the age independent components at age x+1 and x.
When the modal! includes ¢, the rate is calculated as a fraction of the maximum rate.
o = maximum level of the rate.
The fraction is given by alpha and beta:
explo)/(1+exp(c)) is the fraction at age 70;
exp(p) is the odds ratio of the fractions at age x and age x+1.
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Observed (weighted by the number of observations) and estimated fransition rates using log-rate analysis, based on GLOBE and LSCA,
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selected to describe the transition rates by age. However, the fit improved
significantly by using the Gompertz-Makeham fanction for incidence for
men (p<0.001) and the Sigmoid function for recovery for men and women
(»<0.001), Although the improvement in fit by adding the Makeham con-
stant did not completely reach statistical significance for incidence in women
(p=0.015), we decided to include the Makeham constant for women as well,
in order to obtain the same models for men and women. Table 5 presents the
parameters of the log-rate analyses for the four transitions for men and
women, The level is expressed by oy, the change with increasing age by f
and M and o are the Makeham and Sigmoid constant, respectively, Substi-
tution of these parameters in the regression equation gives the transition
rates by age (Figure 3a-b). As expected, incidence rates of disability, and
mortality rates among nondisabled and disabled persons increase with
increasing age, whereas recovery rates from disability decline with
increasing age. Mortality rates among disabled persons arve higher than
mortality among nondisabled persons, that is, in the disabled state, there is
an excess mortality risk. Mortality (in both states) and recovery is lower in
women, and incidence 1s Jower in men, That is, mertality rates are more
favourable in women and disability rates are more favourable in men.

In addition, Figure 3a-b shows the observed transition rates (weighted by
the number of observations). Visual inspection of the observed transition
rates and the transition rates which had been estimated using both datasets,
confirmed that the datasets could be joined. However, to test whether there
were nevertheless statistically significant differences in the transition rates
between the two datasets, we examined whether a model with a different
parameter for the level (o) and/or a different parameter for the change with
age (/) for each dataset, improved the fit of the model significantly compared
to the model with one o and one B for both studies. We first examined
whether a separate o for each dataset improved the fit significantly. If this
was true, we examined whether adding a separate £ for each siudy im-
proved the fit further. If using a separate « for each study did not improve
the fit, we examined whether a separate f for each study (and a common «
for both studies) improved the fit. Table 6 describes the results of this proce-
dure. We found that for most transitions adding a separate « and/or £ for
each data set did not improve the fit significantly. Only the transitions from
‘no disability’ to ‘disability’ (men) and from ‘disability’ to ‘dead’ (women),
were better described by a model with a separate o for GLOBE and L.SOA,
and the transition from ‘disability’ to ‘dead’ (men) by a model with a separate
(3. The difference in o for incidence in men reflecis the earlier observed lower
prevalence in GLOBE than in LSOA in men. We do not consider the § for
the transition from ‘disability’ to ‘dead’ which is based on GLOBE as plausi-
ble (at age 100 this would give a rate of 4.5), nor the o for the transition from
‘disability’ to ‘dead’ in women as this would lead to implausible estimates of
total life expectancy. For the ease of interpretation, we decided to use one
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Table 6  Differences in Level {a) andfor Change with Age (B) BEetween GLOBE and LSOA

Mortality Among  Mortality Among

Incidence Recovery Nondisabled Disabled

Selected Model Gompertz-Makeham Sigmoid Poisson Poissen

Deviance p Deviance p Deviance p Deviance p
Men
Selected Model 125 82 88 69
Different o 97 <0.0001 79 0.06 84 0.07 66 0.114
Different B (given different o) 94 0.07 n.a. n.a. rn.a. n.a. n.a. n.a.
Different B (same o at age 70)b n.a n.a. 81 0.37 88 0.96 51 0.0003
Women
Selected model 112 76 62 82
Different ¢* 108 0.03 71 0.02 51 0.23 73 0.004
Different B (given different ) n.a. n.a. n.a. n.a. n.a. n.a. 73 0.99
Different B (same o at age 70)° 11 0.69 76 0.56 58 0.36 n.a. n.a.

# Forincidence (men): agLoe== -4.012; aLgoa= -2.824.
For mortality among disabled (women); agLoss= -3.798 ; aLson= -3.169.
® For mortality among disabled (men): Borose= 0.1273; Brsos= 0.04182.
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parameter for the level and one parameter for the change with age for all
transitions,

5.3.4 Multistate life-table analysis

We used the estimated transition rates based on GLOBE and LSOA to cal-
culate health expectancy. For this purpose a multistate life table consisting
of three health states ‘nondisabled’, ‘disabled’ and ‘dead’, was calculated us-
ing matrix algebra operations in QUATTRO-PRO. We used two-year age
intervals in the multistate life table, which approximates the length of the
biennial intervals in the two longitudinal datasets. To estimate appropri-
ately the transition rates for each age interval, we added 1.5 year to the
lower age bound of each two-year age interval (e.g. 31.5 for persons age 30-
31). This adjustment was proposed by Crimmins!¥, because persons are on
average 0.5 years older than the stated age at the beginning of the two-year
interval, and one year older in the middle of the two-year interval than at
the beginning of the interval. Using this adjustment, the life expectancies
derived from the model yield life expectancies at half ages, e.g. 30%. We
started the life-table calculations at age 30% and used the prevalence of dis-
ability in the age interval 30-31 to distribute the initial cohort (i.e. the radix
population of the multistate life table) over the nondisabled and disabled
state. We closed the life table at age 110. The multistate life table translates
age-specific transition rates into life expectancies with and without disabil-

ity.

Tigure 4 presents survival curves for mortality and for disability for men
and women as estimated with our multistate life-table model. The area un-
der the mortality curve between a certain starting age (e.g. 30% years) and
the oldest age group, divided by the number of persons alive at the starting
age 1s the total life expectancy. In the same way, the area under the disabil-
ity curve reflects life expectancy free of disability. The area between the
mortality and the disability curve, divided by the number of persons alive at
that starting age is the life expectancy with disability. Table 7 summarizes
the estimates of total life expectancy, life expectancy with and without dis-
ability based on the multistate life table. Total life expectancy at age 30% is
44.8 years for Dutch men and 50.8 years for Duich women, of which a re-
spective 38,6 and 38.4 are spent without disability. The remaining 6.4
(14.2%) and 12.4 years (24.3%) are spent with disability. At age 70%, life ex-
pectancy is 10.7 and 14.3 years, respectively. About 6.3 and 5.8 years are
spent without disability, and 4.4 (41.3%) and 8.5 vears (59.6%) with disabil-
ity, respectively.

From the multistate life-table model, prevalence of disability in the synthetic
cohort can be easily calculated (Figure 5). The synthetic prevalence of dis-
ability, is a function of current incidence, recovery and disability-state-spe-
cific mortality rates, which unlike the cross-sectional prevalence, does not
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depend on past values. Prevalence of disability is higher in women than in
men and increases with increasing age.

5.8.86 Evaluation of the ouicomes of the multistate life-table
model

The most important uncertainty of the estimated multistate hfe table is
whether our estimates of the transition rates based on the GLOBE study
(younger ages, Eindhoven and surrounding) and the LSOA study (elderly
ages, US) sufficiently reproduce the Dutch situation. Four factors might
have compromised the reproduction of the real but unknown Dutch transi-
tion rates. First, real differences in disability and mortality dynamics be-
tween The Netherlands and the US, might have produced invalid estimates
for The Netherlands, especially at older ages. Second, persons living in insti-
tutions were underrepresented, especially in LSQA. Third, attrition may
have compromised the representativeness of the estimates: for 73 percent of
the selected study populations in GLOBE information on disability or mor-
tality was available in 1995, compared to 83 percent in LSOA in 1990. Al-
though we avoided an overestimation of the mortalily rates by using the
marginal distribution of subjects with complete information to reallocate
persons with missing information on disability, we cannot rule out that at-
trition has biased the estimated transition rates. Fourth, relying on seif-re-
ported data with respect to disability may have caused hias.

In order to evaluate whether our estimates of the transition rates and life
expectancy in different health states are likely to be biased, we compared
several outcome measures of the multistate life- table model {i.e. survival
curves, age-specific total mortality rates, age-specific disability prevalence
and total life expectancy at age 30% and 70%) with independent estimates
based on nationally representative data sources. We emphasize that a per-
fect reproduction of the outcomes of the multistate life table by cross-sec-

Table 7 Total Life Expectancy (LE), Disability-Free Life Expectancy (DFLE), Life
Expectancy with Disability (LED) and Percentage of Life with Disability
(%LED in LE) for Dutch Men and Women, Based on the Multistate Life
Table, at Age 30% and 70%°

LE, y DFLE, y LED, y % LED in LE
At age 30%:
Men 44.8 38.5 6.4 14.2
Women 50.8 384 12.4 24.3
At age 70%
Men 10.7 8.3 4.4 413
Women 14.3 5.8 8.5 59.8

® Figures are rounded to 0.1.
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implied prevalence of disability based on the Multistate Life Table (MSLT).

tional estimates is not to be expected, since this only occurs when transition
rates have remained constant for a very long period of time.?

Figure 6 shows that survival by age is quite close to the national estimates
based on data from Statistics Netherlands. The contribution of different age
groups to the small differences in survival becomes more clear when age-
spectlic mortality rates ave compared (Figure 7). This comparison indicates
that mortality rates derived from the multistate model ave slightly over-
estimated in men above age 80 and underestimated in women above age 86.
The overestimation of mortality in older men was almost negligible and
might have been caused by a slight overestimation of incidence of disability.
The underestimation of mortality in elderly women was larger and might
have been caused by the underrepresentation of the institutionalized popu-
lation.

Figure 8 compares the synthetic prevalences of disability from the multi-
state life table, the cross-sectional prevalences from LSOA and GLOBE and
the cross-sectional prevalences based on the Health Interview Survey from
Statistics Netherlands (1993 and 1994), including an adjustment for the
population living in institutions. The agreement between the prevalence by
age based on the multistate model and the external data sources is rather
close, considering that smoothed age patterns were used and that no steady-
state situation exists. Some deviations are worth mentioning. In older men,
disability prevalence slightly exceeded the national estimates, whereas in
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men aged 50-59 year, disability prevalence was lower. While the cross-sec-
tional prevalence of disability shows a plateau (between age 50-71), the syn-
thetic prevalence of disability based on the multistate life table increased
gradually with age. These differences between the cross-sectional and syn-
thetic prevalence might be caused by the absence of a steady-state situation
and the use of smoothed transition rates with age. The plateau in the cross-
sectional prevalence may be the result of self-reported disability data. The
platean was found in both datasets which included this age range (GLOBE
and the Health Interview Survey). A combination of two factors might have
contributed to this plateau in reported disability. First, at younger ages, de-
manding personal circumstances due to work and family responsibilities can
cause any difficulties with activities of daily life, communication or mebility
to be experienced as very burdening, which may consequently lower the
threshoeld to report difficulty. Second, at older ages persons may experience
any difficulties in performing specific actions or activities as a normal conse-
gquence of their age, and consequently the threshold to report disability
might be relatively high. It is not likely that underlying dynamics in inci-
dence, recovery and mortality have caused the plateau in intrinsic disability,
as this would require either incidence rates to decline, recovery rates to in-
crease or mortality rates to increase, which we do not consider plausible.

Table 8 shows that differences in total life expectancy at age 30% and age
70% were less than 0.3 year in both sexes. Crimmins reported a difference of
1.5 yeavs at age 70 for the United States,19

We finally examined whether the Dutch situation would be better repro-
duced if the parameters based solely on GLOBE were to be used for the
transitions regarding which
significant differences be-
tween GLOBE and LSOA Table 8 Total Life Expectancy (LE) for Dutch

(see section log-rate regres- Men and Women, Based on Data from
sion) were found., We found Statistics Netherlands and Based on
the Multistate Life Table, at Ages 30%

that both using the B from

1
GLOBE to estimate mor- and 70%
tality rates in disabled men, Statistics Muttistate Life
and the o for mortality in Netherlands®, y Table, y
disabled women produced )
implausible estimates of to- Age 30%

1 hi pect Usin Men 44.7 44.8
ta € expectancy. g Women 50.5 50.8
the o for incidence In men
based solely on GLOBE pro- Age 70% .

1 al b : Men 0.8 10.7
duced a total life expectancy Wormen 148 143

close to the Dutch situation

(Le. -dlfferenc.e less than one ® Based on single-decrement life table by 2-years
year), yet using the o basefl age interval according o the pericd-cohort
on GLOBE for this transi- observational plan, 1986-1994.
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tion would lead to a substantial underestimation of the prevalence of dis-
ability (data not shown). This confirmed our choice of using the transition
rates based on GLOBE and LSOA (without using separate parameters for
study in the regression model).

All together, this evaluation did not provoke us to seriously doubt the repro-
duction of the Dutch situation for the purpose of estimating a multistate life-
table mode! on health expectancy for use in scenario-analyses. Only the un-
derestimation of the population in institutions, which is likely to be respon-
sible for the underestimation of mortality at advanced apges especially in
women, as well as the slight jump in disability prevalence between GLOBE
and LSOA, which might reflect the difference in incidence rates, call for
prudence when using the multistate life-table model for further (scenario)
analyses. Therefore, when the multistate model is being used to answer spe-
cific research questions, sensitivity analyses will be conducted to assess
whether the results are sensitive to these sources of bias.

5.4 Conclusion

This paper estimated smoothed incidence of disability rates, recovery from
disahility rates, and mortality rates among nondisabled and disabled per-
sons using an extension of the log-rate model. By using a multistate life ta-
ble consisting of three states: ‘nondisabled’, ‘disabled’ and ‘dead’ these transi-
tion rates were translated into hife expectancies with and without disability
for men and women in The Netherlands, Such a multistate life table, based
on transition rates between the health states, rather than on prevalence of
disability (as used in the Sullivan method), is indispensable in obtaining in-
sight into the conditions which could produce compression of morbidity in
The Netherlands.

We illustrated how smoothed transition rates by age can be estimated on the
basis of interval- censored data from longitudinal studies by using an exten-
sion of the log-rate model. This approach enabled us to take into account
substitution between the health states, to pool waves and datasets, to adjust
for missing information and to reweight for sample characteristics. The ex-
tended log-rate regression approach also enabled us to select between differ-
ent models to specify the relationship with age. In this way we could im-
prove the fit significantly for incidence {(men) and recovery. The relationship
between age and the transition rate could be modelled with only fwo or
three parameters per transition using data from different datasets. Never-
theless the multistate life-table model reproduces the Dutch mortality and
disability situation quite closely. In further sensitivity analysis, a few uncer-
tainties should be taken inte account: (1) possible underestimation of per-
sons in institutions owing to sampling design in L.SOA (2) jump in incidence
of disability {most likely due to jump in prevalence of disability between
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GLOBE and L.SOA). Overall, the evaluation of outcomes of the analyses at
several phases of the research process has shown that the estimated multi-
state life table described sufficiently the Dutch situation for the purpose of
scenario calculations. '

Appendix

The Gompertz hazard rate is specified as follows:

M) = - Pt = g% . P where: logh = o

reexpression gives;

M) = ot where: logh=o
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Compression of morbidity:
an exploration of the
conditions

Abstract

Objectives: This study evaluates the conditions under which compression
of morbidity, i.e. a reduction of disability info a shorter period (absolute
compression) or smaller proportion of total life expeclancy (relative com-
pression), will occur.

Methods: We used a multistate life table to estimate life expectancy with
and without disability for Duich men and women and to evaluate system-
alically the effect of changing incidence rates of disability, recovery rates
from disability and mortality rates among nondisabled and disabled per-
sons. These incidence, recovery and mortalily rates were estimated with
Poisson regression using longitudinal data,

Results: Both decreasing incidence and increasing recovery rates (celeris
paribus) produce compression of morbidity (in an absolute and a relative
sense), although the impact of improving incidence rates is larger. In con-
trast, moderate declines in mortality rates (20% among nondisabled and
disabled persons) increase life expectancy with disability at age 30%, un-
less at least equal proportional improvements in both incidence and recov-
ery rates, or larger changes in either incidence (at least 80%) or recovery
rates (at least 50%) occur. The same conditions extend the period with dis-
ability above age 70%. Larger improvements in incidence and/or recovery
rates at all ages are required to achieve compression of morbidity above age
70%,

Conclusion: Whereas interventions which reduce the tncidernce of disabil-
ity (e.g. through primary preveniion)} produce more absolute compression of
morbidity, those which increase recovery (i.e. through rehabiliiation)
should not be undervalued, If mortality rates among nondisabled and dis-
abled persons decline, substantial improvements in incidence and/or re-
covery rates are required to preclude an extension of the disabled period.
Interventions aimed al preventing, curing or slowing down the progression
of disabling diseases should recetve high priority.
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6.1 Introduction

In 1980 Fries predicted that chronic disease and related disability will be
postponed, compressing the period of morbidity between the increasing age
of onset and a relatively fixed life expectancy.! This ‘compression-of-morbid-
ity’ scenario is the antithesis of the ‘expansion-of-morbidity’ hypothesis
which postulates an increase in morbidity and disability.2¢ Although di-
verging views exist as to whether compression of morbidity is a realistic sce-
nario in low mortality countries, the idea of compression of morbidity has
achieved great popularity in public health and (gerviatric) medicine. It has
heen an important impetus for research on ‘successful aging’ and has found
its expression in targets of international agencies and health policy docu-
ments of national governments which increasingly focus on lengthening life
fiee of morbidity and disability.56 Despite its popularity, however, the dy-
namics which might produce compression of morbidity are not yet fully un-
derstood. Fivst, Fries' prediction that delaying the onset of chronic morbidity
reduces the length of time spent with disabilityl7, is based on the idea that a
problem acquired later in life is suffered from over a shorter period of time,
However, this is only true when life expectancy is constant. Empirical stud-
ies and scenario calculations have shown that increases in disability-free life
expectancy may be accompanied by increases in years with disability with
increasing life expectancy 81! Second, the potential role of recovery from dis-
ability (i.e. regaining of functioning) as a means to attain compression of
morbidity is often neglected, although even the elderly have shown a sub-
stantial capacity to reverse disability.0.12-15

The objective of this study is to develop a better understanding of the condi-
tions under which compression of morbidity, that is concentration of disabil-
ity into a shorter period (absolute compression) or smaller proportion of total
life expectancy (relative compression), will oceur, Obtaining insight into the
effects of realistic changes in incidence rates of disability, recovery rates
from disability and mortality rates among nondisabled and disabled persons
in terms of compression of morbidity is important for setting priorities for
public health pohcy. Furthermore, studying the conditions which will pro-
duce compression of morbidity might help to clarify the unsolved debate as
to whether compression of morbidity is likely to occur. We used a multistate
life table to estimate life expectancy with and without disability for Dutch
men and women, and to examine the effect of several ‘what-if scenarios in
terms of compression of morbidity, The central question regards the changes
in incidence, recovery and mortality rates (among nondisabled and disabled
persons) needed to produce compression of morbidity.
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6.2 Data and methods

Study population

The primary data source used is the GLOBE study - GLOBE being the
Dutch acronym for Health and Living Conditions of the population of
Eindhoven and surroundings. A detailed description of the sample and
design is given elsewhere.i8 A postal questionnaire was sent in 1991 to an
aselect sample of approximately 27000 Dutch nationals aged 15-74 years
living in the city of Eindhoven and surrounding municipalities (response
rate 70,3%). Persons living in institutions were included in this sample,
except for Eindhoven (40% of all respondents) where the institutionalized
population only comprises residents of homes for the elderly. We used a
selection of respondents to this postal questionnaire (n=7677), who were
approached for an interview in 1991, Those who had indicated in the
postal questionnaire that they suffered from a chronic disease (diabetes
mellitus, chronic bronchitis, serious heart disease or chronic back com-
plaints or slipped disk) were overrepresented (n=2637), In the follow-up,
respondents of this oral interview (n=5666, ie. 73.8%) received postal
questionnaires in 1993 (1:=4496, i.e. 79.4%; 81.1% after correction for mor-
tality) and 1995 (n=4105, i.e. 72,4%; 76.4% after correction). Because mor-
tality is an outcome of interest, persons who died were not considered as
‘lost to follow-up’ and were included in the corrected response rate. Infor-
mation on mortality was based on municipal population registers and dis-
ability status on questionnaires in at least two waves.

Persons under age 30 (n=791 in 1991) and persons of whom the vital status
at follow-up was unknown (less than 0.3%) were excluded from the analyses.
In 1991, the complete set of questions on disability was presented to only
2867 subjects. Complete information on disability was lacking for 77 (1991),
96 (1993) and 219 (1995) respondents. Complete information on disability
and vital status at the beginning and end of a 2-year interval was available
on 1988 persons in the period 1991-1993 and 3119 in the period 1993-1995,
yielding a total of 5107 observations, A correction was made for observations
which were excluded because of attrition and item nonresponse (see method
section).

Since GLOBE, did not comprise persons above age 74 in 1991 and a substan-
tial part of the mortality and disability occurs beyond age 75, a second data
source, the Longitudinal Study of Aging (LSOA)Y was used. The LSOA
started in 1984 with interviews of 7527 noninstitutionalized persons of age
70 and over in the United States, Subjects who were institutionalized during
the study were not excluded. The complete sample was reinterviewed in
1988 (n=4984, 66.2%; 89.0% after correction for mortality) and 1990
(n=4142, i.e, 55.0%; 87.4% after correction), while a subsample of 5151 per-
sons was reinterviewed in 1986 (n=4113, i.e, 79.8%; 92.4% after correction).
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Disability status was assessed in each wave and information on mortality
was based on the National Death Index. FFull details on the sample and de-
sign are given elsewhere.18

Nonwhites (n=647) and persons of whom the vital status at follow-up was
unknown (less than 0.4%), were excluded from the analyses, Complete in-
formation on disability was lacking for 142 (1984), 384 (1986), 415 (1988),
365 (1990) persons, Complete information on disability and vital status was
available for 3720 persons in 1984-1986, 2853 in 1986-1988 and 3535 in
1988-1990, yielding a total of 10108 cbservations. Again, an adjustment was
made for observations which were excluded because of attrition and item
nonresponse.

Definition of health states

We used a multistate life table, which is an extension of the standard life
table!®, with three health states: ‘nondisabled’, ‘disabled’ and ‘dead’. Persons
were considered to be disabled if they were living in an institution or indi-
cated that they needed help or were unable to perform without (great) diffi-
culty one or more activities of daily living, mobility and communication that
are essential for independent functioning. To maximize the comparability of
the GLOBE and LSOA we selected similar disability items from both stud-
ies: bathing/showering, getting in and out of bed or a chair, dressing and un-
dressing, walking a quarter of a mile (400 m), carrying an object of ten
pounds (5 kg), walking 10 steps without rvest (walking stairs), reading small
print in a newspaper, recognizing someone's face, eating and getting outside.
Hearing items were not included in the follow-up measurements of LSOA
and could therefore not be taken into account,

Estimation of the transition rates of the multistate life table

The starting point was the estimation of transition rates between the three
health states, i.e. incidence rates of disability, recovery rates from disability
and mortality rates among nondisabled and disabled persons from a cross-
tabulation of the GLOBE and LSOA population by sex, two-year age interval
and health state at the beginning and end of the interval. Based on a com-
parison of the proportion of persons with disability and the proportion of
persons who died in GLOBE (younger ages), LSOA {(older ages) and in na-
tional representative sources (all ages)?25, we decided to conjein the GLOBE
and LSOA population. The two datasets together described the Dutch dis-
ability and mortality situation, except for the lower proportion of deaths in
old women (LLSOA), In addition, the two datasets showed no major disconti-
nuities, apart from the lower disability prevalence in men in GLOBE than in
LSOA. We used Poisson regression with the number of person years as offset
(i.e. rate multiplier)?S, to estimate the transition rates from the pooled data-
set. This method is alsc known as ‘log-rate analysis’ (or log-linear regression
with offset).?” The offset was also used to adjust for the sampling design in
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LSOA and GLOBE and for missing information on disability status due to
attrition or item nonresponse. Persons for whom the health state was un-
known at the beginning or end of the interval (in total less than 25%), but
who were known to be alive were allocated to either the nondisabled or the
disabled state, using the distribution by health status at the beginning and
end of the interval, respectively of subjects with complete information,

All transition rates were estimated for men and women separately. To de-
soribe the relationship with age, we evaluated three models: the Gompertz,
the Gompertz-Makeham and the Sigmoid model (see Appendix 1). Each
model describes an exponential decline of the vital force with age, whether
or not in combination with an age-independent component. This exponential
decline in vital force is specified as an exponential increase in the chance of
dying or of becoming disabled and an exponential decline in the chance of
recovering with increasing age. The equations and parameter estimates
which were used to obtain the age-specific transition rates are presented in
Appendix 1.

Estimation of life expectancy with and without disability

We used the multistate life table to estimate life expectancy with and with-
out disability on the basis of the age-specific transition rates, The life table
started at age 30% and was closed at age 110%. The distribution of the ini-
tial cohort over the nondisabled and disabled state at age 30% is based on
the proportion of persons with disability at age 30-31 in the GLOBE popula-
tion. The estimates of total life expectancy (at age 30% and 70%) derived
from the model differed less than 0.3 year from published estimates?425 and
age-specific mortality rates closely resembled national estimates, except for
the underestimation of mortality rates in older women?328, The age-specific
prevalence of disability derived from the model, also closely corresponded to
national {cross-sectional) estimates based on a similar definition of disabil-
ity 2022

Scenario caleculations

To evaluate under which conditions compression of morhidity will occur, we
conducted several ‘what-if scenarios, quantifying the effect on life expec-
tancy with and without disability of changing one or more transition rates.
We simulated changes towards better health, that is a decline in incidence of
disability, in mortality among nondisabled persons, in mortality among dis-
abled persons, and an increase in recovery from disability at all ages within
a range of -50% to +50%. In the tables, 20% changes towards better health
are presented, Changes of other.magnitudes and changes towards worsening
health (i.e. opposed changes) were simulated, but are not presented in detail,
. as the findings change accordingly (data available from authors on request).
Moreover, we are not primarily interested in how compression of morbidity
can be reached by increasing mortality, Comparison of life expectancy with
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disability and the proportion of life with disability before and after simula-
tion, indicates whether compression of morbidity has occurred. A decline in
life expectancy with disability indicates absolute compression of morbidity,
whereas an increase means absolute expansion. In the same way, a decline
in the proportion of life with disability points to relative compression and an
increase means relative expansion, To examine whether or not results differ
by age, we evaluated the outcomes at age 30% and age 70%. For the ease of
interpretation, we first evaluated the effect of isolated changes, Next, we
evaluated simultaneous changes, while taking into account interactions he-
tween changes when they ocour together. Finally, as at least moderate re-
ductions in mortality rates are likely to occur, we identified a possible set of
changes in incidence and recovery rates (within a range of -50% to +50%)
which could produce a compression of morbidity in the event of a 20% de-
cline in mortality rates among nondisabled and disabled persons.

6.3 Results

Isolated changes in transition rates

Table 1 presents the change in total life expectancy, life expectancy with and
without disability and in the percentage of life with disability at age 30%
and age 70% due to changes of 20% in one of the transition rates. The base-
line situation is given for comparison.

Reducing incidence rates by 20% increases total life expectancy at age 30%
{0.6 y both sexes) and reduces the length and proportion of life with disabil-
ity (-0.8 y and -2.0 %-peints in men; -1,3 y and -2.9 %-points in women). A
decline in the incidence of disability means more persons at every age main-
taining their health and a decline in age-speacific prevalence of disability. As
a result, the length of time spent without disability increases and that with
disability declines. Total life expectancy increases as well, because the pro-
portion of persons with disability, who are exposed to the higher mortality
risk in this state, declines. The shortening of the disability period and
smaller proportion of disabled persons indicates compression of morbidity (in
an absolute and a relative sense). Similar results were found for increasing
recovery rates, although smaller. At age 70%, the results point in the same
direction. Varying the size or direction (decrease versus increase) of the
simulated changes alters the results accordingly (vesults are available from
authors},

Reducing mortality rates among nondisabled persons by 20% raises total life
expectancy at age 30% by 0.9 years (men) and 0.5 years (women)}. Part of
this life extension will be spent in a disabled state (0.3 ¥ and 0.3 %-points in
men; 0.3 y and 0.2 %-points in women), as among those saved from dying are
a nunmber who will become disabled in old age. Reducing mortality rates
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among disabled persons increases mainly the lifetime and proportion of life
with disability (0.7 y and 1.3 %-points in men; 1.2 y and 1.7 %-points in
women), but as some persons will regain their functioning, life expectancy
without disability increases as well, The increase in the number of years and
proportion of life with disability indicates an expansion of morbidity (in an
absolute and a relative sense).

Table 1 Baseline and Scenarios for Total Life Expectancy (LE), Disability-Free Life
Expectancy {DFLE), Life Expectancy with Disability (LED) and Percentage
of Life with Disability (%LED In LE) due to Different /solated Changes, at
Age 30%: and 70%, The Netherlands?

LE,y DFLE,y LED,y %LEDInLE

Age 304
Men
Baseline 44.8 38.5 6.4 14.2
20% Improvement
Incidence of disability (decrease} 0.6 1.4 -0.8 2.0
Recovery from disability (increase) 0.3 0.8 -0.5 -1.1
Mortality from nondisabled (decrease) 0.9 0.6 0.3 0.3
Mortalitly from disabled (decrease) 1.0 0.3 0.7 1.3
Women
Baseline ' 50.8 38.4 12.4 24.3
20% Improvement
incidence of disability (decrease} 0.6 1.0 -1.3 2.9
Raecovery from disability (increase) 0.3 1.0 -0.7 -1.6
Mortality from nondisabled {decrease) 0.5 0.3 0.3 0.2
Mortality from disabled (decrease) 1.4 0.2 1.2 1.7
Age 70%
Men
Baseline 10.7 6.3 4.4 41.3
20% Improvement
Incidence of disability (decrease) 0.3 0.8 -0.5 -5.4
Recovery from disabllity (increase) 0.1 0.3 0.2 -2.1
Mortality from nondisabled (decrease) 0.5 0.3 0.2 -0.1
Mortality from disabled {decreasse) 0.8 0.1 0.7 3.5
Women
Baseline 14.3 5.8 8.5 59.6
20% Improvement
Incidence of disability (decrease)} 0.4 1.0 -0.6 -5.9
Recovery from disabilty (increase) 0.2 0.4 -0.3 -2.5
Mortality from nondisabled (decrease) 0.3 0.1 0.2 -0.1
Mortality from disabled (decrease) 1.3 0.1 1.2 2.8

? Figures are rounded to 0.1.
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Table 2 Baseline and Scenarios for Total Life Expectaney (LE), Disabllity-Free Life
Expectancy {DFLE), Life Expectancy with Disability (LED) and Percentage
of Life with Disabifity (%I.ED in LE) due to Different Simultaneous Changes,
at Age 30% and 70%, The Netherlands®

LE.y DFLE,y LED,y %LEDInLE

Age 30%
Men
Baseline 44.8 38.5 6.4 14.2
20% Improvement
Incidence {decrease) + Recovery 0.9 2.1 -1.2 -3.0
{increase}
Mortality from nondisabled (decrease} + 2.1 1.0 1.1 1.7
mortality from disabled (decrease)
Mortality from nondisabled (decrease) + 1.6 2.2 -0.5 -1.7
Incidence (decrease)
Mortality from disabled (decrease) + 1.3 1.1 0.2 0.0
Recovery (increase)
Al 2.8 3.2 -0.3 -1.5
Women . ‘
Baseline 50,8 38.4 12.4 24.3
20% Improvement
Incidence (decrease) + Recovery 0.8 2.9 -2.0 -4.3
(increase)
Mortalily from nondisabled (decrease) + 2.0 0.5 1.6 1.9
mortality from disabled {decrease)
Mortality from nondisabled {decrease) + 1.2 22 -1.1 -2.6
Incidence (decrease)
Mortalily from disabled (decrease) + 17 1.3 04 0.0
Recovery {increass)
All 2.8 3.4 -0.6 -2.4
Age 70%
Men
Baseline 10.7 6.3 4.4 41.3
20% improvement
Incidence (decrease) + Recovery 0.4 2.1 -0.6 -7.3
{increase)
Mortality from nondisabled {decrease) + i3 0.4 1.0 35
mortality from disabled (decrease)
Mortality from nondisabled (decrease) + 0.9 1.2 -0.3 -5.5
Incidence (decrease)
Mortatity from disabled {decrease) + 0.9 0.4 0.5 1.2
Recovery {increase)
All 1.8 1.6 0.2 -4.0
Women
Baseline 14.3 5.8 8.5 59.6
20% improvement
Incidence {(decrease} + Recovery 0.5 1.4 -0.9 -8.2
(increase)
Mortality from nondisabled (decreass) + 1.6 0.2 1.4 27
mortality from disabled {decrease)
Mortafity from nondisabled (decrease) + 07 1.2 -0.5 -5.0
Incidence {decrease) .
Mortality from disabled {decrease) + 1.4 0.5 0.9 0.3
Recovery (increase}
All 2.1 1.7 0.4 -5.3

? Figures are rounded to 0.1,

138



Compression of morbidity: an exploration of the conditions

Simultaneous changes in transition rates

Some interventions may have an effect on more than one transition rate at
the same time (e.g. medical treatment might reduce mortality rates and in-
crease the chance of regaining their functioning). In addition, more than one
intervention, affecting different transitions can occur simultaneously. There-
fore, we also simulated the effects of simultanecus changes in two or more of
the transition rates (Table 2).

Reducing incidence and increasing recovery rates simultaneously (ie. both
improvements towards better health) by 20%, increases disability-free life
expectancy substantially more than total life expectancy and thus com-
presses the time spent as a disabled person into a shorter period (1.2 years
in men and -2.0 years in women) and into a smaller proportion of total life
expectancy (-3.0 and -4.3 %-points respectively). On the other hand, de-
creasing mortality rates among nondisabled and disabled persons by 20%
increases the length and proportion of life with disability (1.1 y and 1.7 %-
points in men; L5 y and 1.9%-points in women). The size of the effects of
changing two transition rates simultaneously differed slightly from the sum
of isolated changes, because changing one transition rate affects the number
of persons who are exposed to the {change in the) second transition rate.

The effects of simultaneous improvements in incidence, recovery and mor-
tality rates among nondisabled and disabled persons (by 20%) at all ages on
the length of time spent disabled differ by age. At age 30%, life expectancy
with disability declines (-0.3 y in men and -0.6 y in women), whereas at age
70% it increases (0.2 y and 0.4 y, respectively). A comparison of the number
of person years with disability by age between the baseline situation and
after a simultaneous improvement of all transition rates by 20% (‘all’ in Fig-
wure 1), shows that at younger ages the number of person years with disabil-
ity is lower after the improvement, whereas at older ages the reverse is true.
That is, the reduction in prevalence of disability (due to lower incidence and
higher recovery rates) occurs -on average- at younger ages than the aceu-
mulation of disabled years (due to mortality reductions). As a consequence, a
30% year old person will experience substantial reductions in disabled years
which completely nullify the increase in disabled years at advanced ages,
whereas 70% years old will experience substantial increases in disabled
years and only small reductions in disabled years. When improvements are
restricted to the nondisabled state (i.e. decline in mortality rates in nondis-
abled and decline in incidence rates) life expectancy with disability declines
at both ages (Table 2). Under these circumstances, especially life time with-
out disability is extended.
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Figure 1
Number of person years with disability based on the Multistate Life Table, by age.
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Conditions under which compression of morbidity occurs in
the situation of moderate mortality declines

Figure 2a-b shows which changes in incidence and/or recovery rates produce
absolute compression of morbidity when mortality rates among nondisabled
and disabled persons decline by 20%, Reducing incidence rates, while keep-
ing the recovery rates constant, leads to absolute compression -of morbidity if
the reduction is at least 30% (age 30%). Improving only the recovery rates
requires an increase of at least 50% at age 30%. An increase in recovery
rates proportionate to the decline in incidence rates produces absolute com-
pression of morbidity if the rate of change is at least 20% (above age 30%).
These results indicate that substantial improvements in incidence andfox
recovery are needed to compensate the increase in disabled years due to
mortality reductions among nondisabled persons (increasing the number of
persons surviving to old ages when the risks to get disability are high) and
among disabled persons (extending the length of life of those disabled). Fig-
ure 2 shows once more that larger improvements at all ages are needed to
reach absolute compression of morbidity above age 70%. When mortality
rates among nondisabled and disabled persons decrease by 20%, the same
improvements in both incidence and recovery rates do not produce absolute
compression of morbidity above age 70%, nor does increasing only the recov-
ery rates (within the evaluated range).

6.4 Discussion

The main ohjective of this study was to determine the changes in incidence,
recovery and mortality rates among nondisabled and disabled persons
needed to achieve compression of morbidity. [t must be emphasized that
achieving compression per se is not a favourable health outcome, as in-
creasing mortality might cause compression of morbidity as well, Therefore,
we focused on compression of morbidity in the presence of a constant or in-
creasing total life expectancy. That is, we described the effect of isolated and
simultaneous improvements in incidence rates, recovery rates and mortality
rates in nondisabled and disabled persons. As it is generally expected that
further reductions in mortality rates will oceur, we also defined a set of
changes in incidence and recovery rates which will produce compression of
morbidity in the presence of moderate mortality declines among nondisabled
and disabled persons,

According to our scenario calculations, when the disability incidence rates
only decline {e.g. by primary prevention), more persons will maintain their
health and consequently life expectancy without disability will increase
more than total life expectancy. Disability, therefore, will be compressed into
a smaller period and proportion of total life expectancy. Although equal pro-
portional improvements in recovery rates will have less impact than im-
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Figure 2a

Changes in incidence and recovery rates producing absolute and relative compres-
sion of morbidity (AC/RC), relative compression but absoclute expansion (RC/AE) and
relative and absolute expansion (AE/RE} in the presence of 20% declining mortality
rates among nondisabled and disabled persons, at age 30,
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Figure 2b

sion of morbidity (AC/RC}, relative compression but absolute expansion {RC/AE} and
relative and absolute expansion (AE/RE) in the presence of 20% declining mortality

Changes in incidence and recovery rates producing absolute and relative compres-
rates among nondisabled and disabled persons, at age 70%.
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provements in incidence rates, an increased chance of regaining functioning
(e.g. by medical interventions reducing the severity of the disease, or by re-
habilitation) will also yield compression of morbidity (in both an absolute
and a relative sense). On the other hand, we found that when mortality
rates only decline, the duration and proportion of the time lived with dis-
ability will increase. First, because an increase in survival of nondisabled
persons (e.g. by improved acute care units) will push more persons into the
oldest old ages, when the risks of becoming disabled are high, and second
because the life of disabled persons will be extended (e.g. by better treat-
ment of the chronically ill). Due to these side-effects of declining mortality
rates among nondisabled and disabled persons, substantial improvements in
incidence and recovery rates are needed to achieve absolute compression of
morbidity. As disahility accumulates in particular at older ages, the efforts
to achieve compression of morbidity above age T0% are even larger, Whereas
above age 30% absolute compression of morbidity occurs when the incidence
and recovery rates at all ages improve at the same rate as the mortality
rates for nondisabled and disabled persons {i.e. 20%), above the age of 70%
these same conditions serve to extend the disability period. The finding that
compression of morbidity is harder to achieve in a situation where mortality
rates for nondisabled and disabled persons ave declining, does not imply that
a decline in overall mortality is necessarily an unfavourable condition for
compression of morbidity. As our results also have shown, decreasing inci-
dence rates or increasing recovery rates both reduce overall mortality and
compress morbidity into fewer years. That is, whether an increase in life
expectancy is accompanied by compression of morbidity depends on which
changes in incidence, rvecovery and mortality rates produce the overall mor-
tality decline.

The limitations of our study regarding the data should be noted. We used
two datasets from two different countries to estimate the transition rates
between the three health states. Moreover, persons living in institutions
were underrepresented due to the sampling design, especially in LSOA, and,
as in every longitudinal study, attrition might have compromised the repre-
sentativeness of the outcomes. Finally, relying on self-reported data with
respect to disability may have caused bias. Changes in disability status may
partially result from inconsistent reporting, We evaluated the potential bias
introduced by these factors and tested the sensitivity of the outcomes for
different levels and age patterns of the transition rates (see Appendix 2).
The robustness of our conclusions for substantial variations in the transition
rates, and the generally close agreement between the model estimates of
total life expectancy and published estimates, as well as the outcomes of
more detailed external validity checks, induced us to consider the outcomes
to be valid.

Regarding the interpretation of the scenario calculations, three points are
worth mentioning.
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First, the simulated changes in the transition rates should be interpreted as
average changes affecting all persons in a specific health state to an equal
extent, Within each state, we did not take into account heterogeneity (other
than age and sex), that is, we assumed that all nondisabled persons have the
same risks of dying and of becoming disabled and all disabled persons have
the same risk of dying and of recovering from disability. When persons re-
cover from disability, they are assumed to be exposed to the lower mortality
risk, which is equal for all nondisabled persons, In the same way, when per-
sons become disabled, they ave assumed to experience the higher mortality
risk, which is equal for all disabled persons. These differences in mortality
risks between nondisabled and disabled persons do not reflect solely the im-
pact of disability on mortality, but also that of underlying chronic diseases.
Violation of the homogeneity assumption would occur when a specific inter-
vention changes incidence or recovery rates, without affecting related mor-
tality risks accordingly. When reduced incidence rates, for instance, are
solely caused by a reduction in incidence of nonfatal disabling diseases, the
effect on compression of morbidity in our study is underestimated. The same
is true when increased recovery rates are solely caused by rehabilitation
which improves functioning, without affecting the chances of surviving. A
violation would also occur if a declining incidence rate of disability were
mainly caused by a reduction in incidence of highly fatal diseases, In this
situation less compression of morbidity would occur than in the presented
results, since as a side effect of the decline in incidence of highly fatal condi-
tions, survival will increase more than estimated and so will the number of
persons being exposed to disability, In a previous study we examined the
effects of eliminating specific chronic diseases on the prevalence of disability
and on mortality, and in turn on life expectancy with and without disability.?
In the current study more insight was obtained into the effects of changing
incidence, recovery and mortality rates among disabled and nondisabled
persons on life expectancy with and without disability.

Second, in our scenario calculations we used the same percentage of change
in the transition rates at each age, as varying the rate of change over age
would increase the number of possible scenarios infinitively. This might not
be realistic in view of the fact that Dutch total mortality rates below age 85
(men) and 90 (women) recently declined, while above these ages mortality
rates increased slowly.?8.30 If this increase in total mortality ai advanced
ages reflects an increase in mortality rates in nondisabled and disabled per-
sons and if, in addition, this increase continues, slightly smaller improve-
ments in incidence andfor recovery rates than presented here would be
required to attain compression of morbidity in The Netherlands.

Third, although the life table describes the Dutch situation in the period
1985-1994, we consider the main outcomes to be valid for other low mortal-
ity counttries as well. The sensitivity analyses (Appendix 2) showed that the
mechanisms which produce compression or expansion of morhidity do not
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depend upon the level and age patterns of the transition rates, which might
differ between countries. Also the changes which are needed to achieve com-
pression of morbidity in a situation of mortality reductions of 20% among
nondisabled and disabled were not very sensitive for differences in transi-
tion rates. Also the finding that the conditions which produce compression of
morbidity are similar for men and women strengthens the conclusion that
this study describes general mechanisms. Finally, the fact that pooling data-
sets from two different countries (The Netherlands; GLOBE and United
States: LSOA) proved to be no serious obstacle for describing the Dutch
situation might indicate that the conclusion does not depend upon purely
local circumstances.

Our study confirms previous findings that lower incidence rates and higher
recovery rates (and higher mortality rates) are linked to a smaller duration
and proportion of unhealthy Iife, and that the impact of recovery is smaller
than of incidence.!® The finding that changing all transition rates by an
equal percentage in the direction of better health increases life expectancy
with disability at age 70'0 was also supported by our study.

Novel in ouwr study was the fact that we evaluated systematically the
changes in transition rates which produce compression of morbidity, rather
than only looking at one or two combinations. This enabled us to draw more
general conclusions. Cur results indicated, for instance, that the smaller im-
pact of improvements in recovery than in incidence on the life time spent
disabled cannot be explained by the percentage of change that was used in
the analyses nor by the hmited age range.

Another remarkable outcome is that the conditions to achieve compression
differ by age, We found a redistribution of disability by age, when all transi-
tion rates were changed toward better health, because the reduction in per-
son years with disability (due to lower incidence and higher recovery rates)
occurs - on average - at younger ages than the accumulation of disabled
years (due to mortality reductions). This implies that the burden of disability
in society in the oldest old will increase when incidence, recovery and mox-
tality rates improve simultaneously. That this age difference was not found
previously is due to the limited age range of persons included in previous
studies (70 and over).

The conclusion that developments in mortality are highly relevant to
achieving or not achieving compression of morbidity complements earlier
research on the effect of eliminating selected conditions on compression of
nmorbidity 831 It has been shown that elimination of fatal diseases, such as
cancer, increases the length of life spent with disability, since persons live
longer, grow older and then are exposed to disability common in old age.
Elimination of nonfatal disabling diseases, on the other hand, decreased dis-
ability prevalence and life expectancy with disability, but not mortality.
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Our results have two important implications for public health policy and
further research. First, they show that in many circumstances, a prolonga-
tion of life expectancy will be accompanied by an increase in the length of
life with disability. That is, reduced mortality rates (among nondisabled and
disabled persons) will extend the number of years with disability. If this is
not counterbalanced by suhbstantial reductions in disability caused by re-
duced incidence of disability and/or increased recovery from disability, ex-
pansion of morbidity will occur. Recent findings from the United States indi-
cate that significant reductions of disability in the elderly population are
indeed possible.?¥ This implies that compression of morbidity can be
achieved, but only when reductions in disability are large enough to coun-
terbalance the effect of life extension, Second, our results showed that re-
ducing incidence of disability and increasing recovery from disability may
both compensate the increase in the length of life spent with disability, but
that the effect of improving incidence was larger. Therefore interventions
aimed at delaying the onset and reducing the progression of disabling dis-
eases should receive the highest priovity. However, since recovery from dis-
ability has shown to be substantial and to provide a means to achieve a com-
pression of morbidity as well, interventions aimed at increasing the ability to
regain functioning should also become pari of public health policy. Further
research should pay more attention to the determinants of ‘healthy aging'.
Such studies shouid not only identify the factors that increase the ability to
maintain health, but also the factors that'increase the ability to restore or to
slow down health losses,
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Appendix 1

Equations and Parameters of the Transition Rates

We used three functions to describe the relationship of the transition rates
(i.e. incidence, recovery and mortality rates among nondisabled and disabled
persons) with age: the exponential model (also known as the Gompertz
model}, the Gompertz-Makeham model and the Sigmoid model.

(1) The exponential mode! is specified as foilows:

Ny = et B X+IgR) 4 op. (i # j) D
or equivalently:

EM;) = ew P @

where: Njj is the expected number of events (i.e. transitions from state i at
the beginning of the interval to state j at the end of the interval); o is the
log (expected number of events during 1 unit of time at age 0); f; is the log
(vatio of the number of events during 1 unit of time at age x and age x+1); X
is age; F; is expostre time and M is the transition rate from state i to state
J. Log(R:) handles differences in exposure times and is known in statistical
Literature as the ‘offset’.

(2) The Gompertz-Makeham model is specified as follows34:

where: My is the transition rate from state [ to state j, ¢ and 8 are the re-
gression-coefficients, X is age, and Ay is the constant of Makeham. The
Makeham constant reflects that besides the exponential component, there
also exists a component which is independent of age

(3) The Sigmoid model is specified as follows;
Q0B X

S T v
L gortB,X

M) = @
where: oy is a constant that can be interpreted as an age- mdependent
maximum transition rate.

The likelihood ratio test was used to select between the exponential model
and the Gompertz-Makeham and Sigmoid model, respectively. We used a
significance level of 0.01 rather than 0.05 in order to take into account de-
pendency between the observations in the subsequent waves.

All models were estimated in GLIM,2 Table Al presents the parameters of
the regression equations for incidence of disability, recovery from disability,
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Table A1 Parameters of the Poisson-Regression Analysis {SE in Brackets)

Type of model @y at age 70° by M Sy

Men

Incidence of disability Gomp+Mak.” -2.945 (0.0399) 0.0859 (0.00333) 0.0237 n.a.

Mortality among nondisabled Gompertz -3.813 (0.0718) 0.1078 (0.00698) n.a. n.a.

Recovery from disability Sigmoid 0.906 (0.0546)  -0.1052 {0.00453) n.a. 0.5056

Mortality among disabled Gomperiz -2.505 (0.0663) 0.0577 (0.00507) na. n.a.
Women

Incidence of disability Gomp+Mak® -2.487 (0.0323)  0.0725 (0.00283) 0.0192 na.

Mortality among nondisabled Gompertz -4.642 (0.1199) 0.1087 (0.01153) n.a. n.a.

Recovery from disability Sigmoid -0.627 (0.0429)  -0.1085 (0.00344) n.a. 0.3384

Mortality among disabled Gompertz -3.308 (0.0730) 0.0747 (0.00520) n.a. n.a.

n.a. Not applicable.

2 Age was transformed to age-70.

Gomp+Mak. is Gompertz-Makeham,

For women the p-value for the Makeham constant was 0.015 (i.e. larger than the significance level of
0.01). To obtain models of the same type for men and women we kept this constant for women as well.
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mortality among nondisabled and among disabled pevsons for men and
women,
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Appendix 2

Sensitivity analyses

Transition rates

Four factors might have resulted in biased estimates of the transition rates
by age, namely: (1) using datasets from different countries, (2) the likely un-
derestimation of persons in institutions at older ages, (3) atirition and {4)
relying on self-reported data, We tested the sensitivity of the outcomes for
different transition rates,

The first set of variants for sensitivity testing was created by using the stan-
dard errors of the regression coefficients which describe the level and change
of the transition rates with age and an external constraint that the differ-
ence between the estimated life expectancy at age 30% should not differ
more than 1% year from the national estimate. For mortality rates among
nondisabled and disabled, we halved the standard error in order to obtain a
deviation of total life expectancy from the national estimates of less than 1.5
year, whereas for incidence of disability and recovery from disability we used
the standard error. This resulted in 16 sensitivity variants. The outcomes of
these analyses arve shown in Table A2-1a (age 30%) and Table A2-1b (age
70%). We found that although each sensitivity variant produced different
estimates of total life expectancy and life expectancy with and without dis-
ability, the changes in incidence and recovery rates which were required to
achieve compression of morbidity were very similar to those found in the
main analyses. Only the increase in recovery rates required to achieve com-
pression of morbidity in the presence of 20% declining mortality rates among
nondisabled and disabled persons was slightly higher in some of the sensi-
tivity variants in men at age 30% (>50% as compared to =50% in the main
analyses, Table A2). We therefore conclude that the main results are not
very sensitive to changes in the transition rates.

In addition to these general sensitivity analyses, we assessed the sensitivity
to uncertainties related to the use and pooling of the two datasets. Previous
examinations of the comparability of both datasets and the representative-
ness of the outcomes for the Dutch situation indicated that two uncertainties
might have biased the estimates of the transition rates: (1) a possible under-
estimation of persons in institutions owing to sampling design in LSOA (2) a
small jump in the proportion of men with disability between GLOBE and
LSOA at age 70, which might have biased the estimate of the incidence rates
in men,

In a second variant, we examined the sensitivity of the outcomes for the un-
- derrepresentation of elderly living in institutions. In this variant (Institu-
tions’ in Table A2-2a-b) we used higher mortality rates among disabled and
lower recovery rates (change: 76-85: 10%; 86-95: 20% and 96+: 30%), This
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analysis showed that the changes in incidence and recovery rates that were
needed to achieve compression, were not very sensitive for the likely
underestimation of the institutionalized population. Only in women at age
30% was the increase in recovery rates necessary to achieve compression of
morbidity in the presence of 20% declining mortality rates among the
nondisabled and the disabled slightly lower (=40% as compared to 250% in
the main analysis).

In a third set of variants, we examined whether the small jump in incidence
of disability in men between GLOBE and L.SOA affected the outcomes. We
created two additional sensitivity variants. In the first, we used the parame-
ter for the level of the incidence rates hased solely on GLOBE for all ages
{‘Incidence o-GLOBE’ in table A2-2a-b) and in the second, we applied the
parameter solely based on LSOA for all ages (Incidence o-LSOA’), The re-
sults based on these variants indicate that in the event that the level] of the
incidence rates based on GLOBE were true, slightly smaller changes in ei-
ther incidence or recovery would be needed to achieve compression of moxr-

bidity.

Scenario calculations

Using the same percentage of change in the transition rates at each age in
our scenario calculations might not be realistic for mortality (see discussion
section), Finally, in the light of the fact that in The Netherlands mortality at
age 85 and over increased by 5% in men and 2% in women in the last dec
ade?, we examined whether using constant or 5% increasing mortality rates
among nondisabled and disabled persons above age 85, rather than de-
creasing mortality rates by 20% at all ages, would change the outcomes. The
sensitivity analyses showed that using constant (‘Constant old-age mortality’
in Table 2A) or 5% increasing mortality rates (Increase old-age mortality’) at
these ages, would reduce the changes in incidence and/or recovery which are
needed to achieve compression,

Tswo conclusions can be drawn. First, each variant of the sensitivity analyses
with modified transition rates changed the point estimates of total life ex-
pectaney and life expectancy with and without disability, and at times pro-
duced small deviations in the exact size of the reductions in incidence and/or
increases in recovery rates which were required to produce compression of
morbidity when mortality rates decline. However, the main findings are not
sensitive to the evaluated modifications in the transition rates. That is, for
all of these variants we found that (1) both decreasing incidence and in-
creasing recovery rates (ceteris paribus) produce compression of morbidity
(in an absolute and a relative sense), although the impact of improving inci-
dence rates is larger, (2) moderate declines in mortality rates (20% among
nondisabled and disabled) increase life expectancy with disability at age
30%, unless at least equal proportional improvements occur in both inci-
dence and recovery rates, or larger changes in either incidence or recovery
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rates are seen and (3) larger changes are needed to compress disability
above age 70%. The only exception was that when using the level of the inci-
dence rates based on GLOBE, at least equal rather than larger reductions in
incidence are requived above age 30%. Second, when mortality reductions
among nondisabled and disabled persons do not occur above age 85, as
might be the case nowadays in The Netherlands, the required reductions in
incidence and increases in recovery to achieve compression of morhidity ave
smaller.
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Table A2-1a Required Reductions in Incidence Rates of Disability andior Increase in Recovery Rates from Disability to Achieve Absolute
Compression of Morbidity above Age 30%, Men and Women®

Variant Baseline Life Expectancies® Isclated Changes Changes in the Presence of 20% Mortality Reductions
Armong Nondisabled and Disabled Persons
Men Women
Incidence
LEagy; DFLEaow LEDasy LEwoy DFLEsgs LEDagy In- Re- Incidence Decline  Recovery Increase Decline +
cidence covery (Recovery Con- (Incidence Recovery
b y ¥ ¥ b y .
Decline Increase stant) Constant) [ncrease
(same %}
Main analysis 448 385 6.4 50.8 38.4 124 >0% >0% 230% =50% 220%
Incidence :
g+se 44 4 378 6.8 50.4 371 132 >0% >0% 230% >50% 220%
a-se 451 392 5.8 51.2 396 11.5 >0% >0% =30% >50% =20%
B+se 445 377 6.8 50.4 373 131 >0% >0% >30% >50% M: 250% W >20%
B-se 451 392 59 51.1 39.5 11.6 >=0% >0% >30% >50% =20%
Recovery
atse 451 39.0 6.0 51.0 39.0 12.0 >0% >0% 230% 250% 220%
o-se 445 37.8 6.7 50.6 37.8 12.8 >0% >0% 230% >50% M 250% W 220%
B+se 451 38.0 6.0 51.0 39.0 12.0 >0% >0% >30% >50% >20%

B-se 44 6 379 6.7 50.6 37.8 12,8 >0% >0% >30% >50% M: 250% W >20%



Mort. Nondep
atlese
a-Yese
ptlise
B-Yse

Mort. Dep
atlise
a-Ysse
B+isse
B-¥ise

376
39.2
37.8
38.1

38.1
38.8
38.2
38.7

494
51.8
48.6
518

49.4

496
52.1

377
38.9
37.8
38.9

38.2
38.6
38.2
38.6

117
12.8
11.8
12.8

11.3
13.5
11.3
13.5

>0%
>0%
>0%
>0%

>0%
>0%
>0%
>0%

>0%
>0%
>0%
>0%

>0%
>0%
>0%
>0%

230%
=30%
230%
=30%

230%
230%
230%
>30%

250%
=50%
250%

>50% M; >50% W

250%

>50% M; 250% W

250%

>50% M; 250% W

>20%
>20%
>20%
=20%

=20%
220%
220%
>20%

Linderlined: Different from main analysis.

2 All percentages all valid for both men and women, unless specified as M (i.e. only men) or W (i.e. only women).

® Figures are rounded to 0.1.



Table A2-fth Required Reductions in Incidence Rates of Disability andfor Increase in Recovery Rates from Disability to Achicve Absolute
Compression of Morbidity above Age 70%, Men and Women®

Variant Baseline Life Expectancies® Isolated Changes Changes in the Presence of 20% Mortality Reductions
Among Nondisabled and Disabled Persons
Men Women
incidence
LEr DFLE7s: LED7ges LE7es DFLE7ge  LED7om In- Re- Incidence Decline  Recovery Increase Decline +
y y y y ¥ v cidence covery (Recovery Con- {Incidence Recovery
Decline Increase stant} Constant) Increase
(same %)
Main analysis 10.7 6.3 4.4 14.3 5.8 8.5 >0% >0% 240% >50% =30%
Incidence
a+se 10.5 586 4.8 14.0 5.0 9.0 >0% >0% 240% >50% 230%
a-se 11.0 6.9 4.1 14.6 8.6 8.0 >0% »0% 240% >50% 230%
B+se 104 5.6 4.3 14.0 5.0 8.0 >0% >0% >40% >50% >30%
B-se 11.0 7.0 4.0 14.6 6.6 8.0 >0% >0% >40% >50% >30%
Recovery
at+se 10.9 6.7 4.2 14.5 6.2 83 >0% >0% 240% >50% =30%
a-se 10.6 5.9 47 14.2 54 8.8 >0% >0% 240% >50% >30%
B+se 10.9 6.7 4.2 14.5 6.2 8.3 >0% >0% >40% >50% >30%

Bese 106 59 47 142 54 88 0%  >0% S40% >50% >30%



Mort. Nondep
atlsse
a-vase
Btlsse
B-Yese

Mort. Dep
atlise
o-Yase
B+lise
B-Yase

101
113
101
11.3

10.0
11.5
10.1
11.5

13.6
14.8
13.6
14.8

13.2
15.5
13.2
156

>0%
>0%
>0%
>0%

>0%
>0%
>0%
>0%

>0%
>0%
>0%
>0%

>0%
>0%
>0%
>0%

240%
=40%
240%
=40%

240%
=40%
240%
240%

>50%
>50% M; »50% W

>50%

>50%

>50%
>50%
>50%
>50%

=30%
230%
=30%
230%

=30%
>30%
230%
=30%

Underlined: Different from main analysis.

2 All percentages all valid for both men and women, unless specified as M (i.e. only men) or W (i.e. anly women).
® Figures are rounded fo 0.1.



Table A2-2a Required Reductions in Incidence Rates of Disability andfor Increase in Recovery Rates from Disability to Achieve Absolute
Compression of Morbidity above Age 30'%, Men and Women®

Variant Baseline Life Expectancies” Isolated Changes Changes in the Presence of 20% Mortality Reductions
Among Nondisabled and Disabled Persons
Men Wamen
Incidence
LEasg DFLEsos LEDsgs LEagw DFLEsps  LEDaoy in- Re- Incidence Decline  Recovery Increase Decline +
¥ y y y y y cidence covery {Recovery Con- (Incidence Recovery
Decline Increase stant) Constant} Increase
(same %)
Main analysis 44.8 385 6.4 50.8 384 12.4 >0% >0% 230% 250% =20%
Institutions® 44.6 384 6.2 50.3 383 12.0 >0% >0% 230% >50% M; 240% W >20%
Incidence®
a-GLOBE® 45.6 40.3 57 >0% >0% >20% =40% 220%
a-LSOA! 44.2 37.1 7.1 >0% >0% >30% >50% >20%
Constant Old- 448 385 6.4 50.8 38.4 124 >20% >40% M; 230% W 220%
Age Mortality
Increase Old- 44.8 385 8.3 50.7 384 123 220% 240% 220%
Age Mortality?

Underlined: Different from main analysis.

2 All percentages all valid for both men and women, unless specified as M (i.e. only men) or W (i.e. only women).
Figures are rounded to 0.1. ;
© Adjustment for underestimation of the population in institutions above age 76: age 30-75: no change; age 76-85: mortality from disabled * 1.1; recovery *
. 0.9; age 86-95: mortality from disabled * 1.2; recovery * 0.8; age 96+ mortality from disabled * 1.3; recovery * 0.7
Only men,
° Using the level of incidence of disability based solely on the GLOBE study.
' Using the ievel of incidence of disability based solely on the LSOA study.
9 Increase in mortality rates among nondisabled and disabled by 5%, among people above age 85.
... Not applicable.



Table A2-2b Required Reductions in Incidence Rates of Disability and/or Increase in Recovery Rates from Disability to Achieve Absolute
Compressicn of Morbidity above Age 70%, Men and Women"

Variant Baseline Life Expectancies® Isolated Changes Changes in the Presence of 20% Mortality Reductions
Among Nondisabled and Disabled Persons
Men Women
Incidence
g In- Re- Decline Recovery Increase  Incidence Decline +
LE7ax DFLEzox LEDwoyx LEmx: DFLE7s LED7ow gidence covery (Reecolv . (Incidence Recovery Increase
Y y y y Y Y Decline Increase  conctant) Constant) (same %)
Main analysis 10.7 6.3 4.4 14.3 5.8 8.5 >0% =0% 240% >50% >30%
Institutions® 10.4 8.2 4.2 13.8 5.7 8.1 >0% >0% 240% >50% =30%
Incidence?
a-GLOBE® 1.5 8.4 3.1 >0% >0% 230% >50% 230%
a-LSOAS 105 57 47 >0% >0% >40% >50% >30%,
Constant Old- 10.7 8.3 4.4 14.3 58 8.5 230% 250% M; >50% W 230% M; 220% W
Age Mortality
Increase Olg- 10.7 6.3 4.4 14.2 5.8 8.5 230% =50% 220% M, 230% W
Age Mortality”

Underlined: Different from main analysis.

2 All percentages all valid for both men and women, unless specified as M (i.e. only men) or W (i.e. only womeny).
F:gures are rounded to 0.1.
¢ Adjustment for underestimation of the population in institutions above age 78: age 30-75: no change; age 76-85: mortality from disabled * 1.1; recovery *
0 9; age 86-95: mortality from disabled * 1.2; recovery * 0.8; age 96+ mortality from disabled * 1.3; recovery * 0.7
Only men.
° Using the level of incidence of disability based solely on the GLOBE study.
! Using the level of incidence of disability based solely on the LSOA study.
9 Increase in mortality rates among nondisabled and disabled by §%, among people above age 85.
.. Not applicable.
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Smoking elimination produces
compression of morbidity

Abstract

Objective: To examine whether eliminating smoking will lead to a reduc-
tion in the number of years lived with disabilily (i.e. absolute compression
of morbidity).

Setting: The longitudinal GLOBE study combined with the Longitudinal
Study of Aging (LSOA)

Subjects: Dutch nationals aged 30-74 years living in the city of Eindhoven
and surrounding municipalities and United States citizens aged 70 and
ouver.

Main outcome measures: Life expectancy with and without disability
and total life expectancy at age 30% and age 70%.

Results: A nonsmoking population on balance spends fewer years with dis-
ability than a mixed smoking-nonsmoking population. Although nonsmok-
ers have lower mortality risks and thus are exposed to disability over a
longer period of time, their lower incidence of disability and higher recov-
ery from disability yield a net reduction of the length of time spent with
disability (-0.2 in men at age 30% and -1.1 years in women at age 30%) and
increases in the length of time lived without disability (2.5 and 1.9 year, for
men and women, respectively), These outcomes indicate that elimination of
smoking will extend life and the period of disability-free life, and will com-
press disability into a shorter period.

Conclusions: Eliminating smoking will not only extend life and resull in
an increase in the number of years without disability, but will also com-
press disability into a shorter period. This implies that the commonly
found trade-off between longer life and a longer period with disability does
not apply. Interventions fo discourage smoking should receive high prior-
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Chapter 7

7.1 Introduction

Today, the aim of science and medicine is more to reduce the number of
years that people spend diseased or disabled than to lengthen life.! Evidence
is mounting that smoking is not only a major preventable factor associated
with mortality?3, but alse with disability.411 However, despite the large body
of evidence supporting the claim that nonsmoking extends the length of
life?12, it i3 not certain whether nonsmoking also reduces the number of
years spent with disability. Given that nonsmokers live longer, these extra
years may be accompanied by an increased burden of disability, After all,
survivors age and increasing age is strongly associated with chronic diseases
and disability. Hence, whether eliminating smoking will result on balance in
a reduction of the length of time lived with a disability, depends on whether
or not the fewer number of years with disability due to lower risks of dis-
ability are counterbalanced by the rise in the number of years with disability
due to improved chances of swrviving to older age,

We used a multistate life table to estimate the effect of nonsmoking on total
life expectancy and life expectancy with and without disability, taking into
account the fact that smoking causes both excess disability and mortality.
The central question is whether eliminating smoking will lead to a reduction
in the number of years of disability (i.e. absolute compression of morbidity).

7.2 Data and methods

Source of data

The primary data source used was the GLOBE study - GLOBE being the
Dutch acronym for Health and Living Conditions of the population of Eind-
hoven and surroundings. A detailed description of the sample and design is
given elsewhere,12 A postal questionnaire was sent in 1991 to an aselect
sample of approximately 27000 Dutch nationals aged 15-74 years living in
the city of Eindhoven and surrounding municipalities (response rate 70.3%).
Persons living in institutions were included in this sample, except for Eind-
hoven (40% of all respondents) where the institutionalized population only
comprises residents of homes for the elderly. We used a selection of respon-
dents to this postal questionnaire (n=7677), who were approached for an in-
terview in 1991. Those who indicated in the postal questionnaire that they
suffered from a chronic disease (diabetes mellitus, chronic bronchitis, serious
heart disease or chronic back complaints or slipped disk) were overrepre-
sented (n=2637). In the follow-up, respondents to this oral interview
(n=56666, i.e. 73.8%) received postal questionnaires in 1993 (n=4496, ie.
79.4%; 81.1% after correction for mortality) and 1995 (n=4105, i.e. 72.4%;
76.4% after correction). As mortality is an outcome of interest, persons who
died were not considered as ‘lost to follow-up’ and were included in the ecor-
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rected response rate. Imformation on mortality was based on municipal
population registers, while smoking status was based on the postal ques-
tionnaire of 1991. Smoking status was classified as ‘current smokers’ and
‘nonsmokerg’, We had no reference group of persons who had never smoked
to avoid small numbers and bias resulting from the considerable misclassifi-
cation of former smokers as persons who had never smoked, which repoxt-
edly was the case for survey data. M

Persons under age 30 (n=791 in 1991) and persons of whom the vital status
at follow-up was unknown (less than 0.3%) were excluded from the analyses.
Persons were considered to be disabled if they were living in an institution
or indicated that they needed help or were unable to perform without (great)
difficulty one or more activities of daily life, mobility and communication
that are essential for independent functioning, In 1991, the complete set of
questions on disability was presented to only 2867 subjects. Complete infor-
mation on disability was lacking for 77 (1991), 96 (1993) and 219 (1995) re-
spondents, Complete information on disability and vital status at the begin-
ning and end of a 2-year interval was available on 1988 persons in the pe-
riod 1991-1993 and on 3119 persons in the period 1993-1995, vielding a total
of 5107 observations, A correction was made for observations which were
excluded because of attrition and item nonresponse (see method section).

Since GLOBE did not comprise persons above age 74 in 1991 and a substan-
tial part of the possible mortality and disability reduction due to smoking
elimination may occur beyond age 75, a second data source, the Longitudinal
Study of Aging (I.SOA)! was used. The LSOA started in 1984 with inter-
views of 7527 noninstitutionalized persons of age 70 and over in the United
States. Subjects who were institutionalized during the study were included
in the follow-up. The complete sample was reinterviewed in 1988 (n=4984,
66.2%; 89.0% after correction for mortality) and 1990 (n=4142, i.e. 55.0%;
87.4% after correction), while a subsample of 6151 persons was reinter-
viewed in 1986 (n=4113, i.e. 79.8%; 92.4% after correction). Disability status
wag assessed in each wave in the same way as in the GLOBE study, and
information on mortality was based on the National Death Index. Smoking
status was not assessed in LSOA. Full details on the sample and design are
given elsewhere.!8

Nonwhites (n=647) and persons of whom the vital status at follow-up was
unknown {less than 0.4%), were excluded from the analyses. Complete in-
formation on disability was lacking for 142 (1984), 384 (1986), 415 (1988),
365 (1990) persons. Complete information on disability and vital status was
available for 3720 persons in 1984-1986, 2853 in 1986-1988 and 3535 in
1988-1990, yielding a total of 10108 observations. Again, an adjustment was
made for observations which were excluded because of attrition and item
nonresponse,
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Methods

We used a multistate life table, which is an extension of the standard life
table!’, with three health states: ‘nondisabled’, ‘disabled’ and ‘dead’. Persons
were considered to be disabled if they were living in an institution or indi-
cated that they needed help or were unable to perform without (great) diffi-
culty one or more activities of daily life, mobility and communication that
are essential for independent functioning,

First, we examined whether the two datasets could be joined and whether
they would together describe the Dutch situation by comparing the propor-
tion of persons who died and the proportion of disabled persons by age be-
tween GLOBE, LSOA and national representative data sources.!823 Since
the datasets were comparable, except for a small jump in the prevalence of
disability in men, we pooled all observations. We estimated incidence rates
of disability, recovery rates from disability and mortality vates among non-
disabled and disabled persons for the current mixed smoking-nonsmoking
population, using Poisson-regression analysis with offset. This method is
also known as ‘log-rate analysis’ (or log-linear regression with offset).? The
number of persons at risk, used as rate multiplier in the regression analysis,
was adjusted for the sampling design in LSOA and GLOBE. An adjustment
was made for persons for whom the disability status was unknown at the be-
ginning or end of the interval, but who were known to be alive. These per-
sons were allocated to either the nondisabled or the disabled state, using the
distribution by disability status at the beginning and end of the interval,
respectively of subjects with complete information. The equations used to de-
scribe the relationship with age and the estimated parameters are given in
the appendix, We used the multistate life table to estimate life expectancy
with and without disability for the current mixed population on the basis of
these age-specific incidence, recovery and meortality rates. The estimates of
total life expectancy (at age 30% and 70%) calculated with the multistate life
table differed less than 0.3 year from published figures.2223 Age-specific
mortality rates closely resembled national estimates?!?, except for the un-
derestimation of mortality rates in older wo-

Table 1 men. The same is true for age-specific pre-
Percentage of Smokers In valencg of chsabxht.y dervived from the multi-
The Netherlands, 1891, by state life table, which closely corresponded to

Age and Sex®® national (cross-sectional) estimates based on
a similar definition of disability.18-20 In short,

Age Men Women the estimates closely represent the Dutch

0-14 0 0 situation.

15-19 22 19

20-34 39 37 Next, the incidence, recovery and mortality

gggg :g gg rates among nondisabled and disabled pexr-

65+ 33 13 sons were estimated for nonsmokers in order

to calculate life expectancy with and without
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disability after smoking elimination. These rates for nonsmokers were
estimated from the rates in the mixed population, combined with data on
the percentage of smokers and nonsmokers in the mixed population?6 (Table
1), and data on the association between smoking and incidence, recovery and
mortality among nondisabled and disabled persons (expressed as rate ratios)
(see appendix). The data on the rate ratios, controtled for age and sex, were
originally estimated from GLOBE using Poisson-regression (Table 2).
Because the rate ratios did not differ significantly by age and sex, except for
the significant lower rate ratios of incidence in men (1.35) than in women
(2.35), we used the same rate ratios for both sexes and all ages. A
combination of the same rate ratios of incidence, recovery, and mortality
among nondisabled and disabled persons for all ages is consistent with
declining relative risks on total mortality with increasing age as observed in
literature.23 The rate ratios of total mortality were substantially higher than
the rate ratio of mortality among nondisabled and disabled persons (Table
2), because the higher incidence risks and lower recovery risks of smokers,
combined with the excess mortality risks in the disabled state also
contributed to the difference in total mortality between smokers and
nonsmokers. Since the rate ratios of mortality did not differ significantly
between nondisabled and disabled persons, we used the same rate ratios for
both health states. Although this association did not reach statistical
gignificance, we used the - statistically insignificant - rate ratio of 1.24 (CI:
0.87 - 1.76), because the small number of deaths in GLOBE might have been
the principal cause of this statistically nonsignificant outcome. In addition,
underestimating the association between smoking and mortality might
artificially produce compression of morbidity when smoking is eliminated.

The rate ratio of incidence of 1.79 (1.46 - 2,19) fit well within the range of
reported rate ratios in previous studies.”%!! The rate ratio of total mortality
of 1.6 (30-75 y), 1.45 (76-84 y) and 1.3 (85+ y) was also in line with the re-
sults from other Faropean studies???, considering that former smokers were
included in the reference group. To our knowledge, no information is avail-
able on the association between smoking and recovery, and between smok-
ing and mortality by disability status (nondisabled and disabled). Nor can
this information be easily derived from data on the association between
smoking and total mortality.

Finally, we compared the life expectancy with disability between the mixed
smoking-nonsmoking population (baseline) and the nensmoking population
(after eliminating smoking) in order to determine whether the elimination of
smoking will reduce the number of years that people spend in a disabled
state, i.e. whether absolute compression of morbidity will occur. To assess
whether the effects of smoking elimination differ by age, we present the re-
sults at age 30% and age 70%.
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Prevalence of disability by age in the nonsmoking and mixed {smoking/nonsmoking)

population based on the Multistate Life Table.
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Sensitivity analyses

We tested the sensitivity of the analysis to different values in the rate ratios,
by recalculating the life tables with excess risks (vate ratio -1) that were 50%
higher and 50% lower. In addition, we assessed the sensitivity to specific
uncertainties related to: (1) the lack of evidence from other studies on the
association between smoking and recovery, (2) confounding of the associa-
tion between smoking and incidence, recovery and mortality among disabled
and nondisabled persons, when smokers have quit smoking because of a
chronic condition, (3) the absence of a significant association between
smoking and mortality among nondisabled and disabled persons, (4) ignox-
ing the sex difference in the rate ratio of incidence, {6) the likely underesti-
mation of the institutionalized population in old ages and {6) combining the
GLOBE and LSOA population with slightly different prevalences of disabil-
ity in men,

7.3 Results

Figure 1 shows that at each age the prevalence of disability is lower in the
nonsmoking than in the mixed smoking-nonsmoking population, This lower
prevalence is caused by the fact that nonsmokers have a lower incidence of
* disability and a higher recovery from disability (Table 2).

To assess whether nonsmoking reduces the number of disability years, the
lower mortality risks and thus the longer period in which nonsmokers will
be exposed to disability should be considered as well. By looking at (changes
in) the number of person years with and without disability (hy age) and life
expectancy with and without disability (summarized across ages) - both out-
comes of the multistate life table - it is possible to take into account the ef-
fects of changes in disability and mortality at the same time. Figure 2 shows
that at younger ages the number of person years with disability is smaller in
the nonsmoking population than in the current mixed population, whereas
at older ages the opposite is true. On balance, life expectancy with disability
at age 30% is lower in the nonsmoking than in the mixed population (Table
3). In the mixed population, total life expectancy at age 30% is 44.8 years
(men) and 50.8 years (women), of which about 38.5 years without disability

Tahle 2  Rate Ratios of Smoking on the Transitions (Corrected for Age and Sex),
GLOBE, The Netherlands

Transition RR 95%-Confidence Interval
Incidence of disability 1.79 1.46-2.19
Recovery from disability 0.70 0.55 - 0.90
Mortality among nondisabled persons 1.24 0.87-1.76
Mortality among disabled persons 1.24 0.87-1.76
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and respectively 6.4 and 12,4 years, with disability. In the nonsmocking
population total life expectancy is 46.4 and 51.6 years, of which 41.0 and
40.3 years, respectively, without disability and 5.5 and 11.3 years, respec-
tively with disability. These results indicate that elimination of smoking will
produce a substantially larger gain in disability-free life expectancy (2.6
years in men and 1.9 year women) than in total Life expectancy (1.6 and 0.8
years respectively). Consequently, smoking elimination will reduce the
number of years with disability (-0.9 and -1.1 years respectively). This reduc-
tion in the number of years with disability indicates that absolute compres-
sion of morbidity will occur, At age 70%, the effects of elimination of smoking
were 1n the same direction, but smaller,

Table 4 shows that the conclusion on compression of morbidity is not very
sensitive to different values in the rate ratios associated with smoking, Us-
ing 50% lower or higher excess risks did not change the conclusion, nor did
the other changes specified in Table 4. Life expectancy with disability at age
30% (LED3ow) and age 70% (LED47ss) declined in all variants. Only in the
unlikely situation that the association between smoking and incidence of
disability is substantially weaker in men, while the other associations are
not, will virtually no compression of morbidity above age 70% occur in men.

Table 3 Total Life Expectancy (LE), Disability-Free Life Expectancy (DFLE), Llife
Expectancy with Disability (LED) and Percentage of Life with Disabllity of the
Mixed Smoking/Nonsmoking Population (Baseline) and of the Nonsmoking
Population (After Elimination of Smoking), The Netherlands®

LE,y  DFLE,y LED,y %LEDinlLE

At age 30%
Men
Mixed smoking/nonsmoking (baseline) 44.8 38.5 6.4 14.2
Nonsmoking population 46.4 41.0 5.5 11.8
Women
Mixed smoking/nonsmoking (baseline} 50.8 384 12.4 243
Nonsmoking population 51.6 40.3 11.3 21.9
At age 7044
Men
Mixed smoking/nonsmoking (baseline) 10,7 6.3 4.4 41.3
Nonsmoking population 11.6 7.5 4.1 35.4
Women
Mixed smoking/nonsmoking {baseline} 14.3 58 8.5 59.6
Nonsmoking population 14.8 6.5 8.3 56.2

® Figures are rounded to 0.1.
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Table 4 Change In Life Expectancy (LE) and Life Expectancy with Disability (LED) at
Age 30% and Age 70%: due to Smoking Elimination (Sensitivity Analyses)®

Men Women
LEs0 LEDau',a LE?M LEDTM LESM LEDSOA LE?M LEDTOA
Y Y Yy Y ¥ y Yy Y

Main analysis
{(1.79; 0.70; 1.24; 1.24) 1.6 -0.9 0.9 -0.3 0.8 -1 0.5 -0.2
Sensitivity analyses
Incidence (RR-1) -50%

(1.40; 0.70; 1.24; 1 24) 13 0.5 0.7 0.1 0.7 -0.6 G4 -0.1
Incidence (RR-1} + 50%

(2.19; 0.70; 1.24; 1.24)° 1.9 -1.3 1.0 -0.5 1.0 -1.5 06 -0.4
Recovery (RR-1} -50%

(1.79; 0.85; 1.24; 1. 24) 1.5 -0.7 0.9 0.3 08 -0.9 0.4 -0.2
Recovery (RR-1) + 50%

{1.79; 0.55; 1.24; 1.24)° 1.7 -1.0 09 -04 0.9 -1.2 0.5 0.3
Mort. nondep. (RR-1} - 50%

(179, 0.70; 1.12; 1.24) 1.4 -0.9 0.8 -0.4 0.8 -1.1 0.4 -0.3
Mort. nondep. {(RR-1) + 50%

(1.79; 0.70; 1.36; 1.24)° i8 -0.8 1.0 03 0.9 -1.0 0.5 -0.2
Mort. dep. {(RR-1) -50%

(1.79, 0.70; 1.24; 1.12)° 1.5 -1.0 0.8 -0.4 0.7 -1.1 0.4 -0.3
Mort. dep. (RR-1) + 50%

£1.79; 0.70; 1.24: 1.36)° 1.8 -0.8 1.0 -0.2 08 -1.0 0.5 0.2

All (RR-1} -50%
(1.40; 0.85; 1.12; 1.12)" 0.9 -0.5 0.5 -0.2 04 -0.6 02 -0.1
All (RR-1) + 50%

{2.19; 0.55; 1.36; 1.36)° 23 -1.2 1.3 0.5 1.2 -1.8 0.7 -0.3
Excl. chron. cond.

(2.2, 0.82; 1.14; 1.14)° 1.6 -1.3 0.8 -0.6 0.8 -1.4 0.4 -0.4
Only significant aﬁecl

{1.79, 0.70; 1; 1)° 0.9 -t.2 04 -0.6 0.5 -1.3 02 -0.4

Incidence Sex~spec1ﬁc RR
1.35 (men) 2. 35 {women) 13 -0.4 0.7 -0.0 1.1 -1.6 0.6 0.5
0.7: 1.24; 1.24)°

Adj, Institutionalization®

(1.79,0.70; 1.24; 1. 24) 1.6 0.8 0.9 -0.3 0.8 -1.0 0.5 0.2
Adj. incidenca in men®
(1.79, 0.70; 1.24; 1.24)° 1.8 -1.0 09 0.4

8 Flgures are rounded fo 0.1.
® Between brackets: RR incidence; RR recovery, RR mortality nondisabled; RR morlality disabled.

© Parsons who reported to have {had) serious heart diseases, cancer, diabetes mellitus, stroke,
chronic obstructive lung disease (COPD) or cancer at baseline were excluded.

i Adjustment for underestimation poputation in institutions above age 76: age 30-75: no change;
age 76-85: mortality from disabled * 1.1; recovery * 0.9; age 86-95; mortality from disabled * 1.2,
recovery * 0.8; age 96+ moriality from disabled * 1.3; recovery * 0.7.

® Using lavel of incidence of disability based solely on the GLOBE study.

. Not applicable.
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7.4 Discussion

This study evaluated whether eliminating smoking would produce compres-
sion of morbidity into a shorter period, by comparing life expectancy with
disability in the current mixed smoking-nonsmoking population (baseline)
and in the nonsmoking population (after smoking elimination)., OQur results
show that on balance nonsmokers spend fewer years with disability than the
mixed smoking-nonsmoking population. Although nonsmokers have lower
mortality risks, and are thus exposed to disability over a longer period, their
higher ability to maintain health and to restore health losses results in a net
reduction of the length of time spent with disability and in an increase in the
life time free of disability. These outcomes indicate that eliminating smoking
will extend the length of life and the length of disability-free life, and will
compress disability into a shorter period.

Previous studies of the effects of smoking have reported that smoking in-
creases the risks of several chronic diseases, such as (lung) cancer, heart dis-
ease, stroke, and chronic obstructive lung disease.? These diseases are sig-
nificantly associated with mortality2? and most of them with disability 2831
This implies that an effect of smoking on disability and mortality is biologi-
cally plausible, Nevertheless, there are still important gaps in our undenr-
standing of the mechanisms through which smoking affects disability and
mortality, Smoking may have an effect on disability and mortality by in-
creasing disease incidence, decreasing disease recovery, increasing disease
severity or by increasing the incidence of comeorbid conditions. In addition,
physiological losses and symptomatology not operating through specific dis-
eases may have an effect on frailty!t and in turn on disability and mortality.
In evaluating the effect of smoking elimination, we used information on the
agsociation of smoking with disability and mortality, rather than informa-
tion on the different diseases and pathways through which smoking affects
disability and mortality. This enabled us to take into account the overall im-
pact of smoking without needing information on the exact mechanisms, To
better understand the association of smoking with disability and mortality
further research is needed to unravel these underlying mechanisms.

Two methodological issues affect the interpretation of our outcomes, First,
we assumed that elimination of smoking would produce a population which
experiences the same incidence, recovery and mortality rates as for non-
smokers in the current mixed smoking-nonsmoking population. This as-
sumption is only valid if the differences between the current mixed smoking-
nonsmoking and smcking population were solely attributable to smoking,
This would imply that indeed a causal relationship is behind the estimated
association between smoking and incidence, recovery and mortality rates
among nondisabled and disabled pexrsons, which is not influenced by varia-
tion in the prevalence of other rigk factors or confounded by sociodemo-
graphic characteristics. Although more research is needed to validate the
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magnitude of the causal association between smoking and incidence, recav-
ery and mortality among nondisabled and disabled persons, uncertainty
about the exact magnitude of the rate ratios for smoking are not expected to
have biased our conclusion. First, sensitivity analyses showed that the con-
clusion is not very sensitive to different values in the rate ratios associated
with smoking within the margin of 50% lower and higher excess risks and in
some other situations specified in Table 4, Furthermore, additional logistic
regression analyses indicated that a correction for sociodemographic charac-
teristics would change the rate ratios only slightly and within the margins of
the sensitivity analyses (results not shown). Finally, rate ratios which could
be validated, such as those for the incidence of disability and total mortality,
were in line with results from previous studies (see method section).

Second, the population which will emerge after elimination of smoking is
assumed to have the same distvibution of persons who had never smoked
and former smokers, and the same average duration since smoking cessation
as the cwrrent nonsmoking population. That is, some persons never smoked,
some quit smoking long ago and some quit smoking recently. If all smokers
were to quit smoking at the same time, initiaily the effect on the population’s
health would be less than estimated in our study, whereas as the time since
smoking cessation evolves, the health status of the future nonsmoking
population might be more favourable than expected from our results. In or-
der to explore whether our conclusion would be valid in the case of a future
nonsmoking population in which no one had ever smoked, we increased the
excess risks associated with smoking by 76% to obtain a difference in life
expectancy between smokers and nonsmokers comparable to the difference
currently observed between smokers and those who have never smoked.?
Repeating our analysis using these higher excess risks did not change our
conclusion. In this situation, the reduction in life expectancy with disability
due to smoking elimination was 1.4 years in men and 1.7 in women at age
30% and 0.5 and 0.4 years, respectively at age 70%.

A recent study found that nonsmoking will increase health care costs??,
which would seem to contradict our conclusion that nonsmoking reduces the
length of time lived with disability. However, it is entirely possible that due
to smoking elimination lifetime costs will increase, while the number of
years with disability will decrease, Since many diseases, even when they do
not cause disability, still generate costs, the increase in costs with increasing
age exceeds that of disability. As a result, nonsmokers saved from dying in-
cur more costs when they age than that they accumulate disability.?3 The
finding that smoking elimination will produce compression of morbidity
supports a previous study of the effect of nonsmoking on the number of dis-
ability years¥, despite differences in data and methodology.

Oux results have important implications for public health policy makers and
doctors. They show that interventions aimed at eliminating smoking will
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extend the length of life and will reduce the number of years spent with dis-
ability, This is an important finding in view of the trade-off often found be-
tween longer life and more years with disability. For example, interventions
aimed at eliminating fatal diseases, such as cancer and heart diseases, will
extend the length of life, but at the same time will extend the period with
disability. On the other hand, interventions aimed at eliminating nonfatal
diseases will compress disability into a shorter period, but will not extend
life.?® A successful smoking intervention will extend total life expectancy,
extend disability-free life expectancy and reduce life expectancy with dis-
ability. Therefore, interventions to discourage smoking should receive high
priority. A next step would be to pinpoint other possible interventions which
will compress of disability into fewer years. Further research of the disable-
ment process?®, might provide clues for factors preventing, slowing down ox
undoeing disability, which can be targeted at in further public health inter-
ventions.
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Appendix

Incidence, recovery and mortality rates for the mixed
smoking-nonsmoking population

We used three fimctions to describe the relationship of the incidence, recov-
ery and mortality rates {i.e. transitions rates) with age: the exponential
mode] {(also known as the Gompertz model), the Gompertz-Makeham model
and the Sigmoid model.

{1) The exponential model is specified as follows:

Ny = eu TP Xt Io8(R) 4 op  con (i=j) o
or equivalently:

B(M,) = qu*hX @

where: Nj is the expected number of events (i.e. transitions from state i at
the beginning of the interval to state j at the end of the interval); ai is the
log (expected number of events during 1 unit of time at age 0); By is the log
(ratio of the number of events during 1 unit of time at age x and age x+0); X
is age; Ki is exposure time and Mjj is the transition rate from state i to state
J. Log(Ry) handles differences in exposure times and is known in statistical
literature as the ‘offset parameter’,

(2) The Gompertz-Makeham model is specified as follows36:
E(MU) = Alj + eaijﬂ}" X 3

where: M is the transition rate from state ¢ to state j, ay and fj are the re-
gression-coefficients, X is age, and Ay is the constant of Makeham. The
Makeham constant reflects that besides the exponential component, there
also exists a component which is independent of age

(3) The Sigmoid model is specified as follows:
eqU+BgX

Loer 4
Cl'lj 1 + eau+p5X ()

E y )=
where: oy i8 a constant that can be interpreted as an age-independent
maximum transition rate.

The likelihood ratio test was used to select between the exponential model
and the Gompertz-Makeham and Sigmoid model, respectively. We used a
significance level of 0,01 rather than 0.05 in order to take into account de-
pendency between the observations in the subsequent waves, All models
were estimated in GLIM.37
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Table A1 Parameters of the Poisson-Regression Analysis (SE Between Brackets)

Type of mode] ay at age 70° by M S

Men

Incidence of disabiity Gomp+Mak.” -2.945(0.0399)  0.0859(0.00333) 0.0237 n.a.

Mortality among nondisabled Gompertz -3.813 (0.0718) 0.1078 (0.00698) n.a. na.

Recovery from disability Sigmoid -0.906 (0.0546) -0.1052 {0.004533) na. 0.5056

Mortality among disabled Gompertz -2.505 (0.0663) 0.0577 (0.00507) n.a. na.
Women

Incidence of disability Gomp+Mak.® -2.487 (0.0323)  0.0725(0.00283) 0.0192 n.a.

Mortality among nondisabled Gompertz -4.642 (0.1199)  0.1097 (0.01153) n.a. n.a.

Recovery from disability Sigmaoid -0.627 (0.0428) -0.1085(0.00344) na. 03384

Mortality among disabled Gompertz -3.308 (0.0730) 0.0747 (0.00520) na. n.a.

n.a. Not applicable.

2 Age was fransformed to age -70.

® Gomp+Mak. is Gompertz-Makeham.

¢ For women the p-value for the Makeham constant was 0.015 (i.e. larger than the significance level of 0.01). To
obtain models of the same type for men and women we kept this constant for women as well.
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Table Al presents the parameters of the regression eguations for incidence
of disability, recovery from disability, mortality among nondisabled and
among disabled persons for men and women.

Incidence, recovery and mortality rates for the nonsmoking
population

Given that for each transition, the transition rates in the mixed smok-
ing/nonsmoking population are the weighted average of transition rates of
smokers and nonsmokers, with the proportion of smokers and nonsmokers,
respectively as weights:

M; =p MS:‘;‘ +(1- p)Mnsij 5)

where: M;; is the baseline transition rate from state ¢ to state j; p is the pro-
portion of smokers (smoothed using least square regression of the logit of the
proportion on age), Mnasj is the transition rate from state ¢ to state j for non-
smokers; Msj is the transition rate from state ¢ to state j for smokers and
RRj is the ratio associated of smoking on the transition from state i to state

J

Given that:
Ms;j = Mnsi; RRj (6)
the transition rate in nonsmekers can be derived, by combining (5) and (6):
Mi;
Mnsi; = (D
Y pRRj*+ I-p

Sex and age indices are suppressed.
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The elimination of

selected chronic diseases
In a population:
compression and expansion
of morbidity

Abstract

Objectives: This study evaluates the effect of eliminating a specific disease
on the mortality, long-term disability, and overall health status of a popu-
lation. Primarily, it examines whether elimination leads to a compression
of morbidity,

Methods: The Sullivan method was used to calculate disability-free life
expectancy. Cause-deleted disability prevalence was estimated with a mul-
tiple logistic regression model that used data from the “Dutch National
Survey of General Practice'. Cause-deleted probabilities of dying were de-
rived with the cause-elimination life-table technique, assuming independ-
ence among competing causes of death.

Results: Eliminaiing disabling nonfatal diseases such as arthritis/back
complaints results in a decline in life expectancy with disability that is, an
absolute compression of morbidity. Eliminating highly fatal diseases such
as cancer leads to an increase in the number of years and the proportion of
life with disability that is, a relative expansion of morbidity.

Conclusions: While eliminating fatal diseases leads to an increase in dis-
ability-free life expectancy, life expectancy with disability may increase as
well. This represents an increasing burden lo society. On the other hand,
eliminating nonfatal disabling diseases leads to absolute compression of
morbidity.



Chapter 8

8.1 Introduction

In countries with a high life expectancy, such as The Netherlands, mortality
is being delayed until older ages and chronic diseases are causing illness and
disability among those surviving.! To evaluate the likely effects of health
interventions, it is important to consider both changes in the duration of life
(‘adding years to life’y and in the healthfulness of life (adding life to years).
Therefore, one should take into account nat only deaths averted but also ill-
ness and disability prevented. At present, evaluation of health programs is
based principally on changes in mortality?; however, the ranking of diseases
is not the same in terms of mortality and disability3. The gain in disability-
free life expectancy that is, the average number of years an individual is ex-
pected to live free of disability is a more appropriate measure for evaluating
the health impact of interventions on a population.?3 This measwre takes
into account both mortality and disability. Analogous to calculations of the
gain in total life expectancy owing to elimination of a cause of death5, are
estimations of the potential gain in disability-free life expectancy obtained
by eliminating a disease3, These determinants are important for setting pri-
orities for prevention and control 236

"The objective of this study is to evaluate how eliminating a specific disease
affects the mortality, long-term disability, and overall health status of a
population. The central question is whether elimination of a chronic disease
leads to a compression of morbidity that is, a compression of long-term dis-
ability into a shorter period or proportion of life expectancy.”® Thus, com-
bined logistic regression analysis with cause-elimination life tables to esti-
mate the effect of eliminating a disease, taking into account competing
causes of death and comorbidity,

8.2 Data and methods

Data

Cross-sectional data on long-term disability and chronic diseases were de-
rived from the Dutch National Survey of General Practice, conducted by the
Netherlands Institute for Health Care in 1987/88.2 A health interview sur-
vey among patients of general practitioners was part of this study. The gen-
eral practitioners (N = 161) were selected by a nonproportional stratified
random sample according to region, degree of wrbanization, and distance
from the hospital, For each general practitioner, a random sample of ap-
proximately 100 patients was selected for the survey, resulting in a total of
17047 respondents. The survey was conducted by an interviewer in the par-
ticipants’ homes; for questions concerning long-term disabilities and chronic
diseases respondents were asked to complete a self-administered guestion-
naire, The percentage of those responding to the swrvey was 76% (N =
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13014). To correct owr results both for differential nonvesponse by age and
sex and for deviations due to the stratification procedure, disability preva-
lence was calculated from a weighted sample. Because virtually the entire
neninstitutionalized population of The Netherlands is registered with a gen-
eral practitioner and because the sample was almost identical to the na-
tional population in terms of age and sex, the weighted prevalence can be
regarded as representative of the entire noninstitutionalized Dutch popula-
tion.®

This study used a subsample of 10147 noninstitutionalized vespondents aged
16 and over. Reported disabilities were assumed to be invalid for young chil-
dren because no distinction could be made between having a disability and
an inability to perform the activities because of age.

The prevalence of long-term disability was measured using the Organiza-
tion-for-Economic-Cooperation-and-Development indicator. This indicator
consists of 16 items that refer to a persons’s ability to carry out a numbeyr of
activities of daily living, mobility, and communication that are essential for
daily independent functioning.1® Of these, 11 items were selected dealing
with the ability to bend down and pick something up, to get in and out of
bed, to dress and undress, to move between rooms, to walk 400 m, to carry a
5-kg object for 10 m, to read small print in a newspaper, to recognize some-
one’s face, to have a conversation with another person, to follow a conversa-
tion in a group, and to go up and down stairs. This selection aims at exclud-
ing activities that are ambiguous or unreliable in their interpretation.!! Per-
sons were considered to be disabled if they indicated that they needed help
fronm: another person or were unable to carry out one or more of the selected
activities included in the indicator without (great) difficulty. Persons who
were able to carry out the activity with some or no difficulty, were consid-
ered to be without disability. Using equipment such as eyeglasses or a
hearing aid was not considered indicative of a disability if the respondent
did not need help or was able to carry out the activity with little or no diffi-
culty. The long duration of disabilities was emphasized in the introductory
text of the question concerning the indicator. With respect to the ability to
walk 400 m and to go up and down stairs, nonresponse was significantly
higher than it was for the other items; this was owing to the sequence of
questions in the questionnaire, For these items, the missing values were es-
timated and imputed.

In the Dutch National Survey of General Practice, prevalence figures of
chronic conditions were assessed on the basis of a structured list comprising
a broad spectrum of somatic disorders and conditions, The list did not cover
all chronic conditions; for example, mental and sensory disorders, stroke,
dementia, and (hip) fractures were not included. From the original chronie
conditions, the following disease clusters were selected: nonspecific lung dis-
ease, heart diseases, cancer, diabetes mellitus, arthritis/back complaints,
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and neurological diseases. These disease categories have been proposed by
the Dutch Advisory Council on Health Research because of their burden of
morbidity.!2 In the analysis, neurological diseases were split into migraine/
severe headache and other neurological diseases because of their different
impact on disability, For a description of the disease clusters, see Table 1.
The presence or absence of these chronic diseases was used in the elimina-
tion analysis., Together, the disease clusters for which the elimination
analysis was conducted explain about 33% of the disability prevalence.

Residents of psychiatric hospitals, nursing homes, homes for the elderly, or
homes for the mentally deficient were considered to have long-term disabili-
ties. The number of such persons as well as their age and sex distribution,
was estimated on the basis of both additional administrative data sources
and surveys.!318 For persons living in a home for the elderly, however, an
adjustment had te be made for those without disability, based on surveys
among the elderly population.13.14.16

Data on total and cause-specific mortality and the population distribution by
sex, age, and period (1982 to 1991) were derived from the Dutch Central Bu-
reau of Statistics.!%2! The selected (underlying) causes of death are also
summarized in Table 1,

Elimination analysis

Conmsplete life tables covering the period (1982 to 1991) were caleulated on
the basis of population and total mortality data. The latter were classified by
sex and single year of age (according to a cohort-age observational plan: ie.

Table 1 Disease Clusters and Related Chronic Diseases and Causes of Death

Disease Clusters Health Interview Survey® Cause of Death®

Chronic nonspecific lung Chroni¢ bronchitis, emphysema; 480-493

disease asthma

Heart disease Heart complaints, cardiac failure  390-398; 410-414; rest 390-459
{with exception of hypertension
401-405; cerebrovascular diseases
430-438 and arterioscleroses 440)

Cancer Cancer (including leukaemia) 140-208

Diabetes mellitus Diabetes mellitus 250

Arthritis/back complaints - Backache {slipped disk, sclatica); 710-719; 720-724; 725-729, 730-
rheumatism, arthrifis; arthrosis 739

Migrainefsevere headache  Migraine; severe headache 346
Other neurclogical diseases  Parkinson's disease, multiple 330-337; 340-349 (with exception

sclerosis, epilepsy of 348); 350-359

? Conducted by the Netherfands Institute for Health Care in 1987/88,
® Based on codes taken from the International Classification of Disease, 9th edition.
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one age group = two calendar years). From these complete life tables, abbre-
viated life tables (by 5-year age groups, with age 85 and over as final age
group} were derived for further analyses. Details of the life-table techniques
can be found in demographic handbooks on life-table analysis. 422

Disability-free life expectancy and its counterpart, life expectancy with dis-
ability, were computed using the Sullivan method.232 According to this
prevalence-rate life-table technique, the number of person years per age in-
terval {(derived from the abbreviated life table) is subdivided into years with
and years without disability by multiplying the number of person-years by
age-specific disability prevalence (proportions). Persons residing in instituti-
onsg were included into the years with disability; as previously noted, how-
ever, an adjustment was made for persons living in a home for the elderly.

The effect of eliminating a chronic disease on disability-free life expectancy
was calculated in several steps. Hypothetically, if a disease is eliminated,
there will be no disability or death from this disease. Therefore, assuming
independence among causes of death and causes of disability, eliminating a
disease leads to a dechine in age-specific probabilities of dying, as well as in
age-specific prevalence of disability.

A multivariate logistic regression model was used to estimate cause-deleted
disability prevalence, controlled for comorbidity and age. The probability of
having one or more disabilities was taken as the dependent variable. Age,
the selected disease clusters, and a category of several other chronic diseases
were included in the model as independent variables. Age was included as a
continuous variable using a iransformation (i.e. age to the 2.5th power for
men and to the 3rd power for women). The correctness of this transforma-
tion was tested by the Box-Tidwell transformation, giving evidence of
whether there is nonlinearity in the logit.26 Age-by-disease interactions were
not statistically significant. The goodness of fit of the model was assessed by
computing the Hosmer-Lemeshow goodness of fit statistic, (.26 The fitted
probability that a person has one or more disabilities (hefore elimination)
was computed by substituting the regression ccefficients and the respon-
dents’ scores on the independent variables in the regression equation:

.
1+ P
where P is the probability that the person has at least one disability, e is the
base of the natural logarithm, and X = o + ouX + «2X2 + ....., a vector of re-

gression coefficients (o, /) and data (X) included in the model as independent
variables (age, 7 disease clusters, other diseases).

The effect of elimination was simulated by deleting the disease in the re-

gression equation. The difference between the fitted total and cause-deleted
disability prevalences can be attributed to the eliminated disease, Changes
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in disability prevalence among those living in an institution were not taken
into account because data on age, sex, chronic diseases and disability were
not available on an individual level for this subpopulation.

Next, cause-deleted probabilities of dying were estimated using cause-elimi-
nation life tables assuming independent causes of death.4?2 Finally, the es-
timated cause-deleted probabilities of dying and cause-deleted disability
prevalence were combined into {cause-deleted) total and disability-free life
expectancies using the Sullivan method.2? The difference between disability-
free life expectancy before and after elimination reflects the potential gain in
disability-free years due to elimination.

Outcome measures

The elimination analysis provides an estimate of the gain in disability-free
and total life expectancy attributable to elimination of a chronic disease.
However, interpretation of these outcomes in terms of compression or ex-
pansion of morbidity is not always straightforward. It is unambiguous when
elimination results in an increase in either total life expectancy or disability-
free life expectancy. A gain in disability-free life expectancy while the total
life expectancy remains unchanged indicates the substitution of years with-
out disability for years with disability, in which case there is an absolute
compression of morhidity.® Likewise, an increase in total life expectancy
without a gain in disability-free life expectancy - an outcome that is very
unlikely to occur in our elimination analysis since it only takes place if the
proportion with disability in the saved person years is 1 - means an increase
in years with disability, in which case there is an expansion of morbidity.

On the other hand, should elimination of a chronic disease change both dis-
ability-fiee and total life expectancy, interpretation of the outcomes becomes
less straightforward. An increase in disability-free life expectancy might be
classified as absolute compression, relative compression, or relative expan-
sion of morbidity, This depends on the difference between the increase in
total life expectancy and disability-free life expectancy in an absolute sense
and in terms of percentage. Should the gain in years free of disability be
larger than the increase in total life expectancy (in an absolute sense and in
terms of percentage), life expectancy with disability declines; thus, an abso-
lute compression of morbidity takes place. Similarly a larger increase in to-
tal life expectancy than in disability-free life expectancy (again, in an abso-
lute sense and in terms of percentage) means that life expectancy with dis-
ability increases and that the proportion of life five of disability declines be-
cause of elimination; thus, a relative expansion of morbidity occurs.?® Final-
ly, a larger absolute increase in total life expectancy than in disability-free
life expectancy combined with a smaller gain in terms of percentage (which
is possible, because the total life expectancy is larger than the disability-free
life expectancy) results in an increase in life expectancy with disability and
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in the proportion of life free of disability. That is, people spend more years of
their lives with disability but also live a larger proportion of their lives free
of disability. This is called a ‘relative compression of morbidity’ 828 A decline
in disability-free life expectancy, known in the literature as ‘absolute expan-
sion of morbidity'?8 is not a possible outcome of our elimination analysis.

The deseribed classification used in our study can be summarized as follows:

1. Absolute compression of morbidity: increase in disability-free life expec-
tancy exceeds increase in total life expectancy, reducing the number of
vears with disability,

2. Relative compression of morbidity: years with and without disability in-
crease, but the proportion of life free of disability increases,

3. Relative expansion of morbidity; years with and without disability in-
crease, but the proportion of life free of disability decreases.

8.3 Results

Change in disability prevalence

The odds ratios (ORs) in Table 2 show the net effect of the selected chronic
diseases on the probability of having disabilities, given a person who suffers

Table 2 Prevalence of Chronic Diseases, Odds Ratlos, and 95% Confidence Intervals
Dsrived from Logistic Regresslon Analysis®, The Netherlands, 1987/88

Prevalence ot
. Disability 95% Confidence

orbIsease  Odds ratio interval
Men {n = 4960)
Chronic nonspecific lung disease 7.5 2.0 1.5-2.6
Heart disease 6.7 22 1.6-2.9
Cancer 0.4 1.9° 0.7-4.9
Diabetes meflitus 1.7 1.1° 0.6-1.9
Arthritis/back complaints 15.8 3.1 2538
Migraine/severe headache 6.5 2.0 1.5-2.6
Other neurological diseases 13 29 1.6-5.2
Women (n = 5187)
Chronic nonspecific lung disease 6.0 25 1.9-3.3
Heart disease 8.0° 26 1.9-3.6
Cancer 1.6 1.8 1.0-3.1
Diabetes mellitus 2.8 23 1.7-3.9
Anthritis/back complaints 17.7 38 3.0-43
Migraine/severe headache 134 1.5 1.2-1.9
Other neurological diseases 1.2 3.3 1.8-5.8

® Conftrolled for age, selected diseases and other diseases (kidney diseases, gall bladder,
and liver diseases; chronic gastrointestinal disorders, thyroid gland diseases, and chronic
skin diseases).

® Nol statistically significantly different from 1.0.
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from the selected disease. Arthritis/back complaints and other neurological
diseases (i.e. Parkinson’s disease, multiple sclerosis and epilepsy) have a
large net effect on the probability of having disabilities (OR = 2.9 or greater
compared with those who do not have the selected chronic disease). In com-
parison, the effect of migraine/severe headache is small, The contributions of
cancer and diabetes mellitus are not statistically significant for men.

The effect of eliminating a disease on the disability prevalence depends not
only on the disabling impact of the disease but also on its prevalence (Table

Table 3 Total and Cause-Specific Mortality Rates (1982-1991) and Disability
Prevalence (1987/88), The Netherlands, by Age-Group and Sex

Cause-Specific Mortality Cause-Specific
Rates Prevalence of Disability
(per 1000) (per 1000)

Disease and Age Groups Men Women Men Women
Total

15-44 1.0 06 66.4 108.5

45-64 8.9 6.3 206.6 285.0

65+ 66.0 445 484.9 5864
Chronic nonspecific lung disease

15-44 0.0 0.0 2.7 5.4

45-64 0.2 0.1 10.5 10.6

65+ 2.7 0.5 27.6 13.7
Heart disease

15-44 0.1 0.0 1.3 20

45-64 3.1 1.1 17.7 16.2

65+ 22.0 13.7 33.3 30.2
Cancer

154 0.2 0.2 0.2% 0.8

45.64 ' 3.3 3.3 0.5° 26

65+ 19.3 9.3 1.3° 25
Diabetes mellitus

15-44 c.0 0.0 0.0° 0.6

45-64 0.2 0.2 0.3% 6.0

65+ ' 1.1 15 0.7° 14.5
Arthritis/back complaints

15-44 0.0 0.0 11.4 18.6

45-64 0.0 0.0 51.3 71.1

65+ 0.2 0.4 54.8 66.7
Migraine/severe headache

15-44 0.0 0.0 4.0 6.3

45-64 0.0 0.0 1.4 125

65+ 0.0 0.0 4.6 53
Other neurofogical disease

15-44 0.0 0.0 0.9 1.9

45-64 0.1 0.1 3.6 2.5

65+ 1.1 0.8 4.7 44

# Effect was not significant in the regression analysis.
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2). Elimination of arthritis/back complaints, heart disease, and to a lesser
extent, chronic nonspecific lung disease, has a large effect on the disability
prevalence (Table 3), whereas the effect of cancer and other neurclogical dis-
eases is small. For the latter, the small effect can be explained by low
prevalence. In general and with the exception of migraine/severe headache
the effect of eliminating a disease on the prevalence of disability increases
with age.

Change in probability of dying

Elimination of the (underlying) cause of death has a large impact on the
probabilities of dying (or the mortality rates) for heart diseases and cancer
(Table 3). The potential gain in total life expectancy at age 15 as a result of
elimination is shown in Table 4. Eliminating heart disease adds 4 years for
men and 2.9 years for women; eliminating cancer adds 3.8 years for men and
3.3 years for women. Other diseases show smaller effects; eliminating mi-
graine/severe headache has no effect on the total life expectancy.,

Change in disability-free expectancy

Combining cause-deleted disability prevalence and probabilities of dying
into a single measure - disability-free life expectancy - reveals the potential
gain that can be obtained by eliminating a disease (and its consequences in
terms of mortality and long-term disability). The baseline health status of
the population (no change) is presented for comparison. Total life expectancy
at age 15 is 59.3 years for men and 65.6 years for women, of which 47.5
years and 45.6 years, respectively, are spent without disability (80.2% and
69.5%) (Table 4). The remaining 11.7 and 20.0 years are spent with disabil-
ity. These figures include disability among the institutionalized population,

The change in life expectancies before and after elimination and in the pro-
portion of life free of disability at age 15 are shown in Table 4, Elimination of
heart disease and arthritis/lback complaints leads to the greatest gain in dis-
ability-free life expectancy. Ranking these diseases by impact differs
between the two sexes: among men, heart disease has the largest impact (2.5
years vs 1,9 years for arthritis/fback complaints) while among women, arthri-
tisfback complaints have the largest impact (2.8 years vs 1.4 years for heart
disease). The impact of migraine/severe headache, diabetes mellitus, and
other neurclogical diseases on disability-free life expectancy is small
(varying between 0.1 and 0.5 years). Chronic nonspecific lung disease and
cancer take up a middle position.

For those diseases showing no significant change in total Life expectancy (e.g.
arthritis/back complaints and migraine/severe headache), the observed in-
crease in disability-free life expectancy indicates an absolute compreasion of
morbidity. Since for the other diseases, the total life expectancy increases as
well, it is important to consider the associated change in life expectancy with
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Table 4 Baseline® and Change In Total Life Expectancy (LE}), Disability-Free Life
Expectancy (DFLE), Life Expectancy with Disability (LED), and Percentage of
Life Free of Disability (%DFLE in LE) due to Elimination of the Specific
Disease, The Netherlands®

LE,y DFLE.y LED,y  %DFLEinLE®

Age 15 Years
Men baseline’ ‘ 69.3 47.6 1.7 80.2
Chronic nonspecific lung disease 0.3 - 07 -0.4 0.7
Heart disease 40 25 1.6 -1.2
Cancer® 3.8 1.7 2.1 -2.2
Diabetes meliitus® 0.2 0.1 0.1 -0.1
Arthritisfback complaints 0.0 1.9 -1.8 3.1
Migrainefsevere headache 00 - 0.4 -0.4 0.6
Other neurological diseases 0.2 0.2 0.0 0.1
Women bhaseline 66.6 45.6 20.0 69.5
Chronic nonspecific lung diseasse 0.1 0.6 -0.5 0.8
Heail disease 2.9 1.4 1.5 -1.0
Cancer 33 1.4 2.2 -1.7
Diabetes mellitus 0.3 0.4 -0.1 0.3
Arthritisfback complaints 0.1 2.8 2.7 42
Migraine/severe headache 0.0 0.5 0.5 0.7
Other neurological diseases 0.2 0.2 0.0 0.1
Age 65 Years
Men baseline 14.2 6.9 7.3 48.9
Chronic nonspecific lung disease 0.3 6.5 0.2 23
Heart disease 3.1 1.5 1.6 6.0
Cancer® 2.7 0.9 1.8 2.3
Diabetes mellitus® a1 0.0 0.1 -0.41
Arthritis/oack complaints 0.0 0.7 -0.7 5.0
Migraine/severe headache 0.0 0.1 -0.1 0.4
Other neurological diseases 0.1 0.1 0.0 03
Women baseline 18.8 6.2 12,8 33.1
Chronic nonspecific lung disease C.1 0.2 -0.1 1.0
Hearl disease 2.7 0.9 1.8 0.0
Cancer 1.9 0.4 1.5 -1.2
Diabetes mellifus - 0.3 0.3 0.0 1.0
Arthrtisfback complalnts 0.1 1.0 -1.0 5.3
Migralne/severe headache 0.0 0.1 -0.1 0.4
Other neurological diseases 0.1 0.1 0.0 03

? Baseline figures are based on life tables for 1982 through 1991 and on disabllity prevalence
for 1987/88.

® Figures are rounded to 0.1 years and 0.1 percentage points.

¢ Change in percentage points.

¥ The baseline expectancies are based on the fitted age-specific prevalence.

® Effect was not significant in the regression analysis,
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disability and in the proportion of life free of disability. Eliminating chronic
nonspecific lung disease and diabetes mellitus among women reduces the
number of years with disability, indicating an absolute compression of mor-
bidity, No significant change is observed when other neurological diseases
are eliminated. On the other hand, cancer, heart diseases, and dizbetes mel-
litis among men show an increase in life expectancy with disability because
the gain in disability-free life expectancy is accompanied by a larger gain in
total life expectancy. This increase in years with disability in combination
with a decline in the proportion of life free of disability (Table 4) indicates a
relative expansion of morbidity. Similar results are found when the effect of
eliminating chronic diseases on life expectancies at age 65 is considered
{Table 4). The only remarkable difference is that, owing to the lower propor-
tion of life free of disability at baseline at age 65, the proportion of life free of
disability for heart disease remains more or less constant, so neither relative
compression nor relative expansion of morbidity occurs,

8.4 Discussion

The main objective of this study was to estimate the effect of eliminating a
disease on the health status of the population. Colvez and Blanchet? present
the first calculations of the potential gain in disability-free life expectancy by
eliminating a disease. However, their study has two major drawbacks: (1)
the effects of mortality reduction on total life expectancy and of disability
reduction on disability-free life expectancy were computed separately; and
(2) all disabilities reported by a person with the considered disease were
~ eliminated, neglecting the fact that some disabilities might have been

caused by diseases other than the one eliminated. Mathers’ approach, using
cause-elimination life tables in combination with the Sullivan method to
compute the effect of both mortality and disability decline on disability-free
life expectancy, was used to solve the first problem.?” Manton & Stallard
showed that the effect of other diseases can be considered by using a multi-
variate technigque.52 In our study, cause-glimination life tables were used to
compiite cause-deleted probabilities of dying whereas a multivariate logistic
regression model was fitted to calculate cause-deleted disability prevalence.
Disability caused by diseases not affected by the elimination or due to old
age remain, that is, a person does not become healthy after one disease is
eliminated, These methods, combined with the Sullivan technique, enabled
us to take into account the effect of both mortality and disability reduction
on disability-free life expectancy in the presence of competing causes of
death and comorbidity.

Despite these improvements, some caution must be exercised when inter-
preting the results of our study. The most important caveats relate to inde-
pendence assumptions. First, we estimated cause-deleted probabilities of
dying using underlying cause-of-death statistics under the assumption of
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independent competing causes of death. In The Netherlands, multiple-
causes-of-death data are not generally available, and the assumption of in-
dependence can hardly be avoided until more is known about the exact na-
ture of dependence among various causes of death. Since death in more ad-
vanced ages tends to result from a number of age- and disease-related de-
generative conditions that often act interdependently, and since degenera-
tive diseases are known to share common risk factors, the assumption of in-
dependence is likely to be violated.303! Assuming independence among com-
peting risks might have resulted in an overestimation of the mortality re-
duction in advanced ages.3232 By contrast, using underlying cause-of-death
data might have resulted in an underestimation of the effect of elimination
in some cases because non-underlying causes {e.g. diabetes mellitus) can
contribute to death from other causes {e.g. stroke).3 Second, we estimated
cause-deleted disability prevalence, assuming independence of causes of dis-
ability in a (multiplicative) logistic regression mode}l. However, since concur-
rence of diseases in most cases does not have a special impact on disability
and any effect that does occur is mostly due to low prevalence pairs®, no
significant bias is to be expected. Third, we did not take into account that
different types of diseases included in a single disease cluster might have
different implications for disability at different ages, For example, heart dis-
ease at middle age might imply myocardial infarctions with little effect on
disability, whereas heart disease at older ages might imply chronic heart
conditions (including congestive heart failure) that are disabling.8 However,
age-by-disease interactions proved not to he statistically significant. And
fourth, in the elimination analysis, the probability of dying was not linked to
disability. Therefore, the fact that disability can lead to lethal conditions
(e.g. to stroke3837 heart conditions3’ and pneumonia3® and consequently to
an increase in mortality) was not taken into account. The overall effect of
these potential biases is difficult to predict, since knowledge of the exact in-
terrelationships between causes and their effects on mortality and disability
is largely lacking, Nevertheless, the biases operate in both directions and are
not likely to be very large.

Relying on respondents’ self-reports in a health interview containing a
checklist of chronic diseases and disability items might have biased our re-
sults. Studies reporting on the validity of interview data comparved with
clinical examinations or medical records show considerable misreporting for
some diseases, 342 The concordance between self-veports and medical regis-
trations depends on a complex combination of factors: homogeneity of diag-
nostic groups, severity of illness, and need for diagnosis and care, %42 An.
other source of bias of the cause-deleted disability prevalence in our study is
the neglect of changes in disability due to elimination of a chronic condition
among persons living in an institution. This could have introduced an over-
estimation of the age-specific cause-deleted disability prevalence for the in-
stitutionalized population. However, of the total years spent with disability
after age 15, about 11.56% of those years (even less for men) was spent in an
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institution. Most of these institutionalized persons were in institutions for
. reasons other than having the chronic diseases that were selected in our
study (e.g. they had dementia and cerebrovascular diseases).!® Besides,
given the advanced age and the related likelihood of comorbidity, a consid-
erable decline in disability due to elimination of one disease is not likely.
These considerations are supported by the finding that elimination of a
disabling disease such as arthritis among the institutionalized population
did not change the disability prevalence to any great extent.

Finally, the lack of a large scale longitudinal dataset forced us to use the
prevalence-rate life-table technique (Sullivan method), which has several
disadvantages. 1345 If underlying age-specific transition rates (e.g. incidence,
recovery, case-fatality rates of disability) change, it takes a long time until
age-specific prevalence (the proportions of those having disability) reaches a
new equilibrium value, which makes the Sullivan method less appropriate
for measuring changes. However, this problem, which is caused by the dif-
ferent dynamics of mortality rates (flows) and disability proportions (stocks),
does not exist when both mortality and disability related to the disease are
eliminated in a synthetic cohort.

Elimination of a condition should be interpreted as the long-term conse-
quence of successful primary prevention, Since we did not take into account
all causes of disability, our study does not lead {o a ranking of diseases ac-
cording to their impact on disability-free life expectancy. Neither does the
fact that some causes are not included in our study mean that their impact
on disability is negligible.

Our results show that eliminating chronic, nonfatal diseases (e.g. arthri-
tis/back complaints and migraine/severe headache) results in an increase in
disability-free life expectancy while the total life expectancy remains more or
less constant. Consequently, life expectancy with disability declines and ab-
solute compression of morbidity occurs. For cancer, a highly lethal disease,
elimination results not only in an increase in disability-free life expectancy
but also in an even larger increase in life expectancy with long-term disabil-
ity. In the years that people are saved from dying of cancer, they experience
disability from other causes. Thus, elimination of this highly lethal disease
leads to a relative expansion of morbidity, For diseases that are disabling
and lethal (e.g. heart diseases and chronic nonspecific lung disease), the ef-
fect of elimination depends on the relative contribution of the mortality and
disability decline. Eliminating heart disease, which has a considerable im-
pact on the total life expectancy, leads to a relative expansion of morbidity.

These findings support previous research on how eliminating death and dis-
ability from a chronic disease affects disability-free life expectancy, taking
into account the fact that Mathers' study includes cerebrovascular diseases
and that Colvez and Blanchet did not consider the effect of increased sur-
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vival on life expectancy without disability.327 The relatively small effect of
eliminating cancer on disability-free life expectancy compared with total life
expectancy, which was responsible for the observed relative expansion of
morbidity, was also found in other studies.? The period of disability for this
fatal disease is generally too short to produce a major impact on the disabil-
ity prevalence.® However, cancer is a heterogeneous disease that represents
a broad range of disease mechanisms. The case-fatality rate of breast cancer,
which is common among women, is much lower than that of lung cancer,
which occurs more often among men. The fact that we did not take into ac-
count the severity of disability but only its presence or absence might have
also contributed to the small effect of cancer on disability. The favourable
evolution of the population health status as a result of eliminating of nonfa-
tal, disabling diseases like arthritis/fback complaints is also in agreement
with other research, 3646

Our results have two important imphications with respect to health inter-
ventions. First, they show that interventions aimed at eliminating lethal
diseases, such as cancer and heart disease, lead to an increase in years spent
with disability, As a side effect of declining mortality, more people survive to
older ages where the risk of being disabled is higher, If this is not (fully)
compensated by an increase in disability-free life expectancy, life expectancy
with disability increases, representing an increased burden for society. Sec-
ond, nonfatal disabling diseases such as arthritis/back complaints, reduce
disability free-life expectancy, so eliminating them can contribute to a com-
pression of long-term disability into fewer years. Thus, in addition to re-
search aimed at preventing fatal diseases, further research is needed to un-
cover the determinants of nonfatal disabling diseases and ensure interven-
tions to prevent them.
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Chapier 8

9.1 Introduction

The focus of this thesis is on the association between mortality and morbid-
ity and its implications for population health. The main reason for conduct-
ing this study was the increasing awareness that there is no unequivocal
association between the length of life of people and their state of health.
Longer life may imply both better and worsening health. Hence, next to pur-
suing the lengthening of life (adding years to life’), special attention should
be devoted to the public health goal of increasing the quality of life (‘adding
life to years’). Against this general background, this study aimed at deter-
mining the conditions necessary for longer life to be associated with better
health. The aim was thus to assess which changes in underlying patterns of
mortality and morbidity would produce a reduction of years with disability
(‘absolute compression of morbidity’) and/or a reduction of the proportion of
life with disability (‘relative compression of morbidity’).

The main research question implied three subquestions. These are answered

in separate parts of this thesis, in the following way:

1. Central to the compression-of-morbidity hypothesis is the lack of changes
m life expectancy at advanced ages, and the inereasingly rectangular
shape of the survival curve (referred to as ‘rectangularization’). Therefore
the aim of the first part of this thesis (chapters 2, 3 and 4) was to exam-
ine these issues, for which reliable mortality data were available. Given
the vagueness with which the concept of vectangularization is often used,
we started by defining the concept in an unambiguous way. Changes in
the shape of the survival curve and in life expectancy in The Netherlands
were linked to changes in age- and cause-specific mortality by means of
decomposition analyses.

2. Having analyzed and discussed changes in old-age mortality, disability
was taken into consideration as well, Only in this way could justice be
done to the important, nonfatal consequences of chronic diseases. In the
second part of this thesis (chapter 5), therefore, the aim was to describe
current age-specific mortality and disability patterns in the Dutch adult
population and to translate these patterns into an integrated indicator of
population health. No longer was a model with two health states (‘alive’
and ‘dead’) used; oné with three health states was constructed by sub-
dividing the living state into two states (‘alive without disability’ and
‘alive with disability’). This model was used to caleulate health expec-
tancy {i.e, life expectancy with and without disability).

3. The three-state model was used to conduct two of the three scenario cal-
culations in the third part of this thesis (chapters 6 and 7). This part
aimed at determining the conditions necessary for compression of mor-
bidity in The Netherlands to occur. In chapter 6 we opted for a general
approach to this problem. We examined which changes in incidence, re-
covery and mortality among nondisabled and disabled persons would
produce compression of morbidity. In chapter 7 the approach was more
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specific: we studied the effects of eliminating smoking. Finally, in chapter
8 we studied whether the elimination of selected chronic diseases would
produce compression of morbidity.

The present chapter provides a generai discussion and summary of these
studies and addresses implications for further research and public health
policy. A detailed discussion of each study can be found in the discussion
sections of the separate chapters.

9.2 Summary of the outcomes

Part I
Old-age mortality and rectangularization

In the first part of this thesis (chapters 2-4) we described and explained re-
cent changes in Dutch mortality. We focused on rectangularization and
changes in life expectancy at older ages.

Recent changes in life expectancy of the elderly population were studied in
chapter 2. We calculated life expectancy for men and women at two ages,
namely at age 60 and at age 85, for the period 1970-1994 (5-years periods). It
was found that life expectancy at age 60 increased in the period 1970/74-
1980/84 (1970s) and 1980/84-1990/94 (1980s). Of particular interest were the
results of the analysis concerning the changes in life expectancy at age 85,
because these differed from what was found in other countries. We found
that life expectancy at age 85 - after an initial increase - has been declining
from 1980/84 (men) and 1985/89 (women) onwards. We then took a closer
look at these changes in life expectancy, first by decomposing them by age
group and next by decomposing them by cause of death. From the decompo-
sition by age group it became clear that a stagnation in the decline in mor-
tality rates in women aged 85-89 and the increase in mortality rates above
age 85 (men) and age 90 (women) caused the described changes in life expec-
tancy at older ages. Then we took a closer lock at these changes by decom-
posing them by cause of death. In summarizing the results of this analyses,
we focus here on the vemarkable reversal of the trend in life expectancy at
age 8b. This change could be attributed to smaller mortality reductions (or
sometimes even an increase in mortality) from cerebrovascular diseases and
other cardiovascular diseases - which contributed largely to the increase in
life expectancy at age 85 in the 1970s - and mortality increases from chronic
obstructive pulmonary disease (COPD), mental disorders, cancer (prostate
and other cancers), diabetes mellitus and ill-defined conditions.

In chapter 3 we performed a study to determine whether rectangularization

of the survival eurve occurred in The Netherlands in the period 1950-1992,
Because different meanings are assigned to the concept of rectangulariza-
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tion, which are often not made explicit, we chose to define this concept in an
unambiguous way. We defined ‘rectangularization’ as a trend toward a more
rectangular shape of the survival curve due to increased survival and con-
centration of deaths around the mean age at death. We distinguished
between absolute and relative rectangularization, depending on whether an
increase in life expectancy was accompanied by a concentration of deaths
into a smaller age interval {(absolute rectangularization) or into a smaller
proportion of total life expectancy (relative rectangularization). Our analyses
showed that absolute and relative rectangularization of the entire survival
curve occurred in both sexes and during almost the entire period. For older
ages (above age 60%) the results were less unequivocal. Relative rectangu-
lavization occurred in women over the whole period, but in men only from
1975/79 on. Absolute rectangularization has occurred in both sexes since
1980/84,

In chapter 4, we analyzed the contribution of selected causes of death to the
rectangularization of the survival cwrve of Dutch men and women above age
60 m the 1980s. Using a decomposition analysis enabled us to determine
why rectangularization took place in the 1980s but not in the 1970s. For rea-
sons ‘explained in this chapter, we focused on absolute rectangularization
(henceforth rectangularization), We found that rectangularization in the
1980s was due to mortality reductions from ischaemic heart disease, cere-
brovascular diseases (both sexes) and lung cancer (men only) and to mortal-
ity increases from COPD (men) and mental disorders (women). Comparison
with the 1970s demonstrated that particularly changes in mortality at ad-
vanced ages (ie. smaller mortality reductions and (larger) mortality in-
creases) were responsible for the reversal from a decreasing rectangular
shape of the survival curve in the 1970s to rectangularization in the 1980s.
Thus the combination of increased survival fo advanced ages and reduced
survival at advanced ages explains why recently rectangularization of the
survival curve took place in The Netherlands,

Part 11
Health expectancy

In the second part of this thesis (chapter 5) we described and analyzed cur-
rent mortality and disability in the Dutch adult population.

First, we estimated age-specific incidence rates of disability, recovery rates
from disability and mortality rates among the nondisabled and the disabled
using Poisson regression with offset (also known as the ‘log-rate model), We
found that the incidence of disability and mortality among nondisabled and
disabled persons rose with increasing age, whereas recovery from disability
declined with increasing age.
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Next, by using a multistate life-table model, we summarized our findings
into a population health indicator, the so-called ‘health expectancy’. Health
expectancy was operationally defined as life expectancy with and without
disability. In 1986-1994, total life expectancy at age 30% was 44.8 years for
Dutch men and 50.8 years for Dutch women. Based on the definition of dis-
ability used in chapters 5-7, we found that respectively 38.5 and 38.4 years
were spent without disability. The remaining 6.4 (14.2%) and 12.4 (24.3%)
years were spent with disability. At age 70%, life expectancy was 10.7 and
14.3 years, respectively. About 6.3 and 5.8 years were spent without disabil-
ity, and 4.4 (41.3%) and 8.5 (59.6%) years with disability, respectively,

These successive analyses were due to make up the frame of reference for
two of the three analyses in the third part of the thesis, where the estimated
incidence, recovery and mortality rates, as well as the resulting total life ex-
pectancy and life expectancy with and without disability were used as
starting point,

From a methodological point of view the analyses in chapter 5 were also of
interest, because they provided a detailed description of how a multistate
life-table model of health expectancy and its transition rates could be esti-
mated on the basis of longitudinal data. That these datasets happened to
originate from two different countries (The Netherlands: GLOBE and
United States of America: LSOA) was a complicating factor, but in the end
proved to be no serious obstacle. Apart from a few uncertainties that were
dealt with in sensitivity analyses in later chapters, we concluded that the
model estimates of total life expectancy, age-specific total mortality rates
and age-specific disability prevalence were in close agreement with the es-
timates based on national (i.e. Dutch) datasets, In other words, the model
estimates reproduced the Dutch situation for the purpose of scenario calcu-
lations in a satisfactory way.

Paxrt 111
Compression of morbidity

The third aim of this thesis was to examine which changes in current mor-
tality and disability patterns are necessary to achieve compression of mor-
bidity in The Netherlands. In each scenario, our focus was on life and health
expectancies at ages 30% and 70%, with the exception of chapter 8, where
we focused on 15 and 65 years of age, respectively.

In chapter 6 we studied which changes in the age-specific incidence rates of
disability, recovery rates from disability and mortality rates among nondis-
abled and disabled persons would be needed to achieve compression of mor-
bidity. We found that both decreasing incidence rates and increasing recov-
ery rates at all ages would (ceteris paribus) produce compression of morbid-
ity (in an absolute and a relative sense). The impact of improving incidence
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was found to be larger. A decrease at all ages in the mortality rates among
nondisabled and/or disabled persons, would result in absolute and relative
expansion of morbidity. Above age 30%, with moderate declines (by 20%) in
mortality rates at ali ages among both nondisabled and disabled persons, at
least equal proportional improvements in both incidence and recovery rates
would be necessary to achieve compression of morbidity. For an improve-
ment to occur in either incidence rates or in recovery rates, improvements of
a respective 30% and 50% at least would be required. It was also shown that
greater improvements at all ages would be needed to achieve absolute com-
pression of morbidity above age 70%. This implies that absolute compression
of morbidity abhove age 30% might co-occur with absolute expansion of mor-
bidity above age 70%.

In chapter 7 we examined whether eliminating smoking would produce
compression of morbidity. We found that eliminating smoking would not
. only increase total and disability-free life expectancy, but would also produce
compression of morbidity (in an absolute and a relative sense). Thus, despite
the fact that life is extended as a consequence of eliminating smoking and
people are thus longer exposed to disability, lower incidence rates of disabil-
ity and higher recovery rates from disability produce on balance a reduction
in years with disability.

Finally, in chapter 8, we determined whether elimination of selected chronic
conditions would lead to either compression or expansion of morbidity, We
found that eliminating disabling diseases such as arthritis/back complaints
would result in compression of morbidity in both an absolute and a relative
sense, Elimination of highly fatal diseases such as cancer would lead to an
increase in years with disability. Whether elimination of diseases that are
both disabling and fatal (e.g. heart diseases and chronic nonspecific lung
disease) results in compression or expansion of morbidity, depends on the
extent to which they cause mortality and disability. For example, eliminat-
ing heart disease, where the impact on total mortality exceeds the impact on
disability, would lead to expansion of morbidity in both an absolute and a
relative sense. As far as chronic nonspecific lung disease is concerned, how-
ever, elimination would lead to bhoth absolute and relative compression of
morbidity.

9.3 Evaluation of the research design

The compression-of-morbidity hypothesis formulated by Fries in 1980t was
one of the incentives to conduct the research for this thesis. Although Fries’
work meant a great stimulus for further research in this field, it did not pro-
vide a full understanding of the changes in mortality and morbidity patterns
that would have to occur to observe compression of morbidity in the popula-
tion. Paradoxically, this lack of understanding is pavtly due to the miscon-
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ceptions introduced by Fries when he formulated his hypothesis. In our
view, two aspects of his approach needed revision: (1) the dissociation of
(changes in) mortality from (changes in) morbidity and (2) the absence of a
gquantitative assessment of {changes in) overall morbidity in the population
that occurred or that would have to secur to observe compression of morbid-
ity. :

Fries combined changes in mortality (i.e. the occurrence of rectangulariza-
tion of the survival curve) with changes in morbidity in the population, but
he in fact failed to take into account that changes in morbidity affect mor-
tality in a population and vice versa. In other words, he disregarded the fact
that changes in morbidity occur simulianeously with changes in mortality
and that changes in both are inextricably hound up with each other. A closer
took at Fries' formulation of the compression-of-morbidity hypothesis may
clarify this point.

From his observation of the rectangularization of the swrvival curve, Fries
concluded that the human life span was fixed. A fixed human life span im-
plied that {in the end) life expectancy would reach a maximum, in other
words that it would not expand beyond this limit, At this point most people
would die from ‘natural death’ {i.e. death without disease). In addition, Fries
argued that chronic diseases could be postponed and that many of the
‘markers’ of aging could be madified, Given these two propositions, Fries ar-
gued that postponing chronic iliness (i.e. increasing lifetime spent free of
morbidity) would result in a compression of morbidity in the population,!

At fivst sight Fries’ reasoning looks plausible, but a closer look reveals its
weaknesses. Although Fries did not deny the association between mortality
and morbidity, he nevertheless described a situation in which this associa-
tion played no role whatsoever. In fact, he disconnected morbidity and moz-
tality. He did so by arguing that the number of years spent with disability
would decrease as morbidity was compressed into the shorter span between
the increasing age at onset of disability and the fixed occurrence of death.
This line of reasoning is founded on the erroneous premise that life expec-
tancy is already fixed, while at the same time morbidity can still be postpo-
ned. He presented the process of rectangularization as if the survival curve
had already reached its ‘ideal’ rectangular shape and that any change in
morbidity would actually have no effect on mortality at all. It goes without
saying that this is a very unlikely situation. As long as this ‘ideal’ shape has
not hecome reality - and even from Fries' study it becomes clear that this is
not actually the case - life expectancy is not fixed and thus it is likely that
changes in morbidity will lead to changes in total life expectancy, especially
as I'ries mentions the important mortality consequences of chronic diseases,

Hence the conclusion is inescapable that whether or not compression of
morbidity occurs in such a situation depends on relative changes in the inci-

207



Chapter 9

dence of and recovery and mortality from diseases. Therefore we requirved a
model which included both mortality and morbidity and explicitly took into
account the interaction between both. Morxeover, if total life expectancy is
not fixed but can increase, increases in morbidity-free life expectancy can co-
occur with increases in the length of life spent with morbidity. Previous re-
search on trends in health expectancy has shown that this is not a purely
hypothetical outcome.24 Besides, the results of chapter 6 of this thesis dem-
onstrate that the conditions underlying such an outcome are not unrealistic.
The lesson is, therefore, that changes in morbidity-free life expectancy
should always be evaluated in relation to changes in the other health
atate(s), rather than in isolation,

When Fries focused on the ‘postponement’ of chronic diseases and its conse-
quences, he did so in a broad sense and in a tentative way. He was not very
concerned about the assessment of the incidence and prevalence of such dis-
eases in the population, and about the measurement of total morbidity in-
duced by the whole range of chronic diseases prevalent in the population. As
a consequence, the net effect of the ‘postponement’ of specific diseases on the
time spent with morbidity remained obscure, despite the fact that Fries pre-
sented some figures at several points in his article. This shortcoming moti-
vated us to study all morbidity prevalent at the population level (above a
certain disability threshold). Only by taking into account morbidity due to
all diseases which are prevalent can one assess the conditions necessary for
a compression of morbidity in a population.

Our criticisms of Fries’ premises are reflected in the design of our study.
Firstly, we studied the interaction between mortality, morbidity and popula-
tion health by means of a multistate life-table model, which aliowed us to
study mortality and morbidity in conjunction, Secondly, we considered
changes in health expectancies in all health stafes together, instead of fo-
cusing on changes in the length of life in the morbidity-free state. To obtain
an unambiguous interpretation of these changes with total life expectancy
not fixed, we classified changes as absolute compression, relative compres-
sion, absolute expansion and/or relative expansion of morbidity. Thirdly, we
focused on the total burden of morbidity, caused by numerous chronic dis-
eases and/or aging, instead of on specific diseases. Our approach can be
characterized as a fop-down approach, generated from generic health states.

These features of our research design merit a more prefound discussion,
which ean be found in the following paragraphs,
9.3.1 The use of life tables in this thesis

Depending upon the research question and the data available, different
types of life-table techniques were used in this thesis. The main feature of
the life table is that it translates age-specific decrement (e.g. incidence and
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mortality) and increment (e.g. recovery) rates into an indieator of population
health, such as life expectancy (total or according to health state). Time or
duration is the unit of measurement and the common denominator in which
different dimensions of population health status (in this thesis: mortality
and disability) are expressed. By using this common denominator, the life
table allows for the synthesis of a huge amount of data and for the integra-
tion of different aspects of health into one or a few indicators of population
health. An important property of this indicator of population health is that
the magnitude of the effect of {(changes in) age-specific decrement and/or in-
crement rates on the indicator is weighted by the size of the life-table popu-
lation in a certain age group exposed to the {changed) rate and the remain-
ing life expectancy of this age group. Due to this weighting, changes in dec-
rement and/or increment rates that ave not important for the health of the
population, for instance because the population at risk being exposed to
these rates is rather small, are not weighted heavily in the indicator of
population health. In general, changes at young ages have a larger impact
on life expectancy than changes at advanced ages. This is due to the facts
that (1) only a small proportion of the population is exposed to changes in
mortality and disability rates at advanced ages - as not everyone will survive
up to these ages - and (2) the remaining life expectancy at older ages is much
smaller, reflecting the high risks of mortality at older ages, An additional
but not unimportant advantage for answering the research guestions raised
in this thesis is that the summary measure obtained from a life table is unaf-
fected by the age distribution of the actual population under study, which
enables comparisons to be made over time (chapter 2-3), between groups (by
sex, chapters 2-8) and between the outcomes before (i.e. at baseline) and af-
ter the induced changes in ‘what-if' experiments (chapters 6-8).

In line with the summarizing capacity of the life-table approach is its poten-
tial to link (changes in) the measures of population health with underiying
age-specific mortality and disability rates. By using a life table, age-specific
rates can be translated into a population (health) measure, whereas by using
a life-table decomposition technique changes in population measures can be
related to underlying changes in age-specific rates,

There are at least three reasons why it is indispensable to switch between
these two levels of analysis. First, translating changes in age-specific mor-
tality (and morbidity rates) to changes in life expectancies (in different
health states) is important for evaluating the consequences of epidemioclogic
changes for public health. In the course of this translation, the relevance of
epidemiologic changes for the health of the population is handled by relating
changes in mortality (and morbidity rates) to the life-table population. As
mentioned, changes in mortality and morbidity rates that are less important
from a population perspective, for example because the population at risk is
small, are not weighted heavily in the summary population health measure.
Hence if changes in age-specific rates only are examined, this can easily lead
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to an overestimation of the contribution of mortality reductions at older ages
to the change in population health. Secondly, by relating changes in sum-
mary population health measures, like life expectancy and health expec-
tancy, to changes in underlying mortality and disability rates, light is shed
on the possible determinants of these changes in population health. Al-
though not of primary importance for the research questions raised in this
thesis, a final reason to consider changes in mortality rates, is that the
changes affect to a substantial degree the size and the age structure of the
elderly population. Apart from (changes in) population health, the size and
age structure of the population determine the absolute number of persons
who are ill or disabled. This kind of information is indispensable for health
planning, o

Two other features of the life table should be mentioned here. First, the life-
table approach accommaodates substitution between different causes of in-
crement and decrement. The mechaniem of substitution is well known for
mortality from different causes. The substitution effect is seen when, on
eliminating one cause of death, the number of deaths from the remaining
causes of death increases. Persons not (or less) exposed to one cause of death
remain alive and are thus exposed longer to the remaining causes. In the
case of substitution it is assumed that the mortality risks of the remaining
causes are the same before and after the elimination of this specific cause of
death (the so-called independence assumption). Otherwise, the mechanism
is termed ‘competitior’. Substitution works in a similar way in the case of
other causes of decrement and causes of increment. For example, a lower
mortality risk will result in a higher number of persons subject to the same
risk of incidence of disability and thus in an increase in the number of inci-
dent cases. The mechanism of substitution explains why there will be only a
limited gain in total life expectancy when an important cause is eliminated
{‘Taueber paradox’s).

Secondly, the life table takes inte account age-dependence, by using age-spe-
cific rates. Age-dependence is very important, as mortality and disability are
strongly associated with age. The chances of improving er maintaining good
health decrease with increasing age, whereas the chances of deteriorating
health or of dying increase. As a consequence, the prevalence of disability
and total mortality risks increase with increasing age.

Age-dependence is important in combination with substitution. A lower meon-
tality visk in one age group will result in a higher number of persons alive in
the next age group, who are subject to the higher mortality and disability
risks of that age group. Unless counterbalanced by a reduction of the preva-
lence rates of disability, substitution and age-dependence together produce
an increase in the number of years with disability, in case mortality reduc-
tions ocour. This effect was found when (1) causes of death were eliminated
{chapter 8), (2) mortality rates among nondisabled and'disabled persons
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were reduced {chapter 6) and (3) when the excess mortality risk associated
with smoking was eliminated {(chapter 7).

Throughout the life-table analyses of this thesis, independence between
causes was assumed when dealing with multiple causes of increment. and/or
decrement. Under this assumption, a change in any of the risks leaves the
risks of the other causes unchanged. If, for example, cancer were to be
eliminated, we asswmed that the risk of dying from heart diseases would
remain the same, The independence assumption is valid only when popula-
tions are homogeneous in increment andfor decrement risks. Atthough it is
cbvicus that in reality this will never be the case, often the assumption of
independence cannot be avoided as the exact nature of the dependence be-
tween multiple causes is unknown. A way to take into account heterogeneity
in risks of increment and decrement, while still using the independence as-
sumption, is to sub-divide a heterogeneous population into homogenous
groups according to the risks examined, Such a sub-division provides for
‘local independence’. In chapters 5 and 6, local independence was created by
subdividing the population into persons with and without disability. In
chapter 7, the population was further subdivided into smokers and non-
smokers to take into account differences in the risk of incidence, recovery
and mortality between these two groups,

In chapter 8 we could not use a model with separate states for nondisabled
and disabled persons. Instead, we had to use the Sullivan method, which is
an extension of the single-decrement life table. In the standard single-dec-
rement life table, as in the Sullivan method, death is the only cause of dec-
rement of the life-table cohort, The distinction into years with and without
disability is made by multiplying the number of person years per age inter-
val by the proportion of persons in different health states. In chapter 8 we
could not use the multistate life table because the data available lacked the
statistical power to allow for linking specific diseases to incidence of disabil-
ity, recovery from disability and mortality among nondisabled and disabled
persons, On the other hand, the disease-specific mortality data needed for
the Sullivan method to answer our research question were available from
Statistics Netherlands. However, this method has its disadvantages, If un-
derlying age-specific transition rates (e.g. incidence, recovery, case-fatality
rates of disability) change, it takes a long time for age-specific prevalence
(the proportions of those having disability) to reach a new equilibrium value.
This makes the Sullivan method less appropriate for measuring changes.
The Sullivan method only produces an unbiased estimate in a steady state
situation when a (new) equilibrium has been reached.®8 This problem with
the Sullivan method, caused by the different dynamics of mortality rates
(flows) and disability proportions (stocks), had no consequences for the
‘what-if experiment described in chapter 8, In this experiment both mortal-
ity and disability related to a specific disease were eliminated in a synthetic
cohort, in order to know what would be the eventual consequences of this
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change. We were not interested in the process of change, but only in the
long-term effects after a new equilibrium was finally reached.

Finally, all life tables used in this thesis were period life tables, The period
life table gives a cross-sectional summary of the mortality and disability ex-
perienced in a single period (e.g. one year) and uses a synthetical
(hypothetical) cohort instead of a real cohort. Hence the information from
one period is arranged as a cohort, assuming that age-specific increment and
decrement rates remain constant over the entire life time of this hypotheti-
cal cohort. Period life tables were used in this thesis because data on birth
cohorts wholly consisting of people already deceased (i.e. extinct cohorts)
were only available for cohorts born before 1896-1899 in The Netherlands.
As far as disability was concerned, cohort data were only available for a very
limited period, as the follow-up was six years at most. A consequence of us-
ing period life tables was that differences in life histories between individu-
als from different cohorts, which are likely to be reflected in the observed
decrement and or increment risks, are ignored. Although the life-table model
produces health measures (like the life expectancy) that are both meaningful
at population level and for individuals, when period life table are used cau-
tion should be exercised when interpreting the measure in the latter sense.
Therefore, the outcomes of this thesis should he interpreted as summary
measures of a given period (using the life-table population as kind of stan-
dard population}, rather than as a measure of the expected life-course expe-
rience of any real birth cohort,

9.3.2 Classification of compression of morbidity

We looked at changes in health expectancies in all health states, instead of
only in the disability-free state, to obtain an unambiguous interpretation of
the outcomes in a situation where total life expectancy is not fixed. As
pointed out in chapter 8, only in a situation where total life expectancy is
constant does, an increase in disability-free life expectancy automatically
imply a decrease in life expectancy with disability. When total life expec-
tancy increases, an increase in the disability-free life expectancy may be ac-
companied by (1) no change, (2) a reduction or (3) an increase in life expec-
tancy with disability, Similarly, an increase in life expectancy with disability
may be accompanied by either an increase or a decrease in the proportion of
life with disability. Depending on the magnitude of the changes in disability-
free life expectancy, life expectancy with disability and the percentage of life
with disability, we distinguished in chapter 8 between absolute compression,
relative compression, relative expansion and absolute expansion of morbid-
ity. Table 1 gives an overview of this classification under the heading ‘old’.
For example, a decline in disability-free life expectancy is classified as abso-
lute expansion, This classification was based on an earlier classification by
Robine and Mathers® and enabled us in chapter 8 to analyze the effects of
eliminating chronic diseases in terms of absolute and relative compression
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and expansion of morbidity, while taking into account increases in total life
expectancy,

" However, it turned out that the classification did not fit each situation well.
The classification proved useful when total life expectancy was constant or
increasing, but not when total life expectancy was decreasing, For example,
the scenario-calculations of chapter 4 showed that a decline in life expec-
tancy without disability occurred when mortality rates increased. On the
basis of the above mentioned classification, this situation should be labelled
as absolute expansion. But one may well wonder why the same situation
should not be ciassified as absolute compression, as life expectancy with dis-
ability was declining too, This example explains why we adjusted the classi-
fication in chapter 6. (This chapter was written after we finished chapter 8.)

Tahle 1 Classification of Health Outcomes According to the Old and New
Classification

LE DLFE LED % LEDInLE  “oid (chapter 8) 'mew {chapter6)
Let DFLE T LED ¥ %+ AC AC-RC
LET DFLE T LED = % J equil. AC/RC  equil. AC/AE-RC
LET DFLET LED T % 4 RC AE-RC
LET DFLE T Ltept %= equil. RC/RE  AE-equil. RC/RE
LET DFLE T LED T % T RE AE-RE
Lt DFLE = LED T %1t equil, RE/AE AE-RE
LET DFLE | LED T %T AE AE-RE
LE = DFLE T LED ¢ % 4 AC AC-RC
LE= DFLE = LED = % = no change neo change
LE= DFLE | LED T % T AE AE-RE
ted DFLE T LED ¢ % 4 AC AC-RC
LE{ DFLE = LED J %4 ? AC-RC
LEY DFLE 4 LED % 4 AE AC-RC
LE L DFLE | LED 4 % = AE AC-equil. RC/RE
LE 4 DFLE LED L %1 AE AC-RE
LtE4 DFLE J LED = o+ AE equil. AC/AE-RE
Ltel DFLE ) LED ? % T AE AE-RE
Where: LE total life expectancy

DFLE disability-free life expectancy

LED life expectancy with disability

% LEDinLE proportion of iife with disability = 1- proportion of life without disability

AC absolute compresslon of morbidity

RC relative compression of morbidity

AE absolute expansion of morbidity

RE relative expansion of morbidity

equil. RC/RE  equilibrium between RC and RE

AC-RC both AC and RC

213



Chapter 9

In distinguishing between absolute compression and absolute expansion in
the new classification, the change in the number of years with disability (or
the difference between total life expectancy and life expectancy without dis-
ability) is decisive. A decline in the number of years with disability points to
absclute compression. However, solely distinguishing between absolute
compression and expansion of morbidity may sometimes be too crude. For
example, it is useful to distinguish between a situation in which a slight ab-
solute expansion of morbidity is accompanied by a substantial gain in years
without disability and a situation in which a substantial increase in years
with disability is accompanied by only a slight increase in disability-free life
expectancy, although both are classified as absolute expansion of morbidity,
The change in the percentage of life with disability provides information on
the distribution between years with and without disability in the gained
years as compared to the baseline situation. Therefore, relative measures of
compression and expansion of morbidity should be used as well, To deter-
mine whether relative expansion also occurred, the change in the percentage
of life with disability is considered, with an increase of this percentage indi-
cating relative expansion. Any particular situation can be classified as a
combination of absolute compression or expansion, combined with relative
compression or expansion. In this adjusted classification, compression and
expansion are complementary to each other (i.e. absolute compression im-
plies the absence of absolute expansion). Table 1 classifies all possible com-
binations of changes according to the ‘old’ classification of chapter 8 and the
‘new’ classification of chapter 6. Although the original classification can be
used in most situations, we consider the adjusted classification as more ap-
propriate, because it fits arny situation and is more transparent.

9.3.3 The top-down approach

Our research design is characterized by a top-down approach, which means
that generic health states are our starting points. We established two such
states (‘dead’ and ‘alive’), when focusing on mortality, and three states (‘non-
disabled’, ‘disabled’ and ‘dead’) in the studies concerning health expectancy.
These health states are outcomes of underlying patterns of morbidity and
{disease-specific) mortality. The main feature of the top-down approach is
that the point of departure is formed by generic outcomes rather than un-
derlying diseases, In other words, rather than modelling diseases, the conse-
quences of diseases, ‘disability’ and ‘death’, were modelled. The alternative
would have been a bottom-up approach. Main feature of the hottom-up ap-
proach is that one starts with individual diseases instead of generic health
states as in the top-down approach. The bottom-up approach models a
causal chain running from disease incidence, to disease prevalence and from
there to disease-specific and total disability prevalence and disease-specific
and total mortality, The relationship between disease prevalence and dis-
ability prevalence is generally modelled using disability weights.'®!2 In this
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approach the life-table mode! distinguishes several disease states, instead of
the generic health states in the top-down approach.

When focusing on life expectancy and rectangularization of the survival
curve, the bottom-up approach deserves no serious attention as an alterna-
tive, In mortality analyses, there is no need to model all underlying diseases,
since disease-specific mortality data are widely available. Using these data,
changes in life expectancy or rectangularization can be easily related to
changes in disease-specific mortality by decomposition techniques. In this
thesis, two decomposition techniques were used. One decomposition tech-
nique was developed in the course of this research (chapter 4}, the other al-
ready existed (chapter 2),

When studying health expectancy and compression of morbidity, the bottom-
up approach could have been used as well, 13 Therefore we will briefly com-
pare the approaches on the following points: (1) the way disease and disabil-
ity are linked, (2) the amount of data required and (3) the nature of the data
required.

The linking of disease and disability

In a top-down approach, information on disease-specific disability can be
obtained from muldtivariate modelling of the relation between disability and
diseases (chapter 8) or from self-report of the cause of disability.l Once this
information is available, observed changes in health expectancy can be ex-
plained by means of decomposition analyses - a method that still needs fur-
ther development - and consequences of changes in specific diseases can be
estimated by using cause-elimination techniques, Thus in the top-down ap-
proach, additional steps are often required to link generic health outcomes to
underlying diseases, and some of these.steps still need further development
and sophistication,

This is not the case with the bottom-up approach, which models the causal
chain running from diseases to disability in the population. Although the
relationship between specific diseases and disability observed in a popula-
tion may thus look more straightforward in the bottom-up approach than in
the top-down approach, it is not always clear which disease(s) cause(s) dis-
ability, In the bottom-up approach as followed by Barendregt!® and
Murrayll2, the link between specific diseases and disability is based on
weighting by experts. The weights are conceptualized in terms of the distri-
bution of disability throughout the course of a disease or injury episode.
Thus, they are not based on measurement of the disabling consequences of
diseases in a population and de not add up to reproduce disability incidence
or prevalence as chserved at the population level.!s In addition, not all dis-
ability is caused by diseases, frailty, too, may cause disability. The assess-
ment of disability weights by experts is in fact the mirror image of the mul-
tivariate modelling approach we developed in chapter 8 to estimate the pro-
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portion of disability prevalence associated with each of a number of chronic
diseases. Thus the bottom-up approach and the top-down approach eventu-
ally involve the same kind of partly unsolved problem: the assessment of the
link hetween disease and disability.

The amount of data required

It is obvious that the bottom-up approach, proceeding from specific diseases,
requires an immense amount of data. Substantial efforts are needed to esti-
mate consistent series of incidence, prevalence and mortality rates for each
disease. Data availability is no problem as far as disease-specific mortality is
concerned, for as a rule cause-of-death data are available. However, data on
incidence of chronic diseases are in moast cases not readily at hand. In addi-
tion, modelling all diseases that are prevalent in the population, would re-
quire a lifs table with a huge number of states, and even more flows between
all these states. Such a life table can easily become unmanageable, This
problem could be handled by modelling only a himited number of discases
and creating a rest category consisting of all other diseases. The disability
caused by these remaining diseases, ie. ‘all-other-cause’ disability, can be
estimated with a different technique and using other sources.’® But even
then a (considerable) number of diseases should still be modelled separately.
Moreover, one needs to be sure that the weighting of the specified diseases
and the estimation of ‘all-other-cause’ disability are based on the same kind
of disability measures. In the top-down approach, data on disability are usu-
ally obtained from population health swrveys. Estimation of transition rates
on the basis of data from health interview surveys is a time-consuming ef-
fort, yet the modelling of all diseases in the boitom-up appreach would re-
guire even greater effort.

The nature of the data required

In general, the bottom-up approach uses clinical data from administrative
datasources, like hospital records, and from general practitioners’ records, as
well as data from epidemiological studies, whereas the top-down approach
uses population health surveys. An advantage of using population health
surveys in the top-down approach is that, because these surveys are not con-
fined to people who have sought medical care, the disability burden of the
whole population can be assessed. In addition, surveys contain a huge
amount of mformation on subjects, among which their health behaviours,
chronic diseases, socio-demographic characteristics and so more. Such in-
formation can be used to link disability to diseases and to risk factors,

But the fact that data on disability are derived from surveys aiso has some
disadvantages. First, non-response and attrition (because persons leave the
survey) may bias the outcomes, for example, when incidence of disability,
recovery from disability and/or prevalence of disability differ{s) between re-
spondents on the cne hand and those who did not participate or left the sur-
vey on the other hand. Especially in longitudinal studies, selection bias
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might endanger the representativeness of the conclusions. We checked at
several phases in the longitudinal analyses in the thesis, whether the data-
sets sufficiently reproduced the Dutch situation (chapter 5). This evaluation
did not lead us to seriously doubt the reproduction of the Dutch situation.

Second, disability data from surveys are often based on self-report. There-
fore, inacowrate reporting or inconsistent reporting over time may alse cause
bias, The magnitude of this potential bias is still unclear. Although compari-
sons between self-reported and performance-based measures of disabilities
showed a discordance!®18, this difference cannot he ascribed to inaccurate
reporting only. It may also be related to the fact that self-report and per-
formance of disability do not measure the same concept.i6!® Regarding
changes in a person’s disability status over thne, uncertainty exists as to
whether all changes reflect real changes in the individual’s disability status.
This problem could partly be handled by using the life table. Since incidence
and recovery rates are analyzed simultaneously in a life table, the effects of
inconsistent reporting which inflates both incidence and recovery rates,
(partly) nullify each other when summarized as health expectancy. The
problem that changes in self-veport of morbidity (including disability) may
also be produced by other factors than changes in intrinsic health alone,
such as changes in the social climate or health aspirations, is probably of
less relevance to the research of this thesis. After all, in our study we exam-
ined changes in two-years intervals and substantial changes are not likely to
occur within such short periods.

Third, compared to administrative data sources, the sample sizes of surveys
are rather limited, Using small numbers may cause erratic changes across
ages. In this thesis we tried to reduce the problem of small numbers by using
log-vate {chapters 5 and 7) and logistic (chapter 8) regression analysis.

The comparison of the. top-down and the bottom-up approach shows that
each approach has its weak and strong points. If the sole purpose of a study
is to provide policy makers with recommendations for where and how to in-
tervene in public health, the bottom-up approach deserves serious attention.
After all, the starting point of the bottom-up. approach is diseases, which are
the most important causes of disability. Diseases are more amenable to in-
terventions than the generic health outcomes of the top-down appreach, be-
cause a large body of epidemiological knowledge exists on the causes and
risk factors underlying specific diseases. Nevertheless, the top-down ap-
proach is based on the measurement of the disabling consequences of dis-
eases in a population and thus it reproduces disability incidence or preva-
lence as observed at the population level. This approach has advantages over
the hottom-up approach in cases where the pupose of the study is to assess
overall changes in health expectancy and to determine whether compression
of morbidity occurs. In addition, when the puirpose of the study is to obtain
more insight into the kind and size of changes in mortality and morbidity
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necessary to achieve compression of morbidity, the top-down approach de-
serves serious attention, Moreover, the data requirements of the top-down
approach are less demanding, making the approach more widely applicable.

9.4 Evaluation of the relationship between
changes in total mortality and
compression of morbidity

9.4.1 Treating total mortality as not (yet) fixed

In the first part of this thesis, we examined changes in total mortality. More
specifically, we studied changes in total life expectancy and in the shape of
the survival curve for the elderly population, both of which played a key role
in the compression-of-morbidity hypothesis. We found that during the period
1980/84 to 1990/94 life expectancy at age 60 continued to increase. However,
the increase in life expectancy at age 85 came to a halt and life expectancy at
this age was shown even to have declined since 1980/84 in men and since
1985/89 in women. In addition, we found that rectangularization of the su-
vival curve above age 60 has been in progress (in both an absclute and a
relative sense) since 1980/84 in both sexes, Based on cause-specific analyses,
we discussed possible explanations for these recent mortality developments
in The Netherlands. Apart from (past) smoking behaviour in men, we con-
cluded that changes in the distribution of morbidity and frailty in the popu-
lation might have played a role. However, until more insight is gained into
the exact mechanisms which caused the recent increase in mortality at ad-
vanced ages, it will remain uncertain whether these changes are temporary
or lasting. Uncertainty also relates to the implications of the recent mortal-
ity developments for achieving compression of morbidity. In chapter 4 we
discussed the implications of rectangularization for achieving compression of
morbidity. On the one hand, delaying the age at onset of chronic diseases
and long-term digabilities is more likely to result in compression of morbid-
ity, since the increase in life expectancy is expected to slow down. On the
other hand, increased frailty of the elderly may imply that the cumulation of
severe morbidity can no longer be prevented.

In the second part of this thesis, we constructed a multistate life-table model
wherein total mortality - and thus total life expectancy - is not fixed, but is
dependent upon underlying disability and mortality risks.

In the third part of this thesis, where the conditions under which compres-
sion of morbidity would occur were studied, using this life table allowed us to
take into account the fact that substantial changes in total mortality could
arise. We found that for the pursuit of compression of morbidity it mattered
that total life expectancy, instead of being fixed, could be affected by changes
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in underlying mortality and disability. Had we taken only changes in
prevalence of disability into account, ruling out changes in total mortality,
we would have found compression of morbidity far too frequently. For in-
stance, had we taken no notice of the reduction of mortality and thus of the
increase in total life expectancy due to the elimination of fatal diseases such
as cancer, extension of the length of time lived with disability would have
gone unnoticed {chapter 8), The same is true for the elimination of heaxrt dis-
cases. As far as eliminating smoking is concerned, the reduction in the pe-
riod lived with disability would have been overestimated had changes in to-
tal mortality been ignored (chapter 7).

The analyses in this thesis showed that the intevaction between morbidity
and mortality is crucial to the occurrence of compression of morbidity. This
conclusion has two implications., First, a combined analysis of mortality and
morbidity is indeed required to study compression of morhidity, Second, the
role of rectangularization of the survival curve might be overrated in the
compression-of-morbidity hypothesis.

9.4.2 Rectangularization and compression of morbidity

According to Fries, rectangularization is a manifestation of the life expec-
tancy reaching the maximum life span, In this view, rectangularization im-
plies that life expectancy remains more or less constant, and any increase in
disability-free life expectancy means compression of morbidity. It is obvious
that I'ries overestimated the role of rectangularization in formulating the
compression-of-morbidity hypothesis, by implicitly presenting the process of
rectangularization as if the survival curve had already reached its ‘ideal
rectangular shape.

The opposite view would be to deny the possible effect of rectanguiarization
on compression of morbidity completely. One could argue that beth rectan-
gularization and compression of morbidity ave the nef result of the same in-
terplay between mortality and morbidity. As both are outcomes of the same
process of interaction, it would be impossible for one to determine the other.
However, instead of considering a causai relationship between rectangulari-
zation and compression of morbidity, it may perhaps be speculated that
rectangularization and compression of morbidity tend to coincide, From the
‘what-if experiments described in chapter 6 we concluded that rectangulari-
zation can co-occur with both compression and expansion of morbidity (Table
2). Even though rectangularization might co-occur more often with compres-
sion of morbidity than with expansion of morbidity, proof for such a correla-
tion has not yet been given.

There is still another way to look at the possible link between rectangulari-

zation and compression of morhidity. It could be argued that if rectangulari-
zation of the survival curve has been observed for a certain peried, this im-
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plies that compression of morbidity might be easier to achieve in the next
period. In other words, a more rectangular shape of the survival curve at
baseline indicates that compression might be easier to achieve in future. We
arrived at this argument by combining two observations. First, rectangulari-
zation implies that increasingly larger proportional mortality declines are
required to produce the same increase in total life expectancy 2922 Second, a
reduction of the life expectancy with disability (i.e. absolute compression of
morbidity} occurs only if the morbidity-free life expectancy increases more
than total life expectancy. These two considerations led us to formulate in
chapters 3 and 4 the hypothesis that where total life expectancy can increase
only to an increasingly limited extent (i.e. when rectangularization occurs),
smaller increases in morbidity-free life expectancy are required to achieve
compression of morbidity,

However, the crux of this line of reasoning is, that it has not been firmly
established that needing a smaller increase in morbidity-free life expectancy
to achieve compression of morbidity implies that compression is easier to
achieve, In other words, though this scaling down means that smaller
improvements in life expectancy without disability would be needed, we
cannot be sure that a smaller effort is needed. Yet, as pointed out in
chapters 3 and 4, compression of morbidity and rectangularization are not

Table 2 ‘What-if' Experiments of Chapter 6*, Classified by their Effect on Compres-
sion of Morbidity {in an Absolute Sense)® and Rectangularization of the
Survival Curve (in an Absolute Sense)®

Rectangutarization of the De-Rectangularization of the
Survival Curve Survival Curve
Compression of Morbidity + changing all transitions by « changing all transitions by
20% towards better health 20% towards better health
(women) {men)
» 20% reduction in incidence of
disability

« 20% increase in racovery
from disability

+ 20% reduction in incidence of
disability and 20% increase in

‘recovery from disability

Expansion of Morbidity + 20% reduction in mortafity + 20% reduction in mortality
among nondisabled persons among disabled persons
+ 20% reduction in mortality
among nondisabled and
disabled persons

? For a description of the ‘what-if’ experiments see chapter 6.
® Defined operationally as a decline in life expectancy with disability at age 30%.
® Defined operationally as a decline in the numerator of Keyfitz' H at age 30%.
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related in a simple manner and the implications of rectangularization for
achieving compression of morbidity are not clear. They turned out to be
more complex than we had assumed and more research is needed to unravel
the relationship between rectangularization and compression of morbidity.
In the end, it will always be the subtle interplay of mortality and morbidity
that turns the scale in favour of compression or, by contrast, expansion of
morbidity.

9.5 Implications for future research

The studies reported in this thesis aimed at enlarging our understanding of
the interaction between mortality and morbidity and its implications for
population health. In this chapter, as well as in the preceding chapters, we
have identified several pieces of missing information. Here, we will discuss a
few that deserve to be studied in greater detail. We will also pay attention to
some promising ways to address these issues.

First, factors explaining the recent mortality increase among people aged 85
and over in The Netherlands, which played an important role in the recent
rectangularization of the survival curve, should be examined in greater de-
tail. Two approaches for further research deserve special attention. The first
involves a life-course approach in which data on oldest-old mortality and
data on morbidity experienced earlier in the life course are analyzed simul-
taneously. Such a life-course approach would benefit from record-linkage
and from large-scale longitudinal studies with a long folow-up. Using rec-
ord-linked databases or longitudinal studies that contain information on dis-
ease occurrence, medical care utilization and mortality for specific individu-
als over a sufficient time interval, will allow for further investigations into
the causes of secular trends in oldest-old mortality. Efforts are needed to
create a more favourable climate with regard to record-linkage in The Neth-
erlands, provided that the privacy of individual citizens is protected. Second,
cross-national comparisons of secular trends in the oldest-old mortality as
well as of changes in the distribution of risk factors are important. In the
end, these approaches might allow us to assess whether the mortality in-
crease in this age group is only temporary or reflects a lasting reversal of the
secular trend of decreasing mortality. We might subsequently also be able to
assess whether similar increases in mortality ave present in other low mor-
tality countries, or are to be expected there in the near future.

Second, further multistate life-table calculations of health expectancy may
benefit from large-scale comprehensive longitudinal studies. In this way,
uncertainties regarding the estimates of incidence rates of disability, recov-
ery rates from disability and mortality rates among nondisabled and dis-
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abled persons due to the pooling of datasets from different countries can be
gvoided.

Third, the mapping of disability to diseases needs further research. In this
thesis a multivariate modelling technique able to handle co-morbidity and
age-related disability was introduced. This technique was used to estimate
the effect of eliminating chronic diseases on life expectancy with and without
disability. In the future the same technique may probably also be used to
attribute the number of years with disability to specific diseases and under-
lying risk factors. In this way, it may become possible to assess which dis-
eases are responsible for the burden of disability. In addition, information on
the mapping of disability to diseases could be used to decompose changes
{over time) and differences (between regions, sexes or socicdemographic
groups) in health expectancies into the contributions made by specific dis-
eases. In this way one could easily determine which diseases account for any
increase or decline in the burden of disability. If the multivariate modelling
technique can be applied successfully, it may be an alternative to the
method of assigned shares, which is currently used in The Netherlands 2
The latter method has the disadvantage that a substantial part of the total
number of years spent with disability cannot be attributed to specific dis-
eases and thus remains unexplained. A closely related issue which deserves
attention, is the comparison of the empirical assessment of the relationship
between diseases and disability based on our multivariate-modelling tech-
nique with the disability weights derived from experts’ opinions as used in
the DALE and DALY approach.191324 Both methods might be improved by
such a comparison.

Fourth, future research should pay more attention to severity of the conse-
quences of disease. Although we more or less took into account severity of
disease consequences, by including only morbidity exceeding a certain dis-
ability threshold in our life-table analyses, it is obvious that we handled se-
verity in a rather unsophisticated way. Lack of statistical power precluded
us from distinguishing between different severity levels. Besides, taking into
account different severity levels would have made modelling rather complex,
In further studies, however, different levels of severity should be distin-
guished, if only because severity is another important dimension of disabil-
ity, next to duration. A situation is conceivable in which the length of time
lived with disability is diminishing, while at the same time disability in the
remaining period increases in severity. Whether or not such a situation
should be considered as an improvement depends on the relative changes in
duration and severity. In the future, therefore, we should look for ways to
integrate severity into our model and to overcome problems of statistical
power by looking for large datasets or by pooling different datasets.

Fifth, more research is needed to assess the potential contribution of differ-
ent risk factors to compression of morbidity, Our analysis concerning the
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potential contribution of eliminating one important risk factor - smoking - to
compression of morbidity, showed that smoking elimination would produce
compression of morbidity, The same might be true for other risk factors, like
physical inactivity, excessive alcohol consumption or hypertension. Moreover
research should not only focus on risk factors of chronic diseases, but should
also include factors which reduce the disabling consequences of these dis-
eases. Further research on this topic would benefit from a stepwise ap-
proach. First, the model of the disablement process developed by Verbrugge
could be used to determine important modifying factors influencing the rela-
tionship between disease and disability. Next, after having determined these
risk factors, further research is needed to quantify the association between
these factors and incidence of disability, recovery from disability and mor-
tality (among nondisabled and disabled persons). In this way, also a valida-
tion of the association we estimated in chapter 7 between smoking on the
one hand and recovery and mortality among nondisabled and disabled pex-
sons on the other hand might be obtained. Finally, ‘what-if simulations
should be conducted to evaluate the likely effect of (partially) eliminating
one or more of these risk factors at the population level. These possible ef-
fects should not only be evaluated in texms of a gain in disability-free life
expectancy, but also in terms of compression of morbidity or Health Ad-
justed Life Expectancy (HALE), HALE is a single indicator, combining
health expectancies for a set of discrete health states by using severity
weights. In the end, comparison of several ‘what-if’ experiments might yield
information that is of value for setting priorities for interventions,

9.6 Policy relevance

The focus of this thesis is on the association between mortality and morbid-
ity and its implications for population health. It is obvious that we share this
interest with policy makers in the field of public health. Therefore, we will
outline the implications of our research for public health policy. On the basis
of both the methodology used and the results obtained in our study, we will
formulate some recommendations for monitoring the hedlth status of the
population and for setting targets in health policy.

9.6.1 Monitoring the health status of a population

When monitoring the health status of the population it is important to rec-
ognize the interplay between mortality and morbidity. A focus on either
morbidity or mortality is sometimes useful and necessary when dealing with
specific problems of public health. But morbidity and mortality should also
be monitored together. In fact, an effect on population health may be less
favourable than data on mortality alone would suggest. For example, an in-
crease in the length of life might be accompanied by an increase in years
with severe disability. In the same way, a decrease in the prevalence of mor-
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bidity in the population might be coupled with an increase in the number of
years with disability, when at the same time life expectancy is increasing.
From these two examples it is obvious that morbidity and mortality must
also be monitored in conjunction with one another. This is particulary im-
portant in considering whether there is a trade-off between longer life and
worsening health, or in other words, whether life extension means that per-
sons live longer with disability and to what extent,

To allow for the monitoring of morbidity and mortality together, research
has provided policy makers with integrated population health measures,
such as health expectancy. However, it should be noted that the interpreta-
tion of such a health measure may be complex, For example, caution is
needed in the evaluation of an increase in disability-free life expectancy. In
recent studies on health expectancy? and in the scenario calculations in this
thesis (chapters 6, 7 and 8) it was shown that an increase in disability-free
life expectancy is sometimes accompanied by an increase in years with dis-
ability. Only when total life expectancy remains unchanged, does an in-
crease in disability-free life expectancy equal a decrease in years with dis-
ability. When total life-expectancy increases, an increase in disability-free
life expectancy might be accompanied by an increase in life expectancy with
disability. In fact, an increase in disability-free life expectancy only means
that not all years gained are spent with disability. Hence, increases in dis-
ability-free life expectancy may well imply an increaged burden of disability
for both the individual and society at large.

As a rule one should always consider the evolution of the ‘complete’ health
expectancy, that is, study changes in life expectancy in the ‘healthy’ and
‘anhealthy’ states. This was also recommended by the REVES-network?s,
although so far researchers (and in their footsteps the policy makers) have
not always acted accordingly, A single summary measure of population
health would be of great help for studying ‘complete’ health expectancy. Re-
search has provided two alternatives: (1) health-adjusted life expectancy
(HALL, e.g. DALE!} and (2) the concepts of compression and expansion of
morbidity. Using the HALE is only instructive when different severity levels
of disability are distinguished instead of merely drawing a simple distinction
between ‘no disability’ and ‘disability’. Despite the important advantage af-
forded by the fact that the HALE summarizes all information on mortality,
the duration and the severity of disability into a single figure, the interpre-
tation of changes in this weighted figure can be complex.

9.6.2 Setting targets in health policy

In general, compression of morbidity can be evaluated as an improvement in
the health of the population and is therefore one of the possible targets of
national health policy. However, we would like to comment upon the un-
thinking pursuit of compression of morbidity.
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First, not always should compression of morbidity he viewed as a desirable
evolution of the health of the population. When it is due to a decrease in to-
tal life expectancy (for example due to a dramatic increase in premature
mortality) nobody will evaluate compression of morbidity in a positive sense.
Only in combination with a constant or an increasing total life expectancy
can compression of morbidity be considered a desirable evolution in popula-
tion health, After all, under these circumstances, not only does life expec-
tancy with disability decline, but disability-free life expectancy alse in-
creases.

Secondly, compression of morbidity does not necessarily imply that health
care needs will decrease, since the amount of health care needed also de-
pends on the absolute number of persons in a certain health state, which in
turn depends upon the size and age structure of the population. Neverthe-
less we opted for measures like health expectancy and the compression of
morbidity measures defined in this thesis, because these measures are not
affected by (changes in) the age structure. By using these measures, insight
could be obtained into the effects of changes in the mortality and disability
dynamics on population health. Nevertheless, to determine a change in the
absolute number of persons in a certain health state, changes related to the
size and age distribution should be added to changes caused by underlying
mortality and disability dynamies.

Third, compression of morbidity is generally expressed in both absolute and
relative terms, When total life expectancy has not decreased, compression of
morbidity in an absolute sense automatically means compression in a rela-
tive sense, although the reverse does not hold true. We discussed the
advantages of classifying changes in health both in abselute and relative
terms in section 9.3.2, ('new classification’). After a combination of absolute
and relative compression of morbidity, a combination of absolute expansion
of morbidity with relative compression of morbidity might be evaluated as
second best. This combination indicates that although life expectancy with
disability is increasing, disability-free life expectancy increases faster. As a
result the proportion of life with disability in the gained years is lower than
in the years before the change.

Notwithstanding these pitfalls, compression of morbidity - while avoiding a
decrease in total life expectancy - is a likely target of national health policy.
We therefore examined how this goal could be achieved. The studies per-
formed and the outcomes found suggest the following paths towards this
goal:

1. To realise compression of morbidity, interventions are needed which sue-

cessfully prevent or reduce disability. In the pursuit of compression of
morbidity, policy makers should pay more attention to (nonfatal) dis-
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abling diseases, instead of focusing on fatal diseases, Interventions solely
aimed at reducing mortality will not result in compression of morbidity.
As explained in chapter 8, the elimination of fatal diseases (such as can-
cer and heart diseases) will not only result in an increase in disability-
free life expectancy, but also in an increase in years with disability (and a
decline in the percentage of disability-free life). The reason is that more
people will survive to older ages (due to declining mortality), where the
visk of becoming disabled is higher. Unless this risk is substantially re-
duced, life expectancy with disability will increase, implying an increased
burden for society. We calculated, that if mortality rates among nondis-
abled and disabled persons are reduced by e.g. 20%, considerable efforts
are required to lower the incidence of disability and/or to increase recov-
ery from disability in order to compensate for the side effect of such a
mortality decline, namely the increase in years with disability {chapter
6). Without substantial reductions in incidence of disability or increases
in recovery from disability, years with disability will always increase,
when mortality declines,

2. In the pursuit of compression of morbidity, policy makers might focus on
primary and secondary prevention (of disabling diseases), tertiary preven-
tion (of the disabling consequences of diseases) and/or on rehabilitation
(from disability), As far as rehabilitation is concerned, in chapter 6 and in
previous studies it has been underlined that disability is often not an ir-
reversible state and recovery of lost functions can be substantial, 263 Yet
reducing incidence produces a larger gain in disability-free life expec-
tancy and a larger decrease in life expectancy with disability, than does a
similar {i.e. proportional) increase in recovery (chapter 6). Therefore in-
terventions aimed at delaying the onset and reducing the progression of
disabling diseases should receive the highest priority. However, since re-
covery from disability has been shown to be substantial and to provide a
means to achieve compression of morbidity as well, interventions aiming
at increasing the ability to regain functioning should also become part of
public health policy. In order to design successful interventions further
research is needed on the determinants of incidence of and recovery from
disability.

3. Interventions to discourage smoking should receive high priority. Besides
the well-known increase in total life expectancy that smoking elimination
will produce, smoking elimination will also reduce the number of years
with disability (chapter 7). This is a remarkable outcome, because a
trade-off must usually be made between longer life and a longer period
spent disabled. Thus, as opposed to a reduction of fatal diseases, non-
smoking lengthens life and shortens the period of life lived with disabil-

ity.
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Chapter 10

hanges in incidence, progression and recovery of morbidity and related
disability have important conseguences for mortality, and, vice versa,
changes in mortality have important consequences for morbidity. The inter-
play of changes in mortality and morbidity determines whether population
health is improving, The subject of this thesis is the association between
mortality and morbidity and its implications for population health,

Chapter I presents a general introduction on the association between mor-
tality, morbidity and population health and pays attention to the different
views of the association between changes in the length of life and the health
of the population. These different views can be summarized as: ‘compression
of morbidity’, ‘expansion of morbidity’ and ‘dynamic equilibrium’. The com-
pression-of-morbidity hypothesis states that the length of human life is fixed
and that chronic diseases and related disability can be postponed to older
ages by changes in life style. As a resulf, the number of years with morbidity
and related disability can be compressed between the increasing age at onset
of morbidity and disability and the fixed mean age at death. This optimistic
hypothesis was the antithesis of the ‘expansion-of-morbidity’ hypothesis
which anticipates that mortality reductions will produce more years with
morbidity and related disability; in other words, an expansion of morbidity.
A third, intermediate hypothesis, the ‘dynamic-equilibrium’ hypothesis also
states that increased survival produces an increase in years with morbidity.
However according to this hypothesis, the years with severe morbidity and
disability remain relatively constant, because the rate of progression of
chronic diseases is reduced. From the compression-versus-expansion of mor-
bidity debate, it has become clear that opinions differ as to whether longer
life implies that popuiation health is improving.

From the fact that under most conditions compression of morbidity is a de-
sirable target of public health policy, it follows that it is important to know
how this goal can be achieved. However, due to the misconceptions intro-
duced by Fries when he formulated his compression-of-morbidity hypothesis,
the changes in mortality and morbidity patterns needed to achieve compres-
sion of morbidity in the population are not yet fully understood. Fries’ ready-
made recipe for compression of morbidity, namely the postponement of
chronic diseases, needs to be questioned. We have criticized aspects of his
work concerning (1) the dissociation of (changes in} mortality from (changes
in) morbidity and (2) the absence of the quantitative assessment of (changes
in) overall morbidity in the population that occurred or of the changes
needed to achieve compression of morbidity. We reject Fries’ implicit denial
of the possibility of changes in total life expectancy due to changes in mor-
bidity (i.c. the postponement of chronic diseases). Our criticisms of Fries’
premises are reflected in the design of our study. Firstly, we studied the in-
teraction between mortality, morbidity and population health by means of a
multistate life-table model. The life table allows for the synthesis of a huge
amount of data and for the integration of different aspects of health into one
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or a few indicators of population health. Another advantage is its potential
to link {changes in} the indicators of population health with underlying age-
specific mortality and disability. A second feature of our design is that -
taking into account the fact that total life expectancy is not fixed - we con-
sidered changes in health expectancies in all health states together, instead
of focusing on changes in the length of life in the morbidity-free state. To
obtain an unambiguous interpretation of these changes (with total life ex-
pectancy not fixed), we classified changes as absolute compression, relative
compression, absolute expansion and/or relative expansion of morbidity.
Thirdly, we focused on the total burden of morbidity, caused by numerous
chronic diseases and/or aging, instead of on specific diseases. Our approach
can be characterized as a fop-down approach, which is based on generic
health states. Such an approach is obvious when studying mortality, because
disease-specific mortality data are widely available. When studying health
expectancy and compression of morbidity, the bottom-up approach - pro-
ceeding from specific diseases - could have been used as well. Nevertheless
we held to a top-down approach, because it was better apt to answer our re-
search gquestions and because a bottom-up approach required an immense
amount of data that would have been hard to handle. A detailed discussion
of the advantages and disadvantages of the research design is found in chap-
ter 9.

In this thesis we examined which conditions would be necessary for longer
life to be associated with better health. The main objective was to assess
which changes in underlying patterns of mortality and morbidity would pro-
duce a reduction in years with disability (‘absolute compression of morbid-
ity") and/or a reduction of the proportion of life with disability (‘relative com-
pression of morbidity”) in The Netherlands in the future, The focus was on
the burden of morbidity and mortality due to chronic diseases, that is, on the
consequences of chronic diseases, Morbidity was made operational in {erms
of disability. An integrated population health indicator, ‘health expectancy’,
which combines data on mortality and morbidity, was used to assess
(changes in) population health. Health expectancy was defined as life expec-
tancy with or without disability in this thesis,

The study aims were the following:

1. To describe and analyze recent changes in Dutch mortality, with special
attention to changes in the rectangularity of the survival curve and in life
expectancy at clder ages.

2. To describe the current age-specific mortality and disability patterns in
the Dutch adult population and to translate these patterns into the inte-
grated population health indicator: health expectancy.

3. To determine which changes are needed in current mortality and dis-
ability patterns to achieve compression of morbidity in The Netherlands.
The effect of the foillowing (hypothetical) situations were studied: (a} a
general reduction in age-specific mortality and disability rates; (b) a re-
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duction in monrtality and disability due to the elimination of smoking, and
{¢) a reduction in mortality and disability due to the elimination of spe-
cific chronic diseases.

In Part I (chapters 2-4) national population and mortality data were used to
describe and analyze recent changes in Dutch mortality. More specifically,
the studies in this part focused on ‘rectangularization of the survival curve’
and changes in life expectancy at older ages, both of which play an impor-
tant role in the compression-of-morbidity debate. We used the life table to
describe changes in life expectancies and rectangularization. Next, these
changes were linked to changes in age- and cause-specific mortality by
means of life-table decomposition analyses.

In chapter 2 recent changes in life expectancy of the elderly population
were studied. We calculated life expectancy for men and women at two ages,
namely at age 60 and at age 85, for the period 1970-1994 (5-years periods). It
was found that life expectancy at age 60 increased in the period 1970/74-
1980/84 (1970s) and 1980/84-1990/94 (1980s). Of particular interest were the
results of the analysis concerning the changes in life expectancy at age 85,
because these differed from what was found in other countries, Life expec-
tancy at age 85 - after an initial increase - has been declining since 1980/84
(men) and 1985/89 (women). We then took a cioser look at these changes in
life expectancy, first by decomposing them by age group and next by decom-
posing them by cause of death. From the decomposition by age group it be-
came clear that a stagnation in the decline in mortality rates in women aged
86-89 years and an increase in mortality rates above age 85 (men) and age
90 (women) caused the described changes in life expectancy at older ages.
We subsequently took a closer look at these changes by decomposing them
according to cause of death. In summarizing the results of these analyses,
we focused here on the remarkable reversal of the trend in life expectancy at
age 85. This change could be attributed to smaller mortality reductions (or
sometimes even an increase in mortality) fiom cerebrovascular diseases and
other cardiovascular diseases - which contributed largely to the increase in
life expectancy at age 85 in the 1970s - and mortality increases from chronic
obstructive pulmonary disease (COPD), mental disorders, cancer (prostate
cancer and other cancers), diabetes mellitus and ill-defined conditions,

In chapter & we performed a study to determine whether rectangulariza-
tion of the survival curve oceurred in The Netherlands in the period 1950-
1992. As in research various meanings have been assigned to the concept of
‘rectangularization’, and often without being made explicit, we defined this
concept in an unambiguous way. In the present study ‘rectangularization’ is
defined as a trend toward a more rectangular shape of the survival curve
due to increased survival and concentration of deaths around the mean age-
at-death. A distinction was made between absolute and relative rectangu-
larization, depending on whether an increase in life expectancy was accom-
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panied by a concentration of deaths into a smaller age interval (absolute rec-
tangularization) or into a smaller proportion of total life expectancy (relative
rectangularization). Absolute and relative rectangularization of the entire
survival curve occurred in both sexes and during almost the entirve period,
TFor older ages (above age 60%) the results were less unequivocal. Relative
rectangularization occurred in women over the whole period, but in men
only from 1975/79 on. Absolute rectangularization has occurred in both sexes
since 1980/84,

In chapter £ we analyzed the contribution of selected causes of death to the
rectangularization of the survival curve in an absolute sense above age 60 in
the 1980s in The Netherlands. Using a decomposition analysis enabled us to
determine why rectangularization in an absolute sense took place in the
1980s, but not in the 1970s. We found that rectangularization in the 1980s
was due to mortality reductions from ischaemic heart disease, cerebrovas-
cular diseases (both sexes) and lung cancer (men only) and to mortality in-
creases from COPD (men only) and mental disorders. Comparison with the
1970s demonstrated that particularly changes in mortality at advanced ages
(i.e. smaller mortality reductions and (larger) mortality increases) were re-
sponsible for the reversal from a decreasing rectangular shape of the sur-
vival curve in the 1970s to rectangularization in the 1980s. Thus the combi-
nation of increased survival /o advanced ages and reduced survival af ad-
vanced ages explains why recently rectangularization of the survival curve
in an absolute sense took place in The Netherlands,

Having analyzed and discussed changes in old-age mortality, in Part I
(chapter 5) disability was then taken intc consideration as well, Only in this
way could justice be done to the important nonfatal consequences of chronic
diseases. We used two longitudinal datasets to describe curvent age-specific
mortality and disability patterns in the Dutch adult population and to
translate these patterns into health expectancies. No longer was a model
with two health states (‘alive’ and ‘dead’) used, but one with three health
states was constructed, by subdividing the living state into two states (‘alive
without disability’ and “alive with disability’).

In chapter 5 we estimated age-specific incidence rates of disability, recovery
rates from disability and mortality rates among nondisabled and disabled
persons using Poisson regression with offset (also known as a ‘log-rate
model’). Incidence of disability and mortality among nondisabled and dis-
abled persons increased with increasing age, whereas recovery from disabil-
ity declined with increasing age. Next, by using a multistate life table, we
summarized the age-specific mortality and disability data into life expec-
tancy with and without disability. In 1986-1994, total life expectancy at age
30% was 44.8 years for Dutch men and 50.8 years for Dutch women, We
found that respectively 38.5 and 38.4 years were spent without disability.
The remaining 6.4 (14.2%) and 12.4 (24.3%) years were spent with disability.
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At age T0%, life expectancy was 10,7 and 14.3 years, respectively. About 6.3
and 5.8 years were spent without disability, and 4.4 (41.3%) and 8.5 (569.6%)
vears with disability, respectively. These successive analyses were due to
make up the frame of reference for the first two analyses in the third part of
the thesis, where the estimated incidence, recovery and mortality rates, as
well as the resulting total life expectancy and life expectancy with and with-
out disability were used as starting point,

The changes in current mortality and disability patterns needed to achieve
compression of morbidity in The Netherlands were studied in part IIT
(chapters 6-8). We conducted several scenario calculations (‘what-if experi-
ments}) in order to determine under which conditions compression of mor-
bidity would occur in The Netherlands.

In chapter € we studied which changes in the age-specific incidence rates of
disability, recovery rates from disability and mortality rates among nondis-
abled and disabled persons (by an equal percentage at all ages) were needed
to achieve compression of morbidity. Our results showed that both decreas-
ing incidence rates and increasing recovery rates would (ceteris paribus)
produce compression of morbidity (in an absolute and a relative sense). The
impact of improving incidence was found to be larger. A decrease in the mor-
tality rates among nondisabled and/or disabled persons, would result in ab-
solute and relative expansion of morbidity. Above age 30%, with moderate
declines (by 20%) in mortality rates among both nondisabled and disabled
persons, at least equal proportional improvements in both incidence and ve-
covery rates would be necessary to achieve compression of morbidity. For an
improvement to occur in either incidence rates or in recovery rates, im-
provements of a respective 30% and 50% at least would be required. It was
also shown that even greater improvements (at all ages) would be needed to
achieve absolute compression of morbidity above age 70%. This implies that
absolute compression of morbidity above age 30% might co-occur with abso-
lute expansion of morbidity above age 70%.

In chapter 7 we examined whether eliminating smoking would produce
compression of morhidity. We found that eliminating smoking would not
only increase total and disability-free life expectancy, but would also produce
compression of morbidity in an absolute and a relative sense, Thus, despite
the fact that life is extended as a consequence of eliminating smoking and
people are thus longer exposed to disability, lower incidence rates of disabil-
ity and higher recovery rates from disability produce, on balance, a reduc-
tion in years with disability.

Finally, in chapter 8, we studied whether elimination of selected chronic
conditions would lead to either compression or expansion of morbidity. We
found that eliminating disabling diseases. such as arthritis/fback complaints
would result in compression of morbidity in both an absolute and a relative
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sense, Klimination of highly fatal diseases such as cancer would lead to an
increase in years with disability, Whether elimination of diseases that are
both disabling and fatal (e.g. heart diseases and chronic nonspecific lung
disease) results in compression or expansion of morbidity, depends on the
extent to which they cause mortality and disability. For example, eliminat-
ing heart disease, where the impact on total mortality exceeds the impact on
disability, would lead to expansion of morbidity in both an absolute and a
relative sense. As far as chronic nonspecific lung disease is concerned, how-
ever, elimination would lead to both absclute and relative compression of
morbidity.

In chapter 2 the main outcomes of the thesis were suinmarized (section 9.2)
and the study design was evaluated (section 9.3). Next in section 9.4 the na-
ture of the relationship between {(changes in) mortality and morbidity was
discussed with reference to the compression-of-morbidity hypothesis. It was
argued that Fries in his compression-of-morbidity hypothesis de facte had
considered total life expectancy as fixed by arguing that, in the presence of
rectangularization of the survival curve, the postponement of chronic dis-
eases would result in compression of morbidity. As opposed to Fries, it was
concluded from our studies, that as a necessary precondition of studying
compression of morbidity, total mortality should be considered not (vet) as
being fixed, but as the outcome of the interaction between mortality and
morbidity in the population. In this thesis this condition was met by using a
life table. It was shown that, had this condition not been fulfilled, we would
have found compression of morbidity more often than actually would have
been the case. For example, had no notice been taken of the reduction of
mortality - and thus of the increase in total life expectancy - due to the
elimination of fatal diseases such as cancer and heart disease, the extension
of the length of time lived with disability would have gone unnoticed, As far
as eliminating smoking is concerned, the reduction in the period lived with
disability would have been overestimated, had changes in total mortality
been ignored.

Next we reconsidered the relationship between rectangularization and com-
pression of morbidity. From the observation of rectangularization, Fries had
concluded that the postponement of chronic diseases would result in com-
pression of morbidity in the population. We had rejected this point of view,
because he in fact disconnected changes in mortality from changes in mor-
bidity. However, we did consider several other possible ways in which rec-
tangularization and compression of morbidity might be connected. We
concluded that the relationship between rectangularization and compression
of morbidity was more complex than had originally been assumed. Although
rectangularization implies that substantial increases in total life expectancy
are less likely to occur, and thus that smaller improvements in disability-
free life expectancy are requirved to achieve compression of morbidity, these
improvements may not be assumed to be achieved more easily. In the end, it
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would always be the subtle interplay of mortality and morbidity that turns
the scale in favour of compression or, on the contrary, expansion of morbid-
ity. Thus, what probably counts is the mechanism rather than the scale of
the (necessary) changes.

The research for this thesis has pointed to several phenomena and problems
that need further study, but also to some promising ways to address these
issues. The recent mortality increase among people aged 85 and over in The
Netherlands should be examined in greater detail, for which we recom-
mended a life-course approach, as well as a comparison with the trends in
oldest-old mortality and the (changes in the) distribution of risk factors in
other countries. We also advocated that further research be carried out on
the mapping of disabilily to diseases, We suggested that a multivariate
modelling technique, like the one we used in this thesis, might be helpful for
attributing (changes and differences in) the number of years with disability
to specific diseases and underlying risk factors. By focusing on disability, we
did not completely ignore the importance of the severity of disease conse-
quences for evaluating trends in population health, but future research
should try to integrate severity into the analyses in a more sophisticated
way. Finally, as we confined ourselves to studying the possible contribution
of elimination of a single risk factor (smoking) to compression of morbidity,
we advocated that research be performed into other important risk factors.

Some conclusions of our study are of interest for policy makers in the field of
public health. As far as the monitoring of the health status of a population is
concerned, we stressed the importance of monitoring morbidity and disabil-
ity together, for example by using integrated health measures, like health
expectancy, In doing so, policy makers should always consider the ‘complete’
health expectancy, that is life expectancy in the ‘healthy’ and “unhealthy’
states. To this end research has provided them with the concepts of com-
pression and expansion of morbidity. Compression of morbidity is a desir-
able target of national health policy, although not in all eircumstances.
However, in combination with a constant or an increasing total life expec-
tancy, the persuit of this goal can be recommended. From our study it could
be concluded that the pursuit of compression of morbidity would benefit
from the policy makers paying more attention to the elimination of
(nonfatal) disabling diseases (such as arthritis/ack complaints), instead of
focusing on fatal diseases (like cancer and heart diseases). Interventions
solely aimed at reducing mortality will not result in compression of morbid-
ity. Our research also showed that, besides the well-known increase in total
life expectancy, smoking elimination will also produce a reduction in the
number of years with disability, Thus, as opposed to the elimination of fatal
diseases, nonsmoking lengthens life and at the same time shortens life time
with disability. Therefore, interventions aimed at discouraging smoking
should receive high priority.
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Hoofdstuk 11

eranderingen in de incidentie, de progressie en het herstel van ziekten
en de aan ziekten gerelateerde beperkingen hebben belangrijke conse-
quenties voor de sterfte. Omgekeerd hebben sterfteontwikkelingen belang-
rijke gevolgen voor de totale ziektelast waarmee een bevolking wordt gecon-
fronteerd. De wisselwerking tussen ziekte en sterfte bepaalt of de gezond-
heid van de bevolking in de toekomst verbetert of verslechtert. Deze wissel-
werking en het effect hiervan op de gezondheid van de bevolking is het
onderwerp van dit proefschrift.

Hoofdstuk I besteedt aandacht aan de relatie tussen ziekte, sterfte en de
gezondheid van de bevolking. Het staat niet op voorhand vast dat een langer
leven betekent dat de gezondheid van de bevolking verbetert. In de litera-
tuuar zijn drie hypothesen geformuleerd over de mogelijke samenhang tussen
(veranderingen in) de levensduur en de gezondheid van de bevolking. Deze
staan bekend als de ‘compressie-van-de-morbiditeit’- hypothese, de ‘expan-
sig-van-de-morbiditeit’-hypothese en de hypothese van het ‘dynamische
evenwicht'. De hypothese van de ‘compressie van de morbiditeit’ werd ge-
formuleerd door de Amerikaanse onderzoeker Fries en houdt in dat het
aantal levensjaren met ziekte zal afnemen. Dit optimistische toekomstper-
spectief is gestoeld op de overtuiging dat de levensduur beperkt is en dat
door gezond te leven de eerste verschijnselen van chronische ziekten kunnen
worden uitgesteld tot op oudere leeftijd. Deze hypothese werd geformuleerd
in reactie op de ‘expansie-van-de-morbiditeit-hypothese waarin wordt
gesteld dat het aantal jaren met ziekte juist zal toenemen. Bij deze
pessimistische kijk op toekomstige ontwikkelingen gaat men ervan uit dat
medisch ingrijpen leidt tot verlenging van de levensduur van personen metf
een chronische ziekte. Voor deze groep geldt dat de gewonnen levensjaren
uitsluitend jaren met ziekte zullen zijn, Maar ook wanneer de levensverlen-
ging zich niet alleen beperkt tot de groep chronisch zieken, is het niet
onwaarschijnlijk dat de verlenging van de levensduur leidt tot een toename
van het aantal jaren met ziekte. Doordat mensen langer leven worden zij
immers langer blootgesteld aan het risico op het krijgen van chronische
ziekten en lichamelijke beperkingen, terwijl dit rvisico bovendien met het
stijgen van de leeftijd steeds hoger wordt. In alle gevallen is er dus sprake
van expansie van de morbiditeit, zo luidt de conclusie. Ook de aanhangers
van de ‘dynamische-evenwicht'-hypothese gaan ervan uit dat levensverlen-
ging leidt tot een toename van het aantal jaren met ziekten, maar zij
brengen een nuance aan door de ernst van ziekten in beschouwing te
nemen, Ze stellen dat het aantal jaren met ernstige ziekten min of meer
constant blijft, omdat de progressie van chronische ziekten zal worden
vertraagd.

Omdat in de meeste gevallen compressie van de morbiditeit een nastre-
venswaardig doel is voor het volksgezondheidsbeleid, is het van belang te
weten hoe dit doel kan worden bereikt. Het ligt voor de hand om daarvoor te
rade te gaan bij de aanhangers van de ‘compressie-van-de-morbiditeit’-hypo-
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these. Fries heeft in zijn werk echter onvoldoende duidelijk kunnen maken
welke veranderingen nu precies nodig zijn voor het realiseren van compres-
sie van de morbiditeit. Dit kom¢ omdat zijn werk een aantal onduidelijkhe-
den bevat en ook enkele tekortkomingen kent. Zo heeft hij verzuimd
verandervingen in ziekte en sterfte systematisch met elkaar in verband te
brengen. Hij hield er bijvoorbeeld geen rekening mee dat als ziekten niet of
pas op latere leeftijd zouden optreden, dit in veel gevallen ook zou betekenen
dat de kans om {(vroegtijdig) te overlijden beduidend zou afnemen. Daar-
naast liet hij na precies aan te geven hoe groot de veranderingen in de totale
ziekte- en sterftelast van de bevolking zouden moeten zijn om uiteindelijk
compressie van de morbiditeit te kunnen bereiken. Om deze redenen moeten
duidelijke vraagtekens worden geplaatst bij het recept dat hij verstrekte
voor het bereiken van de compressie van de morbiditeit, namelijk het nitstel
van chronische ziekten tot op oudere leeftijd.

Bij het opzetten van deze studie hebben we getracht rekening te houden met
de bezwaren die we inbrachten tegen Fries’ onderzoek. Onze studie-opzet
heeft bijgevolg de volgende drie kenmerken,

Ten eerste werd de wisselwerking tussen ziekte, sterfte en de gezondheid
van de bevolking bestudeerd met behulp van een (meerdimensionale) over-
levingstafel. Deze overlevingstafel maakte het mogelijk een groot aantal
gegevens samen te vatten en verschillende aspecten van de gezondheid te
combineren in één of enkele indicator(en). Ben bijkomend voordeel was dat
eenvoudig kon worden nagegaan wat het effect zou zijn van veranderingen
in de leeftijdsspecifieke ziekte- en sterftepatronen op de gezondheid van de
bevolking. En omgekeerd, welke veranderingen in ziekte- en sterftepatronen
ten grondsiag lagen aan de waargenomen veranderingen in de gezondheid
van de bevolking,

Ook hebben we ons niet enkel gericht op de analyse van veranderingen in
het aantal jaren dat mensen doorbrengen in goede gezondheid, Er is dus
niet uitsluitend gekeken naar veranderingen i de levensverwachting
zonder beperkingen, maar ook naar die mef beperkingen. Het onderzoek was
er juist op gericht veranderingen in de tijd die mensen doorbrengen in alle
verschillende gezondheidstoestanden in hun onderlinge samenhang te
beschrijven en te analyseren. Alleen zo is het immers mogelijk vast te stellen
in welke richting de gezondheid van de bevolking zich zal ontwikkelen
wanneer de totale levensverwachting toeneemt. Eerder bleek dat zo'n
analyse noodzakelijk is, omdat op voorhand niet vaststaat wat de conse-
quenties zullen zijn van een gemiddeld langer leven voor de gezondheid van
een bevolking. Zo zou een gemiddeld langer leven kunnen betekenen dat
terzelfder tijd zowel het aantal jaren zonder beperkingen als het aantal
jaren met beperkingen toeneemt. Om verschillende combinaties van gelijk-
tijdige veranderingen in de levensverwachtingen met en zonder beperkingen
van elkaar te kunnen onderscheiden, hebben we gebruikgemaakt van de
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begrippen absolute compressie, absolute expansie, relatieve compressie en
relatieve expansie van de morbiditeit. Van absolute compressie van de
morbiditeit is sprake bij een daling van het aantal jaren met beperkingen,
terwijl het bij absolute expansie gaat om een toename van dit aantal. Onder
relatieve compressie van de morbiditeit verstaan we een daling van het
percentage van de totale levensverwachting dat mensen doorbrengen met
beperkingen, terwijl in geval van relatieve expansie dit percentage stijgt.

Anders dan Fries gingen we uit van de fotale ziektelast, veroorzaakt door
alle chronische ziekten in de populatie en door veroudering. Dat wil dus
zeggen dat we ons bij ons onderzoeck niet hebben beperkt tot één of enkele
ziekte(n). Onze benadering laat zich het best omschrijven als een ‘fop-
down’-benadering, die start biy generieke gezondheidstoestanden en vervol-
gens afdaalt naar onderliggende ziekten (of risicofactoren). Deze henadering
ligt voor de hand in het onderzoek naar sterfte, omdat corzaakspecifieke
sterfte-gegevens in de regel beschikbaar zijn. Daarentegen is het in onder-
zoek naar compressie van de morbiditeit ook mogelijk een ‘bottom-up’-
benadering te volgen, die haar beginpunt heeft bij afzonderlijke ziekten. Dat
wij desondanks hebben gekozen voor de ‘top-down’-benadering hield onder
andere verband met de geringere hoeveelheid benodigde gegevens en daar-
naast met de aard van de in dit proefschrift aan de orde gestelde onder-
zoeksvragen. In hoofdstuk 9 hebben we uitvoeriger stilgestaan bij de voor-
en nadelen van beide benaderingswijzen en de door ons gemaakte keuze,

In dit proefschrift werd onderzocht onder welke omstandigheden een lange-
re levensduur gepaard gaat met een verbetering van de gezondheid van de
bevolking, De gezondheid van de bevolking en veranderingen daarin werden
vastgesteld met behulp van een maat voor de gezondheid die zowel ziekte-
als sterftegegevens combineert, de zogenaamde ‘health expectancy’. In Ne-
derland wordt voor ‘health expectancy’ vaak de term ‘gezonde levensver-
wachting’ gebruikt, maar ‘gezondheidsverwachting' zou een betere vertaling
zijn omdat met deze term ook het aantal jaren doorgebracht in ongezond-
heid wordt aangeduid. Desalniettemin hebben we de term ‘gezonde levens-
verwachting’ hier gehandhaafd en gedefinieerd als de levensverwachting
zowel met als zonder beperkingen in het functioneren,

Het doel van het onderzoek was om vast te stellen welke veranderingen in
het ziekte- en sterftepatroon in Nederland nodig zouden zijn om compressie
van de morbiditeit te bereiken. Met andere woorden, we wilden nagaan hoe
een reductie in het aantal jaren met beperkingen (absolute compressie) of in
het percentage van de totale levensverwachting met beperkingen (relatieve
compressie) zou kunnen worden gerealiseerd. Centraal stonden (veranderin-
gen in) de ziekte- en sterftelast vercorzaakt door chronische ziekten of
veroudering, waarbi) onder ziektelast werd verstaan het hebben van beper-
kingen in het functioneren.
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De drie doelstellingen van deze studie waren:

1 Het beschrijven en analyseren van recente veranderingen in de Neder-
landse sterfte, met speciale aandacht voor het rechthoekiger worden van
de overlevingscurve (rectangularisatie van de overlevingscurve’) en
veranderingen in de levensverwachting op oude leeftijd.

2 Het beschrijven van de huidige leeftijdsspecifieke sterfte- en beperkin-
genpatronen in de Nederlandse bevolking, en het samenvatten van deze
patronen in een geintegreerde gezondheidsmast, de gezonde levensver-
wachting,

3 Het vaststellen welke veranderingen in de huidige leeftijdsspecifieke
sterfte- en beperkingenpatronen in Nederland nodig zijn voor het
bereiken van compressie van de morbiditeit. Daartoe werden de volgende
scenario’s bestudeerd: (a) een algemene reductie in de sterfte- en beper-
kingencijfers; (b) een reductie in de sterfte- en beperkingencijfers door
het volledig uithannen van roken, en {¢) een reductie in de sterfte- en
beperkingencijfers door eliminatie van een aantal chronische ziekten.

In deel I (hoofdstukken 2-4) werden nationale bevolkings- en sterftegege-
vens gebruikt om recente veranderingen in de Nederlandse sterfte te
beschriiven en te analyseren. De onderwerpen ‘rectangularvisatie van de
overlevingscurve' en veranderingen in de levensverwachting van ouderen
stonden centraal, omdat deze een bhelangrijke rol spelen in het wetenschap-
pelijke debat over compressie en expansie van de morbiditeit. De overle-
vingstafel werd gebruikt om veranderingen in de levensverwachting en in de
vorm van de overvlevingscurve te beschrijven. Vervolgens werden deze
veranderingen met behulp van decompositie-technieken herleid tot verande-
ringen in leeftijds- en oorzaakspecifieke sterftepatronen.

In hoofdstuk 2 werden veranderingen in de levensverwachting op oudere
leeftijd sinds 1970 bestudeerd. Daartoe berekenden we voor de periode 1970-
1994 (per B-jaar perioden) eerst de levensverwachting van mannen en
viouwen op de leeftijden van 60 en 85 jaar. Hieruit bleek dat de levens-
verwachting op 60-jarige leefiijd toenam in de perioden 1970/74-1980/84
(Garven “70) en 1980/84-1990/94 (jaren ‘80). Opvallender was echter de
ontwikkeling in de levensverwachting van 85-jarigen, omdat deze verschilde
van die in andere landen, We constateerden dat de levensverwachting van
85-jarigen - na een aanvankelijke toename - sinds 1980/84 (voor mannen} en
1985/89 (voor vrouwen) afneemt, Teneinde meer inzicht te verkrijgen in de
recente veranderingen in de levengverwachting van ouderen hebben we met
hehulp van decompositietechnieken onderzocht wat de bijdrage was van de
verschillende leeftijdsgroepen en doodsoorzaken aan deze veranderingen.
Uit de analyses bleek dat een stagnatie in de daling van de sterftecijfers
onder vrouwen in de leeftijdsgroep 85-89 jaar en een toename van de
sterftecijfers onder mannen van 85 jaar en ouder en vrouwen van 90 jaar en
ouder de beschreven stagnatie in de stijging van de levensverwachting van
85-javigen veroorzaakte. De analyse van de bijdrage van verschillende
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doodsoorzaken wees uit dat een samenspel van twee ontwikkelingen verant-
woordelijlt was voor de recente omkering in de trend in de levensverwach-
ting van 85-jarigen. Ten eerste zette de daling in de sterfte aan cerebro-
vasculaire ziekten en ‘overige cardiovasculaire ziekten’ minder sterk door
(onder mannen nam de sterfte aan laatstgencemde oorzaak zelfs toe). Ten
tweede was er een toename van sterfte aan onder andere chronische
bronchitis/femfyseem, psychische stoornissen, kanker (prostaatkanker en
overige kankers), diabetes mellitus en onvolledig gedefinieerde ziektebeel-
den.

De analyses in hoofdstuk 3 hadden tot doel om vast te stellen of ex in de
periode 1950-1992 in Nederiand sprake is geweest van rectangularisatie van
de overlevingscurve, Omdat niet door alle onderzoekers hetzelfde wordt
verstaan onder rectangularisatie, hebben we het begrip eerst op ondubbel-
zinnige wijze gedefinieerd. In dit proefschrift werd onder rectangularisatie
verstaan: het rechthoekiger worden van de overlevingscurve als gevolg van
toenemende overleving en de concentratie van sterfte rond de gemiddelde
leeftijd van overlijden. Naar gelang de stijging van de levensverwachting
gepaard ging met een concentratie van sterfte in een korter leeftijdsinterval
of in een kleiner deel van de totale levensverwachting werd onderscheid
gemaakt tussen respectievelijk absolute en relatieve rectangularisatie. Het
onderzoek wees uit dat gedurende praktisch de gehele periode voor zowel
mannen als vrouwen absolute en relatieve 'rectangularisatie van de over-
levingscurve vanaf de geboorte plaatsvond. Boven de 60% jaar waren de
uitkomsten minder eenduidig. Zo vond er relatieve (maar geen absolute)
rectangularisatie plaats onder oudere vrouwen gedurende de gehele periode,
maar onder oudere mannen enkel sinds 1975/79. Absolute rectangularisatie
vond plaats voor oudere mannen en vrouwen sinds 1980/84.

In hoofdstuk 4 hebben we de bijdrage van verschillende doodsoorzaken aan
de recente absolute rectangularisatie onder personen van 60 jaar en ouder
onderzocht. Door gebruik te maken van een speciaal voor dit onderzoek
ontwikkelde decompositie-analyse waren we in staat om vast te stellen
waarom ahsolute rectangularisatie plaatsvond in de jaren ‘80, maar niet in
de jaren ‘70, Uit ons onderzoek kwam naar voren dat de absolute
rectangularisatie in de jaren ‘80 het gevolg was van zowel dalingen in de
sterfte aan ischaemische hartziekte, cerebrovasculaire aandoeningen (zowel
mannen als vrouwen) en longkanker (alleen mannen) als van stijgingen in
de sterfte aan chronische bronchitisfemfyseem (alleen mannen) en psychi-
sche stoornissen. Bovendien wees vergelijking met de jaren ‘70 uit dat vooral
veranderingen in de sterfte op zeer hoge leeftijd (nameljk geringere dalin-
gen of (grotere) stijgingen) verantwoordelijk waren voor de omslag van de
aanvankelijke de-rectangularisatie naar de rectangularisatie in de jaren ‘80.
Het feit dat recentelijk in Nederland boven de 60 jaar absclute rectangu-
larisatie heeft plaatsgevonden wordt dus verklaard uit een combinatie van
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toegenomen overleving fot op zeer hoge leeftijd en verminderde overleving
op zeer oude leefiijd.

Na de analyse van ontwikkelingen in de sterfte op oude leeftijd, werden in
deel IT (hoofdstuk 5) ook de beperkingen in het functioneren in beschouwing
genomen, Alleen op deze manier kon recht worden gedaan aan het grote
belang van de niet-fatale gevolgen van chronische ziekten., We hebben
gebruik gemaakt van twee longitudinale studies om de huidige leef-
tijdsspecifieke beperkingen- en sterftepatronen in de Nederlandse bevolking
vast te stellen, Op basis hiervan hebben we vervolgens de levensverwach-
ting met en zonder beperkingen berekend. In hoofdstuk 5 en de daarop
volgende hoofdstukken hebben we niet langer een model met twee gezond-
heidstoestanden (levend en dood) gebruiki, maar een model met drie toe-
standen (levend zonder beperkingen, levend met beperkingen en dood).

Met behulp van Poisson regressie (log-rate model) werden in hoofdstuk 5
zowel de leeftijdsspecifieke incidentie- en herstelcijfers van beperkingen als
de sterftecijfers onder personen met en zonder beperkingen geschat. Hieruit
bleek dat de incidentie van beperkingen en ook de sterfte onder personen
met en zonder beperkingen toenam met het stijgen van de leeftijd, terwijl de
kans op herstel van beperkingen afnam, Met behulp van meerdimensionale
overlevingstafels en gebruikmakend van deze leeftijdsspecifieke incidentie-,
herstel- en sterftecijfers hebhen we vervolgens de levensverwachting met en
zonder beperkingen berekend. In 1986-1994 bedroeg de totale levensver-
wachting van 30%-jarigen in Nederland 44,8 jaar voor mannen en 50,8 jaar
voor vrouwen. Hiervan werden respectievelijk 38,6 en 38,4 jaar doorge-
bracht zonder beperkingen. De resterende 6,4 (14,2%) en 12,4 (24,3%) jaar
waren levensjaren met beperkingen. De levensverwachting van 70%-jarigen
bedroeg 10,7 jaar voor mannen en 14,3 jaar voor vrouwen. Respectievelijk
ongeveer 6,3 en 5,8 jaar werden doorgebracht zonder beperkingen, terwijl
respectievelijk 4,4 (41,3%) en 8,5 (59,6%) jaar werden doorgebracht met
beperkingen. Het meerdimensionale model van de levensverwachting met
en zonder beperkingen en de genocemde incidentie-, herstel- en sterftecijfers
dienden als uitgangspunt voor de analyses in de twee volgende hoofd-
stukken.

In deel III (hoofdstukken 6-8) ging het erom vast te stellen welke verande-
ringen in de huidige sterfte- en beperkingencijfers nodig zijn om in Neder-
land compressie van de morbiditeit te bereiken. Hiervoor werden verschil-
lende scenario-berekeningen (‘what-if experimenten) uitgevoerd.

In hoofdstuk 6 hebben we onderzocht weltke veranderingen in leeftijds-
specifieke incidentie- en hersteleijfers van beperkingen en in de sterftecijfers
onder personen met en zonder beperkingen (met eenzelfde percentage op
alle leeftijden) nodig zijn om compressie van de morbiditeit te bereiken. De
uitkomst van ons onderzoek was dat zowel een reductie van de incidentie-

243



Hoofdstuk 11

cijffers als een toename van de hersteleijfers (in beide gevallen: ceteris
paribus) zou leiden tot compressie van de morbiditeit (in een absolute en in
gen relatieve zin) boven de leeftijd van 30% jaar. Het effect van verbe-
teringen in de incidentiecijfers bleek overigens groter dan dat van verbete-
ringen in de herstelcijfers. Tevens stelden we vast dat een daling in de
sterftecijfers onder personen met en/of zonder beperkingen (ceteris paribus)
zou resulteren in absolute en relatieve expansie van de morbiditeit boven de
leeftijd van 30% jaar. Indien de sterfte onder personen met en zonder
beperkingen zou dalen met 20%, dan zouden tenminste even grote verbe-
teringen in zowel de incidentie- als de herstelcijfers van heperkingen nodig
zijn om compressie van de morbiditeit te bereiken boven de leeftijd van 30%
jaar. Indien bij dezelfde sterftedalingen alleen de incidentie- of alleen de
herstelcijfers zouden verbeteren, zouden voor dit doel verbeteringen van
tenminste 30% (incidentie) of 50% (herstel) nodig zijn. De analyses wezen uit
dat grotere verbeteringen (op alle leeftijden) nodig zouden zijn om com-
pressie van de morbiditeit boven leeftijd 70% te bereiken. Dit betekent dat
absolute compressie van de morbiditeit boven leeftijd 30% en absolute
expansie van de morbiditeit boven leeftijd 70% gelijktijdig voor kan komen.

In hoofdstul: 7 hebben we onderzocht of de eliminatie van roken zou resul-
teren in compressie van de morbiditeit, Uit de doorberekening van dit sce-
naric bleek dat het niet alleen zou leiden tot een toename van de totale
levensverwachting en de levensverwachting zonder beperkingen, maar ook
tot absolute compressie van de morbiditeit. Ondanks het feit dat mensen
door niet te roken langer zouden leven en derhalve langer zouden blootstaan
aan het risico op beperkingen, zou per saldo het aantal jaren met beperkin-
gen toch afnemen, De reden hiervoor is dat de eliminatie van roken tevens
leidt tot een lagere incidentie en een hogere herstel van beperkingen.

Tenslotte hebben we in hoofdstuk 8 onderzocht of het volledig witbannen
van enkele chronische ziekten in de populatie zou leiden tot compressie van
de morbiditeit, De analyses wezen uit dat het uitbannen van invaliderende
ziekten zoals artritis/rugklachten zou resulteren in compressie van de mor-
biditeit in absolute en relatieve zin. De eliminatie van letale aandoeningen
zoals kanker zou daarentegen leiden tot een toename van het aantal jaren
met beperkingen, Of eliminatie van ziekten die zowel invaliderend als letaal
zijn (zoals bijvoorbeeld hartziekten en CARA) leidt tot compressie of
expansie van de morbiditeit, hangt af van de mate waarin deze ziekten
sterfte en beperkingen vercorzaken. Voor hartziekten bijvoorbeeld zou voi-
ledige nitschakeling resulteren in expansie van de morbiditeit in absolute en
relatieve zin. Voor CARA daarentegen zou volledige eliminatie leiden tot
compressie van de morbiditeit in absolute en relatieve zin,

In hoofdstuk 9 werden allereerst de onderzoeksresultaten van dit proef-

schrift samengevat {paragraaf 9.2) en werd de onderzosksopzet nader toege-
licht en bediscussieerd (paragraaf 9.3). Vervolgens stonden we in paragraaf
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9.4 stil bij de vraag wat precies het verband is tussen (veranderingen in)
sterfte en compressie van de morbiditeit. De discussie spitste zich daarbij toe
op twee punten, Op de eerste plaats betoogden we dat Fries bij het formule-
ren van de ‘compressie-van-de-morbiditeit’-hypothese er feitelijk vanuit was
gegaan dat de totale levensverwachting niet (verder) zou veranderen,
aangezien hij had gesteld dat het uitstel van chronische ziekten zou leiden
tot compressie van de morbiditeit. We wezen erop dat dit standpunt impli-
ceert dat hij ziekte en sterfte onafthankelijk van elkaar zag. Anders dan
Fries waren we van mening dat er allerminst vanuit kan worden gegaan dat
de totale stexfte (reeds) een constant niveau heeft bereikt. Integendeel, bij de
bestudering van het verschijnsel van de compressie van de morbiditeit zal
men er rekening mee moeten houden dat er nog altijd veranderingen in de
totale sterfte plaatsvinden en dat deze de uitkomst zijn van de wisselwer-
king tussen ziekte en (ziekte-specifieke) sterfte in de bevolking. Ontwikke-
lingen in ziekte en totale sterfte vertonen derhalve een onlosmakelijke
samenhang, waarmee wij rekening hebben gehouden door gebruik te maken
van {(meerdimensionale) overlevingstafels, Hadden we dit niet gedaan dan
zou het aantal situnaties zijn overschat waarin compressie van de morbiditeit
was opgetreden. Hadden we bijvoorbeeld geen rekening gehouden met de
sterftereductie - en derhalve met de stijging van de totale levensverwachting
- die het gevolg is van de eliminatie van letale ziekten (zoals kanker en hart-
ziekten), dan zou de toename van het aantal jaren met beperkingen zeker
onopgemerkt zijn gebleven. Ook zou de daling in het aantal jaren met
beperkingen als gevolg van de eliminatie van roken zijn overschat indien we
de veranderingen in de totale sterfte zouden hebben genegeerd. Verder
plaatsten we vraagtekens bij het nauwe verband dat Fries veronderstelde
tussen rectangularisatie en compressie van de morbiditeit. Hoewel we dus
het samengaan van beide verschijnselen niet voetstoots aannamen, hebben
we aandacht besteed aan de mogelijke manieren waarop rectangularisatie
en compressie van de morbiditeit aan elkaar zouden kunnen zijn gerela-
teerd. We moesten vaststellen dat de relatie tussen rectangularisatie en
compressie van de morbiditeit complexer was dan we op voorhand hadden
aangenomen, Ondanks het feit dat rectangularisatie impliceert dat substan-
tiéle veranderingen in de totale levensverwachting in de toekomst minder
waarschijnlijk zijn en dat dus kleinere verbeteringen in de levensverwach-
ting zonder beperkingen nodig zijn om compressie van de morbiditeit te
bereiken, kunnen we er nog niet zeker van zijn dat deze kleinere verbete-
ringen ook eenvoudiger zijn te realiseren. Ulteindelijk is het altijd de com-
plexe wisselwerking tussen ziekte en sterfte die de balans doet doorslaan
hetzij ten gunste van expansie van de morbiditeit, hetzij ten gunste van
compressie van de morbiditeit. Met andere woorden, meer nog dan de
omvang van de veranderingen lijkt ons het onderliggende mechanisme van

belang,

In paragraaf 9.5 werden een aantal onderwerpen gesignaleerd die verder
onderzoek behoeven. Zo verdient met name de recente stijging van de sterfte
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onder de alleroudsten (85+) in Nederland het nader te worden onderzocht.
We zijn van mening dat daarbij zowel een levensloop-benadering als een
internationale vergelijking van ontwikkelingen in de sterfte en van (veran-
deringen in) de verdeling van risicofactoren vruchtbaar kunnen zijn.
Daarnaast pleitten we voor verder onderzoek naar de relatie tussen ziekten
en beperkingen. Door gebruik te maken van een multivariate-modelleer-
techniek, analoog aan de techniek die we in dit proefschrift hebben ontwik-
keld ten behoeve van de scenario-berekeningen in hoofdstuk 8, zouden
{(veranderingen of verschillen} in het aantal jaren met beperkingen kunnen
worden toegeschreven aan specifieke ziekten, Ook zou toekomstig onderzoek
- meer dan in dit proefschrift mogelijk was - aandacht moeten besteden aan
verschillen in de ernst van beperkingen. Tenslotte wezen we op het belang
van verder onderzoek naar het effect van de eliminatie van andere risico-
factoren dan roken voor het realiseren van compressie van de morbiditeit.

Een aantal conclusies in dit proefschrift achten wij van belang voor beleids-
makers werkzaam op het terrein van de volksgezondheid. Ze werden in
paragraaf 9.6 kort samengevat. Ten aanzien van het monitoren van de
gezondheidstoestand van de bevolking hebben we gewezen op het belang
ontwikkelingen in ziekte en sterfte in hun onderlinge samenhang te
beschouwen, Dit kan bijvoorbeeld door gebruik te maken van geintegreerde
gezondheidsmaten, zoals de gezonde levensverwachting. Hierbij is het
echter wel van belang de ontwikkeling van de ‘complete’ gezondheids-
verwachting te evalueren. Het is dus onvoldoende om alleen de ontwikkeling
van de levensverwachting zonder beperkingen in ogenschouw te nemen.
Door combinaties van ontwikkelingen in bijvoorbeeld de levensverwachting
met en die zonder beperkingen te classificeren als (absolute en relatieve)
compressie of expansie van de morbiditeit kan de interpretatie van verande-
ringen worden vereenvoudigd.

Gezien het feit dat compressie van de morbiditeit (in combinatie met een
constante of toenemende levensverwachting) een nastrevenswaardig doel
voor het volksgezondheidsheleid is, werd in paragraaf 9.6 tevens aandacht
besteed aan mogelijke interventies om dit doel te bereiken, Zo stelden we
dat om compressie van de morbiditeit te bereiken het beleid zich moet
vichten op (niet-letale) invaliderende ziekten (zoals arvtritis/rugklachten) in
plaats van enkel op letale ziekten (zoals kanker en hartziekten), Anders
gezegd, interventies die alleen gericht zijin op het verminderen van sterfte,
zullen niet resulteren in compressie van de morbiditeit. Ook zouden inter-
venties gericht op het ontmoedigen van roken blijvend een hoge prioriteit
moeten krijgen in het volksgezondheidsbeteid. Ona onderzoek toonde name-
lijk aan dat het uitbannen van roken niet alleen leidt tot een stijging van de
levensverwachting, maar ook tot een reductie van het aantal jaren dat
mensen doorbrengen met beperkingen,
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