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Chapter 1

INTRODUCTION AND OBJECTIVES

MORTALITY HAS DECLINED drastically in many countties throughout the
world over the past centuries, Life expectancies doubled, infant and child
mortality declined strongly and mottality shifted to older ages. This phenome-
non started in the 18th or 19th centuries in western industrialised countries and
it was observed in other countries as well, although in a later period of time and
at a different pace of decline. This common pattern of mortality decline ob-
setved in western countties has led to the formulaton of the demographic tran-
sition theoty and, later, to the formulation of the epidemiological transition the-
ory, which is the subject of this study.

The demographic transition theoty as described by Notestein in 1944 and
1953 is conventionally accepted to be the first formulation of the demographic
transition theory (Chesnais 1992, Kirk 1996, Notestein & @/ 1944, Notestein
1953). It explains population changes with the transition of birth and death rates
from a stage in which moztality and birth rates are high to a stage in which mor-
tality and birth rates are low. In most countries mortality declines preceded
fertility declines {Coale 1986). In 1971, Omran introduced the epidemiological
transition theory: a theory of the epidemiology of population change (Omran
1971). One might say that this theory concentrates on mortality decline within
the demographic transition theory, Both in the demographic and the epidemiol-
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ogical transition theory, ‘modernisation’ is considered to be the reason for moz-
tality (and fertlity) decline.

Omran desctibed three stages of different cause-of-death patterns that
accompany mortality change during the transition: ‘the age of pestilence and
famine’, ‘the age of receding pandemics’ and ‘the age of degenerative and man-
made diseases’. Like the demogiaphic transition theoty, Omran’s epidetmiological
transition theory was based on the experience of mortality decline in western
countries {Europe and the United States) in the late 18t to 20 centuries. Omtan
generalised the epidemiological transition theory to other parts of the world by
describing three models for the timing of the epidemiological transition: ‘the
" classical or western model’, ‘the accelerated model’, and ‘the contemporary or
delayed model’” (Omran 1971, 1977a,b, 1983).

The concept of epidemiological transition has proved to be a very atteac-
tive concept to public health researchers. The epidemiological transition theory
gives a stylised description of historical mortality change in western industrialised
countties. In many studies on contemporaty health changes, the concept of ept-
demiological transition is used to give a short description of historical epidemi-
ological changes. The theory of epidemiological transiion has also acquired a
place in the training of medical and public health students (Van der Maas &
Mackenbach 1995). The popularity of the epidemiological transition theory
might also be explained by the fact that it is one of the few existing theottes in
public health. As such, the epidemiological transition theory has two important
applications. First, it has been used to explain differences in cause-of-death
patterns between countries at certain points in time from different transition
timings. Kunst (1997) used the idea of ‘delayed transition’ to explain differences
in socio-economic gradient for ischemic heart disease mottality in southern
European countries compared to northern European countries. In the Global
Burden of Disease Study, causes of death wete classified into three groups. A
first group consisted of cotmmunicable diseases and maternal, perinatal and
nutritional disorders, a second group consisted of non-communicable diseases
and a third group of injuries. The epidemiological transition was then described
as a shift from group 1 diseases to group 2 diseases. The ratio of group 2 deaths
to group 1 deaths has been proposed as an indicator of progress along the path
of the epidemiological transition (Murray & Lopez 1997, Frenk ef a/1989).

Secondly, the epidemiological transition theory has also been used for
projections of future health needs in countries that ate falling behind in the tran-
sition compared to e.g. western industrialised countries. Examples of studies in
which future health needs in developing countries are based on histotical
changes in health patterns in developed countties ate, for example, the papers of
Schooneveldt ¢f @/ (1988) and Escovitz (1992). In the first paper, the cause-of-
death pattern in Nauru, a Pacific island, is compared to that of the Australian
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population. One of the conclusions of the paper is that cancer and cardiovascu-
lar mortality levels in Nauru are not yet as high as Australian levels, and there-
fore a continuing increase of mortality due to those causes is expected. Esco-
vitz's paper points out the future need for internists from western countries in
developing countries. The argument is that ‘these changes (i.e. demographic and
epidemiological changes), which ate often accompanted by increasing industriali-
saton and urbanisation, are creating health problems similar to those in the
‘developed’ wotld but are occurting in countries that have far fewer resources’
(Escovitz 1992),

Another application of the epidemiological transition theory, related to
the ability to project cause-of-death patterns, is the estimation of the cause-of-
death structure in developing countries based on the historical mortality experi-
ence of western countries (Preston & Nelson 1974, Palloni & Wyrick 1981,
Lopez & Hull 1982).

The idea, which arises from Omran’s epidemiological transition theory,
that mortality decline may differ between populations with respect to timing and
pace, but shows equal cause-of-death patterns, offers posstbilities for the above-
mentioned applications, and probably best explains the attractiveness of the epi-
demiological transition theotry. The theory has, however, also met criticism. Ad-
ditional phases to the transition have been suggested by some researchers
(Olshansky & Ault 1986, Rogers & Hackenberg 1987), and it can be questioned
whether the epidemiological transition is a theory, or only 2 generalisation of
mortality experiences in western countries (Smiths 1994, Kirk 1996). On the
other hand, it has also been argued that the concept of epidemiological transition
should be included in health planning (Philips 1991, 1994). To do so, a good
understanding of (historical) epidemiological changes in different populations is
necessaty, as well as the disentanglement of the determinants of change.

The debate about the determinants of mortality decline is still very much
alive. The publications of Thomas McKeown (McKeown & Record 1962,
McKeown e/ g/ 1972, McKeown 1976a,b) in which he argued that mmprove-
ments in living standards, particularly nutrition, was the most important factor in
mortality decline in the 19t and eatly 20t centuries, turned the prevailing view
on determinants of mortality decline (i.e. medical care and technology were con-
sidered to be the most important) upside down. McKeown’s view, however, has
been challenged by many other researchers (Razzel 1974, Szreter 1988, Mercer
1990). Extensive knowledge of the factors that reduced motrtality in countries
that went through the epidemiological transition is of great interest to public
health. This knowledge could be used to outline public health policy in countries
whete mortality levels are still relatively high. Besides, understanding the deter-
minants of mortality and morbidity change might also be useful to anticipate
future changes in disease and mortality patterns.

~3_
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The epidemiological transition theory has a prominent place in public
health studies, but the theoty has also received ctiticism, and the debate about
the determinants of mortality decline is still open. Therefore, it seems to be the
right time for a renewed scrutiny. This thesis might contribute to this scrutiny by
presenting a detailed analysis of the epidemiological transition in one country, i.c.
The Netherlands.

The objective of this thesis Is, first, to present a detailed description of the
epidemiological transition in The Netherlands with respect to the onset of, and
accelerations or decelerations in all-cause mortality decline, with respect to
cause-specific mortality trends, and the contribution of infectious diseases to
mortality decline. Secondly, this thesis will study the relative importance of de-
terminants of mortality decline in The Netherlands in the late 19h and early 20%
centuries, Thirdly, the epidemioclogical transition theory will be re-examined on
the basis of the results for The Nethetlands.

An ovetview of existing views on epidemiological transition theoty and on
the explanation of mottality decline is given in two futther introductory chapters.
Chapter 2 contains an extensive description of the epidemiological transition the-
ory as well as the weaknesses in and criticism on this theory. Chapter 3 contains
an overview of the existing hypotheses on determinants of mottality decline.

In otder to present sound results with respect to changing cause-of-death
patterns, cause-of-death categories have been constructed that remain constant
over time with respect to their nosological content. In The Netherlands, 10 dif-
ferent cause-of-death classifications were used in the period 1875-1992: one
Dutch 19%-century classification and nine editions of the International Classifi-
cation of Diseases and Causes of Death. Chaprer 4 describes the reclassification
of these 10 cause-of-death classifications into nosologically continucus cause-of-
death groups for the period under study in this thesis.

Chapter 5 presents an analysis of turning points with respect to total, sex-
specific and age-specific mortality decline in The Netherlands in the period
1850-1992. In this chapter the onset, phases and end of the epidemiological
transition are discussed. Changes in the pace of cause-specific mortality decline
are also presented for the phases marked by the tuthing points in the total mos-
tality trend. Possible determinants of mortality decline are discussed using the
information on the trends of cause-specific mortality.

In Chaprer 6, results are presented of a study to clucidate the changing
cause-of-death pattern in The Netherlands in the period 1875-1992. In this
chapter clusters of causes of death with the same pattern of rise and decline over
time are desctibed. Phases in this changing cause-of-death pattern are suggested,
and possible determinants that underlic the course of the distinguished clusters

are discussed.
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In Chapter 7, the contribution of infectious diseases to total mortality de-
cline s analysed for the period 1875-1970 and for four subpetiods. The results
of this analysis point to the importance of specific infectious diseases in absolute
mortality decline in the different periods. Changes in the pace of cause-specific
mortality trends from one period to another ate presented to find out which
determinants might have played a role in the decline of specific infectious dis-
eases. And, relating this information to that on the contribution of infectious
diseases to mortality decline, it is discussed which determinants might have con-
tributed most to total mortality decline.

In chapters five to seven, possible determinants of mortality decline are
discussed on the basis of the results of descriptive analyses. In chapters eight and
nine, howevet, the determinants of mottality decline in the late 19™ and early 20t
centuries are studied on the basis of explanatoty analyses. The relative impor-
tance of economic and cultural determinants of total mortality decline is studied
in Chapter 8. Studies on mortality decline have very much focnsed on economic
factors, e.g. rising living standards. Several researchers mentioned the role of
cultural determinants, but so far these have hardly been studied. Chaprer 9 fo-
cuses on the explanation of infant and eatly childhood mottality (decline) in the
late 19t —century. Infant and eatly childhood mortality played an important role
in mortality decline and many studies on determinants of mortality decline spe-
cifically addressed these age groups. 7

In the last chapter of this thesis, the studies for The Netherlands will be
placed it a wider context. In Chapter 10 the results for The Netherlands are dis-
cussed in the light of Omran’s epidemiological transition theory and a compari-
son is made with other countries. A reappraisal of the epidemiological transition
theory is given based on the results in the other chapters of this thesis and the
international literature. Recommendations for further research are given and the
policy implications of the epidemiological transition theory are discussed.






Chapter 2

EPIDEMIOLOGICAL
TRANSITION THEORY

5 INCE OMRAN PUBLISHED Jis theory of epidemiological transition in 1971, the epi-
demiologival transition has been studied in many countries. The extensive study of the
epidemivlogical fransition bronght to light weaknesses in the original theory, and additional
phases and pulliple transitions were suggested by several researchers. In this chapter, the origi-
nal epidemivlogical fransition theory, the weaknesses in this theory and amendmenis to the the-
ory are deseribed,.

2.1 The epidemiological transition theory as
desctibed by Omran

In 1971 Omran introduced what he called the epidemiological transition theory
ot, in other words, a theoty on the epidemiology of population change. He
states: ‘Conceptually, the theoty of epidemiological transition focuses on the
complex change in patterns of health and disease and on the interactions be-
tween these patterns and their demographic, economic and sociologic determi-
nants and consequences’. Omtan formulated five propositions in the epidemiol-
ogical transition theoty (Omian 1971). The exact formulation in his seminal pa-
perof 1971 is cited below. In 1983, Omran published a preliminary update of the
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epidemiological transition theoty. In the description of the propositions, I will
point out any changes in the updated vetsion compared to the original version.

1. Mortality is a fundamental factor in population dynamics’.

2. ‘During the transition, a long-term shift occurs in mortality and disease pat-
terns whereby pandemics of infection are gradually displaced by degenerative
and man-made discases as the chief form of morbidity and ptimary cause of
death’. This displacement takes place in 3 phases: “The age of pestilence and famiine
in which mottality is high and fluctuating, thus precluding sustained popula-
tion growth. Average life expectancy at birth is low and variable, vacillating
between 20 and 40 years. The age of receding pandersics in which mortality de-
clines progressively, the rate of decline accelerates as epidemic peaks become
less frequent and eventually disappear, average life expectancy at birth in-
creases steadily from about 30 to 50 years’ (55 years in the updated version
(Omzan 1983)); ‘population growth is sustained and begins to describe an ex-
ponential curve’, During the latter part of this phase, fertility starts to decline
(Omuran 1983). “The age of degenerative and man-made diseases in which mortality
continues to decline and eventually approaches stability at a relatively low
level. The average life expectancy at bitth rises gradually until it exceeds 50
years’ (70 yeats in the updated version (Omran 1983)). It is during this phase

that fertility becomes the crucial factor in population growthy’.

3. ‘Duiing the epidemiological transition the most profound changes i health
and disease patterns occur among children and young womery'.

4. “T'he shifts in health and discase patterns that characterise the epidemiological
transition ate closely associated with the demographic and socio-economic
transition that constitute the modernisation complex’.

5. Peculiar variations in pattern, pace, determinants and consequences of
population change are differentiated in three basic models of the epidemiol-
ogical transition: the classical or western model (western countties), the accel-
erated model (e.g. Japan, eastern Huropean countries), and the contemporary
ot delayed model (developing countries)’. In the updated version of the tran-
sition theoty a transitional version of the delayed model (e.g. Singapore,
Hong Kong) has been added (Omran 1983). In the classical model mortality
started to decline gradually in the 18% or 19t -centuties, but after the turn of
the 20t-century mortality decline accelerated. The ‘age of degenerative and
man-made diseases’ is placed in the second and third decade of the 20%-cen-
tury. Mortality declines were accompanied by fertility declines. In the acceler-
ated model gradual mortality decline started in the second half of the 19%-
centuty. The period taken to complete the transition was much shorter as
compared to the classical model. The delayed model desciibes recent and yet-
to-be completed transitions in developing countties. Mortality started to de-

—8—



EPIDEMIOLOGICAL TRANSITION THEORY

cline in the first half of the 20% -century, but fertility levels remained high. In
the transitional delayed mode!} fertility started to decline a few decades after
motrtality decline {Omran 1971, 1983).

The aim of Omran’s paper(s) on the epidemiological transition was twofold.
First, he attempted to crystallise and disentangle the determinants and conse-
quences of health and disease changes in a vatiety of social contexts. Secondly,
he aimed to shed light on the population problems of less-developed countries
and to provide information needed to treat those problems (Omran 1971,
1977a,b, 1983).

The data Omran used to support his theoty were United Nation’s model
life tables showing mortality patterns at various life expectancy levels (developed
and less-developed countries with an overrepresentation of the developed coun-
tries). He also used historical and contemporary data from Sweden and England
and Wales as well as data from individual countties to illustrate the different
transition models. Examples of the classical model are England and Wales and
Sweden. Japan is an example of the accelerated model and Chile and Ceylon are
examples of the contemporary or delayed model.

In the description of the classical model, the timing of the three phases for
western countries is elucidated. The age of pestilence and famine prevailed dur-
ing pre-modern and early-modern times, Mortality decline was siow and un-
steady. More precipitous declines started around the turn of the century. The late
phase of the epidemiological transition is placed in the second and third decades
of the twenticth century (Omran 1971). Somewhete else in the paper he writes
that the gradual shift in disease patterns charactetistic of the classical transition
can be seen in the steady decline of infectious diseases, such as tuberculosis and
diarrhoeal diseases, and the moderate increase in cancer and cardiovascular dis-
eases in England and Wales up to 1920, After the First World War (WWI) the
decline of infectious diseases and tise of degenerative diseases is more distinct,
and since 1945 the increase in cardiovascular diseases is particulatly striking
(Omran 1971). In the updated version of the epidemiological transition theory
(Omran 1983), he writes that the ‘age of degenerative and man-made diseases’
started before WWT in western countries, and that it became much more mani-
fest thereafter.

In this updated version, Omran is more explicit about the diseases and
causes of death under the heading of degenerative and man-made diseases. De-
generative and man-made diseases include cardiovascular diseases, cancer, stroke,
diabetes, .metabolic disorders, radiation injury, accidents, occupational hazards,
carcinogens in the environment and industry, food additives, stress-related dis-
eases, such as mental illness and drug dependency (Omran 1983).
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Although one of the aspects of the aim of the epidemiological teansition
theory was to disentangle the determinants of health and disease patterns, Om-
ran does not discuss this subject to a great extent. He writes that ‘detailed treat-
ment’ of determinants of the change in disease pattern is beyond the scope of his
paper (Omran 1971, 1983). He mentioned, however, 3 categories of determi-
nants involved in mortality decline viz. ecobiologic determinants (virulence dis-
eases agents, host resistance), socioeconomic/political/cultural determinants
(including standard of living, health habits, hygiene, nutrition), and medical and
public health determinants (Omran 1971, 1977a,b, 1983). Socioeconomic factors
were the primary determinants of the classical transition. These were augmented
by the sanitary revolution in the late nineteenth century and by medical and pub-
lic health progress in the twentieth century (Omran 1971).

In his paper on the preliminary update of the epidemiological transition
theoty Omran stressed the point that the distinguished models differ not only
with respect to timing of the decline of mortality and fertility, but also with re-
spect to the determinants of decline. In the westetn and accelerated models,
modernisation is the key to mortality and fertility decline. In the delayed and
transitional delayed models, the health technology input frotn other countries is
the most important determinant of mortality decline (Omran 1983).

2.2 Weaknesses of and amendments to the
theory of epidemiological transition

A thorough scrutiny of the epidemiological transition theory shows that the
‘ages’ in mortality decline are not as clearly defined as they may seem at first
sight. In the following sections, we will discuss what we consider to be weak-
nesses in Omran’s theoty as well as the amendinents to the theory suggested by
other researchers (e.g. Olshansky & Ault 1986, Rogers & Hackenberg 1987) to
further refine the epidemiological transition theory.

2.2.1 Definition of the ‘ages” in mortality decline: cause-of-
death pattern and timing

Omran’s definition of the ‘ages’ in mortality decline was rather vague. The names
of the phases have been formulated in terms of the prevailing diseases and
causes of death, but the desctiption of the characteristics of the ‘ages’ is given in
terms of pace of mottality decline, life expectancy and population growth (Om-
ran 1971, 1983). The timing of the phases is not vety accurate either.

- 10—
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The age of pestitence and faniine

Omran does not give a starting point for the ‘age of pestilence and famine’. He
only states that the age of pestilence and famine prevailed during pre-modern
and carly-modern times (Omran 1971). It suggests that the beginning of the first
phase could be dated far back into pte-history, and that mortality had always
been high and fluctuating until the onset of the second phase. We do not, how-
ever, have mortality data going that far back into history to check this assump-
tion. Wrigley and Schoficld showed, on the basis of mortality estimates from
parish registrations, that there was a falling trend in life expectancy between the
late 16% century and the late 17t century. They also showed that mortality
fluctuated considerably duting the eatly 18th century, and that around 1750 life
expectancy was at the same level as a century before. In the period 1750-1850
there was an increase in life expectancy, which resulted in a life expectancy at
birth in 1850 of only 1.8 years more than the life expectancy around 1600
(Wrigley & Schofield 1981). A similar pattern was reported for Geneva
(Perrenoud 1984). These examples show that, at least in England and Geneva,
there have been secular swings in the level of mortality in the pre-transitional
phase and that the changes since 1750 were not unprecedented in history with
respect to scale or level of mortality.

For many western countries we do not know the situation back in the, for
example, 18" -century with respect to total mortality, not to mention the avail-
ability of data on cause-specific mortality to make well-founded statements on
the cause-of-death patterns before the 19 century, Changes in disease and
cause-of-death patterns, undoubtedly, also occurred during the pre-tansitional
phase. One might think of the effects that the change from hunter-gatherer so-
ciety to agricultural settlements had on disease patterns (McNeill 1976, Lancaster
1990). For the ancient Greek wotld, for example, changes in mortality and
disease patterns as a response to trading, urbanisation, and perception of
cleanliness have been desctibed (Gtmek 1991).

The age of receding pandemics

This phase is explained as a phase in which epidemics recede and infecdous dis-
eases in general, such as tuberculosis and diarrhoeal diseases, decline. This phase
is in fact the ‘transition phase’. The naming of this phase refers to pandemics,
but not all epidemics were pandemics. Cholera, for instance was a pandemic, but
many other infectious diseases that played an important role in mortality decline
were endemic diseases, e.g. tuberculosis, acute respiratory diseases and dysentery.
The timing of this phase is not very clearly defined cither. It starts after the ‘eatly
modern period’. The end of this phase can be determined from Omran’s state-
ments regarding the beginning of the third phase, which was placed in the sec-
ond and third decades of the 20th century in the classical model. In another

11—



Chapter 2

publication, Omtan gave a more specific indication of the onset of the third
phase viz. before the First World War.

The age of degenerative and wian-made diseases
Omran’s statements on the onset of the ‘age of degenetative and man-made dis-
eases” were not unequivocal, and the description of the cause-of-death pattern
was not very accurate either. In the first version of the epidemiological transition
theory (1971). Omran does not give a clear definition of the discases under the
heading ‘degenerative and man-made diseases’. In the updated version of 1983,
he provides a list of diseases which is so general that it seems to include a#/ non-
infectious diseases. However, there are also non-infectious diseases that declined
during a considerable patt of the period of mortality decline, for example, stom-
ach cancer and cerebrovascular disease (Whisnant 1983, LaVecchin ef o/ 1992).

Other researchers have tried to specify the causes of death, which in-
creased during the epidemiological transition. Mackenbach (1994) distinguished
two types of labels in the literature for the causes of death that increased during
the epidemiological transition viz. labels referring to actiology, pathogenesis or
prognosis of these conditions, and labels referring to the presumed wider causes
of the rise of those diseases. An example of the first group of labels is Omran’s
‘degenerative and man-made diseases’.

Examples of the second category of labels are ‘civilisation-associated dis-
eases’ (Junge & Hoffmeister 1982), diseases of ‘modernisation’ (Marshall 1991},
‘post transition diseases’ (Fliess 1991), and “western diseases’”. Trowell and Bur-
kitt inteoduced the concept of ‘western diseases’. Western diseases are disorders
that currently have their highest incidence rates in the more affluent western
countries and yet they are still rare or even unknown in rural communitics
throughout the Thitd World. The diseases-were rare or even unknown in west-
ernn countries before the First World War. (Trowell & Burkitt 1981, Temple &
Burkitt 1994). Diseases recognised as western are: diseases with dretary deferminants
such as gastrointestinal diseases (constipation, hiatus hernia, appendicitis, diver-
ticular disease, colorectal polyps, colorectal cancer, haemorrhoids) cardiovascular
diseases (chronic heart disease, stroke, essential hypertension, deep vein throm-
bosis, pulmonary embolism, pelvic phleboliths, vaticose veins) metabolic dis-
eases (obesity, diabetes, cholesterol gallstones, renal stones, osteoporosis, gout),
cancer (colorectal, breast, prostate, lung, endometrium, ovarian) and other dis-
eases e.g. dental caries. In addition to diseases with dietary determinants there are
diseases with an obscute aetiology such as auto-immune diseases (diabetes, thy-
roiditis), and other diseases (Crohn’s, celiac disease, thyrotoxicosis, pernicious
anaemia, ulcerative colitis, multiple sclerosis, rheumatoid arthritis) (Temple &
Burkitt 1994),
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Neither of the categories of labels fs satisfying. As far as the label ‘degen-
erative and man-made diseases’ is concerned, not all cancers and ischemic heart
disease can be seen as age-related biological processes of ‘degeneration’, and
some infectious diseases could be regarded as man-made too, e.g. respiratory and
digestive infections induced by bad working and housing conditions. A label
such as ‘western diseases’ suggests that diseases emerging in today’s developing
countries are the same as those that emerged in developed countties a hundred
years ago, which is not necessatily the case (Mackenbach 1994).

2.2.2 The end of the epidemiological transition and recent
changes in mortality decline

The onset of the epidemiological transition was not cleatly defined, and also the
end of the epidemiological transition is just as vague. In the first version of the
epidemiological transition theoty, Omran states that mortality eventually stabi-
lises, which supgests the end of the transition. In Omran’s first version of the
epidemiological transition theory he simply could not incorporate the tecent (i.c.
after 1970) changes in mortality. The fact is that his first paper on the epidemiol-
ogical transition theory was only published in 1971, However, he published an
update in 1983, In the 1983 version he does not propose a new phase, but he
describes developments that might occur as the age of degenerative and man-
made diseases progresses. He stated that during the third phase other diseases
might replace certain degenerative and man-made diseases in importance, de-
pending on changes in medical knowledge, health care, lifestyle and the physical
environment. He mentions morttality decline from ischemic heart disease, but
argues that (the incidence of) other diseases have increased (e.g. lung cancer) and
therefore, he argues, the net gain in life expectancy is small. He writes that mot-
tality decline may come to a standstill or be temporarily reversed. He also men-
tions that communicable discases have not totally disappeared. Some may linger
on as causes of death e.g. influenza-pnenmonia, or new ones may appear (Omran
1983). These speculations about the development of the third phase ate rather
vague and not totally in accordance with developments in many countries such
as a renewed and, in relative terms, considerable mortality decline (Crimmins
1981, Olshansky & Ault 1986).

Other researchers have proposed a fourth phase in the epidemiological
transition to incotporate the renewed mottality decline in the epidemiological
transition theory. In 1986, Olshansky introduced a fourth phase: the qge of delayed
degenerative diseases. "The developments in mortality decline in the 1970s and 1980s
were not in concordance with several of Omran’s earlier propositions. Rapidly
declining death rates were concentrated in advanced ages. Mortality declined at
the same pace for males and females, which is discordant with the proposition
that females favour over males and children over adults. The age pattern of
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mortality by cause remained largely the same as in the third phase, but the age
distribution of mortality from degenerative causes had shifted towards older
ages. This resulted in a further increase of the life expectancy at birth, albeit less
strongly in comparison to the past. Medical technology and public health meas-
ures that favoured older over younger people, health care programmes for
elderly and poor people, as well as reductions in risk factors were determinants
for these epidemiological changes. Olshansky remarked that the described
changes in mortality decline have a major effect on the population (Olshansky &
Ault 1986). As such it fits in ‘the epidemiological transition theory. A theory of
the epidemiology of population change’ (Omran 1971).

A year later, Rogers and Hackenberg (1987) also introduced a fourth
phase in epidemiological transition: the hybristic phase. They atgued that in this
phase mortality is increasingly influenced by life-style and individual behaviour.
Rogers and Hackenberg formulated several points of criticism on the original
epidemiological transition theory. First, the epidemiological transition theory
concentrates on infectious and degenerative diseases as separate groups, but
masks interactions such as terminal cancer patients dying of e.g. pneumonta, in-
fluenza or septicaemia. Crews showed in a paper on multiple causes of death and
the epidemiological transition in American Samoa that the ratio of total mentions
to underlying cause of death of infectious diseases increased in the petiod 1950-
1979. This indicates that infectious diseases still play a role in mottality patterns,
also in the third phase of the epidemiological transition (Ctews 1988). Secondly,
the epidemiological transition theoty postulates that infectious diseases will de-
cline, but will not be totally eradicated. This was, however, the case for smallpox
and diphtheria. Thirdly, the epidemiological transition theory mentions the in-
crease of chronic degenerative diseases, but not the decline of some others e.g.
ischemic heart disease. Foutthly, several causes of death have changed signifi-
cantly over time, but have not been explicitly mentioned in the original theory,
e.g. accidents, alcoholism, suicide, homicide, liver citrhosis (so-called social pa-
thologies). Fifthly, the rise it degenerative diseases is partially related to life-style.
Sixthly, the favoured populations with respect to mortality decline have changed
(cf. Olshansky): older favour younger people, and women no longer hold a fa-
vourable position.

Bah & Rajulton (1991) argued that both views (Rogers and Hackenberg’s,
and Olshansky’s) on the fourth phase of the epidemiological transition are com-
plementary. They describe different aspects of the fourth phase. Olshansky fo-
cused on the oldest age groups, while Rogers and Hackenberg consider a broader
age range. Social pathologies, for example, occur at young adult ages.
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2.2.3 More than one transition, countetr-transitions, and
epidemiological polatisation

Olshansky and Rogers and Hackenberg suggested to amend the epidemiological
transition theoty by adding a fourth phase. Others have suggested that the epi-
demiological transition theory should be formulated in terms of more than one
transition (Mackenbach 1992, Hortiuchi 1997).

‘The idea of more than one transition was first proposed with reference to
the demographic transition (Lesthaeghe 1986a, Van de Kaa 1987, Cliquet 1991).
The principal demographic feature of the second demographic transition is the
decline in fertility from slightly above the ieplacement level of 2.1 birth per
woman (this ensures that birth and death remain balanced and populations re-
main stationaty in the long run) to a level well below replacement (Van de Kaa
1987). The start of the second demographic transition has been placed around
1965. The second demographic transition refers to developments in fertility and
not so much to developments in moztality.

With respect to developments in mortality, Mackenbach introduced the
idea of several transitions instead of one. He argues that the period referred to by
Omran as the ‘age of pestilence and famine’ might be characterised as a period in
which there was a shift in pattern of infectious diseases, which resulted in di-
minishing fluctuations in mortality. The petiod after 1970 might also be referred
to as a sepatate transition, according to Mackenbach, because by then a totally
new epidemiological phenomenon had taken place viz. a decline in degenerative
diseases and injuries. Mackenbach divided the mortality change in The Nether-
lands since 1800 into three epidemiological transitions: 1) the extinction of high
fluctnations in mortality, 1800-1875, 2} decline of infectious diseases and other
important causes of death from the late 19 century, 1875-1970, and 3) the de-
chine of ‘degenerative diseases’ and injuries (Mackenbach 1992).

Hotiuchi (1997) introduced five transitions, three of which took place in
the past and two may take place in the future. Horiuchi defines epidemiological
transition as those changes in cause-specific mortality that /awer the total mortal-
ity level. The first transition is called a ‘transition from external injuries to infec-
tious diseases’. Among hunter-gatherer populations external causes of death, e.g.
war, attacks by catnivores or starvation would have been dominant (Lancaster
1990), while the emergence of agricultural settlements would have increased
mortality from infectious diseases through, among othet things, increased popu-
lation density. The second transition, according to Horiuchi, is called the ‘transi-
tion frotn infectious diseases to degenerative diseases’ and is compatable to the
second phase of Omran's epidemiological transition theory. The third transition
is called the ‘decline of cardiovascular disease mortality’. The latter transition
focuses only on cardiovascular disease, while Mackenbach, for example, also in-
chudes injuries, which, at least in The Netherlands, also started to decline in
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about the same period as cardiovascular diseases declined. Flotiuchi (1997) men-
tioned two other, future transitions viz. ‘the decline of cancer mottality’ and
‘slowing of senescence’. Smoking-related cancers, especially lung cancer, contrib-
ute extensively to mortality. Declines in cancer mostality could lower mortality
further. In the past few years declines in cancer mortality have already been ob-
served in the United States (Cole & Rodu 1996). Horiuchi argues that if cardio-
vascular disease mostality and cancer mortality have been significantly reduced,
further declines of total mortality would require declines of mortality related to
‘old age’. Deaths from ‘old-age frailty’ should be delayed to older ages: the fifth
transition ‘slowing of senescence’.

Besides the idea of several consecutive transitions, there is the notion of
several transitions happening simultaneously in different subpopulations within a
country. The coexistence of ‘old’ and ‘new’ health problems and the persistence
of wide social and regional disparities with respect to disease patterns and rates
of change has been referred to as ‘epidemiological polarisation’ ot ‘structural het-
erogeneity’ (Evans ¢ ol 1981, Frenk e 4/ 1989, Bobadilla & Possas 1993). Evans
et af. (1981) argued that this epidemiclogical diversity makes the health transition
process in many developing countties much more complex than the situation in
historical developed populations. However, in historical western populations
there were differences too in terms of timing and pace of mortality decline be-
tween social and regional subpopulations. The studies described in chapters eight
and nine, for example, ate based on regional differences in mortality decline. The
studies on urban-rutal differences in mortality are manifold (among others:
Preston & Van de Walle 1978, Woods & Woodward 1984, Vogele 1994, Wil-
liams & Galley 1995) and differences between social classes have also been stud-
ied (Preston & Haines 1991, Williams 1992, Haines 1995).

Another concept that has been suggested to tefine the epidemiological
transition theory is that of ‘countet transition’ or ‘teverse transition’. In this con-
cept epidemiological transition is not seen as a unidirectional process in which
infectious diseases through to degenerative diseases are the dominating causes of
death (Frenk e/ @/ 1991). Changes in cause-of-death pattern might also take an-
other ditection e.g. the recent emergence of infectious diseases of which HIV is
the most noticeable example. Hotiuchi (1997) defined reverse transition as epi-
demiological changes that keep mottality levels from declining or as changes that
could even increase mottality levels. Such reverse transitions have occurred in
history. Horiuchi (1997) mentions two historical reverse transitions: the eatly
phases of industrial tevolution and the unheaithy life-styles in prosperous coun-
tries. The early phases of industrial revolution in England and Wales were ac-
companied by detetiorating health conditions, which resulted in a decline of life
expectancy (Wrigley & Schofield 1981). An example of the effect of unhealthy
life-styles on mottality decline is the inctease in ischemic heart disease, which
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caused a stagnation of mortality declines in the 1950s and 1960s (Crimmins 1981,
see also chapter 5 of this thesis).

2.2.4 Mottality and morbidity transition

In the original theoty on the epidemiological transition, Omran stated that ‘dur-
ing the transition, a long term shift in mortality and disease patterns takes place’.
Not surprisingly, shifts in mortality patterns have been studied more often than
morbidity patterns, because mortality is easier to measure.

Riley is one of the few researchers who have studied the epidemiological
transition theory and morbidity. He argues that the epidemiological transition
may be defined not only as a shift from acute to chronic diseases as leading
causes of death, but also as a shift from brief to protracted maladies (Riley 1990).
The relationship between morbidity and mortality has been disassociated over
time, A parallel association between mortality and morbidity declines would oc-
cur if disease incidence declines and case-fatality rates remain relatively stable.
Mouztality declines in the late 19% and 20% centuries could be asctibed to public
health improvements that reduced disease incidence. In the beginning therefore
the association between mortality and motbidity might have held, but later on
the relationship became disassociated by changes in case-fatality rates. According
to Riley, case-fatality rates, for infectious diseases, started to decline around 1930,
when chemotherapy was introduced, and later, when antibiotics were introduced.
The declines in case-fatality rates and the shift from acute to chronic diseases
resulted in 2 longer duration of disease. The risk of becoming 1l declined over
time, but the risk of being ill increased (Riley 1989, 1990, Riley & Alter 1989).

Johansson has criticised Riley for not taking into account that cultural
changes influenced the increase in motbidity. She argues that, during modernisa-
tion, people became less inclined to perceive sickness as a punishment from
God, so they were mote inclined to seek help. This resulted in an increase in the
recordings of sickness (Johansson 1992, Riley 1992). In the discussion on mor-
bidity change, the distinction between self-perceived morbidity and observed
morbidity plays an important role. For example, a decrease in disease incidence
should lead to a decline it observed morbidity and mortality, but self-perceived
morbidity tmight remain stable, increase or decrease. Cultural determinants might
affect self-perceived morbidity without affecting observed morbidity (Johansson
1992, Muttay & Chen 1992, Riley 1993, Mutray & Chen 1993). According to
Mutray and Chen (1992), it is premature to conclude that inverse transitions of
morbidity (increasing) and mottality (declining) have taken place as most of our
knowledge on morbidity change is based on self-perceived morbidity.

The notion that mortality as well as morbidity and disability patterns
should zalso be included in a transition theory is also found in the ‘health transi-
tion theory’ (Caldwell 1989, Frenk ef 4. 1991). The health transition theoty has
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even a wider scope than changes in health patterns. It also includes a ‘health care
transition’ i.e. ‘the organised social response’ to changes in mortality, morbidity

and disability patterns (Frenk ef @/ 1991).

2.2.5 Last update of the epidemiological transition theory:
Omran 1993

Recently, Omuran himself published an update of the epidemiological transition
theory. It was only a small section in a larger paper on ‘the population puzzle in
the Middle East’, but it differed considerably from his former papers (Omran
1993). The update in his paper of 1983 only differed from the original theory
with respect to the transition models that were distinguished. Beside the classical,
accelerated and delayed model, a transitional delayed model was added. In the
update of 1993, some of the criticism on previous versions of Omran’s theory, as
discussed in this thesis’ introduction, has been incotrporated. The most important
alterations as compared to former versions are the extension from three phases
in epidemiological transition to four, and the extension of the transition models
from four (Omran 1983) to six.

The ages of ‘pestilence and famine’, ‘teceding pandemics’ and ‘degenera-
tive and man-made disease’ are followed by an age called ‘ageing, chronic dis-
eases, emerging new scourges (such as AIDS) and the resurgence of older dis-
eases (such as tuberculosis)’ (Omran 1993). This new, fourth phase shows that
Omran tried to incorporate the criticism of, among others, Olshansky and Ault,
and Rogers and Hackenberg in his theory, It is not clear from the description of
the fourth phase in Omzran’s article of 1993 exactly what the difference in cause-
of-death pattern is between the phase of degenerative and man-made diseases
and the last phase of ageing, chronic diseases, emerging new scoutges and the
resurgence of older diseases.

Another important alteration with respect to the phases of the epidemiol-
ogical transition is that the phases can occur sequentially (industrial countties) ot
with considerable ovetlap, because different transitions might take place in sub-
groups of the population (developing countries) (Omrean 1993). This overlap of
transitions is also known as ‘epidemiological polatisation’,

Originally Omran distinguished 3 models viz. the ‘classical model’, the
‘accelerated variant of the classical model’, and the ‘delayed model. In the up-
dated version of 1983 a transitional version of the delayed model was described.
In the 1993 update, this transitional variant has been split into three separate
variants. Mottality decline started around the end of the Second World War in all
countties of the ‘transitional version of the delayed model’, but those countiies
differ with respect to fertility decline. Fertility decline may be rapid, the ‘rapid
transitional variant’ (newly industrialised countries like Korea, Taiwan), fertility
decline may be gradual, the ‘intermediate transitional variant’ (Egypt, Mexico) or
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fertility decline may be slow, the ‘slower transitional variant’ in which mortality
declines have not been matched by fertility declines (Yemen, Bolivia) (Omran
1993).

2.3 Descriptive analyses of the epidemiological
transition

Since Omran’s publication, the epidemiological transition has been described for
many countries, and in many different ways. Studies differ in their desctiption of
the epidemiological transition with respect to method of analysis, cause-of-death
selection, the use of life expectaticy or mottality rates, and the use of age- and/or
sex-specific mortality changes, A brief overview of methods to describe the epi-
demiological transition is given in the following section.

2.3.1 VDescriptive analyses of the epidemiological transition in
the literature

A frequently used method to describe the epidemiological transition is to present
the ranking of canses of death, and the changes in that ranking over time (Omran
1980, Rogers & [Hackenberg 1987, Schooneveldt ef o/ 1988, Levison ¢/ af. 1981,
Broudy & May 1983). On the basis of the ranking of primary causes of death it is
determined in which phase of the epidemiological transition a country is, in a
given period. If cardiovascular diseases and cancer age in the top-three, and they
are not immediately followed by an infectious disease, a country is considered to
have completed the epidemiological transition; if cardiovascular diseases and
cancer are high on the list but cettain infectious diseases are still common causes
of death, the country is said to be in a transitional phase; if infectious diseases are
still the most common primaty causes of death, a countty is said to be in a pre-
transitional phase. Broudy and May, for example, stated that the Navajo Indians
were in the transition from phase 2 to 3 in 1975-77, because influenza/pneumo-
nia was still high on the list of most important causes of death, but it was pre-
ceded by three man-made diseases {accidents, heart disease and malighant neo-
plasms) (Broudy & May 1983).

In other studies, the contribution of canses of death to change in life expectancy
or total mottality over time is used to describe the epidemiological transition
(Condran & Cheney 1982, Caselli 1991, Vishnevsky e/ 4/ 1991). The changing
importance of causes of death as undetlying cause and as secondary canse of death
has also been studied to describe the epidemiological transition (Crews 1988).
Some studies use the indence of infectious and non-infectious diseases instead of
mortality (Vigneron 1989, Young 1988). Most studies on the epidemiological
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transition present a selection of infectious and non-infectious diseases, but some
only concentrate on so-called ‘western diseases’ (Gulliford 1996). In some
studies the focus has been on changes in age patterns of death instead of
changing cause-of-death patterns, The epidemiological transition is described on
the basis of changes in the parameters of mortality models with different
patameters for childhood mortality, young adult ages and senescence e.g. the
Heligman-Pollard model (Gage 1993, Bah & Rajulton 1991).

2.3.2 Descriptive analyses for The Netherlands: clarifying
weaknesses in the epidemiological transition theoty

The variety in descriptive methods might be due to the fact that the formulation
of the phases of epidemiological transition was not unambiguous. In this chapter
the weaknesses in Omran’s epidemiological transition theoty were pointed out.
The timing of the phases and the changes in cause-specific mortality were not
clearly formulated, and recent changes in mortality were not coveted by the
otiginal theoty. In our analyses conducted for The Netheriands, we try to eluci-
date these vaguenesses. The analytical methods differ from the frequently used
analysis of changes in the ranking of causes of death. In order to determine ob-
jectively the timing of the phases and to gain more insight in the changing cause
of death pattern, formal statistical methods and a detailed cause of death classifi-
cation were used. The mottality developments that have occurred since 1970
have also been included in the analyses. The studies cover mortality changes
from the mid 19% centuty to 1992. The phases in the epidemiological transition
were described by Omran in terms of all-cause and cause-specific mottality.
These two components are analysed separately for The Netherlands. Turning
points, separating periods with different paces of mottality decline, are identified
in the total mortality trend (chapter five). In chapter six, phases in the epi-
demiological transition ate based on cause-specific mortality changes. In the gen-
eral discussion the timing of phases determined by both methods will be com-
pated. In both analyses, mortality trends are used instead of the {frequently used)
tanking of causes of death. To determine the timing of phases trend analysis is a
mote approptiate method. Comparing two periods with different rankings of
causes of death, and concluding that a countty shifted from one phase to the
next in the epidemiological transition does not give information about the onset
of the different phases. The timing is in fact determined beforehand by choosing
specific petiods. It also does not teveal the undetlying dynamics of changes in
cause-of-death trends. The ranking and the shift of a cause of death in this
tanking are an outcome of the trend of that specific cause of death, and of the
trend of other causes.

As far as the changes in cause-specific mortality are concerned, our studies
for The Nethetlands differ from other publications on the epidemiological tran-

_20-



EPIDEMIOLOGICAL TRANSITION THEORY

sition by the level of detail in cause-of-death groups. These groups have been
carefully constructed by a reclassification of the cause-of-death classifications
that were in use in the period 1875 to 1992 (chapter four). To elucidate the rise
and decline of causes of death over time cause-specific mortality trends ate
studied. The cause-specific mortality trends ate clustered, by means of a cluster-
analysis, to determine groups of causes of death with equal trends over time
(chapter six).

The description of the epidemiological transition for The Netherlands
concentrated very much on the analysis of trends and on the use of detailed
cause-of-death groups. It was explained before that analysis of trends was mote
apptoptiate to clarify the timing, and rise and decline of causes of death as com-
pated to other frequently used methods to describe the epidemiological transi-
tion. Another reason why trends are analysed is that trends can be more easily
linked to possible determinants of mottality decline than figures of ranking or
contribution. Accelerations in the pace of mottality decline of a cause of death
indicate the influence of determinants related to that specific cause of death
(chapters five, seven). In this way, the mechanismn and determinants of health
and disease changes might be further ‘crystallised and disentangled’. This was,
after all, one of the aims of Omran’s epidemiological transition theory (Omran
1971, 1983). In the next chapter, current views on determinants of mortality de-
cline will be further explored.
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Chapter 3

DETERMINANTS OF
MORTALITY DECLINE

O MRAN DID NOT elaborately discuss the deferminants of mortality decline in bis papers,
althongh the aint of the papers on ¢pidemiofogical transifion was, anioug others, To dis-
entangle the mechanisms and deferminants of the change of health and disease patterns over
timse’. He more or fess considered the determinants of mortaltly decling to be known. Statenents
made by Oniran with respect fo deferminants of decline are, for exaniple, ‘wodernisation is the
key Jo mortality and fertility decline in the classical and accelerated model, and Ssocie-economic
determinants were the primary deferminants of the classical transition. These were angmented by
the sanitary revolution in the late 19 century and by medical and public health progress in the
200 century’ (Omran 1971, 1983). The reasons for mortality decline are, however, still under
debate.

Guer the years many factors have been pnt forward as possible determinants of mortality
decline. Until the 19505 or 19605, the prevailing apinion was that public health and improve-
wients in wedical care and technology were the most important factors in moriality decline. In the
demagraphic transition theory as well as the epidemniological fransifion theory ‘modernisation’ is
satd to be the factor that induced changes in wortality and fertility (Chesnais 1992, Onran
1971). Modernisation’ includes economic (e.g, industriafisation, specialisation), political (e.g.
large political entities, centralised organisation), socal feg. mrbanisation} and cwlinral (e.g.
rationalisation, ndividuatisation) changes in society. Economic chayges have been given most
atfention in the demographic transition theory (Kirk 1996). The focus on economic factors, and
especially improvenents in Kving standards, has long dominated the debate about canses of
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mortalily decline. One researcher in pariicular has played a key role in this debate: Thonas
McKeown. He stated that improvements in living standards and, predominantly, in nutritional
stalus were iniporiant determinanis of mortalily decline in the late nineteenth and early twenti-
eth centniries, and that medicine was only of minor imsportance iy mortality decline. His so-called
‘mitrition-thesis’ lannched a stilf ongoing debate about the reasons for moriality deciine.

3.1 Thomas McKeown: the nutrition thesis

McKeown showed in his analyses that the majority of the decline in age-stan-
dardised mottality in the period 1851-60 to 1891-1900 could be attributed to tu-
berculosis mortality decline (47%). 23% could be attributed to mortality decline
from typhus and typhoid fever, and 20% to searlet fever mortality decline. Be-
cause tuberculosis contributed the most to mortality decline in the second half of
the 19th century, McKeown focused on the explanations for the decline of
mottality from tuberculosis. According to McKeown the possible causes of
mortality decline from infectious diseases could be put under one of the three
following headings: 1. preventive or curative therapy, 2. change in balance be-
tween the virulence of the mfectious organism and the resistance of the host, 3.
improvements in environment. According to McKeown, the last option could be
broadly divided into changes associated with rising living standards (predomi-
nantly changes in diet) and changes that were the result of sanitary reforms
(McKeown & Record 1962).

With ‘Holmesian’ reasoning (Sherlock Holmes: “When we have elimi-
nated the impossible, whatever remains must be the truth.’), McKeown con-
cluded that the changes associated with living standards had attributed most to
tuberculosis-mortality decline and thus to total mortality decline (McKeown &
Record 1962). In an article on the modern rise of populations in BEurope
McKeown extrapolated his findings that improved nutrition was the most im-
portant determinant of mortality decline in the 19 century to the 18th century,
and he also generalised his findings to other European countries like France,
Sweden and Hungaty (McKeown ¢/ o/ 1972), :

In an analysis of mortality decline in the twentieth century McKeown
concluded again that improvements in nuttition must have been the most im-
pottant factor in mortality decline. The laggest contributions to all-cause mortal-
ity decline were made by bronchitis/pneumonia/influenza (18.5%) and respira-
tory tuberculosis (10.8%). Deaths due to these diseases ate related to nutritional
status of the individual. Because effective medical treatment did not become
available until the late 1940s (sulphonamides, streptomycin), McKeown argued
that medicine could not account for most of the decline in the twentieth century
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(McKeown ef o/ 1975). Change in virulence of the infective organismn did not
seem to play an impottant role either.

McKeown’s ‘hutrition-thesis’ has received considerable criticism, In 1974,
Razzell criticised the ‘interpretation of the modern rise of population in Europe’,
which had been published by McKeown in 1972. He argued that if food supply
had been the crucial variable in mortality decline, reductions in mortality would
have almost exclusively concentrated among the pooter sections of a commu-
nity. As it was, mottality had drastically declined among wealthy people. He also
showed that statistics on food consumption per head showed declines for bread
and meat in the first half of the 19th century. Razzell asked for more considera-
tion of other possible explanations of mortality decline in the 18th and late 19th
centuries, such as smallpox inoculation and, more importantly, the increasing
importance of personal hygiene and cleanliness (Razzell 1974).

McKeown’s conclusions were based on reasoning by exclusion (‘Holme-
sian reasoning’). This method is only valid if 2ll possibilities are taken into ac-
count and are examined sepatately and with equal attention (Woods & Woaod-
ward 1984, Szreter 1988). In McKeown’s analysis many factots were put under
the heading of ‘standard of living’ without consideting the role of factors other
than economic ones in improvements of, for example, housing and working
conditions (Caldwell 1986, Szreter 1988). According to Szreter, McKeown did
not give any consideration to the independent role of socio-political develop-
ments that were responsible for improvements in e.g. working and housing con-
ditions, education and various health services. He concluded that, rather than
nutritional improvements through highet living standards, the public health
movement working through local government should be seen as the true force
behind the decline of mortality in the late 19th and carly 20th centuries (Szteter
1988).

One reason why Szreter questioned the role of improvements in nutri-
tional status in tuberculosis mortality decline was the counter-acting trends of
respiratory tuberculosis (declining in the late 19th centuty) on the one hand and
preumonia/bronchitis/influenza on the other hand (increasing in the late 19th
century). Both causes of death are associated with the nutritional status of the
individual, In countries other than England and Wales, tuberculosis mortality did
not even play an important role in mortality decline. In France, tuberculosis
mortality did not decline until after the First World War. According to Preston
and Van der Walle ‘water support systems’ seemed to have had more influence
on French mortality figures than ‘food suppott systems’ (Preston & Van de
Walle 1978). Others explained the late tuberculosis decline in France by referring
to the absence of local sanitary measures and national health reforms in the late
19th century (Mitchell 1992).
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McKeown’s generalisation of the ‘nutrition-thesis’ to the 18% and eacly
19t centuties has been criticised by several researchers. The major epideinic dis-
eases in those centuties were plague, smalipox, cholera and typhus. These dis-
eases killed a large number of the population regardless of socio-economic or
nutritional statas (Mercer 1990). Others showed that patterns of change in food
consumption per capita do not match mortality change in the 18% and carly 19t
centuries (Petrenoud 1984, Fridlizius 1984).

Metcer introduced an alternative determinant of mortality decline viz. the
transmission process of infectious-diseases. Fertility declines might have ham-
pered transmission of, particularly airborne, infectious diseases by reducing fam-
ily size, and by reducing the pool of new susceptibles. This could lead to infec-
tion at later ages, which could in turn reduce the severity of infection. There may
be other measures that affect the risk of infection, such as better ventilation of
houses, which might have had a greater impact on mortality decline from infec-
tious diseases than improvements in nutritional status of the people (Mercer
1990).

Another aspect that should be taken into account in the discussion on
determinants of mottality decline is the interrelationship of different (infectious)
diseases. The causes of death that are associated with nutritional status, e.g.
bronchitis, pneumonia and respiratoty tuberculosis, ate also common complica-
tions of other diseases. Tuberculosis was mentioned as a secondary effect of
smallpox infection. Smallpox survivors were more likely to develop tuberculosis
(Mercer 1985, 1990). Bronchitis and pneumonia were secondary effects of, for
example, measles and whooping cough infection. Therefore, the reduction of
childhood diseases, for reasons other than improved nuttition, could also bring
about declines in bronchitis, pneumonia and tuberculosis.

The argument of McKeown that medicine did not play an important role
in mortality decline has been challenged too. McKeown has been criticised for
his narrow definition of medicine. According to Mcl eown effective medical
interventions did not play a role until the introduction of sulphonamides (1930s)
and antibiotics (1940s). Before theit introduction, most infectious diseases had
already drastically declined e.g. tuberculosis. However, some other medical inter-
ventions took place before the 1930s and 1940s, such as vaccination against
smallpox (Mercer 1985, Rutten 1997), anti-diphthetia serum (Saltet 1909) and
health-care measures such as opening tuberculosis and infant clinics (Querido
1968, Sickenga 1980). Besides, medical doctors also played a role in sanitary re-
forms in the 19% and early 20% centuries,

Mackenbach (1996) tried to quantify the direct contribution of medicine
(medical care and technology, drugs, vaccination) to mortality decline, and con-
cluded the contribution might have been ‘sizeable and certainly not negligible’.
He estimated the contribution of direct medical care to be between 4.7% and
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18.5% to mottality decline in The Netherlands in the period from 1875/79 to
1970. The estimation included, among other things, the effect of the introduc-
tion of antibiotics on infectious disease mortality decline (Mackenbach &
Looman 1988), the improvements in surgery, which probably contributed to the
decline in mortality from digestive diseases and improved antenatal and perinatal
care (Berry & Malt 1984, Butler & Alberman 1958).

The debate about the determinants of mortality decline is stiil very much
alive. In the past two decades many determinants of mortality decline have been
researched and are still being tesearched. However, it is still not clear what was
the contribution of the different determinants to mortality decline. Although we
might never completely elucidate this, there is stilt room for more research on
the reasons for mortality decline. Questions such as the relative importance of
determinants of mottality decline, and the changing importance of specific de-
terminants over Hine, ate still open to research.

3.2 Conceptual framework of determinants of
mortality decline

The determinants that might have affected mortality decline are many. Much
research on mortality decline addressed infant and/or childhood mottality. De-
clines in infant and childhood mortality have greatly contributed to early total
mottality declines. Several authors have described frameworks of determinants
of mortality {(decline) (Mosley & Chen 1984, Kintner 1988a, Frenk o 4/ 1991,
Williams & Galley 1995). Determinants in those frameworks are, among others,
income, marital fertility, breastfecding practices, medical care, access to health
systems, housing conditions, water supply systems, sewage systems, female edu-
cation, female employment, urbanisation, population density, and migration.

In this section a simple framework is presented of determinants of mor-
tality decline (figure 3.1). The framework consists of two analytical levels of de-
terminants: a proximate level, and a distal level {comparable frameworks are
given by Mosley & Chen 1984 and Frenk e/ 4. 1991).

The level of proximate determinants corresponds to direc! associations of
determinants and moztality. There are no intermediary factors in the relationship
with the determinant and mortality. Therefore, change in the proximate determi-
nants is expected to be directly related to mortality change. The determinants
that act on this level have been summarised by the terms living conditions, life-
style or behavioural factors, medical factors and public health measures. Living
conditions refer, for example, to nuttitional status, working and housing condi-
tions; behavioural factors include for example marital fertility, breastfeeding
practices and childcare; medical factors refer to medical consumption, vaccina-
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tion, medical treattnent; examples of public health measures ate clean drinking
water, and sewage systems. An immediate effect on mortality is expected after
change in the proximate determinants. Many proximate detetminants and their
cross-sectional associations between mortality level and level of the determinant
have been described in the literature. Improvements due to those determinants
are assumed to be related to mortality decline. The remainder of this chapter
provides a brief overview of frequently mentioned determinants,

The level of distal determinants of moztality decline on the other hand s
indirectly associafed with morttality decline. The determinants at that level affect
mortality through other, more proximate, determinants. The determinants have
been summarised by the terms: socio-economic factors (e.g. wealth, education),
culture {e.g. religious affiliation), political institutions {e.g. political environment),
and ecological setting (e.g. soil type, climate). The determinants at the distal level
can initiate change in the proximate determinants and can, consequently, initiate
mortality decline. The distal detetminants themselves are more stable than the
proximate variables, and can in some cases better be perceived as a condition for
mortality decline than a deter-
minant of mortality decline (e.g.
the ecological settings). The
indirect association of the distal
determinants and mortality de-

Distal determinants

Socioeconomic factors

Culture
Political institutions cline can be made clearer with
Ecological setting some examples. Wealth, for
example, can affect mortality
¢ through improvements in eg.
nuttition, housing conditions,

and the construction of water
supply systems, Education can
influence mortality, through

Proximate determinants

Living conditions
Lifestyle / Behavioural factors

Medical factors knowledge of disease processes
Public health measures and hygiene, which can lead to
changes in behaviour such as

¢ breastfeeding practices, child-

care and personal hygiene. As

fat as religious affiliation is con-

Mortalily decline e o
cetned, it is known that fertility
rates were high among Roman
Catholics, and that they were

Figure 3.1 - Schematic representation of the less inclined to breast feed the
analytical levels of determinants of mortality

decline infants.
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The scheme presented in figure 3.1 does not try to give an exhaustive represen-
tation of the associations between determinants and mortality decline. The
scheme presented here suggests, for example, a uniditectional flow of determi-
nation. However, there are also feedback loops in the relationships between de-
terminants and mortality decline. Fertility decline {a proximate determinant), for
example, is related to mortality decline, but reduced mottality oy, in other words,
increased survival of children will in turn affect fertility (Coale & Watkins 1986).
The determinants at the same analytical level are not necessarily independent.
Breastfeeding, for example, leads to birth spacing, and is thus related to fertility.
The scheme is designed as a simple device for analysing determinants of mottal-
ity decline (see chapters 8 and 9 of this thesis). It can help to structure the way in
which the many factors, for which an association with mortality is known from
the literature, are telated to mottality decline.

In the remainder of this chapter, the mechanisms are discussed through
which some, in the literature, frequently mentioned proximate and distal
determinants affect mortality (decline). The results of multivariate explanatory
studies will be explicitly mentioned. In chapters eight and nine ample
consideration will be given to other determinants such as culture, urbanisation
and soil type.

3.3 Examples of proximate determinants of
mortality decline

3.3.1 Nutrition

Improved nutrition has played a key role in the discussion on reasons for mor-
tality decline, since Thomas McKeown regarded improved nutrition as the most
mmportant determinant of mortality decline. McKeown atrived indirectly at his
‘nutrition-thesis’ viz, through reasoning by exclusion. Opponents of McKeown’s
thesis were not able to directly challenge the nutrition thesis. They stressed the
importance of other factors, which McKeown regarded as unimportant, but they
could not directly measure the importance of nutrition in mortality decline. Nu-
trition is one of the most difficult determinants to measure in historical popula-
tions, There are, for example, hardly any data on the amount of calotie-intake for
the 19 and eatly 20 centuties.

As far as The Netherlands are concerned, in the late 19% and eatly 20t
centuries some studies were conducted on the consumption of foodstuffs
(Haakma Tresling 1876, Coronel 1876, CBS 1895, 1920). The studies of Haakima
Tresling and Coronel show that bread, potatoes and bacon were the most com-
monly consumed foodstuffs. There were, however, large differences in quantity,

— 20



Chapter 3

quality and variety of food between social classes. It is not clear from those
studies what was the daily calorie-intake in those periods and whether this im-
proved over time. A study concerning the first half of the 19% century presents a
calculation of daily protein and calotie-intake on the basis of bread and meat
consumption. In the petiod from 1807 to 1851 no significant rise was noted in
protein and calorie-intake for the country as a whole. There were, however, re-
gional differences. Protein and calorie-intake declined in Utrecht, Noord-Hol-
land and Zuid-Holland, while it increased in Overijssel, Geldetland and Noord-
Brabant (De Beer 1996).

Because of the difficulties to ditectly measure nutritional status, other,
inditect, ways of measuring have been used such as data on height. Height is
considered to be an index of ‘net nutritional status’. It measures the net impact
of both environment (diseases, workload) and nutritional conditions (Fogel ¢/ /.
1983, Harris 1994). Fogel stresses that mean final height reflects past nutritional
experience of the individual throughout their growing years including the foetal
petiod. So, if final height is used to explain adult mortality, adult nutritional levels
do not explain adult mortality, but nutritional levels during infancy and adoles-
cenice explain adult mortality (Fogel 1993). Floud ¢ 4/ showed that there was a
strong agreement between the timing of the fall in age-specific mortality and the
increase in height. Height statted to increase in Britain in the birth cohort of
1860. Mottality began to fall in 1870-75 for children under the age of 15, and in
1875-1880 for males aged 15-24 (Floud ¢ #/ 1990).

The association described above between nutritional status and mortality
is concerned with sufficient energy-intake to work and to fight disease. There are
other relationships between nutrition and mortality as well. The quality of food is
important too. New techniques for food preservation, and pasteurisation, were
developed, which reduced food-borne bactetial infections. Another aspect of
nuttition and mortality is the composition of people’s- diet, which can affect dis-
ease and cause-of-death pattern over time. Duting the epidemiological transition
causes of death emerged that were associated with changes in the type of food.
The so-called Western diseases’ (Trowell & Burkitt 1981, Temple & Burkitt
1994) have alteady been mentioned, Trowell and Burkitt regarded dietary
changes, such as high saturated fat, sugar and low fibre, as the undetlying cause
of the emergence of those diseases.

Popkin published an article on the ‘nutrition transition’. Analogous to the
epidemiological transition theory he described several nutritional patterns that
accompany demographic, epidemiological and socio-economic changes (Popkin
1993). The first pattern, called “collecting food’, belongs to the hunter-gatherer
economy. The diet is varied and thete ate few nutritional deficiencies. In the sec-
ond pattetn, called ‘famine’, cereals predominate in the diet, nutritional defi-
ciency diseases emerge and fat intake is low. This pattern accompanies Omran’s
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age of pestilence and famine. The third pattern, called ‘receding famine’, is still
characterised by a low vatiety in diet, but more fruits and vegetables are con-
sumed. Many deficiencies disappear and stature grows. This pattern accompanied
the ‘age of receding pandemics’ in the epidemiological transition theory. The
fourth pattern, called ‘degenerative diseases’, consists of a diet with more animal
fat, sugar, processed food and less fibre. This pattern accompanies the ‘age of
degenerative and man-made diseases’. The fifth and last pattern is called behav-
ioural change’. Less fat and more fruits and vegetables are consumed. This pat-
tern accompanies the fourth phase in epidemiological transition, the ‘age of de-
layed degenerative diseases’.

Multivariate explanatory studies that include nutrition as an explanatory
vatiable of mortality (decline) are scarce, especially in historical studies for devel-
oped countries. One study, concetned with today’s less-developed countries,
included calorie consumption per capita in a multivariate causal model for infant
mottality. Other variables included education, status of women, health care and
economic development. Nutrition had a significant ditect effect on the infant
mortality rate (Jayachandran & Jarvis 1986). |

3.3.2 Housing conditions

Poot housing includes overcrowding as well as bad ventilation, dampness, and
bad sanitation. Bad ventilation, dampness and overcrowding are related to an
easy transmission of, predotinantly, aitborne infectious diseases; sanitary condi-
tions ate more related to diseases of the digestive system (Butnett 1991, Lowty
1991).

Burnett (1991) argued that it is not possible to isolate the house as a
physical sttucture from the external envitonment in which it is located. Poor
housing also means poor diet, poor sanitation and a poor standard of living in
genetal. Improved housing conld even result in an increase in mortality, if higher
rents resulted in spending less money on food.

McHatlane argued that the poor housing conditions in Glasgow in the
petiod 1911-51 were the main reason that respiratory tuberculosis mortality
failed to decline as rapidly as in other towns in Britain (McFariane 1989). Con-
dran and Cheney concluded that crowding (persons per dwelling) was the most
important factor to explain the respiratory tuberculosis level in Philadelphia in
1880 (Condran & Cheney 1981). This conclusion was based on a multivariate
regression analysis including age, ethnic group, number of persons in family,
number of homes owned and population density. Infant mortality in Germany in
1890 was also significantly and positively related to ‘persons per dwelling’. Other
variables in that analysis were utbanisation, income, marital fertility, Catholicism,
and doctor density. The association between infant mortality rate and crowding
was, however, not significant in the years 1871 ot 1910 (Haines & Kintner 1993).
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In The Netherlands in the 19% century, medical publications can be found
on the relationship between housing conditions and health. For example, the
differences in health were examined between people living in a basement and
people living on the fitst floor. Living in basements was associated with higher
mortality from diarrhoeal diseases and consumption (i.e. mainly respiratory tu-
berculosis) (Coronel 1875).

In 1901, the Building Act was introduced in The Nethetlands, which
stated new requitements for all kinds of newly built buildings. One of the re-
quirements for houses was access to clean drinking water (Vogelzang 1956,
Querido 1968).

3.3.3 Wotking conditions

Bad working conditions are regarded as one of the negative health effects of the
early phases of industrialisation. In the late 19% and early 20% centuties several
unfavourable working conditions wete distinguished: sitting it one postute, too
much hard physical labour, noxious chemicals, badly ventilated and/or heated
rooms, alcohol consumption, accidents, inhalation of dust particles (Kleipool
1912).

Haines (1991} studied mortality rates for over a hundred occupations in
England and Wales in the second half of the 19% century. High moztality was
found among innkeepers and servants in inns and hotels. Especially mortality
related to excessive alcohol consumption was found for these occupations. Oc-
cupations where exposure to dust and noxious substances was commonplace,
such as potters, metal workers and chimney sweeps, wete also related to high
mortality (predominantly respiratory diseases). In The Netherlands, high mor-
tality rates were found among workets in occupations that are compatable to
those mentioned by Haines viz. in the glass and diamond industry, pottery, metal
industry, and inn and hotel servants in the late 19% century (CBS 1912).

The analysis of the effects of “work hygiene’ on mortality is difficult to
assess on the basis of the above-mentioned figures. The negative effects of the
urban environment on health ot other health-related aspects of social economic
status can confound the association,

In The Netherlands, the first steps to improve working conditions were
taken in 1889 and 1895 by accepting The Labour Act, which limited working
hours, and the Factoty Safety Act, in which requirements for machines were es-

tablished, respectively (Quetido 1968).

3.3.4 Fertility

Fertility is an important factor in the demographic transition theory. During this
transition, moxtality starts to decline and is followed by fertility decline. The ex-
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ception from this pattern is France. In France fertility rates declined before
mortality rates. ‘The consistent feature of the decline in fertility in different re-
gions in Europe has been the decline in marital fertility (Coale & Watkins 1986).

Fertility declines can be induced by cultural as well as economic factors.
Economic circutnstances of households could affect fertility. In case of a famil-
ial, labour-intensive mode of production, there was less inclination to limit family
size. When children became more independent and more occupational structares
became available, the economic factor lost impottance. However, any sustained
decline in fertility required a ‘moral acceptability’ (Lesthaeghe 1986b). Therefore
the secularisation process played an important role too.

High parities and short bitth intervals are related to infant and child mor-
tality. High fertility rates can also influence infant and child mortality through
infanticide or child neglect (Van de Walle 1986). Forste (1994) showed that
higher parities and shorter birth intervals were associated with higher infant and
child mortality in a country where economic development is limited, e.g. Bolivia.
In this analysis, other variables telated to infant mortality were also included such
as mothet’s age, education and perinatal care.

Matital fertility was a significant factor in the explanation of infant mor-
tality in Germany in the late 19% and eatly 20% centuries (IKinter 1988a, b). This
conclusion was based on a multivariate regression analysis inclading marital fer-
tility, urbanisation, illegitimacy, Catholicism, population density, and access to
medical care. In a study of Haines (1995), using data for England and Wales for
the petiod 1895-1911, infant mottality decline was regressed on ferdlity decline,
urbanisation, social class and income. Fertility decline turned out to be a signifi-
cant factor in mortality decline.

Fertility is also related to maternial mortality. It has been shown that in-
creasing patity led to increasing maternal mortality after giving birth three times
in the beginning of the 20% century (Loudon 1992).

The reverse relationship ie. the effect of mortality on fertility has been
extensively studied in the context of the demographic transition (mottality de-
clines preceded fertility declines). Several mechanisms of this relationship have
been described, of which the child replacement effect is one example (Preston
1978, Van de Walle 1986). The child replacement effect refers to a situation in
which high mottality is related to high fertility, because children that die young
are replaced by newborn babies:

3.3.5 Breastfeeding

In the late 19 century, marital fertility was relatively high in several provinces of
The Netherlands and Germany compared to other European countries. With
respect to Germany the high levels of marital fertility have been related to the
vittual absence of breastfeeding (Van de Walle 1986). Breastfeeding tends to de-
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lay ovulation, which results in latger birth intervals, which is, in turn, related to
lower infant mottality. Breastfeeding can also be mote directly related to infant
and child mortality. Breastfeeding has immunological properties that provide
protection against gastro-intestinal and tespiratory diseases, it meets all the in-
fant’s nutritional requirements for at least the first months of its kife, and it is
sterile (Huffinan & Lamphere 1984, Palloni & Millman 1986).

Data on breastfeeding practices are virtually vnavailable for most histori-
cal populations. Data on the percentage of ‘infants ever been breastfed’ are avail-
able for Germany. Kintner (198843, b) showed in explanatory historical studies on
German infant mottality that breastfeeding was significantly and negatively asso-
ciated with infant mortality rates, but less so than with marital fertility, access to
health care and illegitimacy. In addition to the above-mentioned variables, the
model also consisted of data on utbanisation, Catholicism and population den-
sity. That study also showed that the relationship between breastfeeding and in-
fant mortality was quadratic. Prolonged breastfeeding reduced the infant mortal-
ity rate further than a short period of breastfeeding. A multivariate study on in-
fant and child mottality in Bolivia, which also included prolonged breastfeeding
(after 6 months), showed increased survival of infants being breastfed longer
than six months (Forste 1994).

Sotne Dutch researchers consider differences in lactation patterns, and
especially the effect of prolonged breastfeeding on birth spacing, to be important
factors fot infant mortality decline in The Netherlands in the late 19% and early
20t centuries (Vandenbroecke ef al 1983, Lesthaeghe 1983a). Others have ar-
gued that other factors such as quality of drinking water and childcare were more
important than breastfeeding for the explanation of infant mortality in The
Nethetlands (Hofstee 1983).

3.3.6 Medical factors

It was mentioned eatlier in this section that Mackenbach concluded that the
contribution of medicine (medical care and technology, drugs, vaccination) to
mottality decline in The Nethetlands in the period 1875 to 1970 was not negligi-
ble (Mackenbach 1996). Mackenbach included the inttoduction of antibiotics,
sutgical innovations and perinatal cate in his estimations. Most of these factors
apply to the period after 1930.

Although difficult to quantify, medical factors contributed to mortality
decline up to the 1930s. In the second half of the 19% century, medical doctors
(the so-called ‘hygienists’} played a central role in matters of public hygiene and
public health such as the introduction of water mains, sewage disposal systems
and school hygiene, to name a few issues (Houwaart 1991).

Kunitz (1991) stated that medical doctors often served as agents of cul-
tural and behavioural change, because they could be intermediaries between the
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upper and working classes. ‘Civilised behaviout’ could diffuse to lower classes
through the physicians.

Another medical factor that could affect mortality, in addition to the ef
fect of medical care and technology and the role of medical doctors in public
hygiene and the diffusion of more hygienic behaviour in society, is the availability
of and access to medical care. The studies of Kintner (1988a, b) and Haines &
Kintner (1993) are the only historical explanatory studies including availability
and access to medical care in the analyses. The number of medical doctors per
100,000 inhabitants and infant care centres were significantly associated with
lower infant mottality levels in Germany in the late 19% and early 20 centuries.

3.3.7 Public health measures

The introduction of water mains and sewage disposal systems are considered
important public health measutes for mortality decline. The main routes by
which water supply systems have infloenced mortality in historical populations
are the prevention of water-borne diseases, such as cholera and typhoid, by
means of cleaner drinking water, and the reduction of other diarrhoeal diseases
by means of improved hygiene (washing of hands, using clean cooking utensils
etc.). The introduction of sewage disposal systems reduced the contamination of
water tesources for drinking water and water for cleaning, such as rivers and ca-
nals, as well as of faccal-oral routes other than through ingestion of contami-
nated watet.

From the 19% century onwards, publications can be found in both Dutch
and international literature on the effect of water supply systems on mortality
decline. Onnen wrote in 1895 that the declines in moxtality in the town of Dot-
drecht in the period 1880-1890 should without a doubt be ascribed to the intro-
duction of water supply systems and the closing of canals (Onnen 1895). How-
ever, the role of clean drinking water in mortality decline is not that clear. Van
Poppel and Van der Heijden (1997} gave an excellent overview of research, in
which they attempted to quantify the impact of water supply systems on infant
and child mortality. The results of most studies were meagre. It turned out to be
very difficult to assess the contribution of water supply systems to mortality de-
cline.

As far as the introduction of public health measures in The Netherlands is
concerned, the first water supply system was constructed in Amsterdam in 1853,
Before the turn of the century only large towns were able to build water supply
systems. In 1909, clean water supply became more common, because the gov-
ernument gave financial support for the implementation of water supply systems
in more rural areas (Vogelzang 1956). Swattsenburg (1981) showed that there
was a correlation between high expenditure on and an eatly introduction of wa-
ter supply systems in towns, and a more rapid mortality decline in The Nether-
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lands in the late 19t century. Effective sewage disposal systems only became
available in The Netherlands in the beginning of the 20t century (Van Zon
1986).

Public health measures were of course much broader than clean drinking
water and sewage disposal. Other public health measures in The Netherlands
were for example school hygiene (De Knecht-van Eekelen 1994), tuberculosis
consultation clinics (Sickenga 1980), and improvements in housing and working
conditions. Ptivate initiatives by chatities and denominational organisation were
important for the public health reforms in the late 19% and eatly 20t centuries
(Rigter & Rigter 1993, Van der Velden 1996a).

3.4 Examples of distal determinants of mortality
decline

3.4,1 Wealth

Improvements in living standards as determinants of mortality have had a
prominent place in the discussion on the explanation of mottality decline since
McKeown’s publications. Economic measuges, such as real wage and income,
have frequently been used as indicators of living stanidards and wealth. Increased
income can influence mortality in many ways, for example, through nutrition,
housing conditions, access to health care, public health measures and access to
education.

The relationship between income levels and life expectancy at bitth s a-
symptotic (Preston 1975). At lower income, life expectancy increases relatively
rapidly, and the inctease levels off at higher income levels. Thete is a strong cor-
relation between the logarithm of income and level of mottality. The asymptotic
relationship between mortality and income reflects diminishing returns to in-
creases in income. There is a wide variety of dose-response relationships at the
individual level that show diminishing returns e.g. nutrition, living conditions in
relation to, for example, digestive and respiratory diseases. The asymptotic rela-
tionship has shifted upwards over time. Equal life expectancies are reached at
lower income levels in later populations e.g. in order to reach a life expectancy
between 40 and 60 a nation required an income level approximately 2.6 times
higher in the 1930s than in the 1960s (Preston 1975).

Haines (Haines & Kintner 1993, Haines 1995) used income per capita in
multivariate explanatory models for historical mortality levels in Germany, and
for levels and declines of infant and childhood mortality in Britain in the period
1890-1911. In Germany, income per capita became a significant factor for the
level of infant mortality in the eatly 20t century (1910). Other vatiables in the
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model for Germany wete urbanisation, marital fertility, population density,
crowding, Catholicism, medical doctor density, mipration and population growth
(Haines & Kintner 1993). As for Britain, income was significantly associated with
infant and childhood mortality levels, but it was virtually unrelated to infant and
childhood mortality decline. Other determinants in the model were social class,
urbanisation and fertility decline (Haines 1995). Van Poppel (1991, 1992) also
found a significant association between income and infant mortality rates in The
Netherlands in the early 20t (1928-1933) century but not in the late 19% cen-
tury. He did find a significant association of income with female mottality in the
late 19 century. Ewbank & Preston (1990) also found no relationship of income
with infant mottality dec/ine. That analysis was based on data for the United States
in the period 1903-1923. Other variables in the model were urbanisation, race,
and propottion: of foreignets.

Other rescarchers stressed the importance of income distribution in the
determination of mortality levels (Rodgers 1979, Flegg 1982, Wilkinson 1996).

Height has been proposed as an alternative measure of living standards
instead of income or real wages (Tassenaar 1995, De Beer 1996, Brinkman ¢/ a/.
1988). Stature, for example, measures inequality in terms of nutritional depriva-
tion. Average height is not only determined by the level of income, but also by
the distribution of income and the consumption of basic necessities by the poor
(Steckel 1995). Height is a broader measure of living standards compared to in-
come and real wage, because it also includes working and housing conditions,
health and workload (Steckel 1995).

In The Nethetlands, the process of ‘modern economic growth’ started in
the second half of the 19" century. Wealth increased in rural as well as in urban
areas in that period. An increase in real wages was observed after about 1860
(Van Zanden 1985, 1987).

3.4.2 Female education

Education is indirectly related to mortality decline. Education is said to bring
about less adherence to tradition, mote open-mindedness to new ideas, and a
more rational outlook on life. Female education in particular is an important
factor in mortality decline, because of the relationship with infant and child
morttality. Caldwell (1979) brought education into the discussion on mortality
decline with his article on education in Nigerian mortality decline. Since then, the
association between female education and mottality has been studied frequently,
predominantly in developing countries (Hobcraft 1993, Bicego & Boerma 1993,
Sandiford e7 4/ 1995). The main conclusions of this research are that educated
women seem more successful at reducing the prevalence of diarthoeal diseases,
they use health care facilities more often, they more often make sure that the
children are fully vaccinated, and better educated women marry later in life and
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have fewet children. No multivariate explanatory studies wete found for histori-
cal populations that included education in the analyses.

However, the association between women’s literacy and mortality might be con-
founded by many economic and sociocultural variables, such as fathers’ educa-
tion and occupation as well as income, which might confound the relationship
between maternal education and child mortality. Sandiford ¢ o/ (1995) showed
that child survival was significantly higher among children of women who be-
came literate at adult age compared to women who had remained illiterate. The
analysis was controlled for household wealth, education of spouse and parents,
patity, access to health services, water supply and sanitation.

Boonstra (1993) studied the relationship between illiteracy and several
demogtaphic vatiables for the town of Eindhoven (The Nethetands) and sur-
roundings in the period 1800-1920. Subsequent marriage cohorts showed in-
creasing infant and child mortality for children of illiterate couples, an increase
until 1900 followed by a decrease in infant and child mortality for first generation
literate couples, and declining infant and child mortality for the second genera-
tion of literate couples. An association was not found with respect to the devel-
opment of birth rate and illiteracy, but there was an association with level of -
birth rate (Boonstra & Van der Woude 1984).

In the ptrevious sections, the results of multivariate explanatory studies were
mentioned when available. Those studies wete neatly all cross-sectional and
studied total mortality or infant mortality. A further improvement of our undet-
standing of determinants of mortality decline, could, first, be derived from analy-
sis of mottality trends instead of mortality rates, and, secondly, from the study of
age-and cause- specific mortality.

Determinants that play a role in the explanation of differences in mortality
levels do not necessarily play a role in mortality decline too. In the section on
wealth, it was mentioned that income was an important determinant of infant
mortality levels, but did not play a role in infant mortality decline in Britain
(Haines 1995). Haines’ study and a study by Ewbank and Preston (1990) wete
the few historical studies that analysed mortality decline in a multivariate regres-
sion model. In the chaptets eight and nine mortality decline in The Netherlands
in the late 19 and early 20™ centuries is analysed in a multivariate regression
analyses including distal and proximate determinants of mottality decline. Analy-
sis of mottality at a lower aggregation level than total mortality, e.g. age-specific
and cause-specific mortality, enhances our insight in the association of determi-
nants with mortality (decline). It shows which age and cause-of-death groups are
affected by a specific determinant. It s, for example, conceivable that urbanisa-
tion affects acute digestive (bad sanitary conditions) as well as acute respiratory
diseases (crowding). A cause-specific analysis will elucidate the importance of
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cither one association. In the same way age-specific analyses can further elucidate
the affect of determinants on mortality decline. In chapter nine, determinants of
age- and cause-specific mortality (decline) in The Netherlands are analysed in 2
multivariate regression analysis.
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Chapter 4

RECLASSIFYING CAUSES OF DEATIH
TO STUDY THE EPIDEMIOLOGICAL
TRANSITION IN THE NETHERLANDS,
18751992

Abstract )

Objective: This ariicle describes a method for reclassifying canses of death in the Netherlands
Jor the period 1875-1992. Tiwe criteria shouwld be miet 1o obtain a usefir] classification to stndy
the epidemivlogical transition. First, the categories showld be nosologically continmons over the
period under study and second, there should be enongh detarl in canses that are important in the
context of the epidenniological transition vig, commmnicable diseases, non-commmnicable diseases
and external causes of death.

Data and Methods: A wethod developed by Vallin and Meslé (1988a,b), which involves
dnal corvespondence tables’ and ‘fundawiental associations’, was used to create nosologically
continuons categories. These categories were fested for statistical continuity during the transition
_years of one ICD-revision fo the next, using ordinary feast squares regression analysis.

Resuits: The reclassification procednre resnited in a nested classification consisting of three
levels of refinenient of canses of death: 27 canses, 1875-1992; 65 causes, 1901-1992 and 92
caises, 1931-1992. On the basis of this classification, 43% of all deaths in 1875-79 and
98% of all deaths in 1992 conld be allocated to either commmmnicable diseases, non-commnnica-
ble diseases or external canses.

Conclusion: Vallin and Mesl#'s method turned ont to be a nsefirl tool lo create nosologically
continuons canse-of-death categories over fimve for countries in which bridge-coding is lacking,
For The Netherlands, a detailed canse-of-death classification was constructed with a good repre-
sentation of comminnicable, non-commiunicable and external canses of death,
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4.1 Introduction

The shift in the pattern of cause of death is an important feature of the epide-
miologic transition. The analysis of trends in cause specific mortality, however,
inevitably raises the problem of changing cause of death classifications. This arti-
cle describes the method we used to consttuct a continuous and meaningful
cause of death classification to study the epidemiologic transition in The Nethet-
lands. The period under study, 1875-1992, covers 9 revisions of the International
Classification of Diseases and Causes of Death (ICD) and a pre-ICD classificati-
on. The Netherlands adopted the 9 ICD-revisions respectively in the years 1901,
1911, 1921, 1931, 1941, 1950, 1958, 1969 and 1979. The pre-ICD classification
was used from 1875 until 1900. The most considerable changes were the transi-
tions from pre-ICD to ICD-1 and from ICD-5 to ICD-6.

We formulated two criteria which the classification to be constructed
should meet. First, the nosological content of the causes of death to be distin-
guished should be as constant as possible over the period under study. The influ-
ence of changing medical knowledge and technology, of associated changes in
the arrangement of ICD items, and of changing coding habits on mortality
trends hampers the realisation of this criterion. We tried to deal with those influ-
ences by carefully studying the ICID manuals and testing for statistical continuit}_r
of mortality trends duting the transition years from one ICD classification to
another. The second criterion is that there should be sufficient detail in the
causes of death to be distinpuished. Broad categoties, which cover diseases that
are too different from each other anatomically or etiologically, can mask cause-
specific dynamics that are important for the desctiption and explanation of the
epidemiological transition. Furthermore, the categories should be meaningful in
the context of the epidemiological transition. Omran formulated the shift in the
pattern of cause of death as a shift from infectious diseases to ‘degenerative and
man-made diseases’ (Omzran vatious years). This latter group of diseases has also
been referred to as “Western diseases’ (Trowell & Burkitt 1981). Cardiovascular
diseases and cancer are the main exponents of the degenerative diseases and ex-
ternal causes of death of the man-made diseases. In this study, the theee groups
will be indicated as communicable, non-communicable and external causes of
deaths. In constructing cause of death categories we tried to avoid intermingling
of these groups in order to be able to study the shift in the pattern of cause of
death as accurately as possible in future analyses.

It turned out to be impossible to meet both criteria for all causes of death.
Someties we had to sactifice some nosological continuity in order to retain
sufficient detail, e.g. in the case of ischemic heart discase. In othet cases some
detail was sacrificed for nosological continuity, e.g. chronic nephritis was taken
together with other kidney diseases. Nevertheless, the overall success of our re-
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classification procedure was reasonable. The putpose of this papet is to describe
the method we used, and to illustrate its results with a few examples.

4.2 Data and Method

4.2.1 Data

Absolute numbers of deaths, published by the Central Bureau of Statistics, by
sex, age and cause were used for the years 1901-1992. We redistributed the num-
ber of deaths in the years 1901 and 1902 according to the cause of death ratios
from a table with aggregated figures for the years 1901-1904, because only the
abridged versions of the ICD-1 were available for the years 1901 and 1902, Data
for the years 1875-1900 were published by the Minister of the Intetior. The 19th-
century tables were quinquennial calenday year publications. The total mumber of
causes of deaths expanded from 34 in the pre-ICD classification to about 5200
in the ninth ICD revision. The number of age categories increased from § broad
categories (0, 1-4, 5-14, 15-19, 20-49, 50-64, 65-79 and 80 years and above) in the
19th century classification to 5-year age categoties up to 80 years and above since
ICD-5.

We did not use sex-specific data because it is unlikely that changes in clas-
sification schemes will affect male and female mortality differently.

4.2.2 The reclassification procedure: nosological continuity and
detail in causes of death

Lntroduction of the method of Vallin and Meslé

In The Nethetlands, as in many other countries, the main difficalty in reclassify-
ing causes of death is the lack of bridge-coding. Coding the deaths of one year
according to both the new and old classification would elucidate the transfer of
causes of death from one code to another. Vallin and Meské have made an enor-
mous effort in reconstructing causes of death for France from 1925 to 1991 ac-
cording to the 9th ICD-revision (Vallin & Meslé 1988a, b, 1993). They have con-
structed a very systematic and accurate method, consisting of three ‘stages” dual
correspondence tables, fundamental associations and transition tables. We used
the first two stages of Vallin’s method to create nosologically continuous groups
for the case of the Nethetlands. The thitd stage had to be left out, because in
that stage deaths classified according to one ICD-revision were redistributed on
the basis of the results of death ratios derived from the first year of the next
ICD-revision. We will come back to this in the discussion paragraph.
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Dual corvespondence tables and fundamental associations method

The dual cortespondence tables link the codes of one ICD revision to the fol-
lowing and vice versa by constructing two tables. A first table lists, for example,
for each ICD-1 code all the ICD-2 codes that have one or more illnesses or
causes of death it common. A second table lists for all ICD-2 codes the corre-
sponding 1CD-1 codes ot a part of them. These pairs of tables wete constructed
for all ICD-transitions. Table 4.1 illustrates this by showing a small part of the
dual correspondence tables for the ICD-3 to ICD-4 transition. This example
shows that ICD-4 code 44 is not only linked to ICID-3 code 25, but also to the
codes 12, 13 and 42, ICD-4 code 39b is only linked to code 25.

The procedure followed in the linkage of codes was based on the title of
items in the analytical and/or alphabetical manuals of the ICD revisions (Bertil-
lon 1963, General Register Office 1912, Ministére des Affaires Etrangéres 1920,
CBS 1935, 1940, World Health Otganization 1957, 1967, 1977-78).

After the stage of dual correspondence tables, fundamental associations
were formed. For example, for every ICD-1 code all connected 1CD-2 codes
were locked up in the ICD-1/ICD-2 cotrespondence table, and for those ICD-2
codes the cotresponding ICD-1 codes wete determined, which could be more
than the ICD-1 code one started with. For the newly found ICD-1 codes again
the corresponding ICD-2 codes were determined.

The association between certain ICD-1 and ICD-2 codes was complete,
when no new ICD-1 or ICD-2 codes were involved. In this way the smallest
possible groups of ICD-1 and ICD-2 codes with an identical medical content
were created, i.e. the so-called fundamental associations. Such fundamental asso-
ciations wete calculated for all ICD transitions. Table 4.1 gives a fundamental
association of ICD-3 codes 12, 13, 25 and 42 with ICD-4 codes 39b and 44. In
the last step all fundamental associations of all ICD-revisions, statting with ICD-
1, were connected. The fundamental associations of TCD-1/1CD-2 were con-

Table 4.1 - Part of the dual correspondence table of the ICD-3 fo 1CD-4 transition

ICD-3 ICD-4

25  other epidemic diseases 39b other protozoal diseases
44 other infectious or parasitic diseases

ICD-4 ICD-3

39b other protozoal diseases 25 other epidemic diseases

44 other infectious or parasitic diseases 12 miliary fever
13 parotitis epidemica
25  other epidemic diseases
42 other infectious diseases
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nected to the fundamental associations of ICD-2/ICI-3 via the codes of ICD-2;
the fundamental associations of ICD-2/1CI>-3 were connected to the associa-
tions of ICD-3/1CD-4 via the codes of ICD-3, and so on. The connection of all
fundamental associations resulted in ‘nosologically continuous” causes of death.
The work of Vallin and Meslé was used as a guideline in the case of difficult ex-
changes between items (Vallin & Meslé 1988b). The tables published by Macken-
bach also were helpful for some causes of death in the ICD-2 to ICD-9 period
(Mackenbach 1988).

The transition of ICD-5 to ICD-6 was one of the most difficult transi-
tions to cteate dual correspondence tables for. The classification system changed
from a system numbering from 1 onwards to a three digit coding system. The
total number of codes incteased from 200 to 765 between 1CD-5 and ICD-6.
The 765 thtee digit codes were further subdivided in four digit codes, Thete
were many transfers of parts of codes in both directions.

Before the sixth ICD revision, the ICD had only been used for mottality
statistics. The sixth revision was considerably expanded with the aim to also
make it suitable for motbidity purposes (Dixon 1993). The introduction of mot-
bidity items introduced the possibility that causes of deaths could be associated
with a morbidity item. An example is the link of ‘epilepsy’ and ‘mental disorders’
via ‘mental disorders with epilepsy’, ICD-6 item 309.4. Such morbidity links wete
neglected in the construction of fundamental associations. Some other associa-
tions contained both communicable and non-communicable diseases. Those
assoctations were te-examined to see whether it was possible to split them up
into associations with only communicable ot non-communicable diseases with-
out introducing statistical discontinuity. The assessment of statistical discontinu-
ity in cause of death trends will be discussed later.

Bridging the pre-1CD and ICD-7 classtfication: using other sources of information

A particularly difficult task was the creation of a dual cotrespondence table for
the transition from the pre-ICD (34 categories) to the first ICD classification
(176 categories). The pre-ICD classification was used from 1875-1900 and con-
sisted often of rather vaguely defined categoties with a broad medical content.
This classification was, in fact, an abridged form of a classification of 1866-1874
consisting of 55 categories. In the late 19th century, the Dutch Inspectors of
Public Health complained that the classification was outdated and that it did not
even correspond with the medical knowledge of the time in which it had been
introduced. Diarrhoea and hydrops were separate categories, but they were
hardly mentioned as a cause of death by the medical doctors. Some categories
consisted of two or more diseases, which were neither etiologically not anatomi-
cally related, for example, epilepsy and convulsions (Saltet 1895, Saltet 1917,
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Evers 1882, Vollenhoven 1889, Inspecteurs van het Geneeskundig Staatstoezicht
1900).

Both the briefness of the classification and the fact that there was no
bridge-coding for the pre-ICD and 1ICD-1 made it vety hatd to associate the pte-
ICD codes to ICD-1 codes. Four sources of information were used to create the
most plausible dual correspondence table for the pre-ICD/ICD-1 transition: 1)
the classification scheme from 1866, 2} late 19th centuty medical literature, 3)
medical dictionaties and 4) the classification of causes of death for England &
Wales. In a letter from the Minister of the Intetior to the Inspectors of Public
Health of January 21, 1876, a new scheme for classifying the causes of death was
introduced. The former 55 categories used in the classification of 1866 were te-
duced to 34 categoties. Instructions on how to classify the codes of the old list
of 1866 according to the new list were included (Minister van Binnenlandse
Zaken 1876). There were some articles directly addressing the point of cause of
death classification, more particulatly, which cause of death had to be classified
under which heading (Beneke 1875, Saltet 1895, Saltet 1917, Vollenhoven 1889).
Saltet mentioned in an article on the mottality of tuberculosis that the classifica-
tion was mainly anatomical except for the infectious ot acute diseases. 'The vari-
ous forms of tuberculosis were classified according to the organ affected, except
tuberculosis of the lung, which was coded separately. A late 19th century medical
dictionary was used to gain insight in the meaning of vague terms like ‘debility’
and to determine which symptoms of certain diseases were seen as most impor-
tant in that time (Quain 1883). Finally, the Dutch classification was compared
with the much more extensive classification for England & Woales (Registrar-
General 1877, 1901). The location of certain diseases in the English classification
sometimes gave a clue for its place in the Dutch classification e.g. the classifica-
tion of leprosy under ‘diseases of the skin’. - :

The result: a nested classification

Much detail in the cause of death classification is lost when linking the pre-ICD
codes to the ICD-associations. Furthermore, some causes of death, which are
important in studying the epidemiological transition, were missing it the catego-
ries for first part of the period 1901-1992, e.g. lung cancet, but could be distin-
guished from 1931 onwards. Therefore, a nested classification of causes of death
was constructed to allow the possibility of analysing mortality using different
levels of refinement of causes of death. The classification consisted of 27 catego-
ries for the period 1875-1992, which could be split up into 65 categories for the
period 1901-1992. These 65 categoties could, in turn, be split up into 92 catego-
ries for the period 1931-1992. More detailed information about this nested classi-
fication will be given in the results paragraph.
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We could not completely avoid intermingling of communicable and non-
communicable causes of death in the categories of the nested classification.
Some categoties also remained vaguely defined, especially on the 27 causes level.
These vaguely defined groups are less meaningful for the description and expla-
nation of the epidemiological transition, because causes of death within these
groups were influenced differently by changes in medical treatment or hygienic
measures. The mixed and vaguely defined groups are indicated as ‘nosologically
not meaningful’ in the results paragraph.

Statistical continnity

It is very difficult to assess the influence of changing medical knowledge and
changing classifications and coding habits on the content of groups of causes of
death. We tried to deal with the influence of the introduction of new classifica-
tion schemes. Statistical discontinuity in the trend of a certain cause of death at
the inttoduction of a new ICD-revision probably indicates a change in the medi-
cal content of that cause. Linear regression analysis was used to assess the conti-
nuity of the trend, because this overcomes fluctuations in trends of infectious
causes or causes with small humbess of deaths,

Ordinaty least squares regression was carried out for every pre-1CD and
ICD transition for every nosologically continuous cause of death. The independ-
ent variable was the calendar year and the dependent variable was the natural
logarithm of the ctude death rate. The expected mortality rate and the 95% con-
fidence interval (95%-C.L) for the first year of the following ICD-revision was
calculated based on the regression equation. We checked whether the observed
mortality rate for that particular year fell within the 95%-C.I. If this was the case
at every transition, that nosologically continuous group was accepted as a sepa-
rate cause of death. Where the trend hardly fluctuated the confidence interval
could, however, be very narrow. This might yield discontinuities, while the ab-
solute or relative difference in mortality rates was, actually, small. Therefore a
threshold value of 10% mottality change for discontinuous transition years, ie.
years for which the observed mortality tate did not fall within the 95%-C.1, was
introduced. Discontitwities of 10% and below were then accepted as statistically
cotrttinuous transitions.

The 10% threshold value was calculated in two ways. On the one hand we
determined, whethet thete was an absolute difference between the observed
mottality rate of the first year of the ‘new’ ICD revision (Yobs) compared to the
expected mortality rate for that year (Yexp) of more than 10% of the total
change in mottality for that specific cause of death in the period under study. On
the other hand, the relative difference between Yobs and Yexp was determined
for the first year of the ‘new’ ICD revision. In this case the ratio of Yobs and
Yexp should have values between 0.9 and 1.1. Causes of death that had been
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detetmined as continuous either in a relative or in an absolute sense were also
accepted as separate causes. Both the absolute and relative mortality differences
were taken into account, because future analyses can be based on an additive or a
muitiplicative model of mottality. If one, for example, wished to determine the
contribution of mortality from a certain cause of death to total moztality change,
the absolute difference in mortality is of interest. The absolute changes of all
causes of death add up to the change in total mortality (additive model of mor-
tality). However, studies concerning the pace of mortality change (muitiplicative
model of mortality) deal with fractions of mortality change. Relative differences
ate important in this case.

Causes of death that still had statistically discontinuous transitions after
this procedute were either aggregated into broader groups or, nevertheless, ac-
cepted as a separate cause for reasons of detail. If groups were split up or aggre-
gated for reasons of detail or discontinuity, the new formed groups were again
tested for absolute and relative statistical continuity. By accepting some discon-
tinuous causes as sepatate causes of death, we tried to prevent as much as possi-
ble the intermingling of communicable, non-communicable and external causes
of death. Ischemic heatt disease, for example, would otherwise be covered by the
more general group ‘heart diseases’, which also contains rheumatic heart disease.
Details for discontinnous transition yeats, especially the percentage discontinuity
(absolute and relative) in those yeats, were documented for every cause of death.
So, in future analyses, it is always possible to check whether a certain change in
cause-specific mottality might be partly artificial.

4.2.3 Standardisation

Time trends of specific causes of death are presented as an illustration of the
reclassification procedute. Those trends are based on ditectly standardised mor-
tality rates. Eight age groups were used in the standardisation procedute, <1, 1-4,
5-14, 15-19, 20-49, 50-64, 65-79 and 80 years and over. This division inh age
groups was the highest common factor of all the different age group divisions in
the years 1875-1992, In this way we minimised the recalculation of deaths for a
certain year based on ratios of later years. The reference population was the av-
erage population for the period 1901-1992. This standard was used for all three
periods, 1875-1992, 1901-1992 and 1931-1992.

T



RECIASSIFYING CAUSES OF DEATH

Table 4.2 - The nested classification: 27 causes, 1875-1992; 65 causes, 1901-1992; and

92 causes 1931-1992

1875-1992 (pre-ICD-ICDY)

1901-1992 (ICD1-1CD9)

1931-1992 (ICD4-ICDY)

Malaria
(Including: intermittent fever,

Cancer of the oesophagus,
stomach, liver and
galiblacder

Cancer of the intestines and
peritonewm

Cancer of the mouth, female
genital organs, and other
organs (excl. those already
mentioned)

Cancer of the small intestines
and colon

Cancer of mouth, tongue,
male genito-urinary system,
and other organs (excl.

Seurvy . Seurvy . Seurvy .
Cdyphus Typhus
Malaria Malaria
pox_ Smallpox  Smallpox T
_______________________________ Scarletfever __  __ _____ Scardetfever
Measles Measles

Brain diseases etc.
(Including: Insanity. Diseases

Syphilis. Convulsions.
Trismus, Epilepsy.)

Diseases of the nervous
system. Diseases of the
thyroid, Basedow’s disease
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1875-1992 {pre-1CD-ICDY)

1901-1992 (ICD1-1CDY)

1931-1992 (ICD4-1CDY)

Respiratory tuberculosis

Respiratory tuberculosis

Respiratory tuberculosis

(Including: Tuberculosis of
the lung and farynx,

L Haemoptysts)

Diabetes ... Diabetes | Diabetes . ...

_Diphtedfa, Croup___ | Diphtherda | Diphthetia

_Whoopingcough ] Whooping cough ] Whooping cough

Actte respiratory diseases _Influenza ] influenza
Prneumania Pneumonia

Diseases of the circulatory
system

Angina pectoris. Ischaemic
heart disease

Angina pectoris, Ischaemic
heart diseas

Other heart diseases

Chronanyocarditis, functional
heart disease, other heart
disease

Acute diseases of the

digestive system. Diarrhoea.  Pentonitis | Peritomitis
. Dysemtery . Appendicitis Appendicitis
Cholera Cholera Cholera

{Including: Asiatic cholera.
.. Choleranostras)

Chronic diseases of the
digestive system

Other diseases of the
stomach and intestines

Other diseases of the
digestive system

Diseases of the genito-urinary
system

Diseases of bladder, urethra, Diseases of bladder, urethra,
and other organs urinary and other organs urinary
tract tract
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1875-1992 (pre-ICD-ICDY) 1901-1992 {ICD1-1CD9) 1931-1992 {ICD4-ICDY)
Diseases of the prostate. Diseases of the prostate. Dise-
Diseases of other male ases of other male genital
.. genitalorgans ofgans_ ..
Diseases of female genital or-  Diseases of female genitaf
................................ BaNs_ L _L.ooo..ulwEans .
Puerperal diseases Bleeding and other diseases Bleeding and other diseases
_________________________________ during pregnancy ____________duringpregnancy
LPuerperal fever Puerperal fever . Puerperal fever |
Other diseases FErysipelas ... Eoysipelas ...
(Including: Debility, Some CAnthiax o Anthrax
types of tuberculosis. Disseminated and other tuber- Disseminated and other
Scrofula. Rickets, Skin dis- . _qgl_()-s_[g ________________________ wherculosis
eases, Abscess. Ulcer, Rheumatism. Arthritis. Rickets. Rheumatism. Arthritis. Rickets.
Gangrene. Pyaemia, Diseases of [ocomotion Diseases of locomotion,

Haemorrhage. Continuous
fever.}

Violence
Suicde 7 suiade T T T Tsuiede T
Clinel by drowning) .
Unknown and ill-defined Unknown and ill-defined Unknown and ill-defined
causes of death. Sudden causes of death causes of death

death. Dropsy

4.3 Results

4,3.1 The nested classification

As shown, the method of constructing fundamental associations, the testing for
statistical continuity and the need for detail in causes of death led to a nested
classification. Three levels of refinement of canses of death were distinguished
which can be studied in different periods of time: 27 (1875-1992), 65 (1901-
1992) and 92 causes of death (1931-1992). The cause-of-death categories con-
cerned ate shown in table 4.2. The corresponding pte-ICD and ICD codes ate

given in appendix 1.

Detail in canse of death categories
Table 4.3 shows the number of causes of death of the nested classification be-
longing to each of the categories communicable, non-communicable and exter-
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Table 4.3 — Number of causes of death (COD) distinguished in three periods by three important cause of death categories and

meaningfulness.

Nosologically meaningful Nosologically not meaningful
Total percentage of all percentage of ail
Period number number deaths covered number deaths covered
of COD of COD start of end of of COD start of end of
period period period period
1875- 27 communicable diseases 12 35 4 8 57 52
1992 non-communicable diseases 5 6 40
external causes of death 2 2 4
1901- 65 communicable diseases 26 47 6 10 20 13
1992 non-communicable diseases 25 31 77
external causes of death 4 2 4
1931- 92 communicable diseases 27 28 6 12 6 2
1992 non-communicable diseases 49 62 88
external causes of death 4 4 4
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nal causes of death, and it shows how many causes were non-meaningful in the
context of the epidemiological transition, ie. vaguely defined and/ot a mixtute
of communicable and non-communicable diseases.

At the level of 27 causes of death, the number of non-meaningful causes
was relatively large (> 50%) due to the broad and vaguely defined categories of
the 19th century classification. The categoty consisting of ‘Debility, Some kinds
of tuberculosis, Rickets, Some skin diseases, Abscess, Ulcer, Gangrene, FHaemor-
rhage and Continuous fever’ is very heterogeneous with tespect to the actiology
of the diseases. Besides this, debility, for example, is a very vaguely defined cause
of death. At the level of 65 causes (to be distinguished in the period 1901-1992)
the number of communicable and non-comnmnicable meaningful causes of
death was about the same, and mote than 80% of all deaths are covered both in
1901 and 1992 by these causes. The shift from communicable to non-communi-
cable causes of death in this petiod is shown by the percentage of all deaths cov-
ered by communicable diseases at the stact and end of the period.

Statistical discontinuities at the pre-ICD and ICD-transitions
Por the three levels of refinement of causes of death table 4.4 shows the numbet
of causes with less than 10% discontinuity at the transition years, both in a rela-
tive and absolute sense, on the basis of regression analysis of the cause of death
categories as defined in the nested classification,

The majority of the causes show discontinuities < 10% for all three levels
of refinement of causes of death {(except for 92 causes, absolute differences). As

far as relative discontinuities ate concerned, most discontinuities occurred at the
pte-ICD/ICD-1 and ICD-4/ICD-5 transition for the 27 causes level (respec-

Table 4.4 - Number of causes of death with discontinuities < 10% for all pre-ICD and
ICD-transitions at three levels of refinement of cause of death, R = relative
difference at the transition years, A = absolute difference at the transition
years. N.a. = not available.

27 causes 65 causes 92 causes

R A R A R A
PreICD - ICDA1 19 17 n.a. n.a. n.a. n.a.
iCD1-2 25 24 61 55 na. n.a.
1ICD2-3 24 24 53 53 ma. na.
1ICD3-4 25 27 58 60 na. n.a.
ICD4-5 18 23 48 57 69 28
ICD5-6 26 26 64 64 85 38
1ICD6-7 25 26 59 62 86 65
ICD7-8 24 24 50 56 71 52
ICD8-9 26 26 56 60 80 66
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tively 30% and 33% of the causes), and at the ICD-4/ICD-5 and ICD-7/ICD-8
transitions for the 65 (respectively 26% and 23%) and 92 (respectively 25% and
23%) causes level. The number of causes with absolute discontinuities was large
at the pre-ICD/ICD-1 transition (37%), but low at all other transitions (< 15%)
for the 27 causes level It was low at all transitions for the 65 causes level (<
18%) and it was substantial for all transitions at the 92 causes level (all more than
28% of the causes). As mortality decline is much lower in the period 1931-1992
as compated to the periods 1875-1992 and 1901-1992, the difference in mortality
rates at the ICD-transitions will sooner lead to absolute discontinuities at the 92
causes level than at the 27 ot 65 causes level. The discontinuities in the transition
from ICD-4 to ICID-5 may be caused by the Second World War, as the ICD-5
was introduced in 1941. The high level of discontinuities for the transition from
ICD-7 to ICD-8 is less clear, because those two revisions are very much alike.
Most of the discontinuities fell within a range of 10-20% or 20-40%. Only 7% of
all causes at the 27 and 65 causes level had relative or absolute discontinuities of
more than 60% at any pre-ICD or ICD-transition. Only 7% of the 92 causes had
a relative discontinuity of more than 60%, but as much as 20% of the causes had
an absolute discontinuity of more than 60% at the ICD-4 to ICD-5 transition.
Few causes of death were statistically continuous (both relative and abso-
lute) for all ICD-transitions. 7 out of 27 causes were continuous for the whole
period 1875-1992. 20 out of 65 causes were continuous for the petiod 1901-1992
and 18 out of the 92 causes in the petiod 1931-1992 were completely statistically
continuous. Not all discontinuous causes were discontituous from both a rela-
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Figure 4.1a - The trend of respiratory tuberculosis with the indications of ICD-transitions.
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tive and an absolute point of view e.g. in the petriod 1901-1992 22 out of 65
causes were only discontinuous in one aspect. This means that for certain types
of analysis those causes can be considered as continuous.

Despite of the reported discontinutties, most of the trends were suitable
for future analyses, Beside this, enough detail in causes of death was achieved for
a thorough investigation of the epidemiological transition in The Netherlands.
Some illustrative examples of trends are given in the next paragraph. Trends for
all distinguished causes of death are given in the appendices 2a-c.

4.3.2 Iustrative examples

The trends are both plotted on a normal and a logatithmic scale to visualise re-
spectively the absolute and relative differences at the ICD-transitions. The loca-
tion of the ICD-transition years is indicated with empty squares in the graph.

The trend of respiratory tuberculosis

Respiratory tuberculosis mortality can be studied from 1875 onwards (figure
4.1a). The trend shows an ongoing mottality decline of this cause with a clear
period of acceleration of the decline after the Second Woild Wat. There is a
small discontinuity (absolute 12%, relative 16%) at the transition from the pre-
ICD to ICD-1 classification probably caused by changing coding habits. Saltet
comes up with a very plausible explanation in his article on the mortality of
tuberculosis in the Netherands, According to Bertillon’s nomenclature (ICD-1),
respiratory  tuberculosis and tuberculosis  of other organs occurting
simultaneously should be classified under ‘tespiratory tuberculosis”. Although the
Nethetlands introduced the ICD-1 in 1901, there were not enough books with
coding rules available. Consequently, those tuberculosis cases were classified
under the heading ‘tuberculosis of two or mote organs’. The cortect coding tules
became available in 1905, which was reflected by a small peak in the trend of
respiratory tuberculosis mortality (Saltet, 1917). It is most likely that the apparent
discontinuity (relative, 16%) at the transition from ICD-4 to ICD-5 is caused by
an increase of respiratory tuberculosis mortality due to deterioration of the
physical condition of many people during the Second World War. The
discontinuities in the trend of respiratory tuberculosis ate very small, which
makes this cause suitable for future analyses.

The trend of ischemte heart disease

The trend of ischemic heart disease mortality can be studied from 1901 onwards
{figure 4.1b). The trend can be characterised by an enormous increase from
about 1930 until 1970, followed by a decline. As far as the pace of mortality
change is concerned, there is a rapid increase in mortality from 1930 to 1931.
The mortality ratio between these two years is 1.74, which means a telative
discontinuity of 74%. The absolute difference in mortality rates is, however,
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Figure 4.1b - The trend of ischemic heart disease with the indications of ICD-transitions.
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Figure 4.1¢ ~ The trend of traffic accidents with the indications of ICD-transitions.
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small (5.9 per 100,000 person years) as compated to the total increase of this
cause of death (91.9 per 100,000 person years in the period 1901-92, and even
163.36 per 100,000 person years in the period 1901-72) and will hardly affect
caleulations on the contribution (in this case negative) of this cause of death to
total mortality decline. It is not inconceivable, that a great deal of the increase of
ischemic heart disease mortality, before 1940, should be attributed to increasing
improvement in diagnosis. It is, however, impossible to correct for this type of
artefact in cause-specific ttends by means of any statistical procedure,

The trend of traffic accidents

The trend of traffic accidents can be studied from 1911 onwatrds and shows an
increase until 1970 and a decline afterwards (figure 4.1c). After 1970, mortality
strongly decreased due to a deceleration of the growth rate of traffic mobility and
decreases in both injury rate and case fatality (Van Beeck e/ a/ 1989). In the
context of the decline after 1970 the absolute discontinuity at the years 1978-
1979 (32%) is less pronounced than in the context of the decline between 1911
and 1992, The effects of the Second World War are also visible in this trend
(absolute discontinuity, 46%; relative discontinuity 33%). The relative and
absolute discontinuities at the years 1957-1958 ate both small (11% and 24%
tespectively).

Cancer as an exaniple of enhanced detail by means of a nested classification

There was only one category for cancer mortality in the 27 causes classification,
Cancer mortality has been increasing over the whole period 1875-1992, except
for a dip just after the Second World War. Neoplasms of the stomach, oesopha-
gus, liver and gallbladder as a group, neoplasms of the intestines and petitoneum,
neoplasms of the skin, neoplasms of the breast and neoplasms of other otgans
including cancer of lung and larynx could be- distinguished at the level of 65
caunses for the petiod 1901-1992.

Figure 4.2a shows the trend from 1901-1992 for these groups. The trends
show that studying cancer as one group masks the dynamics of the different
types of cancer e.g. the declining trend of cancer of the cesophagus, liver and
stomach or the elevated mortality of cancer of the intestines and petitoneum
during the Second World Wat.

Figure 4.2b shows the trends for cancers from the group ‘other cancets’
from figure 4.2a, that could be distinguished at the 92 causes level. Cancer of the
uterus, ovary and other female genital organs, pancreas, lung and larynx, and a
residual group ‘other cancers’ including cancer of the prostate could be studied
from 1931 onwards. Cancer of the lung and latynx and cancer of the pancreas
were strongly increasing. The group ‘other cancers’, including cancet of the
prostate and cancer of the ovary and other female genital organs, also showed an

.
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example of the nested classification: detail in cancer mortality, 1931-

increase. Cancer of the uterus has declined since the Second Wotld War and has
shown a progressive decline since 1965, Other cancers, not shown in figure 4.2b,
that could be distinguished at the 92 causes level are cancers of the stomach,
livet, oesophagus, small intestines and colon, rectum and peritoneum.
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4.4 Discussion

4.4.1 Usefulness of the method of Vallin and Meslé

The method of Vallin and Meslé is a good device to create nosologically con-
tinuous groups of causes of death for time trend analyses, because of the accu-
rateness of the method. It was, however, not possible to apply directly the asso-
ciations from Vallin and Meslé’s work to the Dutch data. First of all, the period
under study was considerably longet in our study (1875-1992) than in the case of
France (1925-1991). Second, the associations for France are based on four-digit
ICD-items. In The Netherlands, the causes of death have been registered on a
four-digit level by the Central Buteau of Statistics, but were only available for
analysis on a three-digit level Thetefore the associations could only contain
three-digit items. Duting the construction of the associations we used the titles
of fout-digit items to determine which items had to be associated, but the end
tesult was on a three-digit level. Third, the statistical bureaux of most countiies
have made country-specific adjustments to the ICD-revisions as adopted by the
WHO. There have been several intra-ICD changes in The Netherlands, which
resulted in 22 different ‘revisions’ in the period 1901-1992. Most of the intra-
ICD changes did not influence the construction of associations, but some of
them did.

We did not consider the last stage of Vallin’s method appropriate for our
study. That stage comprises a redistribution of deaths classified according to the
previous ICD revision, within an association, using the ratio of deaths classified
according to the next ICD revision. The advantage of this step is that the level of
detail of the most recent ICD revision is kept over the period under study. It
can, however, be doubted whether the undetlying assnmption of constant ratios
of causes of death over one or more ICD periods is correct. Especially when
those series are going to be used to study shifting cause of death patterns over
time, it seems to be preferable not to impose beforehand a cettain cause of death
sttuctare on the data.

4.4.2 The two criteria: detail and nosological continuity

The results presented in this article indicate that the criteria of detail and noso-
logical continuity were sufficiently met. The construction of a nested classifica-
tion enhanced detail and created a good representation of communicable, non-
communicable and external causes of death for at least the period 1901-1992.
The outcome was less favourable for the 27-causes classification for the period
1875-1992, in which most of the causes were communicable diseases and about
one third of all causes wete non-meaningful in the context of the epidemiological
transition (cf. table 4.4). Nevertheless, 43% of all deaths was covered by a
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meaningful cause of death even in 1875, which gives us the opportunity to study
a considerable part of the changes in mortality in the 19th century.

As far as the nosological continuity could be quantified, we found that at
every ICD-transition latge percentages of the causes of death had discontinuities
staller than 10 percent. The definitive nested classification still contained many
causes that had a discontinuity in at least, one of the ICD transitions. It should,
however, be stressed that some of these are only discontinuous eithet from an
absolute or a relative perspective. This means that for certain types of analyses
those causes of death can be considered as continuous for the whole petiod.
Many of the trends were discontinuous for the years 1900-1901 and 1940-1941,
which shows the difficulty in bridging the Dutch 19th century classification and
the first ICD revision and the influence of the Second Wotld War, The com-
paratively clearly defined causes of death - mainly infectious - showed no discon-
tinuity for the pre-ICD/ICD-1 transition; e.g. diphtheria, whooping cough,
scatlet fevet, violence. During the Second World War, there was not only an in-
crease in cettain causes of death due to malnutrition and reduced living stan-
dards, but thete also was an effect on the notification of causes of death, which
is shown by the enormous inctease in the number of deaths classified as ili-de-
fined ot unknown.

As previously stated, by accepting discontinuities the criterion of noso-
logical continuity was violated. One possibility of dealing with the discontinuities
would be to combine the causes of death into broader categoties. This would,
however, be against the criterion of detail. Anothert possibility of keeping detail
would have been the redistribution of numbers of deaths classified according to
the previous revision by means of the ratio of deaths classified according to the
next revision. This did not seem preferable either, as we discussed before. Thete-
fore, we decided to deal with the remaining discontinuities in the next stage of
our project i.e. that of analysing cause of death trends,

4.4.3 Interpreting time trends of nosologically continuous
groups

Although the nosologically contiwous groups are consttucted with the ntmost
accuracy by comparing titles inn ICD-manuals, it is still conceivable that the medi-
cal content of certain groups has changed over time. Especially in the case of ill-
defined causes of death it might have been the case that a cause of death with the
same title in all pre-ICD and ICD revisions had a different medical content in
the late nineteenth century than in the twentieth century. The category ‘old age’
almost certainly included many more diseases in the nineteenth century than in
the end of the 20th century, due to lack of medical knowledge and diagnostic
devices or changing coding habits. The categoty ‘chronic myocarditis’ included
‘myodegeneratio cordis’ which might have included some types of ischemic heart
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disease until ICD-6, although there was a separate category for lesions of the
coronary attery in the ICD-revisions.

But even for clearly described causes of death like cancer we still have to
be cautious in interpreting the time trends. Cancer mortality can be studied for
the whole period 1875-1992 and shows a continuous increase. There was, how-
ever, a lot of debate in the late nineteenth and early twentieth centuty whether
this trend was teal or artefactual (De Haan 1899, Vollenhoven 1889, Astro 1902,
Hvers 1882, Drooglever Fortuyn 1924). The influence of ageing of the popula-
tion and better diagnosis on cancer mortality was discussed. Astro concluded in
his thesis on cancer mottality in Utrecht in the petiod 1872-1902 that the in-
crease in cancer mottality was most likely artefactual, because it was mainly
caused by an increase in cancer of the digestive systetn. The diagnosis of this
type of cancer had been considerably improved by the end of the nineteenth
century {Astro 1902). It is important to tealise whether a trend is artefactual or
real, because it affects the interpretation of changes in cause of death pattern.

Changes in registration procedutes {e.g. the cause of death cettificate) or
coding rules might also have influenced the trend of certain causes of death. Im-
portant changes in the system of registration were introduced in the years
1926/1927 in The Netherlands. A confidental medical certificate of cause of
death was introduced, which included information on the ‘main disease’ which
had caused the patient’s death, the ‘complication’ which had caused the patient’s
death, and the ‘concomitant’ causes of death. The confidentiality of the certifi-
cate led to an increase in mortality of certain causes of death. Clear increases in
mortality in the yeats 1926/1927 were appatent in the trends of syphilis, diseases
of male and female sexual organs and suicide. Also the more specific questions
of main cause of death and complications led to changes in tegistration for sev-
eral causes of death. Encephalitis and meningitis became less often registeted as
primary causes of death compared with the period before the new certificate.
Septicaemia and pyemia also showed a decrease in mortality, because those
causes of death became more often registered as ‘complications’ instead of ‘main
diseases’. Thete was an ifictease in the trend of diabetes mortality, which became
more often registered as the primary cause of death.

The new international cause-of-death certificate as well as the interna-
tional coding rules to identify the underlying cause of death has been used in The
Netherlands since the introduction of ICD-6 in 1950. However we do not expect
much effect of this change on cause specific mottality trends, because the dis-
tinction between a primary and a secondaty cause of death had alteady been used
in the registration of causes of death since 1927,
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4.4.4 Developments in medical science and the pre-ICDD/
ICD-1 transition

Not only the briefness of the pre-ICD classification but also the developments in
medical science of the late 19th century hampered the bridging of the pre-ICD
and ICD-1 classification. With the tise of bacteriology for many communicable
diseases a causal agent could be defined in the 19th century. Those changes in
medical science also affected the cause of death classification. Actiology became
mote impottant in classifying causes of death, instead of anatomy or sympto-
matology (Fischer-Hombezg 1977, Magner 1992), In the 19th century classifica-
tion, for example, abdominal berculosis was classified under ‘diseases of the
digestive system’ and tuberculosis of the nervous system under the heading ‘dis-
eases of the nervous systemn’. Besides classifying causes on the basis of location
of the disease, another important characteristic, which determined the classifica-
tion of was the duration of a disease: acute or chronic. By the time the 19th
century classification was developed the tubercle bacillus as the underlying agent
of a whole range of clinical patterns had not yet been discovered. This know}-
edge was available when the first ICD-classification was developed and in that
classification the vatious types of tuberculosis are put under the same heading.

4.5 Conclusion

The first two steps of Vallin and Meslé’s method, the construction of dual corre-
spondence tables and fundamental associations, are useful for constructing no-
sologically continuous data on causes of death. In this study, we modified the
method of Vallin and Meslé by creating a nested classification to retain detail
instead of redistributing numbers of deaths according to the death ratios of the
next classification. The nested classification allows us to study cause-specific
mortality at three different levels of refinement of causes of death. The result of
the reclassification procedure was satisfactory, as we achieved a good representa-
tion of communicable, non-communicable and external causes of death with
continuocus trends over time, We were able to show trends of several causes of
death for a much longer petiod than previously had been presented.

More detailed studies on the epidemiological transition in other countries
ate needed to come up with explanations of the transition and to reveal differ-
ences between countries. Carefully constructed time series of causes of death are
the basis of such analyses. The method described in this paper is easy to apply to
other countties and the construction of correspondence tables and fundamental
associations could be very useful for any country where bridge-coding is Iacking,
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MORTALITY DECLINL,
IN THE NETHERIANDS
IN 'THE PERIOD 1850-1992:
A TURNING-POINT ANALYSIS

Abstract

Opbjective: The aim of this paper is 1o give a defailed and fairly objective description of raptd
mortalily decline in The Netherlands between 1850 and 1992 with respect fo the start, end,
and phases of the decline.

Data and Methods: Twrning points were estimated for the standardised mortality trend, and
Jor age and sex-specific trends between 1850-1992. The used techniqne was derived from spline
SJunctions. The furning points divided the frends into phases with different paces of decline.
Results: Standardised mortality started lo decline rapidly in The Netherlands aronnd 1880.
Four phases in the period of decline conld be distinguished: 1880-1917 (1.2% annually),
1917-1955 (1.6%), 1955-1970 (0.4%), 1970-1992 (1.1%). For nearly all age gronps, the
wrost rapid decline occurred in a peviod comparable to 1917-1955. Canses of death which
wright have shaped the tofal mortality trend are, among others, respivatory lberclosis (1917),
heart disease (except Ischemic) (1955), ischemic heart disease (1970).

Conclusion: Canses of death that shaped the moriality frend are related to frends of determii-
nants of mortality decline. The technique nsed in this paper can also be applied to other trends
e.g. ferdility declive.
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5.1 Introduction

Ower the last two cenfuries, most Western countries have seen enotmous demo-
graphic and epidemiologic changes: mortality declined enotmously, as did fertil-
ity, the population grew and disease patterns shifted. These major changes led to
the formulation of two impottant theoties viz. the demographic transition theory
and the epidemiologic transition theory. The demographic transition theory ex-
plains the population growth in terms of a process in which there is a transition
from a stage with high mortality and fertility rates to a stage with low mortality
and fertility rates (Beaver 1975, Caldwell 1976, Chesnais, 1992).

In the eatly 1970s, Omran introduced the epidemiological transition the-
oty. This theory can be regarded as a more detailed description of mortality de-
cline in the demographic transition theory. Omran distingnished three stages in
the epidemiologic transition. The first stage is the ‘age of pestilence and famine’
in which moxtality is high and fluctuating. The second stage is the ‘age of reced-
ing pandemics’ in which mortality declines progressively. The rate of decline ac-
celerates as epidemic peaks become less frequent and eventually disappear. The
third stage is the ‘age of degenerative and man-made diseases’ in which mortality
first continues to decline and eventually approaches stability at a relatively low
level. The dominating causes of death of this stage ate cardiovascular diseases,
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Figure 5.1 - The demographic transition in The Netherlands, 1806-1992. The birth rates are
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cancer and external causes of death (Omran 1971, Omran 1983). The demo-
graphic and epidemioclogic transition have been observed in many countries al-
beit with differences in statt, development and duration of the transition.

Figure 5.1 shows the demographic transition as obsetved in The Nether-
lands (Hofstee 1981). It suggests that crude mortality rates had been declining
slowly since the beginning of the 19th century and started to decline rapidly
around 1875.

The aim of this papet is to give a detailed desctiption of the period of
rapid mortality decline in The Netherlands, or more specifically, to describe the
start of rapid mortality decline, the phases in the decline in terms of changes in
the pace of decline and the end of rapid mottality decline. A description of sex
and age-specific mortality changes as well as cause-specific mortality changes is
given to elucidate possible sex-specific, age-specific and cause-specific develop-
ments in mottality that might have shaped the total mortality trend.

The turning points in the mortality trend described in this paper ate not
based on a simple visual inspection of the trend, but on a more formal statistical
method. A so-called turning point analysis was used to determine phases with
different paces of mortality decline. The Netherlands provide a good opportunity
for such an analysis because the quality of historical mortality and population
data in The Netherlands can be considered as good in comparison to many other
Western countries. Ever since 1865 medical doctors have been legally required to
issue a medical certificate stating the cause of death, which was then given to the
Registrar (Van Poppel 1997).

The advantage of a formal statistical method and reliable data is that these
will generate more objective results, and thus provide a sound basis to relate
changes in mortality to changes in detetminants of mortality.

5.2 Data and Method

5.2.1 Data

Mortality data for the petiod 1850-1875 were detived from a mottality database
constructed by the Netherlands Interdisciplinary Demographic Institute (NIDT)
(Tabeau ef @/ 1994). Annual publications of mortality figures by Statistics Neth-
erlands (CBS) were used for the period 1875-1992. Population data for the pe-
riod 1850-1949 were also provided by the NIDI, and population data for the
petiod 1950-1992 were again obtained from the CBS. The data were used to cal-
culate age- and sex-standardised mortality rates to correct for the effect of
changing age and sex distributions on mottality. Direct standardisation was car-
tied by out using the total population from 1901-1992 as the reference popula-
tion. Hight age groups were used in the standardisation procedure, which was the
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greatest common denominator of all age subdivisions used in the study period
(1850-1992). The age groups were 0, 1-4, 5-14, 15-19, 20-49, 50-64, 65-79 and 80
years and over,

The influence of 27 causes of death to the turning points in the total stan-
dardised mottality trend is presented in this study. The 27 cause of death catego-
ries are the result of an extensive reclassification procedute of all cause-of-death
classifications in the period 1875-1992, i.e. nine revisions of the International
Classification of Diseases, Injuries and Causes of Death (1CD) and one pre-iCD
classification. This teclassification procedure has been described elsewhere
{(Wolleswinkel-van den Bosch ef 4l 1996). Appendix 3 contains the 27 cause-of-
death groups together with the cortesponding codes of the ninth ICD revision.

5.2.2 Turning point analysis: total mortality and age and sex-
specific mortality

Inn order to identify turning points in the mortality trend that mark periods with a
different rate of mortality decline we used a derivation of a spline function.
Spline functions are used to desctibe global movements by estimating turning
points that charactetise significant changes in that movement. Spline functions
may be regarded as a sequence of polynomials each fitted to another part of the
study period, which pair-wise have the same values in each knot (Kendall 1973,
McNeill ¢7 @/ 1977, Suits ef a/. 1978). The function used in this study is given be-
low (De Beer 1986).

InY, =@, +a,/+ ia,.(f—t,.)D(t —i)+e,

f=2

Y. is the standardised mottality in year t; tz t5 .. t; are the turning points; O, Oy ...
o; are the intercept and slopes; € is an esror tetm and D(t-t)) is a step function,

D) =0ift <= ¢
Ditty=1ift>¢

i = turning point

In the model D{t-t;}) is defined as

D—t)Y=(1+J(-1)Y /(t-1)/2

The TSP program was used to solve this non-linear least squares regression
problem. The number of turning points and initial values for the turning points

— 66—



MORTALITY DECLINE IN THE NETHERLANDS, 185071992

and coefficients have to be set to run the model. The optimum solutions for the
parameters Olg, C1 ... O; and t; are estitnated by minimising the sum of squares of
the residuals, which is an iterating process. At every iteration step the values of
the parameters are slightly changed, and it is determined whether the sum of
squated residuals has decreased. If it has, the changes are adopted and a new it-
eration step begins. The process continues until the proposed changes are very
small in comparison to the parameters themselves (Hall ¢/ 4/ 1990). Residual
analysis may show that the model is not adequate. A model with a smaller num-
ber of turning points was estimated if a significant difference between the slopes
before and after the turning point was not found. A model with a larger number
of turning points was estimated if there was setious autocorrelation of the re-
siduals (Durbin-Watson statistic) and the sum of squared residuals was relatively

high.

The rates of change in the different periods can be calculated as follows:
100{exp(2 o) 1}%
=1

The years 1940-1946 (Second World War) as well as the influenza epidemic of
1918 were excluded from the analyses because these events caused extraordinar-
ily high peaks in the mortality trend, which hampered a good estimation of
turhing points in most cases.

5.2.3 Contribution of causes of death

Causes of death which greatly contributed to the level of total mortality in the
‘turning point years’, and which showed a considerable change in the pace of
mottality in the period after the turning point compared to the period before the
tarning point, have probably played a role in the occurrence of the turning points
in the total mortality trend. Therefore rates of change of 27 causes of death,
which could be studied for the period 1875-1992, were calculated for only those
phases in mortality decline for which reliable cause-specific data were available.
A simple linear regression analysis with the natural logarithm of mortality as the
dependent variable and calendar year as the independent variable was used to
calculate the rates of change. In these analyses the years 1918 (influenza epi-
demic) and 1940-46 were excluded, as was the case in the turning point analyses
on total mortality, During the Second World War high peaks in mortality due to
diphtheria, tuberculosis, acute digestive diseases and violent death were seen in
The Netherlands (Lumey & Van Poppel 1994).
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5.3 Results

5.3.1 The onset of rapid mortality decline

Table 5.1 represents the turning points and rates of change for the distinguished
periods in the total mortality trend and in sex and age-specific mortality trends
for the period 1850-1992. The results indicate that mortality statted to decline in
1855, because then a change occurred from a petiod of inctease to a period of
decrease in mortality rates. The sex and age-specific results show that mortality

Table 5.1 - Turning points and growth rates for the fotal mortality trend and sex and
age-specific mortality trends in The Nethetlands, 1850-1992

Tutning , Annual Tuming Annual
. Period  growth . Period  growth
point rate (%) point rate (%)
Total 1850-1855 4.8 Age 5-14 1850-1859 4.6
1855 1855-1880 08 1859 1859-1890 -2.4
1880 1880-1917  -1.2 1890 1890-1910  -3.4
1917 1917-1955  -1.6 1910 19101928 2.0
1955 1955-1970 0.4 1928 1928-1951 4.4
1970 1970-1992 1.1 1951 19511970 -1.7
Males 1850.1855 4.6 1970 19701992 3.8
1855 1855-1881 0.7 Age 15-19 1850-1859 3.1
1881 18811917 1.2 1859 18591919 -1.3
1917 19171952 16 1919 19191957 4.7
1952 1952.1972 0.3 1957 19571972 2.3
1972 19721992 0.8 1972 1972.1992 .33
Females 1850-1858 2.8 Age 20-49 1850-1858 2.3
1858 1858-1919  -1.1 1858 1858-1881 -1.3
1919  1919.1960 -1.8 1881 1881-1920 -1.9
1960  1960-1992 -1.3 1920 19201955 .28
Age 0 18501871 0.6 1955 19551992  -1.1
1871 18711905 -1.2 Age 50-64 18506-1855 5.1
1905  1905-1924 4.3 1855 18551917 09
1924 19241948  -3.1 1917 19171957 -1.4
1948 1948-1957 5.1 1957  1957-1970 0.7
1957 1957-1992  -3.0 1970 19701992 1.3
Age 1-4 1850-1859 2.6 Age 65-79 1850-1854 4.3
1859 18591888 1.7 1854 18541922 0.4
1888 1888-1919 3.0 1922 19221961 09
1919 19191947 5.8 1961 1961-1970 a1
1947  1947-1992 36 1970 19701992  -1.0
Age 80+ 1850-1855 3.5

1855 18551927 -0.04
1927 192741992 0.7
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started to decline around 1855 for both sexes and for all age groups, except for
the age group 0-1. In this age group mortality started to decline about 15 years

later.
5.3.2 Phases in the period of rapid mortality decline

Total mortality
The results of the turning point analysis show five phases with different paces of

mortality decline in the period 1855-1992 (table 5.1, figute 5.2). A first accelera-
tion in the decline started in 1880. The most rapid decline (1.6% annually) oc-
curred in the period 1917-1955, 'This period was followed by a phase (1955-
1970) of very slow mortality decline (0.4% annually). Then mortality started to
decline rapidly again (1.1%).

Sex-specific mortality
Male and fernale mortality trends differ with respect to turning points in the pace
of mortality decline (table 5.1). Female mortality started to decline in 1858 at a
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Figure 5.2 - Tofal mortality decline in The Netherlands, 1850 to 1992,
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Table 5.2 - The contribution of several causes of death to total mortality in tuming point years and the rate of change in the periods 1380-1917,
1917-1955, 1955-1970 and 1970-1992.

1880 1880-1917 1917 1917-1555 1955 1955-1970 1970 1970-1592
% total % annual % total % annual % total % annual % total % annual
mortality change mortality change mortality change mortality change
Respiratory tuberculosis 9.68 -1.96 8.71 -6.56 0.70 -13.21 .09 -10.45
Acute respiratory diseases 9.74 -0.83 11.72 -4.91 410 -4.04 3.70 -2.71
Measles 0.97 -1.17 0.49 -9.46 0.04 -7.80 0.02 eradicated
Diphthetia 1.16 -5.78 0.42 -2.61 0.05 eradicated Q.00 eradicated
Whooping cough 1.08 -2.19 0.70 -7.37 0.03 eradicated 0.00 eradicated
Scarlet fever 0.42 -4.07 0.20 -7.05 0.02 -20.64 0.00 eradicated
Brain diseases etc. 8.33 -2.38 5.82 -3.53 268 -1.52 214 0.09
Acute digestive diseases 6.44 -1.63 4,90 -3.46 1.49 -1.02 1.23 -1.02
Cholera 0.13 -7.07 0.02 eradicated 0.00 eradicated 0.00 eradicated
Typhoid fever 0.93 -4.43 0.29 -9.13 0.01 eradicated 0.00 eradicated
Malaria 0.49 -12.06 0.01 -5.20 0.00 eradicated 0.00 eradicated
Smallpox 0.19 -13.50 0.00 eradicated 0.00 eradicated 0.00 eradicated
Scurvy 0.06 -0.24 0.04 9.77 0.00 eradicated 0.00 eradicated
Puerperal fever 0.08 -1.84 0.13 -8.16 0.01 -4.81 0.00 eradicated
Other diseases of pregnancy 0.61 -2.72 0.29 -2.97 0.16 -10.29 0.03 -4.77
Chronic digestive diseases 364 -2.94 2.08 -1.49 202 .59 1.96 -0.67
Chronic respiratory diseases 8.33 -3.78 3.58 -2.46 2.72 1.86 3.73 0.58
Genito-urinary diseases 2.16 0.44 4.31 -2.05 2.83 -2.05 213 -2.31
Cerebrovascular diseases 3.96 -0.08 6.73 -0.13 13.82 -1.77 11.27 -2.44
Diabetes 0.05 6.85 1.05 -1.48 1.69 -0.05 1.42 217
Heart disease (total} 4.05 1.99 12.41 0.56 30.46 0.02 32.85 -1.68
IHD n.a. n.a. C.30 8.31 10.80 3.72 21.41 -2.34
Other heart diseases na. na. 12.11 0.08 19.66 403 11.44 046
Cancer 3.38 1.80 9.39 0.15 19.62 0.90 22594 -0.07

Cther diseases (incl. ‘debility’) 24.96 -2.26 17.74 -2.96 7.75 -2.73 5.03 -0.77



Congenital malformations
External causes (total)
Traffic accidents
Suicide
Unknown/ill-defined

All causes

0.54
1.83
n.a.

0.27
6.60

100.00

0.40
215
0.26
0.46
5.93

100.00

231
1.38
2.91
-0.45
-2.57

-1.51

1.67
4.49
1.96
0.77
287

100.00

-1.78 1.38
2.24 6.29
3.25 3.23
0.54 1.02

-0.45 2.76
0.35 100.00

-1.88
435
-5.49

0.66
-1.04

-1.16
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rate that was not reached by males until 1881. A turning point near the year 1880
was not found for the female moztality trend. Male mortality increased in the
period 1952-1972 while female mortality continued to decline. Contrary to males,
female morttality has been declining continuously since 1858 at a faitly high rate.

Age-specific mortaltty

The turning peint in 1880, in the total mottality ttend, could only be found in
age group 20-49. Other age groups with turning points near the turning point in
1880 are age group 0-1 (1871) age group 1-4 (1888) and 5-14 (1890) (table 5.1).

Turning points near 1917 and 1955 (total mortality decline} were found
for most age groups (1-4, 15-19, 20-49, 50-64 and 65-79) (table 5.1). The period
between those turning points shows the most rapid decline in the whole period
of mortality decline for these age groups.

Total mottality decline decelerated in the period 1955-1970. An increase in
mortality was found in age groups 15-19, 50-64 and 65-79 in a period equivalent
to 1955-1970 (table 5.1).

The rates of change were generally higher for age groups 0-1 to 15-19
compated to the rates of change of older age groups both in the late 19th and
eatly 20th centuries, and also during the remainder of the 20th century. It was
hard to give a reliable estimation of the turning points for the age group 80+,
because of the highly fluctuating trend for this age group until the Second World
War,

Canse-specific mortality

Table 5.2 shows the importance of the 27 causes of death in terms of contribu-
tion to the level of total mottality in the turning point years, and in terms of the
rates of change in the phases of the total mortality trend for which cause-specific
mottality data were available, ie. 1880-1917, 1917-1955, 1955-1970 and 1970-
1992. A change in the rate of decline of important causes of death might indicate
that those causes of death played a role in the changes in the total mortality
trend.

Causes of death which contributed largely to the level of mortality in 1880
were ‘other diseases (including debility)’ (mainly consisting of diseases of the
newly botn, and ‘old age’) (25.0%), respiratory tuberculosis (9.7%), acute respi-
ratory diseases (9.7%), ‘brain diseases etc.” (mainly meningitis and tuberculosis of
the meninges) (8.3%), chronic respiratory diseases (8.3%), unknown and ill-de-
fined causes of death (6.6%), and acute diseases of digestive system (6.4%). The
pace of decline was relatively rapid for ‘other diseases’, ‘brain diseases etc.” and
chronic respitatoty diseases in the period 1880-1917 in comparison to the other
important causes of death. Howevet, because of a lack of data for the period
1855-1880 we cannot draw firm conclusions as to which causes of death might
be responsible for the acceleration of mortality decline after 1880.
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The causes of death mentioned above were stll important in 1917, al-
though the percentage of contribution to total mortality had declined. But other
causes, viz. cerebrovascular disease (6.7%), heart disease (12.4%) and cancer
(9.4%) also became prominent. The most tapid acceleration in mortality decline
can be seen for respiratory tuberculosis (from 2.0% to 6.6%), acute respiratory
diseases (from 0.8% to 4.9%) and acute digestive diseases (from 1.6% to 3.5%).

Important causes of death in 1955 were heart disease (30.5%), cancer
(19.6%), cerebrovascular disease (13.8%), ‘other diseases (including debility)’
(7.8%), violence (4.5%) and acute respiratory diseases (4.1%). The pace of de-
cline of the, previously rapidly declining, causes of death ‘other diseases (includ-
ing debility)’ and acute tespiratory diseases slightly decelerated in the petiod
1955-1970 compared to the period 1917-1955. More important, however, are the
trends of heart diseases and cancer. The mortality of heart disease reached sta-
bility in the petiod 1955-1970 {0.02% annual change). The stability of this trend
was caused by two complementary trends, viz. the increasing ttend of ischemic
heart disease and the decreasing trend of other heart diseases. The pace of in-
crease of cancer mortality was not high in the period 1955-1970, but accelerated
in this period (0.9%) compared to the period 1917-1955 (0.2%).

Heart diseases and cancer were the most important causes of death in
1970 (32.9% and 22.9% respectively). The trend of both causes of death changed
from an increasing to a decreasing trend after 1970. The same change in trend,
but more obvious, was appatent for a less important cause of death ie. external
causes of death {6.3%), and more specifically teaffic accidents (3.2%).

5.3.3 The end of rapid mortality decline

A deceleration of mortality decline occurred in the period 1955-1970, which
might be regarded as the end of a period of rapid mortality decline. However,
mortality started to decline rather rapidly again after 1970 (1.1% annually) (table
5.1).

There was even an increase in mortality in the period 1955-1970 for males,
but then mortality started to decline again although less progressively than total
morttality decline (0.8%). There was no deceleration in female mortality decline
that could be labelled as the end of rapid mortality decline (table 5.1).

Periods of increasing mortality could only be found for the age groups 15-
19, 50-64 and 65-79 all of which were followed by a period of renewed, relatively
rapid, decline (table 5.1).

Th
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5.4 Discussion

Mortality decline in The Nethetlands in the petiod 1850-1992 can be divided
into five phases with different paces of decline, viz. 1855-1880 (0.8% annually},
1880-1917 (1.2%), 1917-1955 (1.6%), 1955-1970 (0.4%), and 1970-1992 (1.1%).
Male mortality figures showed roughly the same phases in mortality decline as
total mortality, with the exception of an inctease in mortality in the period 1952-
1972. Female mortality could only be divided into three periods with different
paces of decline viz. 1858-1919 (1.1% decline), 1919-1960 (1.8%), and 1960-1992
{1.3%). The most rapid decline was found in nearly all age groups in the period
1917-1955. Causes of death which played a role in the location of the turning
points in the total mortality trend are ‘other diseases (including debility)’, chronic
respiratory diseases, respiratory tuberculosis, ‘brain discases etc.” (turning point
1880), acute respiratory diseases, respiratory tuberculosis, acute digestive diseases
(1917}, heart diseases (1955), ischemic heart diseases, cancer (1970).

Before we will discuss these results and the relationship with possible de-
terminants of mortality decline, it is necessary to comment briefly on the data
and method that were used in this study.

5.4.1 Evaluation of data and methods

Caise-specific morlalily

The reliability of the (cause-specific) mortality data was already briefly mentioned
in the introduction. An important characteristic of the Dutch cause-of-death
registration is that is has been a medical registration since 1865. Although medi-
cal knowledge was not as extensive in the late nineteenth century as it is today,
the fact that medical doctots were involved in the certification of causes of death
in The Netherlands instead of laymen or clergymen, which was the case in many
other European countries (Johansen 1993, Kintner 1993, Rogers 1993), im-
proved the reliability of the Dutch cause-of-death statistics. It took, however,
some time befote cause of death statistics wete considered reliable for medical-
statistical research. Although doctors wete required to issue a medical certificate
of cause of death to the registrar (Medical Practitioners Act 1865), the registrar
himself was not obliged to request one. After the Burial Act of 1869, in which a
medical certificate with the cause of death stated was required in order to bury
someone, the quality of the cause of death statistics improved. Since 1875/79,
quinquennial mortality statistics were published by age, sex and cause of death,
with identical nomenclature until 1895/99. Those statistics were considered ex-
tremely useful to anyone involved in medical-statistical research (Van Poppel
1997). Therefore, cause-of-death statistics from 1875/79 onwards ate used in
this study.
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The causes of death used in this study are the result of an extensive reclas-
sification procedure. This reclassification was undertaken to create nosologically
continuous categories of causes of death, and to reduce the influence of changes
in cause-of-death classification on cause-specific mortality trends to a minimum
(Wolleswinkel-van den Bosch ef @/ 1996). However, the nosological content of
the cause of death categoties is also influenced by the accutacy of the diagnosis
tnade by the medical doctors. Especially the difficulties to distinguish between
respiratory tuberculosis and other respiratory diseases have been reported. In the
19th century, respiratory tuberculosis was also known as ‘phtisis’ or ‘consump-
tion’. Phtisis could, however, also occur from other causes than tuberculosis. The
accuracy of diagnosing tuberculosis might also have been affected by the stigma
attached to tuberculosis in the 19th and early 20th century. Tuberculosis was
thought to be hereditary, and family of tuberculosis patients could face problems
with their insurance (Hardy 1988, Bryder 1996). Bryder points out that there
were still diagnostic problems of respiratory tuberculosis in the 20th century de-
spite of bacteriological tests and X-ray facilitics (Bryder 1996).

It is difficult to assess the impact of diagnostic uncertainties on the cause
specific mortality results presented in this study. The possibility of exchanges
between ‘respiratory tuberculosis’ and ‘chronic respivatory diseases’ or ‘acute res-
pitatory diseases’ (including pneumonia) was mentioned by some Dutch 19th-
century authots, but considered as a minor problem by others (Evers 1882,
Vollenhoven 1889, Saltet, 1909). There are some reports that cases of acute
respiratory and digestive diseases in the late nineteenth century might have
wrongly been notified as cases of chronic respiratory and digestive diseases, and
vice versa (Evers 1882). The trend of mottality from unknown and ill-defined
causes of death might be an indication of development in accuracy of diagnosis.
Table 5.2 shows an acceleration in mortality decline of unknown and ill-defined
causes of death in the period 1917-1955 compared to 1880-1917. This suggests
an improvement in diagnosis in the period 1917-1955. The rates of change for
the causes of death that played a role in the turning point in 1917, f.e. respiratory
tuberculosis, acute respiratoty diseases, and acute digestive diseases, are much
morte rapid in the period 1917-1955 than the tate of change of unknown and ill-
defined causes of death (cf. table 5.2). This suggests that improvements of diag-
nosis can hot explain all of the changes in the trends of those causes of death.

A final remark with respect to cause-of-death categories has to be made
on the broad cause-of-death groups present among the 27 causes used in this
study. Some of these groups consist of a combination of infectious and non-in-
fectious diseases e.g. ‘other discases (including debility)’, ‘brain diseases etc.”. It
should be kept in mind that the distribution of deaths within these broad groups
will change over time from predominantly infectious to non-infectious diseases.
The category ‘brain diseases etc.” consisted predominantly of (tuberculous)

— 75—



Chapter 5

meningitis and convulsions in the late 19th and eatly 20th centuries, but over
time non-communicable diseases such as Parkinson’s disease became more im-
portant. With respect to ‘othet diseases (including debility)’ this category consists
of a vatiety of causes {(cf. Appendix Tand 3) among which causes related to the
‘newly born’ and causes related to ‘old age’. It is likely that those causes also in-
cluded infectious diseases. Over time the cause ‘diseases of the newly born’ will
mote specifically refet to, for example, perinatal mortality and ‘diseases of old
age’ to, for example, dementia.

Turning point analysis

In this study tutning points in mottality trends from 1850 to 1992 were esti-
mated. In particular duting the nineteenth century, mortality was highly fluctu-
ating. Such fluctuations can mask the ‘real’ mostality trend and hamper the esti-
mation of turning points (Suits e/ af 1978, Perrenoud 1989). Extremely high
mottality peaks due to epidemics or other extraneous events such as war can in-
duce tutning points that are solely related to such events. For that reason, the
years of the influenza epidemic and the Second World War were excluded from
the analyses. '

The results showed an eatly turning point around 1855 for most of the
analysed trends, which marked the end of a period of incteasing mortality (1850-
1855) followed by a period of decreasing mottality (1855-1917). However, it is
conceivable that the eatly years of the 1850s were years with relatively low mor-
tality as a reaction to the high mottality rates during the cholera epidemic in
1848/49. The increase in the period 1850-1855 would then be artificial. We
checked this by cartying out an additional analysis for total erde mortality, start-
ing in the year 1804. The data for this analysis were detived from a publication of
the Dutch Statistical Bureau (Qomens 1989), and are only available for total
mottality, and not for age and sex-specific mortality. Therefore the analyses pre-
sented in this study were based on the period 1850-1992, The yeats 1847-1849,
1866 and 1871 were excluded from this analysis, because of epidemics in those
years viz. cholera (1847-1849), smallpox (1866), and cholera again (1871) (cf. fig-
ute 5.1). The result of the additional analysis for crude mortality shows turning
points around 1836, 1870, 1917, 1955, and 1970. Mortality declined with 0.4%
annually in the period 1804-1836, with 0.1% annually in the period 1836-1870,
and with 1.1% annually in the period 1870-1917. The decline in the other periods
is similar to the results of the analysis for the period 1850-1992 (cf. table 5.1).
This analysis shows that the turning points around 1855 in the total standardised
mottality trend and sex, and age-specific mortality trends are likely to be artefacts
caused by the preceding cholera epidemic. Therefore, we consider the rapid total
standardised mottality decline to have started around 1880 (cf. table 5.1).
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Big fluctuations also hampered a good estimation of turning points in the
trend of age group 80-+. Mortality for this age group was enormously fluctuating
from one year to the next until the Second World War. Smoothing the trend by
calculating 5-year moving averages did not improve the estimation of the turning
points.

Recent changes in the pace of mottality decline, for example changes in
the late 1980’s, might not have been detected in this type of analysis. The period
until 1992 might be too short to detect a turning point. Besides, the rates of
change for the most tecent period detected in a turning point analysis should not
be extended to future years.

5.4.2 The onset and phases of rapid mortality decline: the
relationship with determinants of mortality decline

A brief review of the literature on trend and determinants of mortaltty decline

Secular mortality decline is considered to have started in the mid 18th and early
19th centuries for several European countries e.g. France, England & Wales,
Sweden (Wrigley & Schofield 1981, Perrenoud 1984, Fridlizius 1984). Economic
changes in the pre-industrial agricultural sectot, climatic changes, a changing re-
lationship between host and infective agent (e.g. improved nuttitional status of
the host) and changing attitudes towards childcate have been put forward as de-
terminants of pre-industrial mortality decline. Mottality decline in the late nine-
teenth century was mote rapid and has mostly been related to industrialisation
(Bengtsson ef /. 1984), or modesnisation (Omran 1971) as the cause of mortality
decline.

Many determinants of mortality decline, which started in the late nine-
teenth centuty, have been described in the literature. In this paper, we will distin-
guish four sets of determinants viz, socio-economic factors, socio-cultural fac-
tors, public health measures and medical factors. Sodo-ecconomic determinants are
regarded as important factors in mortality decline. Industrialisation was already
mentioned as a determinant of the onset of mortality decline, The eatly phases of
industtialisation and utbanisation could, however, negatively affect health e.g. the
dusty and damp factories and bad urban sanitary conditions. For Britain, it has
been desctibed that living standards did not increase during the eatly stages of
industrinlisation (Armstrong 1981, Huck 1995), and that bad urban sanitary con-
ditions had negative effects on infant health (Woods e @/ 1988, 1989). For The
Netherlands, howevet, such sttong negative health effects have not been re-
ported (De Jonge 1968). The beneficial effect of industrialisation is the im-
provement of the economic wealth of a country and consequently the improve-
ment in the standatd of living of its inhabitants. Aspects of the standard of living
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that influence mortality are, for example, availability of food, housing and work-
ing conditions.

Thomas McKeown considered improved nutritional status as the most
tmportant factor of nineteenth century and eatly twentieth century mottality de-
cline (McKeown 1976a,b). Causes of death that are related to nutritional status
are e.g. respitatory tuberculosis and acute respiratory diseases (pnenmonia),
Housing conditions also influence the occutrrence of respiratory diseases, but
‘discases of the nervous systeny’, which consists mainly of meningitis (related to
crowding and bad hygiene) might have been influenced by housing conditions
too. Working conditions might also have had an effect on respiratory diseases,
and probably predominantly on males aged 20-49 and 50-64.

Socio-culinral determinants have also been brought up as a factor in mottality
decline. The Dutch demographer Hofstee came up with a hypothesis in which
mortality decline was related to the extent to which new ideas, especially with
respect to hygiene, could diffuse in a society. New ideas would be more easily
accepted in modern dynamic socicties compared to traditional societies (Hofstee
1979, 1981). The acceptance of cettain health ideas would lead to a change in
behaviour of the population e.g. changing breastfeeding practices and changes in
child care in the late 19th and early 20th centuries, or changes in smoking habits
in the late 20th century. The effects of changes in bteastfeeding practices and
child care are expected to be seen in age groups 0, and 1-4, and probably mostly
in the cause-of-death category of acute digestive diseases.

Fertility is a determinant of mottality decline that is (pactially) determined
by cultural factors. There is an interaction between levels of fettility and mottal-
ity. Mortality decline can induce fertility decline because more children will sut-
vive to adult ages and thus reduce the need for the replacement of childten that
died. Fertility decline on the othet hand can also induce mortality decline. Birth
spacing, for example, is negatively associated with child and maternal mortality
(Forste 1994, LeGrand & Philips 1996).

Another set of determinants of mottality ate public health measures. One of
the main criticasters of McKeown's ‘nutrition-thesis’, Szreter, argued that the
public health movement working through local governments, which resulted in
the implementation of preventive measures of municipal sanitation and regula-
tion of the urban envitonment, was the true force behind the decline in mortality
in the period 1850-1914 (Szreter 1988). Public health measures such as the con-
struction of sewage and water supply systems predominantly affected mottality
from acute digestive diseases, typhoid fever and cholera. The construction of
sewage and water supply systems started in The Netherlands in the late 19th
century, but a coverage of more than half of the population was not reached un-
til after the tutn of the century (Vogelzang 1956, Van Zon 1986). Economic
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wealth and the public health movement both played a role in the introduction of
these public health measures.

The last set of determinants, wedival care and technology, became particularly
important after the introduction of antibiotics after 1945, but medical determi-
nants might also have played a role before, although it was less important than
e.g. economic determinants. Two examples of eatly effects of medical cate are
smallpox vaccination and the anti-diphtheria serum. The inttoduction of small-
pox vaccination in the late 18th, early 19th centuries coincided with a consider-
able decline in smallpox mortality. In the 1870s a resurgence of the epidemic led
to an enforcement of vaccination laws in many European countries (Mercer
1985). In The Nethetlands, the Law on Communicable Diseases of 1872 stated
that a written confirmation of vaccination against smallpox was required from
teachers and children to enter the school. Although mortality rates declined, the
effects were not as large as compared to countries with compulsory smalipox
vaccination (Butgmeijer & Bolscher 1995). The introduction of anti-diphtheria
serumn in The Netherlands in 1896 might have influenced the decline of mortality
from diphthetia in the late 19th and early 20th century (Saltet 1909). The possi-
bility that a diminishing of bacterial virulence played a role in diphtheria mortal-
ity decline has, however, also been suggested (Hardy 1993).

The Fitst World War had an impact on medicine viz. the development of
health education induced by the need for fit human resources (Rosen 1993). In
The Nethetlands, tuberculosis control was intensified after the First World War.
Special tuberculosis clinics were set up. An important role of these clinics was to
investigate the social setting of the patient and to give recommendations on the
amount and nature of social aid. Besides, the clinic played an important role in
health education {(Quetido 1968, Sickenpa 1980). It is not likely that the intro-
duction of BCG immunisation in 1921 greatly affected mortality due to tuber-
culosis. In The Nethetlands, BCG vaccination has never been applied to the
general population. The administration of the BCG vaccine has always been re-
stricted to high-risk groups (Burgmeijer & Bolscher 1995). After the Second
World War a new or accelerated mortality decline was found, among other
causes of death, for scarlet fever, theumatic fever, influenza, wberculosis, bacil-
lary dysentery, which was probably related to the introduction of antibiotics
(Mackenbach & Looman 1988).

In the remainder of this paper we will discuss which determinants of
mortality decline are most likely to have played a role in the subsequent changes
in the pace of mortality decline in The Netherlands, thereby using the results of
the sex, age, and cause-specific analyses.
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5.4.3 The onset and first phase of rapid mortality decline in The
Netherlands: 1880-1917

The pattern of mortality decline in The Netherlands, i.e. slowly declining mortal-
ity in the first half of the 19th century and a progressive decline afterwards {cf.
figure 5.1}, is in accordance with other literature on the start of secular mortality
decline in other Furopean countties. The tesult that rates of change in female
mortality were higher during most periods of mottality decline in comparison to
males, and that rates of change for younger age groups were generally higher
than for adult age groups, ate in accordance with Omran’s propositions that fe-
males were favoured over males and children over adults (Omran 1971, 1983).

Possible determinants of decline

* Socto-economic determinanis — Industrialisaion was mentioned as an important
factor in the onset of mortality decline. In The Netherlands, we find similarities
in the timing of mortality decline and industrialisation, The first symptoms of
industrialisation occusrred around 1870, and it really started around 1890 (De
Jonge 1971). In the first phase of progressive mortality decline (1880-1917) we
then expect to see the effects of industrialisation such as the tise in living
standards. Real wages increased in The Netherlands from 1870 onwards until
1930. There was an acceleration in the increase in the period 1901-30 compated
to the former yeats (Van der Spek 1976).

Data on nutrition, ¢.g. calotie-intake, hatdly exist in The Netherlands for
the late nineteenth and eatly twentieth centuties. Thete are, however, some data
about the availability of certain foodstuffs per capita such as wheat, rice, pota-
toes, sugar, and beef which all increased from 1850 until 1882-1886 and stabi-
lised afterwards until 1916 (CBS 1895, CBS 1920).

Data on housing and working conditions were also hardly available.
Measures to improve housing conditions were taken around 1900 (Querido
1968). Data on the average number of persons per room show that there were
1.65 persons/room in 1899, 1.43 in 1909, 0.95 in 1930, and 0.80 in 1956 (CBS
1994). 'This reduction of the number of persons per room was seen i urbanised
as well as rural areas.

Other data that reflect the standard of living are height data of twenty-
yeat-old males that were examined for military setvice in The Netherlands. Data
for the petiod 1863 to 1941 show a decrease in the percentage of males under 1
metre 55 until 1905, a stabilisation until 1922 and a renewed decrease after 1922
(CBS 1900-1940). Bearing in mind that height at age twenty reflects living stan-
dards at young ages, a time lag of about 10 to 20 years should be consideted to
interpret the data on height as a measure of living standards. The height trend
might reflect an increase in living standards until 1885/95, a stabilisation in the
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period 1885/95 to 1900/10, and a renewed increase in living standards aftet
1900/10.

* Socto-cultural deferminants ~ Another factor that probably influenced mottality
decline in the period 1880-1917 is fertility. Figure 5.1 shows that birth rates
statted to decline around 1880. Coale determined the onset of matital fertility
decline in The Netherlands in 1897 (Coale & Watkins 1986), which is included inn
the period 1880-1917. Fertility rates declined rapidly until 1930, and a renewed
decline set in after the Second Wotld War (CBS 1994).

In the early twentieth century, the percentage of people without religious
affiliation sharply increased (CBS 1994). Secularisation is a measure of the culture
changes in the modernisation process such as rationalisation, openness to new
ideas.

* Public health measnres — The effects of public health measures are expected to
emetge in the first phase of rapid mortality decline. As mentioned befote, the
introduction of sewage and water supply systems in many towns statted in the
late nineteenth century. Other research showed that a cluster of causes of death
among which typhoid fever, convulsions and acute digestive diseases declined
most rapidly in the late nineteenth and eatly twentieth centuries (Wolleswinkel-
van den Bosch et al. 1997),

In this period no large effects of medical factors on mortality decline were ex-
pected. Improvements in living standards (probably mainly housing), socio-cul-
tural change (e.g. fertility declines) and public health imptovements can all have
contributed to mortality decline in the period 1880-1917.

Canse and age-specific mortality decline

Causes of death that greatly contributed to mortality in 1880 ate ‘other diseases
(including debility)’, respiratory tuberculosis, acute respitatoty diseases, brain
diseases etc., chronic respiratory diseases and acute digestive diseases. Among
these causes of death ‘other diseases (including debility)’, brain diseases etc.,
chronic respiratory diseases and respiratoty tuberculosis showed relatively rapid
declines in the period 1880-1917 (cf. table 5.2), which could indicate that these
causes of death were important in the first phase of rapid mottality decline in
The Nethetlands.

The decline of respiratory tubetculosis, chronic tespiratory diseases and
‘brain diseases etc.” (31% meningitis) might all be related to improvements in
housing. ‘Brain discases etc.” also covers ‘convulsions’ (42%). Convulsions can be
a symptom of various infectious diseases, but several studies repotted a relation-
ship between convulsions and diarthoeal diseases/dysentery (Kintner 1986,
Wolleswinkel-van den Bosch ef 4/ 1997). Therefore, the decline in mortality from
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‘brain diseases etc.” might also be (partially) related to sanitary improvements
{public health measures).

The rapid decline in chronic respiratory diseases as well as the turning
point in 1880 for age group 20-49 suggest that improved working conditions
played a role in mostality decline in the period 1880-1917. However, measures by
the central government to improve working conditions wete taken as late as
1889. The measures include the Labour Act to reduce working houts, and in
1895, the Factory Safety Act to reduce accidents.

Another cause of death, which showed a rapid decline in the period 1880-
1917 was ‘othet diseases (including debility)’ (predominantly deaths under 5 years
of age and ‘old age’). The mottality trend for age group 1-4 showed a turning
point in 1888. According to Evers (1882), the majority of deaths in the category
‘other diseases (including debility)’ under the age of 5 was due to poor nuttition,
However, cultural changes, fot example new ideas on childcare, might also have
played a role.

We found a turning point around 1875 in the mortality trend for females
aged 20-49 (results not shown), and an acceleration of infant mortality decline in
1905, These age-specific mottality declines might be related to the onset of
marital fertility decline around 1897 (cf. table 5.1).

5.4.4 The period 1917 - 1955: acceleration of the decline

After 1917 a petiod of rapid mortality decline started and lasted nearly four dec-
ades (excluding the Second World War). The decline was apparent in male and
female mottality and in a young age group (1-4), but was most apparent in adult
age groups (15-19, 20-49, 50-64 and 65-79) (cf. table 5.1).

Possible determinants of decline

* Socio-economic determinants — Incomes increased from 1917 until about 1930, but
after that petiod economic recession set in (CBS 1994). Indicators of living
standard mote directly related to mortality decline, e.g. housing and nutrition,
showed the same pattern as income per head. The number of persons per room
continued to dectrease until 1930 and stabilised afterwards (CBS 1994). As far as
fnuttition is concerned there are only data on the availability of specific foodstuffs
and not on calotie-intake, The availability of sugar, cheese, margarine and fresh
subtropical fruits increased until about 1930 and stabilised thereafter (CBS 1994).
In the eatly 1950s new improvements of the socio-economic factors were visible.

* Socio-culinral deferminants — The percentage people with no teligious affiliation
strongly increased in this period. Fertility rates further declined until the mid
1930s, and increased thereafter (CBS 1994),
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* Medical care and technology — In this period, tuberculosis control became an
important issue. After the First World War, tuberculosis clinics were set up, The
introduction of antibiotics, after 1945, took place in the last decade of this pe-
riod. Bearing in mind that the introduction of antibiotics was at the end of the
period 1917-1955, the influence of this determinant was probably of minor im-
portance in comparison to other factors in the period 1917-1955.

As far as public health measures are concerned, no impottant changes occurred
in this period.

Canse and age-specific viortalily decline

In 1917, the most impottant causes of death wete ‘other diseases (including de-
bility)’, acute respiratory diseases, respiratory tuberculosis and heart diseases.
Respiratoty tuberculosis and acute respiratory diseases (predominantly pneumo-
nia) showed the strongest acceleration of mortality decline in the period 1917-
1955 compared to 1880-1917, which indicates that those causes might have
played an important role in the acceleration of total mortality decline after 1917

The decline of respiratory tuberculosis is in accordance with the fact that
total mortality decline was predominantly apparent in adult ages, the improve-
ments in socio-economic determinants at the onset of this petiod, and with the
more intensified tuberculosis control. The introduction of antibiotics probably
played a role too (Mackenbach & Looman 1988). Improvements in housing, nu-
tritionn and the introduction of antibiotics are all determinants that might have
affected acute respitatory mortality decline too. The role of housing conditions
in tuberculosis mortality has been cleatly shown by McFarlane in his article tu-
berculosis mortality in Glasgow in the petiod 1911.51. Bad housing acted as a
brake on the downward trend of tuberculosis mortality in Glasgow (McFarlane
1989,

The fact that mottality declines for infants in the period most comparable
to the period 1917-1955 (i.e. 1924-1948 cf. table 5.1) were a deceleration in
mortality decline, and that accelerations in mortality declines occurred predomi-
nantly in adult age groups, might indicate that the socio-cultural factors, and
public health factors were of minor importance for total mortality decline in the
period 1917-1955.

5.4.5 The end and a renewal of mortality decline

The end of rapid mortality decline was reached by 1955. After this year total
mottality virtually stabilised until 1970. In literature this period has been marked
as the end of the demographic and epidemiologic transition. Chesnais (1992), for
example, defined the end of the demographic transition as a lasting return (at
least five years) to an average rate of natural increase that equals or is less than
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that of the period preceding the statting point. Also, life expectancy has to be at
least 73 yeats for females. A female life expectancy of 73 yeats was reached in
The Nethetlands in 1952, The natural increase was on average 10 per 100,000
{ranging from 9.5 to 10.3) in the period 1860/70, and was at about the same level
in 1970 (9.9 per 100,000). It has been below that level since 1970. According to
Omran’s epidemiologic transition theory, mortality eventually approaches stabil-
ity in the last stage of the epidemiologic transition, which is the case in The
Netherlands its the period 1955-1970 (Omran 1971, Omran 1983).

However, after 1970 a renewed decline set in, but this decline differed
considerably from former periods of decline from an epidemiological point of
view. Causes of death that showed an increasing trend before 1970 started to
decline from 1970 onwards e.g. ischemic heart disease, some cancers and traffic
accidents. These new epidemiological changes have been regarded by some re-
searchers as a fourth stage in the epidemiological transition (Olshansky & Ault
19806, Rogers & Hackenberg 1987).

Stabilisation of mortality and renewed decline: canse-specific mortaltly and determinants
Morttality decline deceletated in the petiod 1955-1970. Mottality from heart dis-
eases, an important cause of death in 1955, shows a stabilisation of the trend in
the petiod 1955-1970 in compatison to the petiod 1917-1955 (cf. table 5.2). This
stabilisation was caused by two complementary trends: an increase in ischemic
heatt disease and a decline in other heart diseases. We did find increasing trends
in male mortality as well as in age groups 15-19, 50-64, 65-79 in periods similar
to 1955-1970. The increase in male and adult mottality corresponds with the in-
crease in ischemic heatt disease.

The inctease in age group 15-19 might be related to an increase in mortal-
ity from violence, which was a less important but relatively rapidly increasing
cause of death in the petiod 1955-1970 in comparison to 1917-1955 (cf. table
5.2). Van Poppel regarded smoking as the most important determinant related to
the increase in male mortality in the period 1955-70. The number of cigarettes
smoked per year per person aged 10 years and older increased from 1926 on-
wards until 1979, He found that trends in food consumption and in composition
of nutrients were not compatible with trends in mortality from ischemic heart
diseases (Van Poppel 1985),

With respect to the tenewed decline after 1970, the decline in ischemic
heatt discase mortality was important. Changes in life-style such as smoking
habits, which could be classified undet the heading of socio-cultural factors, and
medical factors, diagnostic as well as therapeutic measures, all played a role in
teducing the death rate due to ischemic heart diseases (Walker 1977, Kleinman ef
al. 1979, Crimmins 1981, Van Poppel 1985). An example of a medical factor that
might have contributed to the decline of heart diseases (excluding ischemic heart
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disease) is the introduction of antibiotics after the Second World War, Part of
the heart diseases consisted of rheumatic fever and chronic rheumatic heart dis-
eases that are bacterial infections in origin, and therefore could be influenced by
the introduction of antibiotics (Mackenbach & Looman 1988).

Another aspect of mortality decline after 1970, that is important in the
ongoing decline of female mottality, is the shift of mortality to older age groups.
This shift is, among others, due to improvements in medical technology and
medical care (Olshansky & Ault 1986).

5.5 Conclusion

Mortality started to decline rapidly around 1880 in The Netherlands and this
lasted until 1955-1970. A new period of mortality decline started around 1970
The turning point analysis resulted in a more objective and mote sharply defined
onset, phases and end of the epidemiologic transition in The Netherlands com-
pared to mere visual inspection of the trend. Turning point analysis is a statistical
device to determine periods with different paces of change in long-term pro-
cesses. As such it is applicable to all types of trend studies e.g. fertility trends.

We wete able to point out which causes of death were likely to have influ-
enced the changes in the pace of total mortality decline in The Nethetlands.
However, to link the changes in cause-of-death mortality to determinants of
mortality decline turned out to be a more difficult task. A lower aggregation level
than the national level as used in this study would enhance the discriminative
power of many deteriinants. Multivariate regression analyses of e.g. regional
data on mortality decline and determinants would be a good statistical method to
tie social, economic and medical variables to mortality decline. This paper is patt
of a larger project on epidemiologic transition in The Netherlands in which re-
sults of above-mentioned regression analyses are forthcoming
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Chapter 6

CAUSE-SPECIFIC MORTALITY TRENDS
IN THE NETHERILANDS, 1875-1992:
A FORMAL ANALYSIS OF THE
EPIDEMIOLOGICAL TRANSITION

Abstract

Objective: The objective of this study is to produce a detailed yer robust deseription of the epi-
demiologic transition in The Netherlands.

Data and methods: National mortality data on sex, age, canse of death and calendar year
(1875-1992) were extracted from official publications. For the entire period, 27 canses of death
could be distinguished, while 65 canses (nested within the 27) conld be studied from 1901 on-
wards. Cluster analysis was used fo delerniine groups of canses of death with simittar trend
ctirves over d period of fimie with respect 1o age and sex standardised mortality rates.

Results: With respect to the 27 canses, 3 important clusters were fonnd: (1) infections diseases
which declined rapidly in the late 19th centnry (e.g. typhoid fever), (2) infections diseases which
showed a less precipitons decline (eg. respivatory tuberinlosis), and (3) nom-infections diseases
which showed an increasing irend during most of the period 1875-1992 (eg. cancer). The 65
catises provided more detail. 7 important clusters were found: 4 clusters consisted mainly of in-
Jectious diseases, ineluding a new cluster that declined rapidly after the Second World War
(WW2) (e.g. acute brouchitis/ influenza) and a new cluster showing an increasing trend in the
19205 and 19305 before declining in the years thereafter (o.g. appendicitis). 3 clusters wmainly
contained non-infections diseases, inchding a new cluster that declined from 1900 omwards (e.g.
cancer of the stomach) and a new custer that increased until WW2 but declined aftermards
(e.g. chronic rhenmalic beart disease).
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Conclusion: The resufts sugest that the conventional interpretation of the epidemsiologic fran-
sition, which assumes a uniform decline of infections diseases and a mniform increase of non-
infections diseases, needs fo be modified.

6.1 Introduction

The epidemiologic transition theory, as formulated by Omran, describes a shift
from infectious to degenerative and man-made diseases in populations through-
out time. The age of pestilence and famine, in which mortality is high and fluctu-
ating due to epidemics of infectious diseases, is followed by the age of receding
pandemics in which infectious diseases are declining, although they are still im-
portant causes of death. In the last age, the age of degenerative and man-made
diseases, cardiovascular diseases, cancer, diabetes and other metabolic disorders
and diseases introduced by man (such as accidents) predominate as causes of
death. The epidemiologic transition has been observed in many countries al-
though time frames are different (Omran 1971, 1977a,b, 1980, 1983).

Omran and many other researchers have described the epidemiologic
transition on the basis of broad cause-of-death categories and rather informal
analyses, such as the comparison over a period of time of the rank order of
causes of death or the conttibution of causes of death to all-cause mortality
(Broudy & May 1983, Young 1988, Levison ¢f o/ 1981, Schooneveldt ¢/ a/. 1988).
In this paper we will describe the epidemiologic transition in The Nethetlands
using a more refined cause-of-death classification and a formal statistical method.
The aim of this study is to produce a detailed yet robust description of the epi-
demiologic transition that will form a good starting point for explanatoty studies.

A mote detailed analysis of causes of death is likely to be more informa-
tive for an understanding of the epidemiologic transition than studies that are
based on broad cause-of-death categories. In addition, a formal statistical
method {cluster analysis) is likely to produce less subjective and more robust re-
sults than those gained from informal analyses. The cluster analysis is applied to
cause-specific mortality frends because time trends are more informative for ex-
planations of the epidemiologic transition than, for example, changes throughout
time in the contribution of causes of death to ali-cause mostality. This paper pre-
sents clusters of causes of death with the same trend over a petiod of time, irre-
spective of the level of the mortality rates. In other words, clustets consist of
causes of death that decline and increase together throughout time. The results
of the cluster analysis will not only provide a detailed desctiption of the pattern
of cause-specific mottality trends that undetlie the all-cause mortality trend, but
they might also contribute to a better undetstanding of the explanations of the
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epidemiologic transition by discussing the results with respect to common de-
terminants of the causes of death within the clustets.

6.2 Data and Methods

6.2.1 Data

Absolute numbers of deaths with respect to sex, age and cause of death were
used for the years 1901-1992, which were published by the Dutch Central Bu-
reau for Statistics. Data for the period 1875-1900 wete derived from quinquen-
nial figures published by the Dutch Home Office,

6.2.2 Nested Classification

The causes of death had to be reclassified in order to create nosologically con-
tinuous groups of causes of death, because the period 1875-1992 covered a very
concise 19th century classification as well as 9 revisions of the International Clas-
stfication of Diseases and Causes of Death (ICD). Causes of death in the new
classification wete reclassified on the basis of the old classification. Because this
results in a classification which is very similat to the concise 19th centuty classifi-
cation, a nested classification that consists of three aggregation levels of causes
of death was developed so as to keep the level of detail. The construction and
validation of this nested classification has been described elsewhere (Wol-
leswinkel-van den Bosch et 4/ 1996). The study in this paper uses two
aggregation levels of causes of death (27 and 65 causes) which could be studied
over two different time periods (1875-1992 and 1901-1992 respectively). The
causes of death used in this study and the most recent ICD codes have been
included in appendix 3.

Most attention will focus on the 65-causes level, because infectious as well
as non-infectious causes were equally represented at this level. The 27-causes
level, which could be studied for the entire period 1875-1992, is particulatly in-
formative with respect to the trends of infectious diseases during the 19th cen-
tury.

6.2.3 Standardisation

Standardised mortality rates for age and sex wete calculated (ditect standatdisa-
tion) to correct for the effect of the changing age and sex disttibution on mot-
tality. Eight age groups were used in the standardisation procedure: 0, 1-4, 5-14,
15-19, 20-49, 50-64, 65-79 and 80 years and over, which was the greatest com-
mon denominator of all age subdivisions used in the period 1875-1992. The ref-
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erence population was the average population in the period 1901-1992. This
standard was used for the period 1875-1992 as well as for the period 1901-1992.

6.2.4 Cluster analysis

In this study we wanted to determine which causes of death declined and in-
creased together over a period of time, This means that we were nhot inferested in
the general level of causes of death, but in the shape of their trend curves. There-
fore, standardised mortality rates for age and sex were standardised to equal
means over the period under study for each cause of death.

Many causes of death showed strong interruptions of their trend due to
the influenza epidemic of 1918 and the Second World War. Because we were
interested in the long-term developments of mortality irrespective of interrup-
tions due to specific extrancous events like war, and because important interrup-
tions in the trend would dominate the results of the cluster analysis the years
1918 and 1940-1946 were excluded from the analyses.

Because of the heuristic nature of cluster methods we used two different
methods, each of which aims to minimise the within-cluster-sum-of-squares, ie.
to optimize according to the least squares principle. One is the well-known ag-
glomerative hierarchic cluster method of Ward’s analysis’ (Norusis 1990), the
other is a less-known divisive cluster method ‘Orbaclar’, based on bisecting
principal component axes of subsequent clusters {(Jongman ef al 1995). Both
methods wete followed by relocation procedutes, thereby using the least squares
criterion again. Relocation did not lead to many changes, which indicates stable
solutions. Because the results of both methods were highly comparable we will
only present the results of Ward’s analysis. The number of clusters that were pre-
sented as the end result was detetmined on the basis of the agglomeration tree
(Norusis 1990).

Sex differentials were studied by relocating the female data using the out-
come of the male cluster analysis and vice versa. There were hardly any differ-
ences between the clusters for males and females, so the results are not pre-
sented according to sex.

6.3 Results

The results of the cluster analysis are represented in tables and figures. The y-axis
in the figures tepresents cluster averages based on mottality rates standardised to
equal means (= 1) for the whole period. Clusters consisting of only one or two
causes are omitted from the figures for practical reasons.
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6.3.1 27 causes, 1875-1992

A division of the 27 causes into 6 clusters provided the best description of dif-
ferences and commonalities in patterns of changes over the period of time (table
6.1 and figure 6.1). The cluster which shows an increasing trend curve during the
petiod under study consists of all the causes of death which are currently impor-
tant in developed countries e.g. cancer and cardiovascular diseases (table and
figure 6.1, cluster 3). Three causes of death are distingnished as separate clusters
in this analysis i.e. cholera, malaria and smalipox (table 6.1, clusters 4-6). Malaria
and smallpox had nearly disappeared by the end of the 19th century. The few
cases that occurred in the late 19th and early 20th century resulted in enormous
peaks in the shape of the trend cutve of those causes. Cholera showed a similar
trend as cluster 1 (typhoid fever etc.) but the epidemic of the years 1888-1892
caused an enormous peak in the trend resulting in cholera being a separate clus-
ter. Another cluster that consist mainly of other infectious diseases also declined
during the whole period under study but showed a more even decline compared
to cluster 1 (table and figure 6.1, cluster 2). The cluster with, among others, ty-
phoid fever and scarlet fever declined during the whole period under study but
most sharply at the end of the 19th century (table and figure 6.1, cluster 1),

6.3.2 65 causes, 1901-1992

‘The analysis of 65 causes gives a more detailed insight in the results of the 27
causes of death clustering. The 65 causes are presented as 10 clusters with differ-
ent trends (table and figure 6.2) of which four clusters predominantly consisted
of infectious causes of death {clusters 1-4) and three clusters of non-infectious
causes of death (cluster 5-7). In addition, there were three clusters with only one
ot two causes of death (smallpox, cholera and anthrax, poliomyelitis; clusters 8-
10). Cluster 1 is mote ot less comparable to cluster 1 of the 27 causes clustering;
the clusters 2,3 and 4 are more or less compagable to cluster 2, clusters 5 to 7 are
morte ot less compatable to cluster 3, and clusters 8 and 9 are more or less com-
patable to clusters 5 and 6 of the 27 causes clustering.

Three clusters that consist of infectious causes of death (clusters 1 to 3)
differ with respect to the amount of declinve in the early 20th century. Cluster 1
(typhoid fever etc.) declined the whole 20th century, but most rapidly at the be-
ginning of the century. Cluster 2 (whooping cough etc) showed a more even
decline during 20th century compared to cluster 1. Cluster 3 (acute bronchitis
etc.) hardly declined in the early 20th century, but showed a rapid decline after
WW2. Cluster 4, which also consisted of infectious diseases (appendicitis etc.),
showed, on the contrary, a strong /mrease in the second and third decade of the
20th century followed by a decline after WW2.
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Table 6.1 - Clustering of 27 causes of death in the period 1875-1992

Cluster 1: mainly infectious diseases: sharp decline Tate 19th century, further decline
during 20th century
Typhoid fever, scarlet fever, measles, scurvy

Cluster 2: mainly infectious diseases: steady decline during late T9th century and 20th
century

Brain diseases efc,, respiratory Wberculosis, diphtheria, whooping cough, acute res-
piratory diseases, chronic respiratory diseases, acute digestive diseases, chronic diseases
of the digestive system, diseases of the genito-urinary system, puerperal diseases {exc.
puerperal fever), puerperal fever, other diseases (incl. ‘debility’}*, unknown and ill-defined
causes of death

Cluster 3: non-infectious diseases: increase during late 19th and 20th century
Congenital malformations, cancer, cerebrovascular disease, diabetes melfitus, diseases of
circulatory system (exc. cerebrovascular disease), external causes of death {exc. suicide),
suicide

Cluster 4: rapid decline Tate 19th century

Malaria

Cluster 5: rapid decline late 19th century with high peaks in 1880 and 1890
Smallpox

Cluster 6: rapid decline late T19th century, epidemic at 1888-1892
Cholera

* This category consists of debility (mainly perinatal causes of death and ofd age), some types
of tuberculosis, scrofulfa, rachitis, diseases of the skin, abscess, ulcer, gangrene, pyaemia,
hemotrhage, continuous fever.

—— cluster 1
7 —— chuster 2

—— cluster 3

stancardized mortality rate
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T T T T 7 ¥
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Figure 6.1 ~ Trends of the clusters as described for 27 causes of death.*

* The y-axis represents cluster averages of cause-specific age-standardized mortality rates
standardized to equal means {=1) over the years under study. For an explanation of the content
of the clusters see tables 6.1 and 6.2
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As far as the non-infectious-diseases clusters are concerned, cluster 5 (breast
cancer etc.) is the only cluster that cleatly shows an increase during most of the
20th century. Cluster 6 (stomach cancer etc.} declined relatively fast in the first
two decades of this century and has continued to decline since. Cluster 7 (cancer
of the intestines and peritoneum) differed from cluster 6 by a slight increase
instead of a decline in the first half of this century.

6.3.3 Stages in the epidemiologic transition

We identified several stages in the epidemiologic transition, thereby using the
results of the cluster analysis. The years 1918 and 1940-1946 are not taken into
consideration, because these years were not included in the cluster analysis. A
new stage was assumed to begin when an important change in the trend of one
ot more clusters occurred. A first stage, 1875-1900, is characterised by an enot-
mous decline of typhoid fever, scatlet fever, scutvy and, to a lesser extent, mea-
sles (figure 6.1, cluster 1). The period 1901-1920 is defined as a second stage in
which the decline of the above-mentioned causes of death became less progres-
sive, although the decline was still considerable compated to other clusters (fig-
ute 6.1, cluster 1 and figure 6.2, cluster 1). The next stage, 1921-WW2, is chat-
acterised by an increase in certain infectious diseases e.g. appendicitis (figure 6.2,
cluster 4) and a less progressive decline of a numbet of non-infectious diseases
e.g. cancer of stomach/oesophagus/liver/gall-bladder (figute 6.2, cluster 6).
There also seems to be a more rapid decline of aitborne infectious diseases (fig-
ure 6.2, cluster 2). A fourth stage, WW2-1970, is characterised by the strong in-
crease of IHD, several types of cancer and traffic accidents (figure 6.2, cluster 5),
a rapid decline of the cluster consisting of, among others, acute bronchi-
tis/influenza (figure 6.2, cluster 3) and the decline of the cluster of infectious
diseases which had been on the increase (figure 6.2, cluster 4). The decline of the
cluster that includes THD, cancer and traffic accidents in 1970 marks the last
stage {figure 6.2, cluster 5). This last stage corresponds with the extension of
Omran’s description of the epidemiologic transition with a fourth stage by sev-
eral researchers (Olshansky & Ault 1986, Rogers & Hackenberg 1987).

6.4 Discussion

6.4.1 Methodological aspects

The results provide global trends and should not be interpreted as detailed in-
formation on specific causes of death. Cause-specific trends, which differed oﬁly
for a small patt of the total period under study, were put in the same cluster, For
example, IHD and traffic accidents, which increased untdl 1970 but declined af-
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terwards, were put in the same cluster as breast cancer and ‘cancer of other or-
gans’ (including lung cancer), which continued to increase after 1970. Thus IHD
and traffic accidents were not recognised as a separate cluster but were joined
with the least differential groups.

Furthermore, the results of the cluster analysis are dependent on the
starting point of the period under study. Scarlet fever and typhoid fever, for ex-
ample, were in the same cluster in the results of the analysis for the period 1875-

Table 6.2 - Clustering of 65 causes of death in the period 1901-1992

Cluster 1: mainly infectious diseases: rapid decline early 20th century
Typhoid fever, malaria, measles, scurvy, diarthoea/dysentery/enteritis, convulsions

Cluster 2: mainly infectious diseases: less rapid declines early 20th century
Whooping cough, diphiheria, respiratory tuberculosis, tuberculosis of the nervous system,
abdominal tuberculosis, disseminated and other tuberculfosis, encephalitis/meningitis, sca-
rlet fever, peritonitis, acute nephritis, unknown and ill-defined causes of death

Cluster 3; mainly infectious diseases: most rapid decline after Second World War
Acute bronchitis/influenza, erysipelas, syphilis, rheumatic fever/chorea, old age/dementia,
pneumocnia, diseases of the pleural cavity, chronie nephiitis/other kidney diseases,
puerperal fever, bleeding and other diseases during pregnancy/childbirth /puerperium
{exc. puerperal fever), seplicaemia /pyaemia

Cluster 4: mainly infecfious diseases: increase in the 1920s and 1930s
Appendicilis, diseases of prostate and other male genital organs, diseases of female
genital organs, venereal infections (exc. syphilis), diseases of the ear {inc. ofitis media)

Cluster 5: non-infectious diseases: rapid increase until 19705

Cancer of breast, cancer of other organs, ischemic heart disease, homicide, traffic
accidents

Cluster 6: mainly non-infectious diseases: decline during the 20th century

Cancer of stomach/oesophagus/liver/gall-bladder, adrenal diseases, alcoholism, diseases
of larynx/pharynx /nasal cavity/oral cavity, chronic bronchitis/asthma/other respiratory
diseases (COPD), diseases of oesophagus, diseases of the newly bom

Cluster 7: mainly nor-infectious diseases: slight increase untit Second World War and a
decline afterwards

Cancer of intestines and peritoneum, cancer of the skin, diseases of focomotion/
sheumatism/arthiitis/rickets, diabetes mellitus, diseases of the nervous system [exc.

M Parkinson and multiple sclerosis}/diseases of the thyroid gland, stomach ulcer, other
diseases of the digestive system, heart disease (exc. ischemic heart disease), cerebro-
vascular disease, diseases of arteries and veins, diseases bladder/urinary tract, congenital
mafformations, suicide, other external causes of death, other infectious diseases, other
diseases

Cluster 8: highly fluctuating, declining trend early 20th century

Smallpox

Cluster 9: highly fluctuating, declining trend early 20th century

Cholera and anthrax

Cluster 10; epidemic peaks about every 10 years until 1960
Poliomyelitis
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1992. In the analysis for the petiod 1901-1992 scatlet fever was put in a cluster
which was less rapid declining compared to the cluster that consisted of typhoid
fever. Both causes of death declined tremendously it the last decades of the 19th
century. This similarity in trends was more important than differences in later
years. However, in the analysis from 1901 onwards, this tremendous decline in
the 19th century was not within the scope of the analysis anymore and differ-
ences in the shape of the remaining trend became important. '

Because we were interested in long term developments of cause-specific
mortality, interruptions due to specific extraneous events such as the influenza
epidemic in 1918 and the years of the Second World War (1940-46), which
would dominate the results of the cluster analysis, were not included in the
analyses. If the years 1918 and 1940-46 are included in the analysis, influenza
would be a separate cluster, due to the high peak in 1918, and diphthetia and
homicide would form a cluster, because of the high peaks in mortality from
those causes of death in the Second Wotld War (results not shown in this paper).

A final remark on the cluster analysis concerns the decision how many
clusters do best represent the data ic. the differences and commonalities in
cause-specific time trends. The numbert of clusters is determined on the basis of
the increase in the value of the distance measure between clusters as given in the
agglomeration tree. Agglomeration is usually stopped as soon as the increase in
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Figure 6,2 ~ Trends of the clusters as described for 65 causes of death.”

* The y-axis represents cluster averages of cause-specific age-standardized mortality rates
standardized to equal means (=1} over the years under study. For an explanation of the
content of the clusters see tables 6.1 and 6.2,
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distance measure between the clustets that ate merged in a next agglomeration
step becomes large (Norusis 1990). In the case of 27 causes of death (cf. table
6.1}, this led to a division of the cause-specific mortality trends into 6 clusters. In
the-agglomeration stage of 5 clusters, the causes of death in the clusters T and 2
were in the same cluster (cf. table 6.1). There is however a clear distinction in the
trend of both clusters: cluster 1 declined shatply late 19th century contrary to
cluster 2 (cf. figure 6.1). A division into 7 clustets would lead to a separate cluster
of typhoid fever and scatlet fever. The trend curves of those causes of death are,
however, similar to the othet causes of death in cluster 1 {cf. table 6.1). In the
case of 65 causes of death (cf. table 6.2}, it was more difficult to determine the
point in the agglomeration trée at which the increase in distance measute became
latge. In the agglomeration stage before the division into 10 clusters, the causes
of death in clusters 6 and 7 wete in the same cluster. This obscures, howevet, the
fact that cluster 6 represents non-infectious causes of death showing a declining
trend throughout the 20th century. In the agglomeration stage after the division
into 10 clusters, cholera and anthrax became separate clusters. This did, however,
not add to a better understanding of the differences and commonalities in cause-
specific mortality trend curves.

In addition to characteristics of the cluster analysis itself there are also
characteristics of the data that might have affected the results. Firstly, the age
groups that were used for the calculation of standardised mortality rates were
rather broad, especially with respect to older ages. This might have biased trends
of causes of death at older ages. However, to affect the results of the claster
analysis, the trend should have changed considerably in order to end up in an-
other cluster; this seems not to have happened.

Secondly, the introduction of new cause-of-death classifications, new
coding habits and improvements in diagnosis might have affected specific cause-
of-death trends and, consequently, the results of the cluster analysis. We have
tried to minimise the effects of new classifications and coding habits by con-
ducting an extensive reclassification procedute (Wolleswinkel-van den Bosch e
al 1996). However, the introduction of ICD-6 in 1950 might have influenced the
inclusion of cerebrovascular accident (CVA) in cluster 7 instead of cluster 6 (cf.
table 6.2). CVA mottality had been declining slowly since 1901, but an increase
of CVA mottality, probably as a result of changing coding habits, took place in
1950 followed by a renewed rapid decline. We do not expect futther serious in-
fluences of the introduction of new ICD-revisions on the results of the cluster
analysis. It is difficult to deal with the effects of improved diagnosis. The pres-
ence of ill-defined causes of death in a declining cluster {(cf. table 6.2 and figure
6.2, cluster 2) might indicate that diagnosis and notification improved in the early
20th centuty. The most ditect way to solve this problem would have been to re-
strict the time frame of the study to, for instance, 1930-1992. In that case, we
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would however loose 2 lot of information on the eatly petiod of the epidemio-
logic transition such as, for example, the strong decline of typhoid fever in the
late 19th and early 20th centuty. Improvements in diagnosis could temporarily
change the level and trend of mortality of certain causes of death. Significant
changes in the trend curve are however needed to influence the result of the
cluster analysis. The IHD trend cutve, for example, probably shows a stronget
increase in the 1930s than the real increase due to improvements in diagnosis by
that time. However, the IHD trend cutve is characterised by a strong increase
until 1970 and a decrease afterwards. This overall IHD pattern will still hold even
if the increase in the early 20th century might not have been as strong as shown
by the data.

6.4.2 Changes in cause specific mortality in The Netherlands
compared to other countries

The differences in time trend of groups of infectious and non-infectious diseases
that can be obsetved in The Nethetlands are not a unique phenomenon.
Changes in cause-of-death patterns have been reported for many developed as
well as developing countries (Omran 1971, Broudy & May 1983, Young 1988,
Levison ¢ af 1981, Schooneveldt & 4/ 1988, Preston & Nelson 1974, Logan
1950, Vallin o/ /. 1990). The decline of cettain non-infectious diseases such as
stomach cancer and stroke has been reported for many developed countries
(Whisnant 1983, Thom ef &/ 1985, Uemura & Pisa 1988, Campbell e #/ 1980,
LaVecchia ¢f o/ 1992) and the increase in the 1920s and 1930s of cettain infec-
tious diseases has been described for England & Wales (Batker 198%4).

In developing countties, CVA was the first cardiovascular disease to
emerge as the clinical consequence of high blood pressure, followed by cardiac
and renal complications and eventually, angina pectoris and myocardial infarction
(Trowell & Burkitt 1981, 1988). 'The Dutch findings showed an eatly decline of
CVA, an increase of heatt disease mortality in the first two decades of this
century and an ongoing increase of IHD mortality after W2 whereas other
heart diseases started to decline. An early emergence of appendicitis, the increase
of cancer of the colon, breast, ovary and prostate, and an increase in smoking-
related diseases as well as traffic accidents have also been repotted for develop-
ing countries (Marshall 1991, Séderlund & Zwi 1995, Bofetta ef af. 1993).

6.4.3 The results of the cluster analysis compared to Omran’s
description of epidemiologic transition

The results indicate that an epidemiologic description of mortality decline in
terms of a ‘decline of infectious diseases’ and a ‘tise of non-infectious diseases’ is
far from satisfactory.
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As far as the infectious diseases are concetned four groups with a differ-
ent time trend could be distinguished. The first group (table 6.1, cluster 1 and
table 6.2, cluster 1) might be identified as water and food borne infectious dis-
eases or diseases related to poor hygiene and malnutrition. Mortality from those
diseases declined progressively in the late 19th and early 20th century. Typhoid
fever, diarthoea, measles, convulsions, and scurvy belong to this group. The re-
lationship between convulsions and diarthoea and between measles and diar-
rhoea has been reported previously (Kintner 1986, Han e/ o/ 1990). The con-
struction of water supply systems, which began in the late 19th centuty, might
have contributed to this decline (Vogelzang 1956).

Whooping cough, diphtheria, tuberculosis etc. {table 6.2, cluster 2) have
also been declining at least since the turn of the century, though less progres-
sively so. This group might be labelled as airborne infections. An important de-
terminant of the decline in this cluster might have been the improvement in nu-
tritional status. This cluster consists of several types of tuberculosis, which is a
disease that is sensitive to nuttitional status (McKeown 1976a,b). Overcrowding
in houses and factories has probably also been a determinant of the diseases in
this cluster. In the late 19th and early 20th century several measures were taken
by the national authorities to improve housing and working conditions which
might have contributed to the decline of this cluster in the first half of the 20th
century (Querido 1968).

The third group of infectious diseases (table 6.2, cluster 3) declined slowly
at the beginning of this century. The decline accelerated after WW2. This accel-
cration was probably partly due to the introduction of antibiotics just after W2
(Mackenbach & Looman 1988).

The last group of infectious diseases, ie. appendicitis, otitis me-
dia/mastoiditis, venereal infections (except syphilis) (table 6.2, cluster 4) might
be identified as temporarily increasing infectious diseases. A possible explanation
is Barket’s ‘hygiene hypothesis’. Around 1920, improvements in hygiene had re-
duced enteric infections in young children which made them prone to appendi-
citis and some other infectious diseases e.g. poliomyelitis in adolescence. As hy-
giene improved further the likelihood to contract an infection at a young adult
age also decreased (Barker 1985, 1988, Barker ef o/ 1989, Martyn & Barker 1988).

An increase in mortality has only occurred for part of the diseases that
were put under the heading ‘degenerative and man-made diseases’ by Omran.
Three groups could be distinguished, but it is hard to characterise those groups
in terms of common actiology and/or cause of decline. Some causes showed a
rapid decline at the beginning of this century e.g, stomach cancer, COPD, alco-
holism and ‘diseases of the newly born’ (petinatal causes of death) (table 6.2,
cluster 6). Possible reasons for the decline are c.g. a reduced salt intake due to
other food preservation measures (refrigerator) than salting in the case of stom-
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ach cancer (Tuyns 1988) and improved obstettic care in the case of perinatal
mortality (Loudon 1992).

Another group of causes on average increased slightly at the beginning of
the century and declined slowly after WW2 (table 6.2, cluster 7). Heart disease
other than THD had been increasing until 1920 and started to decline in 1950.
Some of those heart diseases (e.g. clwonic rheumatic heart disease) were infec-
tious in origin and could therefore be affected by changes in hygiene, nuttition
and antibiotics, which might explain part of the decline (Campbell 1963, Preston
& Nelson 1974).

Only one group of non-infectious diseases has increased during most of
the 20th century e.g. IHD, several types of cancer, traffic accidents and homicide
(table 6.2, cluster 5). Determinants of these causes e.g. high cholesterol intake,
smoking habits and changes in reproductive and health behaviour (Walker 1977,
Breslow & Enstrom 1980, Kleinman ef a/ 1979) might be labelled as changes in
behaviour that are related to increased affluence.

6.5 Conclusion

This detailed analysis of the epidemiologic transition in The Netherlands has
shown the diversity in ‘the decline of infectious diseases’ and ‘the rise of degen-
erative and man-made discases’. The results of this study suggest that the con-
ventional interpretation of the epidemiologic transition, which assumes a uni-
form decline of infectious diseases and a uniform increase of non-infectious dis-
eases, needs to be modified. A more differentiated intetpretation of changes in
mortality in terms of cause of death is likely to provide a better starting point for
explanatory analyses
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Chapter 7

THE CONTRIBUTION OF INFECTIOUS
DISEASES TO MORTALITY DECLINE
IN THE NETHERLANDS, 1875-1970

Abstract

Objective: To analyse the relative contribution of infections diseases to fotal mortality decline
in The Netherlands in the period 1875-1970 and four subperiods viz, 1875-1901, 1901-31,
1931-50, 1950-70, and to analyse the pace of infections disease mortality decline in the jonr
subperiods. The contribution percentage is an indication of the importance of infections diseases
in wortality decline. Analysis of the pace of decline is needed to relate determiinants of mortality
decline to specific infections diseases.

Data and Methods: Sex, age and canse-specific mortality data and poprlation data were
derived from publications by the Dutch Home Office and the Central Burean of Statistics. To
describe the contribution of infections diseases to mortality decline, the decline of age- and sex-
standardised canse-specific mortality was expressed as a percentage of all-canse standardised
miotiality decline. Linear regression analysis of the logarithm of standardised mortality over tine
was nsed to calenlate the pace of mortality decline,

Results: Respiratory tubercifosis contributed miost to moriality decline in the pmads 1875-

1970 (14.7%), 1875-1901 (16.2%), 1950-70 (14.9%), diarrhoeaf dysentery comtributed
wiost to the decline in the period 1901-31 (20.3%), and puenmonia in the period 1931-50
(22.0%). A generalised acceleration in moriality decline (dne to a decline in water-borve as well
as airborne infections diseases) conld be observed in the period 1901-31. In the peviod 1931-
50, accelerations in decline were predominantly observed among airborne infections diseases.
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Conclusion: Aecelerations in wiortality decline (in relation to the contribution of infections
diseases) in the period 1901-31 conld be related to accelerations in fertility decline in the same
period. In the period 1931-50, improvements iy socio-economic and socio-culiural factors decel-
erated. Medical factors seem to be important contribntors to miortality decline in that period.

7.1 Introduction

Since the late 19th century mortality has drastically declined in The Netherlands.
During the mortality decline, the cause-of-death pattern changed substantially
from infectious diseases as the main causes of death to non-infectious diseases
and external causes. Infectious-disease mortality declined while mortality from
non-infectious discases increased. This shift in cause-of-death patterns became
known as the epidemiological transition after Omran published on this subject in
the eatly seventies (Omran 1971). The epidemiological transition has been de-
scribed for many countries although the timing of this process differed between
countries (Omran 1977, Broudy & May 1983, Young 1988, Levison e/ a/ 1981,
Schooneveldt ¢ @/ 1988, Wolleswinkel-van den Bosch e7 @/ 1997).

Describing mortality decline also raised questions about the determinants
of mortality decline. Until the 1950s, the prevailing view was that improvements
in medicine and public health measutes had been the most influential factors in
mortality decline. In 1962, however, Thomas McKeown published a paper in
which he argued that improved living standatds, and particulady improved nutri-
tion, were the major determinants i 19%h-century mortality decline (McKeown &
Record 1962). About ten years later, he published a paper in which he reached
the same conclusion for the twentieth century (McKeown ef o/ 1975). In these
papers, McKeown analysed the contribution of causes of death to mortality de-
cline. Airborne infectious diseases turned out to be the biggest contributors to
mottality decline in England & Wales (about 65% in the second half of the 19th
century and about 45% in the period 1901-71). Mortality from airborne infec-
tious diseases, particularly respiratory tuberculosis and pneumonia, is related to
the nutritional status of the infected person. According to McKeown, other pos-
sible determinants did not play an important role in the decline. Increased hy-
giene, for example, was related to water-botne and food-borne infectious dis-
eases, which did not conttibute as much to moztality decline as airborne infec-
tious diseases did. Moreover, medical technology only became available after
infectious diseases had alteady significantly declined (McKeown & Record 1962,
McKeown ¢f al. 1975).

Using cause-specific data, like McKeown did, is a good starting point to
gain insight into possible determinants of mortality decline. Cause- (and age-)
specific mortality can be more accurately linked to determinants than to total
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mortality. The contribution percentage to mottality decline of a cause of death
alonie cannot be directly linked to detegminants of decline. The conttibution to
mortality decline is not only determined by the trend of the cause of death or age
group itself, but also depends on trends shown by other causes of death. Infot-
mation on the trends of causes of death can show whether a cause of death that
greatly contributed to mortality decline also showed a strong declining trend.
Furthermore, trends can be more easily linked to determinants of decline. Accel-
erations in a trend, for example, suggest the influence of determinants on that
cause-specific or age-specific mortality trend. In summary, the percentage of
contribution to mortality decline quantifies the importance of a cause of death or
age group in mortality decline. Information on cause-specific and age-specific
trends is needed to arrive at more well founded conclusions on the role of spe-
cific determinants in mortality decline.

The aim of this paper is to analyse the watributiion of infectious-disease
mortality {causes and age groups) to total mortality decline, and to analyse the
pac of infectious-discase mortality decline in The Netherlands in the period
1875-1970 and in four subpetiods viz. 1875-1901, 1961-30, 1930-50 and 1950-
70. The paper focuses on the period 1875-1970, because in this period mortality
decline is characterised by declines in infectious diseases. From 1970 onwards,
declines in ischemic heart disease have determined mortality decline (Wol-
leswinkel-van den Bosch ef 4/ 1997). A detailed cause-of-death classification is
used in order to enhance the possibilities to telate causes of death to determi-
nants of mortality decline.

Results are presented for four subperiods, so that we were able to identify
causes of death and age groups that were predominantly impottant in a specific
petiod of time instead of considering the whole period under study. In the dis-
cussion section of this chapter, we will try to relate changes in the pace of cause-
specific and age-specific mottality decline to trends in determinants of decline.

7.2 Data and Methods

7.2.1 Data

Cause-specific mortality data by sex and age wete detived from publications by
the Dutch Home Office for the period 1875-1900 and from the Central Bureau
of Statistics in The Netherlands (CBS) for the period 1901-1970. Population data
were also supplied by the CBS for the whole petiod from 1875 to 1970.
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7.2.2 Reclassification of causes of death

The cause-of-death categories used in this paper are the tesult of an extensive
reclassification procedure of the cause-of-death categories in a Dutch 19%-cen-
tuty classification and 9 revisions of the International Classification of Causes of
Death. The reclassification was based on the description of the categories in the
ICD-revisions and, for the 19t-century classification, on medical literature pub-
lished at the time. The result of the reclassification procedure was a nested classi-
fication of causes of death in which 27 causes of death could be studied during
the period from 1875 to 1992, 65 causes of death could be studied from 1901 to
1992 and 92 causes of death could be studied for the period from 1931 to 1992.
The infectious diseases from the above-mentioned 27 and 65 causes are used in
this study. The 27 causes-of-death categories reflect the 19%-century classifica-
tiot. This classification includes some vaguely defined cause-of-death categoties
and categoties that cover both infectious and non-infectious diseases. Therefore,
results of a more detailed classification (65 causes of death) will be presented too.
Appendix 3 contains the cause-of-death labels for the 27 and 65 causes of death
as well as the ICI>-9 codes for the specific categories. The categories considered
to be infectious diseases (in this study) have been marked with an asterisk. A
more elaborate description of the reclassification procedute has been published
eisewhere (Wolleswinkel-van den Bosch ¢ 4/ 1996, chapter 4).

7.2.3 The contribution of infectious diseases to mortality
decline

‘The conttribution of infectious diseases to mortality decline was calculated for the
entire period under study (1875-1970), as well as for the four subpetiods viz.
1875-1901, 1901-1931, 1931-1950 and 1950-1970. Cause-specific age- and sex-
standardised mottality rates were calculated on the basis of the direct method
using the age- and sex-distribution of the aggregate population for the period
1901-1992 as the standatd. Eight age categories were used viz. 0 yeats of age, 1-
4, 5-14, 15-19, 20-49, 50-64, 65-79 and 80 years and over, which was the greatest
common denominator of all age-subdivisions in the period 1875-1992. Stan-
dardised cause-specific mottality decline was exptessed as a petcentage of all-
cause standardised mortality decline so as to desctibe the conttibution of specific
causes of death to all-cause mortality decline.

7.2.4 Mottality trends of infectious diseases

The pace of mortality decline was calculated for infectious-diseases and age-spe-
cific infectious-disease mortality fot the four subperiods. A linear regression
analysis was perfotmed using the logarithm of the standardised mortality rates as
the dependent variable and time as the independent variable.
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7.3 Results

7.3.1 The contribution of infectious diseases to mortality
decline

Table 7.1 shows the contribution of specific infectious diseases to mortality de-
cline in the period 1875-1970 and the four subperiods. The contribution to the
decline in the period 1875-1970 could only be calculated on the 27-causes level
The total {infectious and non-infectious) mortality decline in the petiod from
1875 to 1970 was 1640.5 deaths per 100,000 petrson years. The most important
infectious diseases that contributed to the decline in this petriod wete respitatory
tuberculosis (14.7%), acute tespiratory diseases (11.0%), brain diseases etc.
(mainly encephalitis/meningitis and convulsions) (11.3%) and acute digestive
diseases {mainly diarrhoea and dysentery) (8.3%).

Brain diseases etc. (14.0%) and trespiratory tuberculosis (16.2%) played an
important role in the period 1875-1901. Three infectious diseases contributed
negatively to the decline viz. acute respiratory diseases (-6.9%), measles (-3.4%)
and acute digestive diseases (-2.2%), which means that mortality from those
causes of death increased in the years 1875-1901.

For the period 1901-31, more detailed information on causes of death is
available. The most important findings for this period are the large contribution
to moztality decline of acute digestive diseases, particularly diarrhoeal dis-
eases/dysentery (20.3%). Other substantially contributing infectious diseases are
brain diseases etc. (11.1%) (including encephalitis/meningitis, 4.4%, and convul-
sions, 4.6%), respiratory tuberculosis (15.0%), and acute respiratory diseases
(13.3%) (including pneuvmonia, 13.9%).

In the period 1931-50, acute respitatory diseases contributed the most to
total mortality decline (37.0%). Influenza/acute bronchitis was responsible for
13.8% and pneumonia for 22.6% of the decline. The contribution of respiratory
tuberculosis was also considerable (11.3%).

The absolute decline in total mottality was small in the period 1950-70 due
to several opposite cause-of-death trends such as the decline of heart diseases
(excluding ischemic heart disease) and the increase of ischemic heart disease. The
non-infectious diseases conttibuted most to the decline in this petiod, but the
contribution of infectious diseases was still considerable viz. 44.8%. Respiratory
tuberculosis (14.9%) and pneumonia (8.5%) were the most impottant contribu-
ting infectious diseases.
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Table 7.1 - Contribution (in percentages) of infectious diseases to total age- and sex-
standardised mortality decline in the pertod 1875-1970 and in 4 sub-
periods. A blank means that figures for that period are not available,

1875- 1875- 1901- 1931- 1950-
1970 1901 1931 1950 1970

Water- and food-borne 10.28 1.53 23.01 4,20 4,83
infectious diseases
Cholera Q.15 0.15 0.26 0.00 0.00
Typhoid fever 1.85 3.62 1.33 0.16 0.19
Acue digestive diseases 8.28 -2.24 20.31 3.14 4.09
Diarrhoea/dysentery ) 19.33 2.01 1.60
Appendicitis -0.37 0.60 2.18
Peritonitis 1.35 0.53 0.31
Abdominal tuberculosis 111 0.90 0.55
Alrborne infectiots diseases 29.86 9.21 40,62 53.13 33.58
Respiratory wberculosis 14.65 16.20 15.01 11.31 14.90
Disseminated tuberculosis 2.52 1.58 315
Acute respiratory diseases 10.99 -6.93 13.27 37.04 10.33
Influenzafacute bronchitis 117 13.79 1.39
Pneumonia ’ 13.94 22.57 8.48
Diseases pleural cavity 0.50 0.68 0.46
Diphtheda/croup 134 - t.44 1.63 0.53 1.78
Whooping cough 1.38 1.13 1.88 0.90 1.29
Scarlet fever 0.39 .81 0.16 0.16 0.08
Measles 1.1t -3.44 5.39 1.16 0.45
Rheumatic fever -0.02 0.27 0.75
Acute nephritis 0.78 0.18 0.85
Smallpox . 0.10 0.25 0.02 0.00 0.00
Other infectious diseases 13.04 18.42 11.47 8.68 8.08
(mixed etiology)
Brain diseases etc. 11.26 14.04 10.40 6.67 6.78
Tuberculosis of nervous
system 1.44 1.817 1.54
Syphifs 0.10 1.12 2.73
Encephalitis/meningitis 4.42 1.34 1.87
Convulsions 4.60 1.95 0.00
Diseases of the ear -0.16 0.30 0.55
Poliomyelitis -0.00 0.15 .09
Puerperal fever 0.46 0.82 0.10 0.57 0.23
Malaria 1.22 3.31 0.13 0.01 0.09
Erysipelas 013 0.53 0.54
Septicaemia/Pyemia 0.43 0.77 0.09
Anthrax 0.04 0.00 0.00
Other infectious diseases 0.22 0.15 0.35
All infectious disease
Categories 53.18 29.16 75.10 66,01 46,49
Total absolute decline 1640.53 578.84 625.65 343.79 92.21
(per 100000py) 100%  100%  100%  100%  100%
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7.3.2 Changes in infectous-disease mottality trends

T'able 7.2 and 7.3 show the annual percentage decline for infectious-discase cate-
gories and age groups (infectious diseases only) in the four subperiods. In the
period 1875-1901, the most rapid declines were found for malatia and smallpox.
Smallpox mortality was already low by that time, which is reflected by the wide
confidence intetval. Scatlet fever also showed a relatively rapid decline. With re-
spect to the infectious diseases that contributed most to mortality decline in the
period 1875-1901 viz. diseases of the nervous system and respiratory tuberculo-
sis, the pace of decline was 2.0% and 1.5% respectively.

Cholera (9.1% decline annually), diarthoea/dysentery (7.5%), malaria
(7.5%) and typhoid fever (7.3%) declined most rapidly in the period 1901-31.
Diarthoea/dysentety was included in the categoty acute digestive diseases, which
greatly contributed to mottality decline in this period. In the period before,
mottality from this cause of death showed no declines. Declines for other causes
of death that contributed considerably to mottality decline were less rapid {e.g.
respiratoty tuberculosis 3.1%, acute respiratory diseases 1.7%), but still represent
accelerations in the decline compared to the previous period. Around the tuen of
the century there was a general acceleration of mottality decline among infec-
tious disease groups with different aetiology (watet-borne and food-borne as well
as aitborne) (table 7.2).

In the period 1931-50, rapid declines for many infectious diseases were
found. The ones that declined most tapidly were measles (10.4% annually), puer-
petal fever (9.9%) and scatlet fever (9.5%). Other, relatively rapidly, declining (7-
8%) infectious diseases were convulsions, abdominal tuberculosis and influen-
za/acute bronchitis. The latter cause of death is part of the category ‘acute respi-
ratoty diseases’, which greatly contributed to the decline in this period. Mortality
from acute respiratory diseases accelerated in this period compared to the previ-
ous period. Contrary to the period before, acceleration of mortality decline was
less general; accelerations were predominantly observed among airborne infec-
tious diseases (table 7.2).

The rapid declines (15-20%) for different types of tuberculosis, viz. tuber-
culosis of the nervous system, respiratoty tuberculosis, disseminated tuberculosis
and abdominal taberculosis, dominate the results for the period from 1950 to
1970. Respitatory tuberculosis greatly contributed to total mortality decline in
this period, and mottality declines strongly accelerated in compatison to the pre-
ceding period. Other rapid declines were found for e.g. theumatic fever and ery-
sipelas.

The results for the age-specific trends of infectious-disease mortality show
a shift over time with respect to the age groups with the most rapid mortality
declines (table 7.3}. In the last decades of the nineteenth centuty mortality de-
cline was most rapid for child infectious disease mortality (ages 1-4 and 5-14)
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Table 7.2 — Average annual change (percentages and Cl) of cause-specific infectious disease mortality. A blank means that figures for that
period are not availabfe.

18751901 1901-1931 1931-1950 1950-1970
% CI % Cl % Cl % Ct
Water- and food-bome infectious
diseases '
Cholera -2.5 [-6.5, 1.4] 9.1 [-[11.4,-5.1] eliminated
Typhoid fever 4.1 [-5.2,-3.0] 7.3 [-8.8,-5.9] -1.8 [7.6, 4.0 eliminated
Acute digestive diseases 0.1 0.4, 0.5] 5.9 [-6.5,-5.1 0.3 [3.5,2.9] <13 [-1.6,-0.9]
Diarrhoea/dysentery 7.5 [-8.4, 6.6] 0.9 3.4, 5.1] 08 [1.3,-0.3]
Appendicitis 1.9 (1.4, 2.5] 3.5 [4.1,-2.9] 4.6 [-5.6, -3.6)
Peritonitis 4.8 I5.6,-4.0] -5.7 [-8.1,-3.3] 3.8 [-5.1,-2.4]
Abdominal tuberculosis 4.0 [4.9,-3.2] -6.9 [9.7,-4.1] 213 [-25.1,-17.4]
Airborne infectious diseases
Respiratory tuberculosis 1.5 20,410 3.1 [-3.7,-2.5] 3.4 59,091  -150  [-15.5,-13.8]
Disseminated tuberculosis -2.5 [-3.5,-1.6] -1.7 [4.2, 0.7] -11.2 [-13.7,-8.6]
Acute respiratory diseases 1.0 [-0.1, 2.1) -1.7 [-2.7, -0.6] -5.6 [-7.5,-3.6] 4.7 [6.7,-2.8]
Influenza/acute bronchitis 211 [-3.5 1.3] 6.9 [11.1,-2.8] 6.7 [-10.7,-2.6]
Pneumonia -2.0 [-2.7,-1.3] -5.5 [-7.1,-3.8] -3.9 [-5.3,-11.5]
Diseases pleural cavity 2.2 [-2.7,-1.7] 3.6 7.2, 0.0 7.1 [-9.7, -4.5]
Diphtheria/croup 3.2 [-5.8, -0.8] -3.9 [-5.2,-2.7] 8.1 [-1.3, 17.6] eliminated
Whooping cough -1.5 [-2.1, 0.8] 3.3 [-4.1,-2.5] -4.9 [-8.1,-1.9] eliminated
Scarlet fever -6.3 [9.7,-2.9] -3.5 [-5.9,-1.1] 9.5 [-14.3, -4.6] eliminated
Meastes 0.5 [30,39] 58 [-7.2, 4.5] 10.4 [-15.2,-5.5] 94 [13.4,-5.4]
Rheumatic fever 1.0 [0.2,1.7] 0.3 [-3.3, 2.6] -13.8 [16.7,-10.9]
Acute nephritis 3.5 [4.2, 2.7) 1.2 (3.4, 1.1] 87  [108,6.9]

Smallpox -11.5 [-19.3,-3.6] eliminated



Other infectious diseases{mixed

etiology)

Brain diseases etc.
Tuberculosis of the nervous system
Syphitis
Encephalitis/meningitis
Convulsions
Diseases of the ear
Poliomyelitis

Puerperal fever

Malaria

Erysipelas

Septicaemia/Pyemia

Anthrax

Other infectious diseases

All infectious disease categories

Total mortality(all causes of death)

-2.1
-12.4

0.7
0.9

[-2.2,-1.8]

[-5.8, 1.6]
[13.5,-11.4]

[1.2,-0.3]
[-1.2,-0.6]

2.7
2.1
0.4
-4.4
-3.4

2.9
4.4
0.3
-7.5
1.1
0.6
-9.1
-1.1

2.9
-1.4

[-3.0, -2.4]
[-2.8,-1.5]
[0.8, 0.0]
[-4.9,-3.9]
[-6.1,-4.8]
[1.7, 4.0]
[-8.3, 17.2]
[-0.9, 0.4]
[8.9, 6.1]
[-2.2,0.1]
[1.3,0.2]
[-11.4,-6.8
£1.9,0.2]

[3.6,-2.3)
[1.7,-1.1]

-2.0
-6.2
2.8
<1.3
-7.9
2.3
-2.4
-9.9

1.8
-3.5
-4.9

0.2
3.3
0.9

(3.2, 0.8)
(8.7, -3.7]
[-3.9,-1.7]
[3.7, 0.4]
[-9.8,-5.9]
[-5.0, 0.5]
[-11.1 6.3]
[-13.0, -6.8]
[-3.6, 7.1]

[-8.9, 2.1]
(7.8, 2.1

eliminated
[-2.4, 2.7]

[-5.4,1.2]
[-2.1,03]

-1.8
211
-8.2
-3.1

-6.6
-15.6

[-2.3,-1.3]
[24.8,-17.3]
[-9.0, -7.5]
[3.6,-2.6]

[8.4, -4.6]
[-20.6, -10.8]
eliminated
eliminated
[-13.5,-7.8]
[5.1,-0.8]
eliminated
[-3.5, -1.8]

(4.9, -2.9]
(0.8, -0.4]




Table 7.3 — Average annual change (percentages and CI) of age-specific infectious disease mortality.

1875-1901

1901-1931

1931-1950 1950-1970

% Cl % Cl % Cl % Ct
0 years of age 0.5 [-0.5, -0.4] -5.3 [-5.8, -4.7] -5.6 [-7.5,-3.7] 7.1 [-9.0,-6.1]
14 2.0 [2.4,-1.6] 4.4 [5.3,-3.5] 7.5 (8.1, 6.8] 7.5 [8.3,6.7]
514 2.3 [-26,-1.9] 3.0 [-3.9,-2.1] 72 (3.4, 6.1] 6.3 [73,-5.2)
15-19 -1.3 £ 1.4,-1.2] -3.1 [-4.2,-2.0] L1 [-9.3, -6.9] -5.3 [-7.1,-3.5]
20-49 16 1.8, -1.4] 2.7 [-3.7,-1.7] 6.1 [6.9, -5.4] 6.7 (7.6, -6.0]
50-64 0.6 [-0.9,-0.3] 26 [-3.2,-2.0] 42 [-5.0, -3.4] 4.3 [-5.2, -3.8]
65-79 1.8 1.3, 2.4] 1.2 [-1.8,-0.6] 3.7 [-4.9, -2.4] 3.2 [ 4.2,-2.2]
80+ 3.9 13.2, 4.5] 0.1 [0.6, 0.9] 3.3 [-5.0,-1.7] 1.8 [-3.2, -0.6]
Total mortality 0.9 [-1.2,-0.6] 1.4 [-1.7,-1.1] 0.9 [2.1,0.3] 0.6 [0.8, -0.4]

(all causes of death)
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Infant infectious disease mottality declined most tapidly in the first decades of
the twentieth century. In the periods 1931-50 and 1950-70 rapid declines were
also found for adults. Increasing infectious-disease mortality trends were found
for the oldest age groups in the period 1875-1901.

Accelerations tn infectious-disease mortality decline wete found for all age
groups in the period 1901-31 in compatison to the period 1875-1901, The same
holds for the period 1931-50 in comparison to 1901-31, except for infant mot-
tality. However, infant mottality decline due to infectious diseases showed an
acceleration in the period 1950-70 in compatison to 1931-50, wheteas this accel-
eration was not found for the other age groups (table 7.3).

7.4 Discussion

Respiratory tuberculosis (14.7%), diseases of the netvous system (including
meningitis, convulsions) (11.3%), acute respiratory diseases (11.0%), and acute
digestive discases (8.3%) were the infectious diseases that contributed most to
mortality decline in the period 1875-1970. Large contributions to mortality de-
cline were found for acute digestive diseases (20.3%) in 1901-31 and acute respi-
ratory diseases (37.0%) in the period 1931-50. Changes in the pace of infectious-
disease mortality decline were also studied. Respitatoty tuberculosis mortality, for
example, declined in 1875-1901, and the decline accelerated in 1901-31; acute
digestive diseases mortality showed no decline in the period 1875-1901, but
mortality declined rapidly in the period 1901-31. In this section, we will tty to
relate the changes in cause- and age-specific infectious-disease trends to trends in
determinants of mortality decline, but first we will discuss the quality of the data
and make an international comparison of the results.

7.4.1 The quality of cause-specific mortality data

Dutch cause-specific mortality data are of a high quality compared to data of
other countries, because causes of death have been medically registered in The
Netherlands since 1865 i.e. only medical doctors were allowed to certify deaths.
In many other European countries in the 19th and early 20th centuries, deaths
were certified by clergymen or laymen (Van Poppel 1997, Rogers 1993, Kintnetr
1993).

Despite the good standard of the Dutch cause-of-death classification sys-
tem, there were some reports about inaccuracies with respect to the cettification
of chronic or acute respiratory or digestive diseases, and with respect to possible
exchanges between ‘respiratory tuberculosis’ and ‘chronic respiratory diseases’
(Evers 1882, Saltet 1909, Vollenhoven 1889). A vaguely defined cause of death
which had a huge contribution to late 19%-century mortality decline (55%) was

- 111 -



Chapter 7

‘other diseases (including debility)’ (results not shown). This cause of death was
not considered an infectious disease (see appendix 3). On the basis of the reclas-
sification of 19th-centuty categories to ICD-1 categories (Wolleswinkel-van den
Bosch ef al. 1996), we could argue that about 30% of the cases of ‘other diseases
(including debility)’ died from ‘diseases of the newly bor’ (predominantly con-
genital debility, icterus and scleroma of neonates, atelectasis of newly born},
about 50% of the cases died from ‘old age’ (senility, dementia}, about 10% was
due to defined infectious diseases (some types of tubetculosis) and 10% of the
cases was due to other diseases. In other words, at least 10% of deaths due to
‘other diseases (including debility)’ might be classified as an infectious disease.
Assuming that all causes of death within the category ‘other diseases (including
debility)’ declined at the same pace as the category as a whole, about 5 to 6 per-
cent could be added to the contribution of ‘all infections disease categories’ to
morttality decline in the period 1875 to 1901; about 4 percent could be added to
the conttibution of this category for the petiod 1875-1970 (table 7.1).

However, possible exchanges have been reported between the categoties
‘other diseases (including debility)’ and ‘acute digestive diseases” ot other child-
hood infectious diseases (Onnen 1895) in the 19% century. Considering the
vagueness of the category ‘other diseases (including debility)’ (and some other
categoties) it is not possible to determine the exact contribution of all infectious
diseases to morttality decline in the period 1875-1901 or 1875-1970. The figures
in table 7.1 with respect to the conttibution of infectious diseases to mortality
decline should be perceived as a lower limit of the contribution of infectious dis-
eases to mortality decline.

The causes of death used in this study are the result of an extensive reclas-
sification procedure of all cause-of-death classifications that have been used in
the period 1875-1970. In this procedure we determined, among other things,
whether the gap between mortality rates in the last year of an old classification
and the first year of a new classification was larger than expected on the basis of
the trend in preceding years (Wolleswinkel-van den Bosch ef @/ 1996, chapter 4).
In other words, we determined whether there were any large and rapid artificial
(e.g. changed coding practices) declines or increases during the transition from
one classification to the next. The transition from the bdef nineteenth-century
classification (1875-1900) to the first ICD-classification (1901-1910) showed
relatively large ‘gaps’ it the trend for about one-thitd of the causes of death {not
all of these are infectious diseases).

With respect to this study, important causes of death that showed a large
gap were respiratory tuberculosis, acute digestive diseases and measles. Acute
digestive diseases and measles showed a negative contribution to mottality de-
cline in the period 1875-1901 (cf. table 7.1). This increase might be partially arti-
ficial. ‘The results in table 7.2 already showed that the increasing trends for those
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causes of death were not statistically significantly different from no increase at
all.

With respect to respiratory tuberculosis, we know that in 1901, cases in
which both respiratory tuberculosis and tuberculosis of another organ were
present, were coded as ‘tuberculosis of mote than one organ’ instead of
respiratory tuberculosis (which was the coding rule) (Saltet 1917). If we assume

Table 7.4 - Comparison of McKeown’s results for England & Wales for the contribu-
tion of causes of death in the period 1901-1971 with the results for The
Netherlands in the period 1901-1970. The cause-of-death categories are
McKeown’s (McKeown et al, 1975),

England & Wales  The Netherlands

1901-1971 1901-1970

Airborne infectious diseases 45.3 55.0
Bronchitis/pneumonia/influenza® 18.5 26.3  (20.8})
Respiratory tuberculosis 10.8 13.8
Scarlet fever 1.2 0.2
Rheumatic fever/theumalic heart disease! 3.4 2.8
Nephiitis* 3.0 51 (0.59)
Whooping cough 2.7 1.5
Measles 2.4 3.6
Diphthera 2.4 i3
Smallpox o.1 0.0
Infections ear/larynx/pharynx 0.8 0.4

Water- and food-borne infectious diseases 16.4 17.9
Diarrhoea, dysentery 10.4 12,2
Tuberculosis (non-respiratory) 4,7 4.8
Typhoid fever 1.3 c.9

Other infectious diseases 1.7 10.0
Convuisions/teething 5.6 33
Syphilis 1.4 0.7
Appendicitis/peritonitis 0.7 1.2
Puerperal fever 0.5 0.3
Other? 3.5 4.5

Non-infectious diseases 26.6 17.1

Total mortality decline 1157.4 1061.7

* McKeown included chronic bronchitis and chronic nephritis in these categories. The
figures for The Netherlands also include chronic bronchitis and nephyitis although in the
rest of the paper those categories are not included in the category of infeclious diseases.
The figures between brackets give the contribution to the decline excluding chronic
diseases.

! The figure for The Netherlands is composed of ‘theumatic fever’ and ‘heart disease
{except ischemic heart disease)’. Rheumatic heart diseases could not be separated from
the ‘heart disease’ group.,

¥ The figure for The Netherlands consists of all other infectious disease groups that could be
distinguished in the 65 cause-of-death categories for the period 1901-1992,
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that in 1907 all cases of ‘tuberculosis of mote than one organ’ wete in fact cases
of respiratory tuberculosis, and that such cases were cotrectly coded as
respiratoty tuberculosis in the period 1875-1900, the contribution of respiratory
tuberculosis to mortality decline in the period 1875-1901 would have beenr 11%
instead of 16% (cf. table 7.1).

7.4.2 International comparison of the results

We were able to compare the results for The Netherlands with McKeown’s
study on England and Wales in the period 1901-1971 (table 7.4) (McKeown ¢ .
1975). The contribution of specific causes of death to mortality decline in that
petiod is very similar in both countries. McKeown’s results for the second half
of the nineteenth century (1851-60 to 1891-1900) showed a contribution of 44%
of respiratory tuberculosis, and 22% contribution of typhoid and typhus
(McKeown & Record 1962). Especially the contribution of tuberculosis is con-
sidered to be exceptional in comparison to other countries (Preston & Nelson
1974, Mercer 1990). These results could not be compared to a similar period for
The Netherlands.

A study in the city of Philadelphia for the period 1870-1900 showed con-
tributions to total mortality decline of 26.8% for respiratory tuberculosis, -
21.4% for influenza/pneumonia and 19.8% for diarthoeal diseases (Condran &
Cheney 1982). Respiratory tuberculosis and diarrhoeal diseases mortality declines
are both considerably higher than the figures for The Nethetlands in the period
1875-1900 (cf. table 7.1). This may be due to the higher death rates of tuberculo-
sis and diarrhoeal diseases in urban areas (i.e. Philadelphia) as compared to rural
areas, or due to differences in nutrition, quality of drinking water or coding dif-
ferences. In The Nethetlands we also found a negative contribution of influen-
za/pneamonia to mottality in the late nineteenth century although this contribu-
tion was less drastic,

A comparison of this study’s results with other studies might be hampered
by differences in the periods under study, differences in the content of the cause-
of-death categories or by differences in the proportion of ill-defined causes of
death,

7.4.3 Possible determinants of mortality decline and their
relationship to infectious-disease mortality

There have been many studies on the determinants of mortality decline, and

many determinants of mortality decline have been hypothesised. A study of

Frenk et al. gives a good overview of all factors involved in mottality decline
(Frenk ef al. 1991). We roughly divide those determinants into socio-economic
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(e.g. income), socio-cultural (e.g. breastfeeding practices), public health (e.g. wa-
ter supply system) and medical factors (e.g. antibiotics).

Socio-economic_faciors, such as income, can affect motrtality in various ways,
Examples of socio-economic factors are nuttition, housing and education op-
portunities, the construction of water supply and sewage systems, and access to
medical care (Preston 1975, Blane 1990, Flegg 1982, Rodgers 1979). Nutrition
and crowded housing conditions are two socio-economic determinants that are
more directly related to mortality rates than income. Causes of death mentioned
in the literature that are particulatly related to nutiitional status are respiratory
tuberculosis and pneumonia. Improved nutritional status will generally improve
resistance to infections and thus also affect mottality due to other infectious dis-
cases. Causes of death related to overcrowding can be all kinds of aitborne dis-
cases e.g. diphtheria, whooping cough, acute respiratory diseases, measles. Men-
ingitis might also be related to overcrowding due to bad hygiene in crowded
housing conditions.

Socio-cultural factors might have played a role in mozrtality decline too. The
acceptanice in a society of new ideas on, for example, health behaviour, would be
partly determined by the ‘openness’ of that society (Hofstee 1981, Fwbank &
Preston 1990). Seculatisation and education can be indicators of this ‘openness’.
Especially new ideas on infant hygiene and childcare, e.g. breastfeeding, will in-
fluence mortality. Examples of infectious hygiene-related diseases are acute di-
gestive diseases (including diarrhoea/dysentety), convulsions, meningitis and
typhoid fever. Mortality among children under 5 is most likely to be affected by
socio-cultural detetminants. A more ditect determinant of mortality decline that
is at least partially culturally determined, is fertility. The positive association be-
tween fertility and infant moztality has been described in the literature (Forste
1994, Coale & Watkins 1986).

The construction of water supply systems and sewage systems is an im-
portant public health factor. Causes of death that are related to these public health
factors are water-borne diseases such as typhoid, cholera and acute digestive dis-
eases (diarrhoea/dysentery). In the second half of the nineteenth century the first
water supply systems were constructed in The Nethetlands (Vogelzang 1956,
Groote 1995). Several public health acts viz. the ‘Factory Safety Act’ and the
Building Act’ were introduced in The Netherlands around the turn of the cen-
tuty to regulate working and housing conditions (Querido 1968). Causes of death
that are related to working conditions are e.g. respiratory tuberculosis and acute
respiratory discases.

As far as medival factors are concerned, early examples of the role of medi-
cine in mortality decline ate the prevention of smallpox cases through vaccina-
ton {late 18th century) (Mercer 1985, Rutten 1997). and the influence on the
case-fatality of a diphtheria infection through anti-diphtheria serum (late 19th
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centuty) (Saltet 1909). Important medical factors were the introductions of sul-
phonamides in the 1930s and antibiotics in the late 1940s. Causes of death that
ate likely to be affected by antibiotics ate puetperal fever, acute respiratory dis-
eases (influenza, pneumonia), scatlet fever, dysentery, theumatic fever, erysipelas,
otitis media, syphilis, respiratory tuberculosis and rheumatic heart disease
(Mackenbach & Looman 1988). In addition, surgical (appendicitis) and
diagnostic improvements (tubetculosis) were introduced around 1930 and in
1949 respectively (Mackenbach 1996). Vaccination of young children against
diphtheria, whooping cough, poliomyelitis and tetanus statted in The
Netherlands in 1952 (Burgmeijer & Bolscher 1995).

7.4.4 Relating changes in determinants to changes in the pace of
infectious-disease mortality decline

So far, we have shown which infectious diseases contributed most to mortality
decline, and which accelerations in trends of infectious diseases and age groups
were observed for specific periods. We also discussed possible determinants of
mortality decline and the infectious diseases and age groups that were most likely
to be affected by those determinants.

In this section, we will try to relate mortality declines to changes in spe-
cific determinants of decline. Table 7.5 presents petcentages of annual change
for several possible determinants of infectious-disease mottality decline for
which data were nationally available for petiods comparable to 1875-1901, 1901-
1931, 1931-1950 and 1950-1970 (Groote 1995, Van der Spek 1870, CBS 1895,
CBS 1920, CBS 1994, CBS 1900-1917, Mandemakets 1996, Van det Velden
1996a, b). Unfortunately, histotical data on determinants of mortality decline are
scarce in The Netherlands. Data were not available for all determinants for the
petiods under study, and sometimes the percentage of decline could only be
based on the first and last years of a specific petiod (cf. table 7.5). Tt should be
noted that relative changes in determinants are related to telative mortality
changes, and that no time lags are considered in the effect of the determinants
on mortality decline.

As far as sodio-economiic determinants are concerned, data were available on
real wages, crowding and nutrition (i.e. consumption of several foodstuffs). Real
wages increased in The Netherlands in the period 1875-1901. This trend contin-
ued in the period 1901-31, followed by a stagnation of real wages in the period
1931-50 and a renewed increase thereafter. None of the infectious diseases fol-
low a comparable course of mortality decline over the whole period from 1875
to 1970. Infectious diseases that show a continuous mortality decline in the peri-
ods 1875-1901 and 1901-31 are diphtheria and ‘brain diseases etc.’ (table 7.2).
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Data on persons pet room were only available from 1900 onwards. Infec-
tious diseases that ate related to crowding, i.e. encephalitis/meningitis and diph-
theria, showed rapid declines in 1901-31 and a deceleration of the decline in
1931-50 {tables 7.2 and 7.5). The strong increase in diphtheria is most likely an
effect of the Second World War.

The trends of the consumption of several foodstuffs give a general picture
of increasing consumption in the late 19t century and a decline or less rapid in-
crease after the turn of the century. Howevet, fot most infectious diseases, pat-
ticulatly for those related to nutritional status (e.g. respiratory tuberculosis, acute

Table 7.5 - Percentage annual change of determinants of mortality decline for periods
comparable to 1875-1901, 1901-31, 1931-50 and 1950-70 if data were available.
Percentage annual change was calculated using regression analysis on the logarithm
for fertility, all food products, female education, medical doctors, water supply system,
and was calculated manually for real wage, crowding and secularization, because in
the latter cases only two figures for each period were available.

Real wages

(Dutch guilders per capita)
1880-1901: 2%
1901-1930: 3%
1930-1950: 0%
1950-1970: 4%

Crowding

(persons per room)
1900-1931: -1%
1931-1947: 0%
1947-1973: -1%

Wheat

(hectoliter per capita)
1875-1901: 1.8% [1.2, 2.4}
1901-1916: 1.8% [0.2, 3.6

Potatoes

(hectoliter per capita)
1875-1901: 0.7% [-0.2, 1.7]
1901-1916: -1.9% [-2.7, -1.1]

Rice

{kilogram per capita)
1875-1901: 1.9% [0.8, 3.0]
1901-1916:-1,9% [-5.8, 1.8]

Sugar

(kilogram per capita)
1875-1901: 3.3 3.1, 3.5
1901-1916: 2.9 {2.0, 3.9)

Beef

(kifogram per capita)
1875-1901; 0.7% [0.1, 1.3}
1901-1916: 0.2% [-0.4, 0.8]

Secularisation
{% people without religious affiliation)
1875-1899: 23%
1899-1930: 19%
1930-1947: 1%
1947-1971: 2%

Female education
{girls aged 12-18 per 1000 receiving
education}
1879-1899: 2.9% [2.7, 3.1]
1899-1930: 3.5% [ 2.3, 4.8]

Total fertility rate
1879-1901: -0.4% }|-0.6, -0.2]
1901-1931: -1.4% [-1.5, -1.2]
1931-1950: 0.6% [-0.8, 2.1]
1950-1970: -0.9% [-1.6, -0.2}

Medical doclors

{inhabitants per doctor)
1879-1899: 3.3% [-9.2, 15.7]
1899-1930: -8.0% [-10.3, -5.7]

Water supply system

{% pepulatior access to piped water}
1875-1901: 4.3% [3.2, 5.4]
1901-1914: 1.8% [1.7, 1.9}
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respiratory diseases) we found an acceleration in the decline after 1901 instead of
a deceleration.

With tespect to socio-cuftnral deferminants, the percentage of people with no
church affiliation shows a similar increase in the two periods 1875-1901 and
1901-31 (table 7.5). Such a pattern does not emerge for infectious diseases or for
the age groups expected to be most closely related to this variable e.g. acute di-
gestive diseases and infant mortality (table 7.2).

A mote direct cultural variable is total fertility. Total fertility shows a slow
decline in the period 1875-1901 followed by rapid declines in 1901-31 (table 7.5).
This patterts emerged for acute digestive diseases (predominantly occurring at
very young ages), for infant and eatly childhood mortality, as well as for some
other childhood diseases such as whooping cough, scatlet fever, diseases of the
nervous system and acute respiratory disease (tables 7.2 and 7.3).

As far as public health factors are concerned, a rapid increase in the percent-
age of people with access to water supply systems was observed for the years
1875-1901, followed by a less rapid increase in 1901-31 (table 7.5). However, the
strongest declines were found for watet-borne infectious diseases in the period
1901-31 {table 7.2). No decline at all was apparent for acute digestive diseases in
the period 1875-1901 (table 7.2). The trend of ‘access to clean drinking water’
was based on data from the year a water supply system was introduced in a par-
ticular town. It was assumed that from that year onwards all inhabitants had ac-
cess to water mains. However, predominantly the wealthier people had access to
clean drinking water in the 19% century. They were able to pay for good quality
water, and had more knowledge of the importance of clean dtinking water than
the poor. After the turn of the century good quality drinking water gradually be-
came available to larger groups of the population. The Housing Act of 1901, for
example, required a connection to a water supply system for every newly built
house (Vogelzang 1956). Such measutes, which were introduced after 1900,
might explain the acceleration in mortality of water-borne infectious diseases in
the period 1901-31

With respect to medical Jactors, data on the number of inhabitants per medi-
cal doctor wete available for the periods 1879-1899 and 1899-1930. After the
turn of the century the number of inhabitants per doctor decreased or, in other
words, medical doctor density increased. The eatly decades of the twentieth
century saw a lot of changes in the Dutch health cate system. This is best exem-
plified by the hospital transformation from a nutsing home for the indigent sick
into an institution for the healing of all (Van der Velden 1996b). Such changes
are general and cannot be directly related to specific infectious diseases.

It is likely that the introduction of sulphonamides in the 1930s and antibi-
otics in the 1940s, as well as the national vaccination programme in the 1950s
affected infectious-disease mortality. Fxamples of infectious discases that
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showed a strong acceleration of decline in the period 1930-50 ate influenza/
acute bronchitis, pneumonta, scarlet fever, measles, tuberculosis of the nervous
system, puetperal fever, erysipelas and septicaemia/pyemia {table 7.2) (Macken-
bach & Looman 1988). The deceleration in the trends of other determinants (e.g.
real wage, overcrowding) (table 7.5) suppotts the idea of a probably important
role of medical factors in the period 1931-50.

In the period 1950-70 a diffusion of the use of antibiotics might have
further accelerated the decline of some infectious diseases, Different types of
tuberculosis as well as theumatic fever showed rapid declines in the period 1950-
70 (table 7.2), which might be related to the use of antibiotics (Mackenbach &
Looman 1988). In 1952 the national vaccination programme was statted, which
included vaccinations against diphtheria and whooping cough. These infectious
diseases were eliminated in the period 1950-70 (table 7.2). We also found strong
declines for the youngest age groups in the period 1950-70, which might also be
related to the introduction of the vaccination programme (table 7.2).

7.5 Conclusion

After the turn of the century a generalised acceleration in infectious disease
mortality decline (water-borne as well as aitborne) could be observed. After
1931, the acceleration in mortality decline could be predominantly observed
among airborne infectious diseases. We tried to relate changes in trends of de-
terminants to changes in infectious-disease-specific mottality trends in order to
identify possible determinants for specific infectious diseases. This, combined
with the results on the contribution of infectious diseases to mottality decline,
might provide an indication of the contribution of specific determinants to
mottality decline. Such an analysis is hampered by the fact that different deter-
minants of mortality decline happen to be collinear, and because different de-
terminants might act on the same cause of death.

Nevertheless, it may be possible to dtaw some conclusions. Fettility de-
cline showed a strong acceleration in the period 1901-31, an acceletation that
was also obsetved for several infant and early childhood diseases such as acute
digestive diseases, acute respitatory diseases and whooping cough. Acute diges-
tive and tespiratory diseases contributed largely to mortality decline in the petiod
1901-31. Medical factors (sulphonamides, antibiotics) probably played an im-
portant role in the acceleration of mottality decline from airborne infectious dis-
eases in the petiod 1931-50. The absence of such accelerations in other possible
determinants such as socio-economic and socio-cultural factors supports this
hypothesis.

Other types of analysis, such as multivatiate analysis with variation in the
data with respect to the exposure to determinants of mortality decline (e.g. re-
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gional analyses), will be needed to further disentangle the complexity of the de-
terminants of mortality decline.
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THE ROLE OF
CULTURAL AND ECONOMIC
DETERMINANTS IN MORTALITY
DECLINE IN THE NETHERLANDS,
1875/79 1O 1920/24

Abstract

Objective: To determine the relative importance of culinral and economiic faciors in mortality
decline in The Netherlands in the peviods 1875/ 79-1895/99 and 18957 99-1920/ 4,

Data and Methods: Mortalily data by region, age, sex and cause of death as well as popnla-
tion data were derived from Stafistics Netherlands for the years 1875/79, 1885/89,
1895799, 1910/ 14, 1920/ 24. Regional mortaiily declines were estimated on the basis of
DPoisson-regression models. In a minltivariate analysis the estimated declives were associated with
economic (wealth tax) and enftural variables (Roman Catholicism and secularisation) corvected
Jor confounders (soil type, urbanisation).

Results: In the period from 1875/79 to 1895/99, Roman Catholicisws was significantly
associated with all-canse mortality decline and with mortality declive from diseases other than
infections diseases. Mortality declined less rapidly in Roman Catholic areas. Secnlarisation was
significantly associated with infections-disease mortality declive. In areas with a high percentage
of people withont a religions affiliation, mortality declined wmore rapidly. In the period from
1895/99 to 1920124, wealth tax was significantly associated with all-cause and infections-
disease mortality decline. Mortality declined miore rapidly in wealthy areas. Intermediary factors
in the relationship between culimral factors and moriality decline were fertility decline, but wore
imporiantly, the numiber of medical doctors per 100,000 inbabitants. No intermediary factors
were fonnd for the association between the economic variable and mortality decline.

Conclusion: Cultural and econonitc factors both played an imporiant rok in mortaltty decline
in The Netherlands, albeit in different periods of time. The analysis of intermediary factors
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suggests that the acceptance of wew ideas on hygiene and disease processes was an Inportant
Jactor in the association between culture and mortality decline in the late 19% centary.

8.1 Introduction

Mortality started to decline rapidly in The Nethetlands around 1875, Many othet
western populations have also experienced rapid mortality declines in the nine-
teenth century, although the timing was different between countries. The analo-
gous experience in different countries led to the formulation of the demographic
transition theory (for an extensive description see Chesnais 1992) and the cpide-
miological transition theory (first described by Omtan (1971)).

In both the demographic and epidemiological transition theories, mortal-
ity decline and shift in cause-of-death pattern have been related to ‘modernisa-
tion’ (Chesnais 1992, Omran 1971). Modernisation encompasses processes of
econonic, political, social and cultural change in society. Socio-economic
changes are, for example, industrialisation and specialisation. The percentage of
people working in the agratian sector decreased. Production became more and
mote mechanised and comumercialised. Work became more specialised, which
induced a differentiation of occupations and of education. Duting the moderni-
sation process not only industrial productivity increased, but also consumption
by the population. Cultural changes characteristic of the modernisation process
are, for example, rationalisation and seculatisation. Seculatisation refers to a di-
minishing influence of traditional institutions in society. Related to this is ratio-
nalisation, which can be interpreted as an application of scientific knowledge in
diverse areas of society.

In literature on the demographic transition and on moztality decline in
general the focus was mostly on socio-economic changes. The most well known
example is the work of McKeown, who considered improvements in living stan-
dards and particularly improvements in nutrition to be the most important fac-
tors in 19% and 20th-centuries’ mortality decline (McKeown & Record 1962,
McKeown ¢f 4/ 1975). Other determinants through which an increase in living
standards might have affected mortality decline are, for example, inprovements
in housing conditions, access to water supply systems, and access to medical care
(Preston 1975, Flegg 1982, Kintner 1988a, McFarlane 1989). However, negative
health effects of socio-economic changes, especially those related to
industrialisation and urbanisation, have been observed too (Woods ¢f /. 1988,
Huck 1995).

Cultural processes of modernisation might influence health too. Seculari-
sation and rationalisation can be related to an increased literacy, including an in-
creased knowledge of disease processes and an increased openness to new ideas,
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for example with respect to (personal) hygiene (Hofstee 1981, Ewbank & Pres-
ton 1990, Preston & Haines 1991, Vogele 1994). Fertility decline, which is
strongly related to infant and early childhood mortality decline, is also partly de-
termined by culture. Sustained fertility decline requites ‘moral acceptability’
(Lesthaeghe 1986b).

Cultural factors are much more difficult to study in comparison to eco-
notnic factors, which probably explains the relatively minor attention for such
factors. Culture can be defined as the set of beliefs and attitudes shared by a
group of people. Attitudes and beliefs ate hard to measure, even more so in 2
historical setting and at aggregate level. There are, however, variables that can be
used as cultural indicators at an aggregate level. Secularisation, for example, is
generally measured as the increasing non-adherence to a religious denomination.
This variable could be used as an indicator of the cultural changes in the mod-
ernisation process.

The pace and timing of the modernisation can differ between groups in
society. In The Nethetlands, it was reported that Roman Catholics wete less in-
clined to accept new ideas on disease processes and hygiene in compatison to
Protestants (Philips 1980). Othets described the Roman Catholic population (in
particular those that lived in rural areas) as being very obedient to authorities,
living within the bonds set by the Roman Catholic clergy (Wichets 1965). Related
to these characteristics are the strong adherence to folk medicine (Philips 1980,
Rutten 1985), the tendency not to breastfeed infants, and the (persistence of)
high fertility rates among Roman Catholics (Van Poppel 1992). In The Nether-
fands there is a clear regional distinction between Roman Catholics and Protes-
tants. Mortality differences between Roman Catholics and Protestants have also
been observed (a high percentage of Roman Catholics is related to high mortality
levels) (Van Poppel 1992).

Recently, cultural factors have received mote attention in mortality re-
search. Research that addresses the health transition, for instance, explicitly in-
cludes cultural factors such as rising female education, and declining fertility
(Frenk ef al 1991, Cleland & Van Ginneken 1988). Those studies are usually car-
ried out for developing countties. In historical studies of developed countries,
cultural factors are more and more mentioned as possibly important determi-
nants of mortality (decline) (Preston & Haines 1991, Vogele 1994, Corsini &
Viazzo 1997).

Historical studies in which cultural factots are analysed in a multivariate
design, and which address mortality decline instead of mortality levels are still
scarce. The aim of this study is to determine the relative importance of both
cultural and economic factors in mortality dec/ine in The Netherlands in the peti-
ods 1875/79-1895/99 and 1895/99-1920/24. The telative impottance of the
determinants is analysed with a multivariate regression model, in which the re-
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gional vatiation in the prevalence of determinants is related to mortality decline
in 27 regions in The Netherlands, Two periods are analysed, because for many
regions, mortality decline accelerated after the turn of the century. Results of
multivariate analyses are presented and intermediary factors in the association of
cultutal and economic factors of mortality decline are discussed.

8.2 Data and Method

8.2.1 Data

Mortality and poprilation data

All-cause and cause-specific mortality data by age and sex were obtained from
publications of the Dutch Home Office (which provided data for quinquennial
periods) for the years 1875/79, 1885/89 and 1895/99. Data for the years
1910/14 and 1920/24 wete derived from annual publications of Statistics Neth-
etlands. Mortality data as well as data on explanatory vatiables were obtained for
the (by that time) 11 Dutch provinces and 16 towns (each having more than
20,000 inhabitants) (figure 8.1). Figures for 11 rural areas were calculated by
subtracting the values for the 16 towns from the 11 provinces in which they were
situated.
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The causes of death were divided into two broad groups: infectious dis-
cases and other diseases, The period from 1875/79 to 1920/24 covers one 19th-
centuty cause-of-death classification and 3 editions of the International Classifi-
cation of Diseases and Causes of Death. Therefore cause-of-death groups had to
be reclassified into the different classifications in order to create nosologically
continuous cause-of-death groups over time. A detailed description of the reclas-
sification procedure has been published elsewhere (Wolleswinkel-van den Bosch
ef @ 1996). The following causes of death from the 19%-century classification ate
included in the group ‘infectious diseases’: syphilis, abscess/ulcer/pyemia, ty-
phus/typhoid fever, continuous fever, malaria, smallpox, scatlet fever, tneasles,
diseases of the skin (i.e. mainly erysipelas), convulsions, brain diseases (i.e. mainly
tuberculous meningitis, other meningitis and encephalitis), respiratory tuberculo-
sis, diphthetia/croup, whooping cough, acute respitatory diseases, diarrhoea/
dysentery, cholera and puerperal fever. The group ‘other diseases’ includes all
other causes of death.

Determinants of mortality decline

Data on detetminants wete obtained for 16 towns and 11 rural areas. The eco-
nomic vatiable in the analysis is an indicator of wealth viz. wealth tax (in guilders
per capita). This tax consisted of 6 components: tax on rental value of houses
and other buildings, tax on the number of ‘doots and windows connected to
open air’, tax on the number of fireplaces, tax on furniture, tax on servants and
maids, and tax on hotses (Blok & De Meere 1978). Two different cultural vari-
ables were examined viz. the petcentage of population without religious affilia-
tion (parameterisation of secularisation) and the percentage of population with a
‘Roman Catholic’ affiliation (parameterisation of Roman Catholicism).

The effect on mortality decline of the, distal, economic (wealth) and cul-
tural determinants (secularisation and Roman Catholicism) is indirect (cf. Chap-
ter 3). The association with mortality decline is mediated by other, more proxi-
mate, determinants of mortality decline. Wealth can influence health by im-
provements at household level, such as better food or housing and access to
medical care, but wealth can also have a beneficial effect on health because of
increased government expenditure on, for example, water supply systems and
sewnge systems. The association between secularisation or Roman Catholicism
and mortality decline is mediated by behavioural factors such as breastfeeding
practices, marital fertility, and medical consumption.

The intermediaty or proximate determinants used in this study are persons
per dwelling, population percentage with access to water supply system, medical
doctor density and marital fertility, The number of persons per dwelling is a pa-
rameterisation of housing conditions, in particular overcrowding. Overcrowding
was often associated with bad sanitary conditions and lack of ventilation. Water-
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and food-borne as well as aitborne infectious diseases, such as typhus, typhoid
fever, cholera, respitatory tuberculosis, and childhood diseases (measles,
whooping cough, diphthetia) can be easily transmitted in overcrowded dwelings
(Burnett 1991).

Access to clean drinking water will affect mortality from water-borne in-
fectious diseases, such as cholera, typhoid fever, diatrhoeal diseases, and dysen-
tery. In the late 19t century, the construction of water supply systems was cat-
ried out by private enterprises in The Nethetlands, and depended on the wealth
and size of a town. Government interference began after the turn of the century.
"The Housing Act of 1901, for example, required access to water mains for every
new building (Vogelzang 1956).

The influence of medical doctors on mottality decline, with respect to
curative care, was limited in the late 19 centuty. During the eatly decades of the
20t century more efficacious health care services became available, which was
best exemplified by the hospital transformation from a nursing home for the
indigent sick into an institution for the health of all (Van der Velden 1996a). It
has been argued that medical doctors often served as agents of cultural and be-
havioural change in the late 19% century because they were intermediaties be-
tween the upper class and working class. Medical doctors could introduce to
lower classes hygienic behaviour and childcare practices that had been accepted
eatlier by the upper classes (Kunitz 1991). In the 19% century, medical doctors
also played a significant role in the sanitary improvements (Houwaart 1991).

Marital fertility predominantly affects infant and eatly childhood moxtality.
High patities and short birth intervals are associated with high infant and eatly
childhood mottality levels (Van de Walle 1986).

Two other, distal, determinants that could confound the association he-
tween the economic (wealth) and cultural (Roman Catholicism and seculatisa-
tiony) variables and mortality decline were taken into account in the analyses viz,
soil type and urbanisation. In The Netherlands, there are big differences between
regions with respect to soil type. Regions can be roughly divided into sandy te-
glons and regions of mainly clay soil. The type of soil affected economic devel-
opment of the region. The unfavourable sandy soil resulted in mixed farming (to
spread risks) and inhabitants were more self-supportive as compared to the clay
areas. In the clay regions, the economy was mote market-oriented (Jobse-van
Putten 1990). The matket-oriented regions were also the mote open-minded re-
glons (regarding new ideas on disease processes and hygiene). Apart from eco-
nomic o cultural associations, soil type could also affect mortality in other ways.
Clay soil was more brackish than sandy soil, which made groundwatet in those
areas less suitable for drinking water. As a result, the mote polluted surface water
was used for drinking and cleaning. This in wmrn resulted in higher levels of
mortality from watet-borne infectious diseases (Hofstee 1981).
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Urbanisation is related to both economic and cultural variables. In towns,
there was more differentiation of occupations as compared to rural areas, and
production was market-otiented. Urbanisation is often related to industrialisa-

Table 8.1 - Distal and proximate determinanants used in the analyses:
parameterisation, data source and years,

PFarameterisation Data Source Years in analysis
Distal determinants
Sail type Region consists pre- De Grote Bosatlas, 1968 1875/79,
dominantly of sandy 1895/99
soil: yes/no
Urbanisation Town yes/no See figure 8.1 1875/79,
1895/99
Roman Percentage population  Historical Ecological 1875/79,
Cathaolicism with ‘Roman Catholic”  Database {HED)* 1895/99
as religious affiliation
Secularisation Percentage population HED 1875/79,
without religious affilia- 1895/99
tion
Wealth Wealth tax in guilders  HED 1875/79,
per capita 1895/99
Proximate determinants
Marital fertility [gindex ' Calculated on the basis of 1875/79,
figures derived from the HED  1885/89,
and Lesthaeghe, 1977 1895/99,
1910/14,
1920/24
Housing Number of persons per  Bifdragen tot de Statistiek van 1875, 1889,
conditions dwelling Nedertand (CBS, 1879, 1889, 1899, 1910,
1899, 1910, 1920} 1920
Clean drinking Percentage of popula-  De Grootte, 1995 1879, 1889,
water tian living in town with 1899, 1914
piped water
Medical care Number of medical Verslagen aan de koning van  1875/79,
doctors per 100,000 de hevindingen en handelin-  1885/89,
inhabitants gen van het geneeskundig 1895/99, 1923

staatstoezicht in het jaar
1875-1899, Verslagen en
mededeelingen betreffende
de volksgezondheid 1923

* The Historical-fcological Database is managed by Stichting Beleidsondersteunend Ruimtelijk
Onderzoek (BRONY), which is related to the University of Amsterdam.

! The Ig-index is the age-standardised ratio of the annual number of legitimate births occursing
to married women of childbearing age {15-49), that would occur if they were subject to
matural fertility (i.e. age-specific marital fertility rates of the Hutterite population) (Lesthaeghe
1977),
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Table 8.2 - Range of the values of the cultural and economic variables,

Percentz.lge Ferc_:entag_e Wealth fax
population population without Guilders per canita
Roman Catholics religious affiliation P p
1875/79  1895/99 1875/79  1895/99 1875/79  1895/99
Mean 38.1 375 0.4 2.2 26 23
Max 98.5 98.3 1.2 7.9 5.4 43
Min 5.2 4.8 0.0 0.0 0.7 0.8

tion, but there was not such a strong urban-industrial complex in The Nether-
lands compated to other western Furopean countries (Knippenberg 1980).
Towns were a melting pot of people with all kinds of socio-cultural backgrounds.
Social relationships more easily crossed boundaties of kinship and teaditional
alliances (Van der Woude ¢ @/ 1990). In such an environment new ideas on hy-
giene, disease processes and childcare, were mote easily accepted than in rural
ateas. Towns had a better infrastructure than rural ateas, including better access
to education and medical cate. Urbanisation can also have an effect on health
independent of wealth or culture. In rural areas fresh food was more readily
available, the price of milk was lowet, the transport of food was less tie-con-
suming, and the quality of food was better. There were also negative health ef-
fects in towns. The high population density facditated the transmission of, par-
ticularly airborne, infectious diseases.

In addition, the tax on rental value (part of the wealth tax variable used in
the analyses) differed according to the size of the town. Other components such
as tax on horses or setvants wete not dependent of town size. When urbanisa-
tion is added to the model this partly corrects for the effect of differential tax
values by town size. Table 8.1 presents the determinants used in the analyses in
this study, their patameterisation, the years under study, and data source. In table
8.2 the range of the values of wealth tax, Roman Catholicism and secularisation

ate givern,

8.2.2 Methods

The pace of mortality decline in the regions was estimated on the basis of a log-
linear regression analysis (Poisson regression). The model used is described be-

low.
> _ a+ Oty +8 +{c+e )T
B(Y,,) =N,

E(Yix)= expected number of deaths per age-group (i), sex (j), region (1) and
quinguennium {t)
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N = population numbets per age-group, sex, region and quinquennium

o = intercept (i.e. log regional mortality rate 1875/79 men, age 0, region Am-
sterdam)

Bi = log relative risk sex-category i {men reference categoty)

¥; = log relative risk age-categoty j (age 0 reference category)

5 = log relative risk regional mortality rate (Amsterdam reference category)

€ = log annual mortality decline (region Atnsterdam)

£, = difference in annual mortality decline between region, and Amsterdam

T = year since 1875/79 (0 for 1875/79, 10 for 1885/89, 20 for 1895/99)

Percentage regional mortality decline per decade = (1 — e(+*-1)¥100

Mottality declines were estimated for two petiods: 1875/79 to 1895/99 and
1895/99 to 1920/24. The same model as described above was used for the sec-
ond petiod with 1895/99 as T'=0. Most regional mortality trends were non-linear
over the entite period from 1875/79 to 1920/24. By splitting up the petiod from
1875/79 to 1920/24 into a period covering the late 19™ century and a period
covering the early 20 centuty, linear trend estimation was made possible. The
estimates for the logarithm of mortality decline in the 27 regions (g+e;) were
used in a multivariate linear regression analysis in order to relate mortality decline
to cultural (percentage of Roman Catholics ot percentage of people without re-
ligious affiliation) and econotnic (wealth tax) variables cortected for possibly
confounding factors.

The level of wealth and the percentages for seculatisation or Roman Ca-
tholicism at the onset of a period of decline wete telated to mottality decline in
the periods under study. Wealth and Roman Catholicism or secularisation were
considered to be vatiables of which no immediate effect on mortality was ex-
pected, but which would induce change in more proximate variables of mortality.
The next step in the analyses was to add the more proximate determinants of
mottality decline to the multivariate model. In doing so, we tried to determine
which factors mediated between the cultural and economic associations (if pres-
ent) and mottality decline, and whether the proximate factors showed an inde-
pendent significant association with mortality decline. The proximate variables
were expected to have an immediate effect on mortality. Therefore, change in
the proximate variables in the period under study was related to change in mor-
tality (i.e. mottality decline}. The absolute change over time of the proximate
vatiables was calculated using linear regression analyses. Results of the multivari-
ate analyses are presented for all-cause mortality, infectious-disease mortality and
‘other’ causes of death.

In order to determine whether the regional mortality declines differed sig-
nificantly, we performed a likelihood ratio test; all tests were significant. To pre-
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sent significant differences in decline from Amsterdam for individual regions (i.c.
&, differs significantly from zero), results of T-tests will be presented.

8.3 Results

8.3.1 Regional variation in mortality decline

Figute 8.2 shows the regional differences in all-cause, infectious-disease, and
‘other disease’ mortality decline in the periods from 1875/79 to 1895/99 and
from 1895/99 to 1920/24. Exact figutes are provided in table 8.3. In both peri-
ods, the decline in the majority of the regions differed significantly from the de-
cline in Amsterdam, which was taken as a reference (table 8.3). The first period is
chatacterised by rapid declines in the rural areas of the southwestern provinces
(Zuid-Holland, Zeeland) and northern provinces (Friesland, Groningen) of The
Nethetlands. Mortality declines are slow in the rural areas and most towns in the
southern provinces (Noord-Brabant, Limburg) and eastern provinces (Gelder-
land, Drenthe). In many provinces, mortality declines were equally rapid in
towns and rural areas in the period from 1875/79 to 1895/99. With respect to
infectious-disease mortality decline in this period, a similar pattern to that for
total mostality decline could be obsetved i.e. more rapid declines in the south-
western and northern parts of The Netherlands. The declines seem to be more
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Figure 8.2a - Percentage all-cause mortality decline per decade, 1875/79 to 1895/99
and 1895/99 fo 1920/24
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tapid in towns as compated to rural areas, In the case of ‘other diseases’, declines
were most rapid in the rural areas and towns of Zuid-Holland and Overijssel.

In all regions, the pace of all-cause mortality decline was mote rapid in the
eatly decades of the 20t century than in the late 19% century (figure 8.2 and table
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Figure 8.2b - Percenfage infectious diseases mortality decline per decade, 1875/79 to
1895/99 and 1895/99 to 1920/24
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Figure 8.2c - Percentage mortality decline from other diseases than infectious diseases
per decade, 1875779 to 1895/99 and 1895/99 to 1920/24
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8.3). This was especially due to tapid infectious-disease mortality declines. The
pace of decline of ‘other diseases’ mottality did not accelerate.

The regional pattern changed compared to the former petiod. The
northern provinces, for example, no longer show the relatively rapid declines. As
for all-cause mortality, declines seem to be more rapid in towns compared to
their rural surroundings in the period from 1895/99 to 1920/24. Remarkable are
the rapid decline of infections-disease mortality in the rural areas of the province

Table 8.3 - Poisson regression estimates of percentages motality decline per clecade
1875779 to 1895/99 and 1895/99 to 1920/24. 16 towns and 11 rural areas
(= provinces minus selected towns}, All-cause mortality, infectious disease
mortality and mortality from other causes of death.

All-cause mortality Infectious diseases  Other causes of death
dedline decline decline
1875/79  1895/99  1875/79  1895/99  1875/79  1895/99
to fo fo to to to

1895/99  1920/24 1895/9%  1920/24  1895/99  1920/24

Towns

Amsterdam 17.6 16.2 19.6 24.8 15.2 8.9
Arnhem 4.5 23.0 6.3 32.5 26 16.1
Breda 8.9 18.1 ns 10.7 28.5 ns 7.3 9.8 ns
Deventer 15.5 ns* 12.9 7.7 24.2 ns 246 2.2
Dordrecht 241 26.5 236 339 243 213
Groningen 18.7 ns 16.9 ns 21.2ns 28.6 ns 153 ns 7.6 ns
Haarlem 13.2 16.7 ns 19.1 24.7 6.8 109 ns
‘s-Hertogenbosch 4.9 208 59 285 4.2 13.2
Leeuvwarden 14.2 13.3 144 241 ns 14.3 ns 6.5 ns
Leiden 26.1 209 27.8 30.8 24.5 13.9
Maasfricht 10.6 21.5 174 ns 22.5ns 34 204
Nijmegen 16.0 ns 13.5 17.6 ns 14.4 14.3 ns 12.7
Rotterdam 18.1 20.9 13.4 28.0 22.5 14.5
‘s-Gravenhage 16.2 17.9 133 29.6 19.1 8.7 ns
Utrecht 18.5 ns 18.8 18.8 ns 26.0ns 18.1 126
Zwolle 10.7 20.9 35 34.6 19.5 8.3 ns
Rural areas of provinces

Friesland 14.8 118 17.7 223 123 5.3
Groningen 15.1 11.7 204 ns 18.8 9.0 5.9
Drenthe 8.2 159 ns 4.9 16.9 1 15.1
Overijssel 11.8 165 ns 4.1 21.2 19.9 [ AR
Gelderland 8.8 12.3 8.2 14.0 9.4 109
Utrecht 11.8 15.7 ns 9.6 22.0 13.8ns 10.5 ns
Noord-Halland 144 19.7 15.1 311 131 10.3
Zuid-Holland 18.7 17.9 14.8 27.5 225 10.1 ns
Zeeland 169 ns 163 ns 14.4 28.2 19.3 6.7
Noord-Brabant 7.t 11.7 16 14.7 11.4 93 ns
Limburg 6.2 9.7 2.6 14.3 9.4 56

* ns means that the decline in that region did not differ significantly from the decline in
Amsterdam (p<0.05}
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of Noord-Holland and the rapid decline of ‘other-diseases’ mortality in the
eastern provinces of Gelderland, Overijssel and particulatly Drenthe.

8.3.2 Correlation between mortality decline and determinants of
decline

Before presenting the results of the multivariate analyses, simple univariate cor-
relations will be discussed between possible determinants of mortality decline
and the estimated all-cause, infectious- disease, and ‘othet- diseases’ mortality
decline in the petiods from 1875/79 to 1895/99 and from 1895/99 to 1920/24
(table 8.4),

The cultural factor Roman Catholicism is significantly correlated with all-
cause mottality decline and mottality decline from ‘other diseases’ in the period
from 1875/79 to 1895/99. A high percentage of Roman Catholics is associated

Table 8.4 - Pearson’s correlation coeffictents between determinants and mortality
decline in the periods 1875/79 to 1895/99 and 1895/99 to 1920/24.*

All-cause mortality Infectious diseases Other diseases
decline decline decline
1875/79  1895/99  1875/79  1895/99  1875/79  1895/99
to to to to to to

1895/9%  1920/24  1895/9%  1920/24  1895/99  1920/24

Distal determinants

Sandy soil 0.55¢ 0.29 0.69" .40t 0.16 0.08

Urhanisation -0.25 0.52¢ 0.33 051 -0.07 -0.28

% Roman Catholics 0.55¢ 0.04 037 0.28 051t -0.19

% Without religious -0.381 0.06 -0.53% -0.25 -0.05 0.28
affiliation

Wealth tax -0.28 -0.64¢ 0.33 0.71% 011 0.29

Proximate determinants

Marital fertility 0.47 047 0.50* 037 0.26 0.32

Persons per 0.29 -0.09 .18 -0,08 0.28 0.02
dwelling

Yo Access to water 010 0.14 0,16 012 -0.03 0.06
supply system

Medical doctor 0.52¢ -0.06 0.39! 017 0.421 0.09
density

* As far as distal determinants of mortality decline are concemed, the level of the determinants at
the onset of the period {i.e. 1875/79 or 1895/99) is related to percentage moriality decline; as
far as proximate determinants are concerned, absolute change in the determinants in the
period under study is refated to percentage mortality decline, A negative correlation means
that a high level of the determinant is correlated with {rapid) mortality deciine, or in case of
proximate determinants, an increase in the fevel of the determinant is refated to {rapid)
mortality decline,

significance at the 95% level,

significance at the 99% level.

- -
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with less rapid mortality declines. With respect to infectious-disease mottality,
the cultural factor secularisation is significantly associated with mortality decline.
A high percentage of people without religious affiliation is associated with rapid
mortality declines.

Other variables that showed significant cortelations in the late 19% century
are soil type (total and infectious-disease mortality), changes with regard to medi-
cal doctors (total mortality) and change in marital fertility (infectious diseases).
Sandy soil, an increase in doctor density and an increase in marital fertility were
all associated with less rapid mortality declines.

I the petiod from 1895/99 to 1920/24, a significant correlation between
the cultural variables and mottality decline had disappeared. The wealth indicator
(wealth tax), on the other hand, was strongly associated with all-cause and infec-
tious-disease mortality decline. Greater wealth was associated with more rapid
mortality declines. Other significant correlations were found between urbanisa-
tion and mortality decline from all-causes and infectious diseases. Mortality de-
clines were generally less rapid in rural aveas.

8.3.3 Multivariate analysis of cultural and economic
determinants of mottality decline

Table 8.5 shows the results of the multivariate analyses to study the relative im-
portance of cultural and economic determinants of mortality decline. The eco-
nomic and cultueal variables were analysed together corrected for confounding
variables. Separate analyses were conducted for the variables Roman Catholicism
and secularisation.

‘The results of the univariate cotrelations showed that the cultural factor is
more impottant in the late 19% century than the economic factor, and that in the
eatly 20t centuty the economic factor is more important than the cultural factor
(table 8.4). In a multivariate analysis, after correction for confounders, this con-
clusion remains valid (table 8.5). In case of all-cause and ‘other-disease” mortality
decline, the variable Roman Catholicistn showed a significant association. The
association for mortality decline from other diseases was somewhat stronger
than that for infectious diseases. Seculatisation showed a significant association
in the case of infectious-disease mottality decline. This association was less sig-
nificant than the association between Roman Catholicism and mortality decline.

In the period from 1895 /99 to 1920/ 24 the wealth indicator, wealth tax, is
the most impottant factor in all-cause and infectious-diseases mortality decline.
The association was strongest for infectious- disease mortality.

The variables in the model with respect to the percentage of Roman
Catholics explained 50% of the vasiation in total mortality decline, 55% of the
varianice in mortality decline from infectious diseases, and 28% of mortality de-
cline from ‘other diseases’ in the petiod from 1875/79 to 1895/99. When the
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percentage for people without religious affiliation was used as cultural variable,
the percentage variance decreased in case of all-cause and ‘other-disease’ mortal-
ity decline. In the models for the petiod from 1895/99 to 1920/24 the petcent-
ages variance explained were about similar.

Table 8.5 ~ Association between level of economic determinants (wealth fax) and
cultural determinants {% Roman Catholics or % without religious affiliation)
in the periods 1875/79 and 1895/99 and morfality decline in the periods
1875/79 to 1895/99 and 1895/99 to 1920/24.

Change of percentage morfality decline per
decade per unit difference in the independent
variable {percent points)

All-cause Infectious Mortality from
mortality disease other causes of
mortality death

1875/79 to 1895/99
Woealth tax

{1 guilder per capita higher) 08 .3 0.4
% Roman Catholics : '

(10 percent points higher) 0.9 06 13
R? 0.50 0.55 0.28
Wealth tax

{1 guilder per capita higher} 0.3 11 +0.4
% Without religious affiliation +3.7 +761 05

(1 percent point higher) ' ' :
R? 0.34 0.57 0.03
1895/99 to 1920/24
Woealth tax ' "

{1 guilder per capita higher} 3.3 *5.9 +1.6
% Roman Catholics

(10 percent paints higher) 0.0 0.0 *0.3
R? 0.41 0.56 0.14
Wealth tax 1 t

(1 guilder per capita higher) 3.5 6.4 1.5
% Without religious affiliation 06 +0.0 0.9t

{1 percent point higher} ' ) )
R? 0.47 0.52 0.24

Independent variables iiv the model: wealth tax, % Roman Catholics {or % withous religious
affifiation), urbanisation, scil type

+ means more rapid decline, - means less rapid decline.

! means significance at the 95% level, and * at the 99% level.
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8.3.4 Analysis of proximate determinants of the associations of
economic and cultural vatiables with mottality decline

Besides the distal determinants wealth tax and percentages of Roman Catholics
ot people without religious affiliation, there are mote proximate determinants of
mottality decline, e.g. housing conditions, medical doctor density, access to clean

Table 8.6a - Analysis of intermediary factors {proximate determinants) in the significant
associations between level of cultural (% Roman Catholics, % without
religtous affiliation) and economic (wealth fax) determinants in 1875/79,
and mortality decline in 1875/79 to 1895/99,

Change of percentage mortality decline per

decade per unit difference in the independent

variables (percent points)

All causes

Infectious Mortality from
disease ofher causes of
mortality death

% Roman Catholics
{10 percent points higher)

Confounders only*
Confounders + marital fertility
Confounders + persons per
dwelling

Confounders + access to water
supply system

Confounders + medical doctor
density

% Without religious affillation
{1 percent point higher)

Confounders only*
Confounders + marital fertility
Confounders + persons per
dwelling

Confounders + access to water
supply system

Confounders + medical doctor
densily

Wealth tax
(1 guilder higher)

Confounders only

-0.94¢
-0.83¢

-0.831
-0.94%

0717

n.s.a.

n.s.a.

n.s.a. 21,291
-1.26!

-1.151
-1.30%

-1.06

+7.601 n.s.a.
+6,20

+8,00t
+7.55

+6.20

5.4, 5.4,

n.s.a. = no significant association

+ means more rapid decline, - means less rapid decline

* Wealth tax, urbanisation, sofl type
! significance at the 95% level
! significance at the 99% level

% 9% Roman Cathglics {or % without religious affiliation), urbanisation, soil type
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drinking water and marital fertility. These determinants might mediate the asso-
ciation between the above-mentioned cultural and economic determinants and
mortality decline. The proximate determinants might also have an independent
significant association with mortality decline.

The addition of absolute change in marital fertility to the model, as pre-
sented in table 8.5, reduced the association between the percentage of Roman
Catholics and mortality decline it the period from 1875/79 to 1895/99 by 12%
(table 8.62). An increase in marital fettility was related to a less tapid mortality
decline. The number of persons per dwelling also turned out to be a mediator
between the association of Roman Catholics with total mortality decline.

Table 8.6b — Analysis of intermediary factors (proximate determinants} in the significant
associations between level of cultural (% Roman Catholics, % without
religious affiliation) and economic {(wealth tax} determinants in 1895/99,
and mortality decline in 1895/99 to 1920/24,

Change of percentage mortality decline per
decade per unit difference in the independent
variables (percent points)

Infectious Mortality from

All causes disease other causes of
mortalily death

Wealth tax

{1 guilder higher)

Confounders only* +3.31 +5.9¢ n.s.a.

Confounders + marital fertility +3,21 +5,7¢

Conf(.)unders + persons per +3.3! +5.9¢

dwelling

Confounders + access to water +3.31 +5.9t

supply system

Conf'ounders + medical doctor RT: +6.74

density
% Roman Catholics

{10 percent points higher)

Confounders only® ns.a n.s.a. m.s.a.
% Without religtous affiliation

{1 percent point higher)

Confounders only’ n.s.a. .58, n.s.a.

n.s.a. = no significant association

+ means more rapid decline, - means less rapid decline

* % Roman Catholics, urbanisation, soil type. The results for secularisation instead of Roman
Catholicism as confounding variable were highly comparable

! significance at the 95% level

¥ ggnificance at the 99% level

¢ Wealth tax, urbanisation, sail type
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Changing the number of persons per dwelling in the model also reduced the as-
sociation between percentage of Roman Catholics and mottality decline by 12%.
An increase in the number of persons per dwelling was related to less rapid
mortality decline. A third proximate determinant that mediated the association
between percentage of Roman Catholics and mourtality decline was medical doc-
tor density. The addition of this vatiable to the model reduced the association by
24%. However, an increase in the number of medical doctors per 100,000 in-
habitants was associated with less rapid mottality decline whereas an association
with mote rapid mottality decline was expected.

With respect to infectious-disease mortality, marital fertility and medical
doctor density (both 18% reduction) mediated the cultural association, For
mortality decline from diseases other than infectious diseases, changes in the
number of persons per dwelling in medical doctor density reduced the cultural
associations by 11% and 18% respectively in the period from 1875/79 to
1895/99. The same contra-intuitive association between medical doctor density
and mortality decline was found for infectious-disease mortality decline and
mortality decline from diseases other than infectious diseases.

With tespect to the petiod from 1895/99 to 1920/24, in which wealth tax
turned out to be an important determinant of all-cause and infectious-disease
mortality decline, none of the proximate variables seemed to be an intermediate
for the association between tax and mortality decline (table 8.6b). The addition
of medical doctor density made the association even stronger.

Independent significant associations of proximate determinants and mor-
tality decline were found neither in the period from 1875/79 to 1895/99 nor in
the petiod from 1895/99 to 1920/24.

8.4 Discussion

Cultural and economic factors played a role in mortality decline in The Nether-
lands in the late 19th and eatly 20th centuties. Cultural factors were relatively
more important in the late 19th century and economic factors in the eatly 20th
century. Factors that mediated the relationship between the cultural factor and
mortality decline seem to be changes in marital fertility, persons per dwelling,
and medical doctor density. Intermediaty factors could not be identified for the
association between tax and total or infectious-disease mortality decline. Before
discussing these results some comments on the used data and methods will be
made first.
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8.4.1 Data and method

Reliability of historical mortaltty data

In the analyses a distinction is made between infectious-disease mortality decline
and mortality decline from diseases other than infectious diseases. However, it is
conceivable that exchanges took place between categories of infectious diseases
and other diseases. For example, exchanges may have taken place between respi-
ratory tubetculosis (infectious diseases) and chronic respiratory diseases (other
diseases), ot acute respiratory diseases (infectious diseases) and chronic respira-
tory diseases (other diseases). Some researchers mentioned the possibility of such
exchanges in the Dutch literature, but others did not consider this to be a major
problem (Evers 1882, Vollenhoven 1889).

Exchanges like these would have affected the results of the analyses if the
inaccuracies in coding were differential between the regions. In other wotds, in
some regions, certain coding inaccuracies occurted only or significantly more
than in othet regions. If the coding inaccuracies were non-differential between
regions, the estimates of the infectious discase and ‘other diseases” motrtality de-
cline would be inaccurate, although the analysis of regional differences inn mor-
tality decline would not be affected.

There is not much literature about regional diffetences in coding. Onnen
(1895) mentioned the occutrence of exchanges between the categories ‘debility’
{a 19%-century cause-of-death category consisting predominantly of infant and
eatly childhood diseases, and old age) and acute digestive diseases. The ‘debility’-
categoty is included in the ‘other diseases’ group in this analysis, while acute di-
gestive diseases are included in the infectious-diseases group. Onnen’s paper
shows that mortality from ‘debility’ and acute digestive diseases fluctuated
strongly in several large towns in The Nethetlands in the periods 1880/85 and
1885/90. Such fluctuadons over time within towns will lead to less accurate es-
timations of mortality decline from that specific cause of death. However, this
papet only includes results for the broad groups ‘infectious diseases’ and ‘other
diseases’, which will have teduced the effect of those inaccuracies on the results
of the analyses in this paper.

Methodoelogy

The analysis of the relative importance of cultural and economic determinants in
mortality decline was conducted in two steps. First, regional mortality declines
were estitated using a Poisson-regression model. Secondly, those estimates were
telated to a set of independent variables in a multivatiate linear regression analy-
sis. By using the estimates of mortality decline in the multivariate regression
analysis, the estimated declines are used as point-estimates. Information on the
accuracy of the estimates of regional mortality decline is lost duting the second
step of the analysis. Analysis of the standard etrors showed that they were on
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average about 18% of the differences between the estimates of mortality decline.
This means that there was extra variation in the estimates of motrtality decline,
which is not taken into account in the multivariate analysis. This vatiation was,
however, not sizeable. Besides, strong associations (significance at the 99%-level)
between the economic and cultural variables and mortality decline were found in
several instances (table 8.5).

If variables in a multivariate model are strongly correlated we cannot dis-
tinguish their separate associations with the dependent vatiable i.e. mortality de-
cline. This is known as the multicollinearity problem. The vatriance-covatiance
matrix of the patametets of the model was calculated for the periods 1875/79 to
1895/99 and 1895/99 to 1920/24 (Notusis 1990). Relatively strong correlations
were only found for urbanisation and wealth tax. The correlation coefficients
were (.7 and 0.8 respectively in the two periods. Although the correlation coeffi-
clents are not extremely high, it should be taken into account that, especially in
the period from 1895/99 to 1920/24, urbanisation and wealth tax are to some
extent related.

Absolute change in proximate determinants was related to mortality de-
cline in the analysis presented in this paper. Using relative changes did not
change the results so that other proximate determinants turned out to be inter-
mediary factors in the associations between the economic and cultural variables
and mortality decline.

8.4.2 Relationship between mortality level and mortality decline

Figure 8.2 shows the differences in mortality decline in the periods from
1875/79 to 1895/99 and from 1895/99 to 1920/24. 1t could be that regions with
the most rapid mortality declines were also the regions with the highest mortality
levels at the onset of a period of decline. Mottality levels might have been high in
urban areas due to, among other things bad sanitation, but moxtality could also
decline more rapidly in those areas due to, for example, early fertility declines or
eatly introduction of water supply systems. Cotrelation coefficients were calcu-
lated for the logatithm of tegional levels of mortality (0t+y, in the Poisson-re-
gression model) at the onset of a period of decline and the logarithm of regional
mortality declines (e+g;} in that petiod. A significant association (95%-level)
between levels and decline was found for the period 1875/79 to 1895/99 (-0.49),
but not for the period 1895/99 to 1920/24 (-0.36). In the petiod 1875/79-
1895/99, areas with the highest mottality in 1875/79 tended to show the most
rapid mortality declines.

In order to find out whether regions with relatively high mortality levels
stilf had telatively high mortality levels at the end of a petiod of decline, correla-
tion coefficients were calculated for mortality levels in 1875/79 and 1895/99,
and in 1895/99 and 1920/24. Both correlation coefficients were significant at the
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95%-level (0.53 and 0.79 respectively). The correlatdon between mottality levels
in 1875/79 and 1895/99 was less strong as compated to 1895/99 and 1920/24.
Certain towns with the highest moxtality in 1875/79, e.g. Leiden and Dordrecht,
showed low mortality levels in 1895/99.

8.4.3 Cultural determinants of mortality decline

This study shows that cultural factots played a relatively impottant tole in late
19th-century mottality decline in The Netherlands. In the literature, the cultural
factor in mortality decline has been discussed in terms of increased attention for
personal health care, knowledge of disease processes and acceptance of new
ideas on hygiene (Ewbank & Preston 1990, Preston & Haines 1991, Vogele
1994). In this paper two different cultural vatiables have been used viz. seculati-
sation and Roman Catholicism. Seculatisation refers probably more directly to
cultural changes related to the modetnisation process, such as the acceptance of
new ideas, than Roman Catholicism does. Secularisation refers to a decreasing
adherence to any religious denomination. Roman Catholicism refers to specific
characteristics of the Roman Catholic populations as compared to other religious
subgroups of the population. These characteristics include high fertility rates and
a reluctance to accept new ideas, and also specific practices with respect to infant
care such as breastfeeding, which was not common among Roman Catholics
(Van Poppel 1992, Kintner 1988b).

With respect to all-cause mottality decline and mottality decline from
‘other diseases’ the cultural factor of percentage of Roman Catholics was associ-
ated with mortality decline, while percentage of people without religious affilia-
tion was associated with mortality decline from infectious diseases. The findings
that percentage without religious affiliation {secularisation) was only significantly
associated with infectious-disease mortality decline might indicate the impor-
tance of the acceptance of new ideas on hygiene, personal health care, and
knowledge of disease processes for infectious-disease mortality decline. As for
mortality decline from ‘other diseases” other factors also seem to play a role.

The two cause-of-death groups ‘infectious diseases’ and ‘other diseases’
differ with respect to age distribution. In 1875, about one-third of both groups
consisted of mortality at age 0. With respect to infectious-disease mortality,
about 20% of the cases occutred in age group 1-4, while this was only about 6%
for mortality from diseases other than infectious diseases. With respect to
mortality at older ages, only 15% of the cases occutted for people over 50 years
of age, while in the case of mortality from other diseases this was about 40%,

Marital fertility decline was a more important proximate determinant that
mediated the association between percentage without religious affiliation and
infectious-diseases mortality (reduction of the association by 18%), than it was in
the association between percentage of Roman Catholics and mortality decline
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from other diseases (reduction of the association by 11%). This may be due to a
stronger association between secularisation and matital fertility than between
Roman Catholicisim and fertility, and to the fact that the category ‘infectious dis-
eases’ consisted for a large part of eatly childhood mottality as well as infant
mortality.

The absolute change in the number of persons per dwelling turtied out to
be a proximate determinant in the association between percentage of Roman
Catholics and total mortality decline and mortality decline from other diseases.
An age-specific analysis showed that persons per dwelling only played a role at
old ages (ages 65 to 79) (results not shown). The group ‘other diseases’ consisted
of, among other causes of death, chronic digestive diseases, chronic respiratory
diseases, and ‘consumption of old age’ (excluding respiratory tuberculosis). The
latter is an important category. It is conceivable that poor housing conditions
(parameterised as persons per dwelling) such as damp houses affect chronic res-
piratory disease. There are at least reports on tuberculosis mortality and housing
{(MacTFarlane 1989, Condran & Cheney 1982). It is not clear why Roman Catholi-
cism is related to the older age groups. Most of the literature on Roman Catholi-
cistn is related to breastfeeding practices and fertility, both of which are determi-
nants of mortality at very young ages.

The association between Roman Catholicism and mortality decline from
other diseases might indicate another association. Roman Catholicism is strongly
confined to the south of The Nethetlands. Other variables with the same region-
al distribution might account for the association between Roman Catholicism
and mortality decline, such as mediation through housing conditions. The most
likely variables to be related to housing conditions are urbanisation and wealth.
Indicators of both variables had already been included in the model.

An important proximate determinant in the association between the cul-
tural factor and mortality decline was the change in the number of medical doc-
tors per 100,000 inhabitants (table 8.6a). However, an increase (ot a less strong
decline) in medical doctor density was associated with less rapid mortality de-
cline, which was not as expected. In the analysis presented in this paper, absolute
change of the determinant was related to percentage of mortality decline. If rela-
tive change was used, the same contta-intuitive association between medical
doctor density and mortality decline was observed. Relating change in medical
doctor density to mortality decline assumes a direct effect of the supply of medi-
cal care on health, This might be the case for curative health care. In the late 19
century, curative effects of health care were, nevertheless, limited.

Earlier, we pointed out that medical doctors could play a role in the diffu-
sion of new ideas on health (Kunitz 1991). When considering this role of medical
doctors, no immediate effect of medical doctors on mottality decline is expected.
An analysis was conducted, in which not the change in medical doctor density
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but the level of medical doctor density at the onset of the period of decline was
added to the model, so as to investigate medical doctors’ role. In the period from
1875/79 to 1895/99, medical doctor density in 1875/79 was negatively associ-
ated with mortality decline. A large number of medical doctors per 100,000 in-
habitants in 1875/79 was related to rapid mortality decline. This association was
significant with respect to all-cause mortality and mottality from infectious dis-
eases. The association between the percentage of Roman Catholics and mottality
decline was reduced by 38% in the case of all-cause mortality and by 24% in the
case of mortality from ‘other diseases’. The association between petcentage
without religious affiliation and infectious disease mortality decline was also re-
duced by 24%. These results suggest that medical doctors in the late 19 century
had an important role as ‘agents of cultural and behavioural change’ (ICunitz
1991), i.e. health behaviour, rather than a curative role.

8.4.4 Economic determinants of mortality decline

We were not able to identify proximate determinants that mediated the associa-
tion between wealth tax and mortality in the period from 1895/99 to 1920/24.
The way in which different proximate determinants have been operationalised
might be related to these negative results. Housing conditions, for example, were
operationalised as ‘persons per dwelling’. This was probably not specific enough
to measure overcrowding, bad ventilation and bad sanitary conditions. More
specific data such as ‘persons per room’ or ‘tooms connected to open air’ were,
however, only available at a higher aggregation level. The variable “wealth tax’ is
an indicator of wealth in general including, for example, income and nutrition,
However, the nature of the wealth tax variable (tax on ‘doors and windows con-
nected to open air’, tax on fireplaces), also suggests that housing conditions
might have played a role in the relationship between wealth and mortality de-
cline.

As far as the operationalisation of the availability of water mains is con-
cerned, it was assumed that the whole population had access to clean drinking
water since the construction of a water supply system. This may not have been
the case, which could have affected the results. However, another Dutch study
showed that before 1895 expenditure of municipalities was more strongly related
to wealth than after 1895. Expenditure includes public safety (including costs for
drinking water) and other public measures (including measures concerned with
infrastructure). Wealthier areas started eatlier with all sorts of public measures
than less wealthy areas. In the early 20% century, the less wealthy areas begin to
catch up with the other areas, which weakened the association between wealth
and expenditure on public measures (Knippenberg 1980).

Adding the change in the number of medical doctors per 100,000 inhabi-
tants to the model made the association between tax and mortality decline
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stronget. It could also be that the wealthiest areas alteady had sufficient medical
doctots, and that less wealthy areas (with less rapid mortality declines) still had
room for an increase in medical doctor density in the eatly 20t century.

8.5 Conclusion

This study has shown, on the basis of a multivariate analysis or regional data, that
both cultural and economic determinants played important roles in mortality
decline, but in different periods of time. The results suggest that the acceptance
of new ideas was an important element of the cultural determinant. This element
was predominantly related to infectious disease mortality, Fertility declines could
only explain part of the association between cultural factors and mortality decline
in the late 19 century, The economic determinant was also strongly related to
infectious disease mortality decline.
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DETERMINANTS OF INFANT AND EARLY
CHILDHOOD MORTALITY LEVELS AND
DECLINE IN THE NETHERLANDS IN THE
LATE NINETEENTH CENTURY

Abstract

Objective: Ta stndy the refative imporiance of varions determinants in total and canse-specific
infant and early chitdhood mortalily rates and declive in The Netherlands in the period
1875/79 1o 1895/99.

Data & Methods: Mortality and population data were devived from publications of Statistics
Netherlands for 16 towns and 11 riral areas. Mortality levels and decline were estimated on
the basis of a Poisson-regression miodel. The associations of the estimated levels and declines,
and delerminants of infant and early childhood miortality were analysed using nutltivariate lin-
ear regression analysis. The canses af death sindied were infections diseases contribniing largely
fo infant morialily (convnisions, acile digestive diseases, acufe respiratory diseases) and early
chitdhood nrortality (brain diseases (i.e. predominantly encephalitis{ weningitis), acute respira-
fory diseases, measts).

Results: Infant wmortality rates were bigh in the southwestern part of The Netherlands in
1875/ 79. Due to fast dechines in the western regions, this patters changed info a north-south
gradient in 1895/ 99. Early childbood wortalily showed an wrban-viral gradient in mortality
levels in 1875/ 79. Mortality was bigh in towns. This gradient had largely disappeared in
1895/ 99, due to rapid declines in towns. Roman Catholicism and marital ertility were signifi-
cantly associated with infant mortality in 1875179 and 1895/ 99. The association of Roman
Catholicism with infant moriality was stronger in 1895/ 99, becanse mortality declines were
less rapid in Roman Catholic areas in 1875179 to 1895/ 99. Urbanisation was significantly
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associated with early childhood mortality in 1875/79 and 1895/ 99. This association weak-
ened over fime, due Io the rapid mortality declines in towns, Crowding (persons per dwelling)
was significantly associaled with early childbood mortality from acute respiratory diseases in
1875/ 79 and 1895799, but not in mortality decline.

Conclusion: Cuftural factors (Roman Catholicism) were predominantly associated with infant
mortality and diarvhoeal diseases. In case of early childhood miortality on the other hand, ur-
banisation played the niost imporiant role and was predominantly associated with acnte respi-
ratory diseases. So, different determinants of mortality (decling) play a role in both age groups,
and they affect different canses of death. Therefore, infant and childhood wortality should be
studied sepavately. It remains important that explanatory studies of mortalify (decline) are car-
ried out for different countries. Findings with respect lo determinants of wortalily (decline) for
one conntry do not necessarily apply to other conntries as well. The resuits for The Netherlands
with respect to infant mwrtality differed from England and W ales.

9.1 Introduction

Over the years a considerable amount of literature has been published on deter-
minants of infant and childhood mortality. Infant and childhood moztality de-
cline contributed largely to the eatly stages of the demographic and epidemiol-
ogical transition that started in Westerty countries in the 18th or 19th century.
Murray and Chen (1984) defined five sets of factors that can directly influence
child mottality: maternal factots (c.g. age, parity), environmental contamination
(e.g- food, water), nutrient deficiency (e.g. calories), injuries (accidental or inten-
tional) and personal illness control (e.g. personal preventive measures), Most of
these factors cannot be studied directly, Determinants of infant mortality that
have been studied are, for example, income, marital fertility, llegitimacy, feeding
practices, infant care, access to the health care system, housing conditions, fe-
male education, female employment, urbanisation (Among othets: Kintner
1988b, Williams & Galley 1995, Graham 1994, Haines 1995, Huck 1995, Kok ef
al. 1997). It is difficult to assess the relative importance of all those determinants
described in the literature, because many studies are descriptive, and the multi-
variate explanatory studies do not (and cannot) cover all determinants, Beside
that, the impottance of the different factors seems to differ by country, We will
briefly describe a few important studies it the field of infant and childhood
mortality {decline), that have contributed largely to the existing ideas on determi-
nants of infant and child mottality.

Woods e/ al (1988, 1989) published two papets on the causes of rapid in-
fant mortality decline in England and Wales it the period 1861-1921. Infant
mortality rates were high in 19%-century urban areas in England and Wales. This
was called the ‘urban-sanitary-diarthoeal-effect’. This effect stands for higher
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nfant mottality in towns in hot sammer in which, due to bad sanitary conditions,
high mortality of diarrhoeal diseases occurred. The deteriorating effects of bad
sanitary conditions on infant mortality in towns have also been published by
others (Williams 1992, Williams & Galley 1995, Brandstrom 1988, Watterson
1988).

Woods ef al. (1988, 1989) also concluded that social class and income did
have significant effect on the /re/ of infant mottality but not so much on the
timing and pace of infant mottality decline. This conclusion has been confirmed
by Haines (1995) in a multivariate explanatory analysis (including also utbanisa-
tion and fertility) for the period 1895-1911.

In late 19% and early 20t centuries Germany, the urban eavironment was
associated with high infant mortality, but other factors played a more important
role in infant mortality. Kintner (1988a,b) analysed German infant mortality us-
ing multivariate analyses and a large set of determinants of infant mottality (in-
dusteialisation, fertility, urbanisation, illegitimacy, Catholicism, breastfeeding
practices, access to health care, access to piped water). It turned out that marital
fertility explained most of the variation in infant mottality, followed by the vati-
ables illegitimacy and medical doctots density, That study is also one of the few
historical studies in which data for breastfeeding practices were available.

In the United States, childhood mortality was among the highest of the
world around 1900, while income levels were also among the highest. The in-
equality inn childhood mortality by social class was much lower in the United
States as compated to England and Wales. The most advantaged social classes
enjoyed no advantage in mottality. On the basis of those findings Preston and
Haines atgued that ‘lack of knowledge rather than lack of resources was princi-
pally responsible for foreshottening life’ (Preston & Haines 1991). Another
finding from Preston and Haines’ wotk was that ethnicity was a mote important
factor in mortality than social class, utbanisation and income. The idea that cul-
tural factors such as the diffusion of new ideas on disease processes and health
behaviour have been important detesminants of infant and childhood mottality
(decline) has been put forward by many authots, and has been suggested as a
new direction of research on infant and childhood mortality decline (Preston &
Haines 1991, Ewbank & Preston 1990, Vogele 1994, Cotsini & Viazzo 1997).

The aim of this study is to determine the relative importance of various
determinants of all-cause and cause-specific infant and early childhood mortality
rates and decline in The Nethetlands in the period 1875/79 to 1895/99. Mortal-
ity started to decline rapidly in The Nethetlands around 1875/79. The timing and
pace of mortality decline differed between age groups and causes of death, Early
childhood mortality declined stronger as compared to infant mortality decline
(Wolleswinkel-van den Bosch o o/ 1998). So far, only a few studies have
analysed aunse-specific mortality {declines). Analysis of cause-specific mortality can
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further elucidate the relationship between determinants and mortality, because of
the differences in aetiology between the cause-of-death groups. In this paper
results will be ptesented for three impottant causes of infant and early childhood
mostality, With respect to the determinants of mortality (decline), two types of
determinants will be distinguished viz. determinants directly related to infant and
early childhood mortality (proximate determinants, e.g. marital fertility), and de-
terminants that acted, indirectly, through proximate determinants on infant and
early childhood mortality (distal determinants, e.g. female labour participation,
urbanisation). ‘The relative importance of the determinants is analysed with 2
multivariate regression model, in which the regional variation in the prevalence
of determinants is related to mortality levels and decline in 27 regions in The
Netherlands. In the Jate nineteenth century, thete was a large geographical varia-
tion in the prevalence of determinants in The Netherlands. These differences are
used to elucidate the determinants of mottality (decline). The results for The
Netherlands will be discussed in an international perspective.

9.2 Data and Method

9.2.1 Data

Mortality and popuiation data

Total sex- and cause-specific infant (age 0-1) and early childhood mortality (age
1-4) data were obtained from publications of the Dutch Home Office (which
provided data for quinquennial petriods) for the years 1875/79, 1885/89 and
1895/99. Data on live births and population figures for the years 1875/79,
1885/89, 1895/99 were also obtained from publications of the Dutch Home
Office. Data on live births were not available by sex. Mortality and population
data as well as data on explanatory variables were obtained for the (by that time)
11 Dutch provinces and 16 towns (with more than 20,000 inhabitants) (figure
9.1). Figutes for 11 rural areas were calculated by subtracting the values for the
16 towns from the 11 provinces in which they were situated.

Beside total mottality, three infectious diseases that contributed relatively
largely to infant ot carly childhood mortality in the late 19th century were in-
cluded in the study. In case of infant mortality, these causes of death were con-
vulsions (about 15% contribution), acute respiratory diseases (10%) and acute
digestive diseases (17%); in case of early childhood mortality these causes of
death wete acute respiratory diseases (about 25%), measles (5%), and brain dis-
eases (10%). The category ‘acute digestive diseases’ did not include cholera, ty-
phoid fever or abdominal tuberculosis, but other diarrhoeal diseases; the cate-
goty ‘acute respiratory diseases’ did not include whooping cough, scatlet fever,
measles, diphtheria, but mostly influenza and pneumonia. The category brain
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diseases consisted predominantly of encephalitis and meningitis. One classifica-
tion of causes of death consisting of 34 categoties was used during the period
1875/79 to 1895/99, so no reclassification of cause-of-death categories was
needed for this study (Wolleswinkel-van den Bosch 1996).

Determinants of mortaltly

Two types of determinants were used viz. determinants directly related to infant
and early childhood mortality (proximate determinants), and determinants that
acted, indirectly, through proximate determinants on infant and eatly childhood
mortality (distal determinants). The proximate, direct determinants used in this
study are persons per dwelling, percentage people with access to water supply
system, medical doctor density, midwife density, and marital fertility. Wealth tax,
ferale labour pasticipation, urbanisation, soil type and Roman Catholicism are
the distal, indirect, determinants in this study.

Persons per dwelling is a parameterisation of housing conditions, in par-
ticular overcrowding. Overcrowding was associated with bad sanitary conditions
and lack of ventilation (Burnett 1991). Therefore, water- and foodborne as well
as aitborne diseases can be related to this determinant.

Marital fertility is an important determinant of infant mortality (Kintner
1988a,b). High parities and short birth intervals are related to high infant mortal-
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ity rates (Van de Walle 1986G). Marital fertility rates could affect other children in
the family too, because longer birth intervals meant more care for, especially, the
youngest child (Coale & Watkins 1986). According to Reves (1985), the major
factor in infant and eatly childhood mortality decline in England and Wales was
the alteration of the family size and age structure, leading to an increase of the
mean age at infection for most infectious diseases, thereby lowering the case-fa-
tality rate.

Access to clean dtinking water will especially affect infant and early chiid-
hood mottality from waterborne diseases such as diarthoeal diseases (acute di-
gestive discases). In the late 19% century, the construction of water supply sys-
tems was for a great deal carried out by private enterprises in The Netherlands.
Whether piped water was available depended on the size and wealth of a town
(Vogelzang 19506).

The role of medical doctors with respect to curative care was limited in
the late 19% century. Medical doctors could, however, serve as intermediarices
between the upper class and working class. In that way they could convey ideas
on hygienic behaviour and child care, that had been accepted earlier by the upper
class, to the wortking classes (Kunitz 1991). Beside that, medical doctors played
an important role in the sanitary movement in The Netherlands in the 19 cen-
tury (Houwaart 1991). In The Nethetlands, the midwives were well trained, and
mostly from low social classes. They were only allowed to attend normal preg-
nancies. There were large differences in the density of midwives. The midwife
density was low in the provinces of Nootd Brabant and Limburg as compared
to, for example, the provinces of Nootd- en Zuid-Holland (Marland 1995, Van
Lieburg & Marland 1989).

Wealth tax is used as an indicator of wealth, Wealth can influence health
by improvements at the household level, such as better food or housing, access
to medical care, on the other hand wealth can also have a beneficial indirect ef-
fect on health by increased governmental expenditures on, for example, water
supply and sewage systems. The wealth tax variable used in this study consisted
of 6 components: tax on rental value of houses and other buildings, tax on the
number of ‘doors and windows connected to open ait’, tax on the number of
fireplaces, tax on fugniture, tax on servants and maids, and tax on horses. The tax
on rental value (part of the wealth tax variable used in the analyses) differed ac-
cording to the size of the town. Other components such as tax on horses or set-
vants wete not dependent of town size (Blok & De Meere 1978). Adding urbani-
sation to the multivariate regression models, however, pattly corrects for the ef-
fect of differential tax values by town size.

Another determinant that is indirectly related to infant and eatly child-
hood mortality (decline) is female labour participation. The effect on mortality
can either be positive or negative. Labour participation of the mother can in-
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crease the level of wealth of the household by the input of a second wage. On
the other hand, it could also mean less good care for the children such as no
breastfeeding (or with shotter duration) for the infants (Brindsttém 1988, Gra-
ham 1994).

Cultural factors can influence mortality (decline} through determinants
related to health behaviour (cf. chapter 8). In this paper, Roman Catholicism is
used as a cultural factor. It has been reported that breastfeeding was less com-
mon among Roman Catholics as compared to other religious denominations
(Van Poppel 1992). High marital fertility levels were also related to Roman Ca-
tholicism, thete was a sttong adherence to folk medicine among Roman Catho-
lics, and they were less inclined to accept new ideas (Wichers 1965, Philips 1980,
Rutten 1985).

In the introduction, the important role that urbanisation has played in the
literature on child mottality has been pointed out. Usrbanisation can be related to
infant and eatly childhood mottality (decline) in vatious ways (positive and nega-
tive). The bad sanitary urban envitonment has mostly been related to infant
mortality, High urban infant mortality rates have been related to the negative
health affects of industrialisation (Huck 1994, 1995, Woods ef «/ 1988, 1989). In
The Netherlands there was not such a strong urban-industrial complex as in, for
example, England and Wales (I<nippenberg 1988). The high population density
facilitated the transmission of, predominantly, atthorne infectious diseases. The
urban society was more open to new ideas (including those on hygiene and
childcare) as compared to rural areas. People with different socio-cultutal back-
gtounds lived together in the cities, which facilitated the acceptance of other
opinions on a nunber of things (Van der Woude ¢f o/ 1990). Other ways in
which city life could affect health are the good infrastructure with respect to
schooling and medical cate as compated to rural areas.

A last determinant that could inditectly affect mottality is the type of soil
In The Nethetlands, strong differences exist between regions with respect to soil
type. Regions can be roughly divided into sandy regions and regions of mainly
clay soil. The type of soil affected economic development of the region. The un-
favourable sandy soil resulted in mixed farming (to spread risks) and the inhabi-
tants were more self-supportive as compared to the clay areas. In the latter re-
gions, the economy was more matket-oriented (Jobse-van Putten 1990). The
market-oriented regions were also the more open-minded regions. Apart from
these economic and cultural associations with mortality (decline), the soil type
could also have a direct association with mortality. Clay soil was more brackish
than sand soil, which made groundwater less suitable as drinking water, As a re-
sult of that, the mote polluted sutface water was used in those areas for drinking
and cleaning, This resuited it higher levels of watetborne infectious disease
mottality (Fofstee 1981).
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Table 9.1 gives the variables used in the analyses in this study, their para-
meterisation, years in the study and data source.

Table 9.1 - Distal and proximate deferminants used in the analyses: parameterisation,
data source and years.

Parameterisation Data Source Years in analysis
Distal determinants
Soil type Region consists pre- De Grote Bosatlas, 1968 1875/79,
dominantly of sandy 1895/99
soil; yes/no
Urbanisation Town yes/no See figure 9.1 1875/79,
1895/99
Roman Percentage population  Historical Ecological 1875/79,
Catholicism with ‘Roman Catholic’  Database (HED)* 1895/99
as religious affiliation
Wealth Wealth tax in guilders  HED 1875/79,
per capita 1895/99
Female labour Percentage working HED 1875/79,
participation woinen 1895/99
Proximate determinants
Maritat fertility lg-index ! Calculated on the basis of 1875/79,
figures derived from the HED 1885/89,
and Lesthaeghe, 1977 1895/99
Housing Number of persons per  Bijdragen tot de Statistiek van 1875, 1889,
conditions dwelling Nederland (CBS, 1879, 1889, 1899
1899)
Clean drinking Percentage population  De Grootte, 1995 1879, 1889,
water with access to piped 1899
water
Medical care Number of medical Verslagen aan de koning van  1875/79,
doctors per 100,000 de bevindingen en handelin-  1885/89,
popufation gen van het geneeskundig 1895/99
staatstoezicht in het jaar
1875-1899
Number of midwives  Ildem
per 1,000 women aged
15-49

* The Historical-fcological Database is managed by Stichting Beleldsondersteunend Ruimtelijk
Onderzoek (BRON), which is related to the University of Amsterdam.

! The Igindex is the age-standardised ratio of the annual number of legitimate hirths occurring
to married women of childbearing age (15-49) that would occur if they were subject to
natural fertility (i.e. age-specific marital fertility rates of the Hutierite population} {Lesthaeghe
1977}
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9,2.2 Methods

The mortality level and decline were estimated on the basis of a log-linear. regres-
sion model (Poisson regression) designed to estimate mottality levels for the
years 1875/79 and 1895/99, and mortality decline in the period 1875/79 to
1895/99. Separate models wete used for infant mortality and eatly childhood
mortality. The model used is described below.

_ a+ By +(5+8,)T
E(Y,)=N,e

E(Yi)= expected number of deaths per sex category (i), region (£) and quin-
quennium (t)

Nix = population numbets per sex categoty, region and quinquennium

o = intercept (ie. log regional mortality rate 1875/79 men, region Amsterdatn)
(i = log relative risk sex-categoty i (men reference category)

Y. = log relative risk regional mortality rate (Amsterdam reference category)

& = log annual mortality decline (tegion Amsterdam)

&, = difference in annual mortality decline between region, and Amsterdam

T = yeat since 1875/79 (0 for 1875/79, 10 for 1885/89, 20 for 1895/99)

Regional mottality rate in 1875/79 for men = et
Percentage tegional mortality decline per decade = (1 — e®+%010)%100

In case of infant mortality the population numbets were live bitths, and no dis-
tinction between sex groups could be made. In case of early childhood mortality
the population numbers were the number of children aged 1-4 years by sex
group. The estimates for the logatrithm of infant and early childhood mortality
levels in the 27 regions for the quinquennia 1875/79 (w+y) and 1895/99
((o+y)+(8+9,).20) and the estimates for the logarithm of mortality decline in the
petiod 1875/79 to 1895/99 (8+0,) were used in a multivariate linear regression
analysis in order to relate those estimates to determinants of mortality (decline).

The multivariate regression analyses were conducted for two different
levels of determinants of mortality: determinants indirectly related to mortality
(decline) (distal determinants), and determinants directly related to mortality (de-
cling) (proximate determinants). In the analyses of the distal determinants of
mortality, urbanisation, Roman Catholicism, wealth tax, soil type and female la-
bour participation wete put together in a model. The proximate determinants
were analysed separately, each ditect determinant corrected for a set of basic and
distal determinants (arbanisation, wealth tax, Roman Catholicism, and soil type).
In the analyses concerning infant and early childhood mortality decline, absolute
changes in marital fertility, persons per dwelling, access to piped water and medi-
cal doctor or midwife density wete associated with mortality decline.
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In otder to determine whether the regional mortality rates and declines
differed significantly, we petformed a likelihood ratio test; all tests werte signifi-
cant. To present significant differences in rates and decline from Amsterdam for
individual regions (i.e. . and & differs significantly from zeto), results of T-tests
will be presented.

9.3 Results

9.3.1 Regional variation in infant and eatly childhood mottality
levels and declines

Figure 9.2a shows maps for The Netherlands for the years 1875/79 and 1895/99
with regional differences in infant mortality levels. In table 9.2 figures for the
different towns and rural areas are given. In 1875/79, infant mortality rates were
higher in the southwest of The Netherlands as compared to the northeast. In the
southwestern part towns do not always show higher mortality rates as compared
to the surrounding rural areas; in the northeastern part mortality rates are mostly
higher in towns. In 1895/99, the highest infant mottality rates were found in the
rural areas and towns of Zuid-Holland, Zeeland, Noord-Brabant and Limburg.
The southwest and noitheast difference between higher and lower infant mor-
tality that was apparent in 1875/79 has rather become a south-notth diffetence
in 1895/99.

-
fant Lty ral &
ifant morahty rate =~ infant moriality rate

. 243 t0 276(6)
& 2302430

18110213(7)
O 12010181 47)

@ 177024506
& 1621017717)

142101637}
O ssw142(n

1895/99

1875479

Figure 9.2a - Regional differences in infant mortality levels, 1875/79 and 1895/99.
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Table 9.2 - Poisson regression estimates of infant mortality (per 1,000 live births) and
eatly childhood mortality {per 1,000 persons-years) for males® in 1875/79
and 1895/99, and percentage infant and early childhood moriality decline
per decade in the period 1875/79 to 1895/99.

Infant mortality Early childhood mortality
. o .
rate rate % dpe:'!me rate rate Yo dpe:Jme
1875/79  1895/99 F~U 17579 1895/99 PO
Towns
Amsterdam 216 152 16 44 23 27
Arnhem 186 183 1 30 23 ns 12
Breda 250 225 4 39 22 ns 25 ns
Deventer 187 170 5 40 23 ns 23 s
Dordrecht 256 155 ns 22 56 19 42
Groningen 197 119 22 36 19 27 ns
Haarlem 212 ns 150 ns 16 ns 31 20 19
‘s-Hertogenbosch 243 244 0 41 ns 30 14
Leeuwarden 167 115 17 ns 34 19 25 ns
Leiden 253 147 ns 23 56 19 41
Maastricht 215 ns 245 +7 51 24 ns 32
Nijmegen 204 ns 171 8 42 ns 23 ns 26 ns
Rotterdam 232 177 12 44 ns 21 30
‘s-Gravenhage 237 166 16 ns 31 20 19
Utrecht 248 163 19 40 22 26 ns
Zwalle 181 147 ns 10 45 ns 26 24 ns
Uniweighted 218 171 12 41 23 26
average towns
Rural areas of provinces
Friesland 137 95 16 ns 27 14 26 ns
Groningen 135 110 9 25 16 21
Drenthe 120 111 4 29 17 16
Overijssel 137 124 5 33 21 20
Gelderland 146 137 3 26 19 14
Utrecht 224 173 12 27 20 13
Noord-Holland 213 ns 142 18 27 19 16
Zuid-Holland 276 170 21 34 20 22
Zeeland 219 165 13 25 14 25
Noord-Brabant 204 196 2 25 20 10
Limburg 146 159 +5 24 17 17
Umweighted aver- 178 144 9 27 18 18
age rural areas
Observed for The 197 153 12 30 19 23

Netherlands

* Only the figures for males are given in this table, Due to the nature of the model the relative
differences hetween regions are the same for males and females

+ means increase in mortality

ns means that the rate or % decline did not differ significantly from the value for Amsterdam

{p<0.05})
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Figure 9,2b - Regional differences in early childhood mortality levels, 1875/79 and
1895/99,
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Figure 9.2c - Regional differences in infant and early childhood mortality decline,
1875/79 to 1895/99,
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With respect to early childhood mortality levels (figure 9.2b), there is no clear
division between southwest and northeast in 1875/79 as was found for infant
mortality levels. The geographical pattern for early childhood mortality shows a
clear urban-rural gradient. Eatly childhood mortality levels were higher in towns
as compated to the sutrounding rural areas. In towns mortality ranged from 30
to 56 per 1000 petson yeats; in rural areas mortality ranged from 24 to 34 per
1000 person yeats. In 1895/99, this urban-rural gradient had for a large part dis-
appeated.

Infant mortality declines were slower in the petriod 1875/79 to 1895/99 as
compared to eatly childhood mortality declines (table 9.2). In the rural areas of
Limbutg and the city of Maastricht infant mortality even increased in this period.
As far as infant mortality is concerned, there was mote a difference in western
versus eastern provinces as compated to a rural-urban difference (figure 9.2¢).
Eardy childbood mortality declines were especially strong in the southwestern towns as
compared to their surroundings (figure 9.2¢).

Infant mottality rates in 1875/79 and 1895/99 were strongly related. The
same holds for eatly childhood mortality in both years. High infant mortality
rates in 1875/79 were associated with rapid infant mortality declines, albeit less
strong than the association between eatly childhood mottality rates in 1875/79
and the subsequent mortality decline. Regions with rapid infant mortality de-
clines were mostly regions with rapid early childhood mortality declines too (ta-

bie 9.3}

Table 9.3 - Pearson’s correlation coefficients between infant and eatly childhood
mottality fevels and declines in 1875/79, 1895/99 and the period 1875/79
to 1895/99,

Infant Infant Infant Child Child Child
mortality mortality mortality mortality mortality mortality
1875/79 1895/99 decline 1875/79 1895/99  decline

Infant mortaiity " N

1875/79 1,00 0.60 -0.40% 0.52 0.36 .37
Infant mortality 1 t

1895/99 1.00 0.40 032 0.69 0.06
Infant mortafity 1.00 0.30 +0.33 0.50t

decline ’ ’ ' '
Child mortality t :

1875/79 1.00 0.60 0.76
Child mortality

1895/99 1.00 0.07
Child mortality 1.00

decline )

" means significance at the 95% level, and ! at the 99% level,
- means that a high mortality level is associated with a low mortality level, or that a high mortality
level is correlated with (rapid) mortality decline.
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9.3.2 Multivariate analyses of the association between
determinants and {cause-specific) mortality
Distal determinants of mortality levels and decline

In tables 9.4a and b, results of the multivariate analyses of the distal determinants
that could affect infant and early childhood mortality (decline) ate presented. The

Table 9.4a - Multivariate analyses of level of distal determinants and {cause-specific}
infant mortality levels and decline,

Actife Acute
respiratory digestive
discases  diseases

All Con-
causes vulsions

Percentage change of infant mortality
1875/79 per unit difference in the

Distal determinants 1875/79 independent variables

Sand soil (sand vs. clay} -18% +4% 11% -57%
Urbanisation (town vs. rural area) 2% 23% 15% 52%
% Rontan Catholics (10 percent point higher) 3% +17%! 0% +13%!
Wealth tax (1 guilder per capita higher) +8% 2% -4% +44%}
% Female labour participation (1 percent point  -1% 4% 1% 2%

higher}
R? 0.50 068 031 0.41

Percentage change of infant mortality
1895/99 per unit difference in the

Distal delerminants 1895/99 independent variables

Sand soil (sand vs. clay) -8% +23% 2% -18%
Urbanisation {town vs.rural area) -0% 4291 4% -29%
% Roman Catholics (10 percent point higher) +7% +18%Y  +2% +14%*
Wealth tax (7 guilder per capita higher} +6% -8% +1% +29%
% Female fabour participation (1 percent point ~ +0% -4% 0% 1%

higher)
R? 0.68 074 017 0.49

Change of percentage infant mortality
decline per decade in 1875/79 to 1895/99
per unit difference in the independent

Distal determinants 1875/79 variabfes {in percent points)

Sand soil (sand vs. clay} 6 -8 -6 .33t

Urhanisation (town vs.rural area) +1 17 +8 -6

% Roman Catholics (10 percent point higher) 24 -1 -1 -0

Wealth tax (7 guilder per capita higher) +1 +3 -4 +4

% Female fabour participation {1 percent point -0 -0 +1 -0
higher)

R? 0.58 0.25 0.30 0.34

Y means significance at the 95%level, ¥ means significance at the 99%level.
+ means an increase in motlality level, or a more rapid mortality decline
- means a decrease in mortality level, or a less rapid mortality decline
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variables soil type urbanisation, Roman Catholicism, wealth tax, and female la-
bour patticipation have been analysed together in the regression model.

With respect to infant morlality (table 9.4a), Roman Catholicism turned out
to be significantly associated with higher infant mortality fates in 1875/79, and
this association became stronger in 1895/99. Predominantly infant mortality

Table 9.4b - Multivariate analyses of level of distal determinants and {cause-specific)
early childhood mortality levels and decline.

Brain dis-  Acute

All eases (en-  respira-
causes Measles cephalitis/  tory

meningitis} diseases

Percentage change of early childhood
mortality 1875/79 per unit difference in the

Distal determinants 1875/79 independent variables

Sand soil {sand vs. clay) 1% +10% 1% -14%
Urbanisation (fown vs. rural area) 42%} 74%'  61%! 39%!¢
% Roman Catholics {10 percent point higher) -1% 6% -4% +1%
Wealth tax (7 guilder per capita higher) -8% -4% -8% 7%
% Female labour parlicipation ( percent point 0% 5% 0% +0%

higher)
R? 0.66 0.71 0.75 0.68

Percentage change of early chifdhood
mortality 1895/99 per unit difference in the

Distal determinants 1895/99 independent variables

Sand soil (sand vs. clay) +4% 5% -23%° +10%
Urbanisation (town vs.rural area) 2185t 47% 459 15%
% Roman Catholics (70 percent point higher) +4%! -15%F 0% +6%!
Wealth tax (1 guilder per capita higher) -0% -42%! 1% +14%
% Female labour participation (1 percent point 1% +4% 0% 2%

higher)
R? 053 041 081 0.52

Change of percentage early childhood
mortality decline per decade in 1875/7% fo
1895/99 per unit difference in the

Distal determinants 1875/79 independent variables (in percent points)
Sand soil {sand vs. clay) -4 -7 +3 12t
Urbanisation {town vs.rural arca) +151 438t -16 +17t
% Roman Catholics (10 percent point higher) 2t +5 21 2
Wealth tax (1 guilder per capita higher) -4 2 -2 -8
% Female labour participation (1 percent point  +1 -2 -0 +1
higher)
R? 0.47 0.45 0.33 0.57

' means significance at the 95%evel, ¥ means significance at the 99%level,
+ means an increase in mortality level, or a more rapid mortality decline
~means a decrease in mortality level, or a fess rapid mortality decline

—159 -



Chapter 9

from convulsions and acute digestive diseases were associated with Roman Ca-
tholicism in both years. The stronger association of Roman Catholicism and high
infant mortality levels in 1895/99 could be explained from the less rapid declines
(or increases) in infant mortality in Roman Catholic regions in the preceding
decades. No such significant association between infant mortality decline and
Roman Catholicisin could, however, be found for convulsions and acute diges-
tive diseases. Utbanisation was not significantly associated with high infant mor-
tality from all-causes in 1875/79. However, infant mortality from convulsions
was significantly higher in cities than in rural areas in 1895/99. Declines in infant
mottality from convulsions were less fast in the cities in the period 1875/79 to
1895/99, albeit that this association was not significant.

The vatiance explained by the variables in the model was larger for infant
mottality levels in 1895/99 as compared to 1875/79 (except for acute respiratory
diseases), and was the largest for infant mortality from convulsions in both years.
In general, the variance explained was latger in case of levels of infant mortality
than in case of declines.

With respect to early childhood mortalify (table 9.4b), urbanisation was signifi-
cantly associated with mortality from all-causes, measles, brain diseases (ie.
mainly encephalitis/meningitis) and acute respiratory diseases. Rural life was
healthier than urban life in 1875/79, and in 1895/99. In 1895/99 the association
was, however, only significant for all-cause mottality and mortality from brain
disense. In general, eatly childhood mortality declined significantly faster in cities
as compared to rural ateas in the late nineteenth century, except for brain dis-
eases. Batly childhood mortality declined less rapidly in Roman Catholic areas,
just like infant mortality declines. This resulted in positive associations between
eatly childhood mortality from all causes and from acute tespiratory diseases and
Roman Catholicism,

The variance explaitied by the variables in the model fot eatly childhood
mottality was higher in 1875/79 than in 1895/99. The variables in the model
explained most of the vatiance in eatly childhood mortality from brain diseases.
As far as early childhood mortality declines are concerned, the variables ex-
plained best the variance in acute respiratory disease mortality. In general, the
vatiance i eatly childhood mortality decline was better explained than the vari-
ance in infant mortality decline.

Proxcimate determinants of mortality levels and decline

The relationship of proximate determinants and mortality levels and decline was
analysed, cortected for possibly confounding factors: soil type, urbanisation,
Roman Catholicism, and wealth tax (tables 9.5a, b). High marital fertility rates
were strongly associated with high infant moriality levels in 1875/79, and, although
less strongly so, in 1895/99. This association was especially strong for acute di-
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Table 9.5a - Multivariate regression analyses of the level of proximate determinants and
(cause-specific) infant mortality (1875/79 and 1895/99), and the absolute
change of proximate determinants and infant mortality decline (1875/79 to

1895/99).

Acute Acute
All Con- . L
. respiratory digestive
causes vulsions \ .
diseases  diseases

Proximate determinants 1875/79

Marital fertility {igindex 0.1 higher}

Persons per dwelling (T person more)

% Access 1o piped water {! percent point
higher)

Medical doctor density (1 doctor per 100,000
more)

Midwives density (7 midwife per 1,000 more)

Proximate determinants 1895/99

Marital fertility {Ig-index 0.1 higher)

Persons per dwelling (7 person more)

% Access to piped water (1 percent point
higher)

Medical doctor density (1 docior per 100,000
more)

Midwives density (T midwife per 1,000 more)

Absolute change in proximate determinants
1875/79 to 1895/99

Marital fertility fflg-index increase with 0.1 per

decade)

Persons per dwelling {increase no. of persons

with | per decade)

% Access to piped water (increase with 1
percent point per decade)

Medical doctor densily (increase doctors per
100,000 with 1 per decade)

Midwives density {increase midwives per 1,000
with | per decade)

Percentage change of infant mortality
1875/79 per unit difference in the
independent variables

+23%!¢ +1% 5% +99%?
1% +8%! +1% 3%
+0% +1%*  +0% 0%
+1%} +0% +0% +2%
5% +3% 2% 0%

Percentage change of infant mortality
1895/99 per unit difference in the
independent variables

+129%! 7% +1% +35%!
+1% +3% +4%! +1%
+0% +0% +0% +0%
+0% 1% +1% +2%
+5% +39% +9% +21%

Change of percentage infant mortality
decline per decade in 1875/79 to 1895/99
per unit difference in the independent
variables (in percent points)

-8 +4 -7 -31
+1 -1 +7 +6
+0 0 +0 +0

7 +5 A 6

-3t +0 +1 -1

Confounding variables of the proximate determinants: urbanisalion, soil type, wealth tax, Roman

Cathalicism,

t means significance at the 95%level, ¥ means significance at the 99%level.
+means an increase in mortality fevel, or a more rapid mortality decline
- means a decrease in mortality level, or a less rapid mortality decline
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Table 9,5b - Multivariate regression analyses of the level of proximate determinants and
(cause-specific) early childhood mortality (1875/79 and 1895/99), and the
absolute change of proximate determinants and early childhood mortality
decline (1875/79 to 1895/99).

Brain dis-  Acute

All eases ({en- respira-
causes Measles cephalitis/  tory

meningitis} diseases

Percentage change of early childhood
mortality 1875/79 per unit difference in the

Proximate determinants 1875/79 independent variables

Marital fertility (lg-index 0.1 higher) +7% +24% +7% +2%

Persons per dwelling (1 person more) +3% 5% +3% +4%!

% Access to piped water (I percent point +0% -0% +0% +0.3%!
higher)

Medical doctor density {7 doctor per 100,000 +0% +1% +(0% +0%
more) '

Midwives density (7 midwife per 1,000 more) n.a. n.a. n.a. na.

Percentage change of early childhood
mortality 1895/99 per unit difference in the

Froximate determinants 1895/99 independent variables

Marital fertility {lg-index 0.1 higher} +12%! +48% -2% +15%

Persons per dwelling (1 person more} +2% 1% +1% +6%!

% Access to piped water (1 percent point +0% 0% +0% +0%
higher)

Medical doctor density (T doctor per 100,000 +0% +1% -0% 0%
more)

Midwives density {1 midwife per 1,000 more) h.a. n.a. n.a. n.a.

Change of percentage early childhood
mortality decline per decade in 1875/79 to

Absolute change in proximate determinants 1895/99 per unit difference in the

1875/79 to 1895/99 independent variables (in percent points)

Marital fertility (lg-index increase with 0.1 per +2 -2 +10 -5

decade)

Persons per dwelling (increase no. of persons -11 +20 -2 2

with 1 per decade)

% Access to piped water (increase with | +} +1 -0 -0
percent point per decade)

Medical doctor density (increase doctors per 10 -12 +3 -8
100,000 with 1 per decade)

Midwives density {increase midwives per 1,000 n.a. n.a. n.a. na.

with 1 per decade)

Confounding variables of the proximate determinants; urbanisation, solf type, wealth tax, Roman
Catholicism.

 means significance at the 95%evel, ¥ means significance at the 99%evel.

+means an increase in mortality level, or a more rapid mortality decline

- means a decrease in mortality level, or a less rapid mortality decline
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gestive discase mortality in 1875/79, a cause of death very common among
infants. In case of convulsions, another common cause of death among infants,
the association with marital fertility was, however, not present. As far as change
in the proximate determinants and infant mortality decline was concerned, only
significant associations were found with the change in medical doctor density
and midwives density. These associations were, however, not as expected: an
increase in medical doctor ot midwives density was associated with an increase
of infant mortality (table 9.52).

In 1875/79 and 1895/99, a relatively large numbet of persons per dwel-
ling was significantly associated with high levels of early childbood mortality from
acute respitatory diseases, In 1895/99, marital fertility was, just like infant mos-
tality, significantly associated with eatly childhood mortality levels. With respect
to eatly childhood mortality decline only the change in medical doctots density
was significantly associated with mortality change. The association was, however,
not as expected (table 9.5b).

The variance explained in infant mortality from all causes and acute diges-
tive discases, was relatively high in the models with marital fertility for 1875/79
and 1895/99 (R? = 0.70 and 0.75 respectively for all-causes, 0.61 and 0.58 for
acute digestive diseases). In case of eatly childhood mortality levels, the variance
explained was relatively high for the model with marital fertility in 1895/99 (R2
= 0.60), and, in case of acute respiratory diseases, for the model with the number
of persons per dwelling in 1875/79 and 1895/99 (R? = 0.74 and 0.58 respec-
tively).

9.4 Discussion

In the late 19 century, Roman Catholicism was significantly associated with all-
cause infant mortality levels and decline; urbanisation was most significantly as-
sociated with early childhood mortality levels and decline. As far as more proxi-
mate variables are concerned, marital fertility was significantly associated with
infant and eatly childhood mottality in The Netherlands in 1875/79 and
1895/99. The number of persons per dwelling, another proximate determinant,
was predominantly associated with eatly childhood mortality from acute respi-
ratory diseases. After a discussion of the data and method used in this study, the
role of the different determinants in infant and early childhood mortality (de-
cline) are discussed and the results for The Netherlands are compared to findings
for other countries.
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9.4.1 Data and Methods

Canse-specific mortality data

In this study, specific causes of death (acute digestive diseases, acute respitatory
diseases, convulsions, brain diseases (i.c. mainly meningitis/encephalitis) and
measles) were studied beside all-cause infant and eatly childhood mortality. “The
reliability of historical cause-specific mortality data has been the subject of much
debate. As far as the causes of death studied in this paper are concerned, ‘con-
vulsions’ is not a cleatly defined cause of death. Convulsions might be a symp-
tom of a vatiety of diseases with fever (Hardy 1988). Others have argued that the
category ‘cotivulsions” mainly covered diarrhoeal diseases with cramps (Kintner
1986).

In case of acute tespiratory diseases, exchanges with tuberculosis and
chronic respiratory disease have been supgested by several authors (Evers 1882,
Saltet 1909, Van Vollenhoven 1889). We do not consider such exchanges a big
problem in this study, because we only studied age groups 0 and 1-4. This makes
exchanges with chronic respiratory disease and tuberculosis, causes of death that
occurred mostly at adult ages, less likely.

With respect to acute digestive diseases, exchanges with the vague 19%-
century cause-of-death categoty ‘debility’ have been teported in a Dutch article
on health in the city (Onnen 1895). Onnen presented mortality figures that
showed considerable swings between the quinquennia 1880/85 and 1885/90 for
acute and chronic digestive diseases combined in one direction and for ‘debility’
in the other direction. The city ‘Maastricht’, for example, recorded 130 deaths
from debility in 1880/85 and 444 deaths from digestive diseases in that year,
while in 1885/90 591 deaths from debility were recorded and only 89 deaths
from digestive diseases. This suggests that in case of acute digestive diseases
regional differences in coding or diagnosis existed in the late 19 century.
Therefore, it should be kept in mind that part of the regional variation in the
estitates of mortality from acute digestive diseases in this study could be caused
by differences in coding and classification, The associations between infant
mortality from acute digestive diseases and Roman Catholicism and marital
fertility are, howevet, so strong that it is not likely that the incorrect coding could
explain the complete association.

Regression models

The analysis of determinants of infant and eatly childhood mottality levels and
decline was conducted in two steps. Fitst, regional mortality levels and declines
wete estimated using Poisson-regression models. Secondly, those estimates were
related to a set of independent variables in a multivariate linear regression analy-
sis. By using the estimates of mortality decline in the multivariate regression
analysis, the estimated declines are used as point-estimates. Information on the
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accuracy of the estimates of regional mortality levels and declines is lost during
the second step of the analysis. In order to determine whether residual variation
in the estimates was large, the average vatiation around the point-estimates was
expressed as a percentage of the variation between the point-estimates. Residual
variation was not sizeable in most cases. Considerable residual variation was
present in case of infant mortality from acute respiratory diseases in 1875/79 and
1895/99, for eatly childhood mortality from diphthetia in 1875/79 and 1895/99,
and in case of eatly childhood mortality from acute respiratory diseases and mea-
sles in 1895/99.

If variables in a multivariate model are strongly correlated we cannot dis-
tinguish their separate associations with the dependent variable i.c. mortality rate
or decline. This is known as the multicollinearity problem. The vatiance-covati-
ance matrices of the parameters of the models used in this study were calculated
(Notusis 1990). Relatively high cortelations were found for urbanisation and
wealth tax, and for marital fertility level and Roman Catholicism (both cotrela-
tions atound 0.70) in 1875/79 and 1895/99. Change in matital fertility was not
strongly correlated with Roman Catholicism.

The number of independent vatiables that can be analysed in the regres-
sion models is limited by the number of objects in the analysis. In this study the
27 regions are the objects of analysis. In order to get valid estimates of the para-
meters the number of independent variables should not exceed the square root
of the objects in the analysis (being 5 independent vatiables in the analyses pre-
sented in this study).

Inn the analyses of the change in proximate determinants and motxtality
decline, the results for absolute change in the determinant were presented. Using
relative changes did not alter the results so, that other proximate determinants
came to the fore as important determinants of infant and early childhood mos-
tality decline.

9.4.2 Determinants of infant and catly childhood mortality
levels and decline

Roman Catholicisni and marital fertility

Roman Catholicism and matital fertility were impottant determinants of infant
mortality {decline) in The Netherlands in 1875/79 and 1895/99 (tables 9.4a and
9.5a). The importance of marital fertility for the level of infant mortality was also
found in late 19% and early 20t centuries Germany (IKintner 1988a,b). The asso-
ciation of Roman Catholicism and infant mortality became stronger ovet time,
because infant mortality declined less rapidly in Roman Catholic regions in the
petiod 1875/79 to 1895/99. Marital fertility did not seem to play a large role in
the explanation of this slow decline in Roman Catholic regions. The change in
matital fertility was not significantly associated with infant mortality decline (ta-
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ble 9.5a). High marital fertility rates were, however, not the only characteristics
of the Roman Catholic population in The Netherlands. Roman Catholics were
less inclined to accept new ideas on disease processes and hygiene as compared
to Protestants, in The Nethetlands (Philips 1980). The Roman Catholic popula-
tion (patticularly those living in rural areas) has been described as strongly obedi-
ent to authorities, living within the bonds set by the Roman Catholic clergy
(Wichers 1965). Related to these characteristics are the strong adherence to folk
medicine (Philips 1980, Rutten 1985), and a lesser tendency to breastfeed infants
(which is also related to high fertility rates) (Van Poppel 1992).

Convulsions and acute digestive discases wete the causes of death most
strongly related to Roman Catholicism. Acute digestive disease mortality was
strongly related to marital fertility too, but convulsions was not. The association
of infant mortality from acute digestive diseases and marital fertility might be
related to a common determinant viz. breastfeeding. Breastfeeding is related to
longer birth intetvals, and it provides adequate nutrition for the infant (stetile
food, immunisation) (Huffman 1984, Palloni & Millman 1986). There ate how-
ever no data on breastfeeding available for the regions in this study.

It might be that the largest patt of the category of convulsions consisted
of other diseases with fever than of acute digestive diseases with cramps, and
that therefore no association with marital fertility was found. Overcrowding was,
for example, related to high levels of infant mottality from convulsions (table
9.5a). This suggests that probably a relatively large part of the category ‘convul-
sions’ consisted of aithotne instead of water-and food botne infectious diseases.

In 1895/99, Roman Catholicist and marital fertility turned out to be sig-
nificant factors for eatly childhood mortality as well (Table 9.4b and 9.5b) Re-
ductions in fertility can affect eatly childhood moztality as well, because a reduc-
tion in family size will improve care and resources for the older children (Coale
& Watkins 1986).

Urbanisation

There have been many publications on the detetiorating effects of the urban en-
vironment on infant mortality. Infant mortality levels would especially increase
by the bad sanitary conditions in the towns. In summer, these sanitary conditions
would lead to high mortality from diarrhoeal diseases in urban regions (the
urban-sanitary-diarrhoeal-effect). This has been described for England and
Wales, but also for other European countries such as France and Sweden
(Preston & Van de Walle 1978, Nelson & Rogers 1994).

In The Netherlands, however, urbanisation was not a significant factor in
infant mortality in the late 19% century, and acute digestive disease mortality was
even lower in towns as compated to rural areas (cf. Table 9.4a). Roman Catholi-
cism and matital fertility were important determinants of infant mortality instead.
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Comparable findings were reported for the Dutch neighbouring countty Ges-
many by Kintner (19882). She pointed out that marital fertility was a far more
importtant factor in 19th century infant mottality than utbanisation. Othets also
reported that, in the case of Germany, thete was no clear urban-rural difference
in infant mortality levels, but rather a regional difference (Végele 1994). The
Dutch situation with respect to utbanisation and infant mortality was more
comparable to Germany than to England and Wales. Infant mottality from con-
vulsions in 1895/99 was, however, highet in towns as compated to rural areas.
The analysis of infant mortality decline century suggests that this was caused by
the slow decline of infant mortality from convulsions in towns in the period
1875/79 to 1895/99 (table 9.4a).

Early childhood mortality, on the other hand, was significantly higher in
towns. In 1875/79, measles mottality, mortality from encephalitis/meningitis,
and acute respiratory diseases were all significantly higher in towns as compared
to rural areas. Farly childhood mortality from acute digestive diseases (results not
shown) was also higher in towns, but this association was not significant. The
deteriorating effect of urban life on eatly childhood health in The Nethetlands
seemed to act predominantly through airborne infectious diseases instead of
acute digestive diseases.

In 1895/99, the utban-rural difference for early childhood mottality had
diminished. Mottality declined more rapidly in towns in the period 1875/79 to
1895/99, so rural and urban mortality levels converged, except for eatly child-
hood mortality from brain diseases (table 9.4b). This convergence of urban and
rural mortality is in concordance with findings for England and Whales and the
United States duting comparable periods of time (Watterson 1988, Preston &
Haines 1991). In the United States, mortality declite was most rapid in the, by
then, ten latgest cities, and has been related to the eatlier introduction of ail kinds
of public health measures in those citics (Preston & Haines 1991). Simple corre-
lations from another study for The Netherlands, showed that towns which spent
a relatively large amount of money on water supply and sewerage facilities had
relatively strong mortality declines (Swartsenburg 1981).

Otbher determinants related to specific causes of death
Roman Catholicism, urbanisation and marital fertility were, in the analyses pre-
sented in this paper, significantly associated with all-cause infant and early child-
hood moxtality {decline} and with some specific causes of death as well. Some
other determinants, such as wealth tax, female employment, and crowding were
only significantly related to specific causes of death, and not to all-cause infant ot
early chiklhood mortality.

Research for England and Wales showed that income was an important
determinant of levels of infant mortality, but that it was less important in case of
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infant mortality decline (Woods ef o/ 1988, Haines 1995). In the analyses pre-
sented in this paper, wealth tax was significantly associated with infant mortality
from acute digestive diseases in 1875/79, but the association was not as expected
(high tax levels were associated with high mortality rates). In the case of eatly
childhood mortality, however, high wealth tax levels (i.e. wealthy areas) were as-
sociated with significant lower mortality rates from measles in 1895/99. Measles
is a cause of death strongly related to living standatds, especially autrition, and
probably also overcrowding (Hardy 1993, Aaby 1984). Like the results for Eng-
land and Wales, we did not find a significant association for infant or early child-
hood mortality decline and wealth. Another study for The Nethetlands has shown
that wealth tax did not play a role in all-canse mortality decline in the late 19%
century, but it did play a role in the early 20% century (chapter eight). These
findings may be in line with a recent publication by Szreter (1997), who hypothe-
sised that economic growth always has negative consequences: ‘a sequential
model of four Ds of distuption, deprivation, disease and death’. Whether death
is the final outcome depends on, among other things, the political and social
situation in the country (Szreter 1997). The finding that wealth was associated
with high mortality from acute digestive diseases, and that mortality decline was
not significantly associated with mortality decline in the late 19 century might
be explained by the fact that there were some negative health affects of processes
that caused the wealthy situation, which came under control in the early 20
century.

Female enployment has been indicated as a possible determinant of infant
mortality (Brindsttom 1988, Grabam 1994). Simple correlations showed asso-
ciations of high female employment levels with high infant mortality levels {re-
sults not shown). However, if other variables related to infant and childhood
mortality wete added to the model, female employment was, in most cases, asso-
ciated with low infant and eatly childhood mortality. This association was signifi-
cant in case of infant mortality from convulsions and carly childhood mortality
from measles in 1875/79 (table 9.4a,b). These results suggest that the positive
effect of female employment viz. an increased houschold income was more im-
portant than the negative effects such as less breastfeeding or reduced child care
in The Nethetlands in that period. The finding that especially measles mortality
was reduced in regions with high percentages of female labour participation
would fit in the explanation of an increased household income. Most recent
studies on female employment conclude that other determinants {e.g. fertility)
were mote important determinants of infant mortality than female employment
(Preston & Haines 1991, Graham 1994, Brindsttém 1988). In The Netherlands,
Roman Catholicism and urbanisation wete also mote important determinants of
infant mortality and eatly childhood mortality levels than female employment
(table 9.4a,b).
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The number of persons per dwelling had a significant effect (corrected for
possible confounding variables) on infant mortality from convulsions in 1875/79
and on eatly childhood mortality from acute respitatory diseases in 1875/79 and
1895/99 (table 9.4a,b). A high number of persons per dwelling was related to a
high mortality rate. Overcrowding can affect mortality in different ways viz. fa-
cilitation of the transmission of airborne diseases, and an effect on water- and
foodborne diseases due to the often bad sanitary conditions related to ovet-
crowding (Burnett 1991). As far as eatly childhood mortality is concerned, the
transmission of airborne diseases seemed to be the most important mechanism,
considering the significant association with mortality from acute respitatory dis-
cases. In case of infant mortality it is less clear. The significant association with
mortality from convulsions might indicate that bad sanitaty conditions related to
overcrowding play a role too. Other results of the analyses presented in this pa-
pet suggested however that the category ‘convulsions’ consisted probably for a
large part of aitborne infectious diseases.

As far as aceess 1o piped water is concerned, infant and early childhood mos-
tality showed not the expected association of a high percentage of the population
with access to clean drinking water and low mortality rates. An increase in the
percentage population with access to piped water was however associated with
more rapid mortality declines. This association was significant for eatly child-
hood mortality in case of univariate correlations (results not shown). The asso-
ciation was not significant anymore in the multivatiate analysis (table 9.5b).
Other research has shown that it is difficult to find a significant association be-
tween the introduction of water supply systems and #tnprovements in health. A
big problem is that data for other factors that are strongly related to mortality
(predominantly from acute digestive diseases) are often Jacking, Examples of
these factors are improvements in hygiene and sanitation (personal hygiene), and
breastfeeding practices (Van Poppel & Van der Heijden 1997),

Other variables did not show the expected association with mortality (de-
cline). ‘The results for wedical care favtors wete either not significant or the associa-
tion was not in the expected direction. The density of midwives did not seem to
play a role in mortality (decline). None of the associations were significant. Albeit
that, a high density of midwives was related to low infant mortality levels in
1875/79. In the period 1875/79 to 1895/99, medical doctor and midwife densi-
ties tended to decline or remain stable, among other things, due to changes in the
educational system for medical doctors (Van der Velden 1996b). Apparently
those declines did not negatively affect mortality rates. It seems that the density
of medical doctors and midwives remained sufficient for the demand in the dif-

ferent regions.
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9.5 Conclusion

Cultural factors (Roman Catholicism) were predominantly associated with infant
mortality and diatrthoeal diseases. With respect to eatly childhood mottality on
the other hand, urbanisation played the most important role and was predom-
inantly associated to acute respiratory diseases, So, different determinants of
mortality (decline) play a role in both age groups, and they are related to different
canses of death. Therefore, studies on the explanation of child mortality levels
and decline should consider both age groups separately. This has also been
argued in a recent publication on the decline of infant and child mottality in
Europe (Woods 1997). With fespect to determinants of infant mortality, the
results for The Netherlands differed from the findings for England and Wales.
Urbanisation did not play an important role in infant mortality (no ‘arban-
sanitary-diarthoeal-effect’), but was important in case of eatly childhood
mortality. Roman Catholicism and marital fertility were the key determinants for
infant mortality. As far as infant mortality is concetned, The Nethetlands shows
a pattetn comparable to Germany. Because a lot of literature on infant mortality
stems from England and Wales (because of their abundance of data), these
findings tend to shape our understanding of the detertninants of infant mortality.
However, those findings do not necessarily apply to other countries as well.
Several years ago, Preston and Haines (1991) argued already, that the ‘model of
understanding’ of the relationships between determinants of mortality (decline)
and child mortality based on the British experience needed an alteration for the
American situation, at least with respect to the role of social class.

Just like age-specific mortality, using cause-specific mortality in the analy-
ses will add to a better understanding of the determinants of mortality (decline).
Unfortunately, studies using cause-specific mottality are still rare. The use of
cause of death categories with a uniform aetiology is preferred, although this is
not ahvays possible considering the often vaguely defined histotical cause-of-
death categories. Examples from this paper with respect to cause-specific mor-
tality are the association of Roman Catholicism with acute digestive diseases in-
stead of acute respiratory diseases (also an important cause of infant mortality),
and the role of crowding it case of acute respiratory diseases and not acute di-
gestive diseases. Mote explanatory studies using age- and cause-specific mortality
and from different countries are needed to further improve our understanding of
the underlying determinants of mortality (decline),
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GENERAL DISCUSSION:
THE EPIDEMIOIOGICAL,
TRANSITION THEORY RE-EXAMINED

10.1 Summary of the results

‘The objective of this thesis was, first, to present a detailed description of the epi-
demiological transition in The Netherlands with respect to the onset of and ac-
celerations or decelerations in all-cause mortality decline, with respect to cause-
specific mortality trends, and the contribution of infectious diseases to mortality
decline. Secondly, this thesis will study the relative importance of determinants
of mottality decline in The Netherlands in the late 19% and early 20t centuries.
Thitdly, the epidemiological transition theory will be re-examined on the basis of
the results for The Netherlands.

In order to study cause-specific mortality trends over more than a century,
the cause-of-death categories of the different cause-of-death classifications had
to be reclassified. The method and result of this effort were presented in chapter
four. A nested cause-of-death classification was created in which 27 causes could
be distinguished from 1875 to 1992, 65 causes from 1901-1992 and 92 causes
from 1931-1992. The 27 and 65 causes were used in the analyses presented in
chapter five to seven.

In chapter five, the onset of and phases in mortality decline in The Neth-
erlands were determined. The beginning of rapid or acceletated mottality decline
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was determined in 1880. In 1917 mortality decline accelerated. This acceleration
phase lasted until 1955, The period 1917-1955 was the period with the most
rapid mottality decline. Mortality levels stabilised from 1955 to 1970. A renewed
decline started in the year 1970. In terms of Omran’s epidemiological transition
theory, the last phase of the epidemiological transition could be placed in The
Netherlands in the period 1955-1970.

In chapter six, changes in cause-specific mortality rates in The Nethes-
lands were studied. Causes of death with the same trend curve over time wete
clustered. The results of the cluster analysis showed that a description of the epi-
demiological transition theory in terms of a ‘decline of infectious diseases and
increase of non-infectious diseases’ is far from satisfactory. The conventional
view of a uniform decline of infectious diseases and a uniform increase of non-
infectious diseases should be modified. Some infectious diseases started only to
decline considerably after WWII (e.g. influenza, syphilis, theumatic fever). Oth-
ers were even temporarily rising (e.g. poliomyelitis). As far as non-infectious dis-
eases are concerned, a cluster could be identified that consisted of causes of
death that had been declining since the beginning of this cennury (e.g. stomach
cancer, COPD), perinatal causes of death).

The contribution of infectious diseases to mortality decline in the petiod
1875 to 1970, and four subperiods was studied in chapter seven. Respiratory tu-
berculosis contributed largely to mortality decline in the petiod 1875-1970 (15%).
Some infectious diseases conttibuted mostly to mortality decline in a specific
subperiod e.g. acute digestive diseases in the period 1901-31 (20%) and acute
respitatory diseases in the pertod 1931-50 (37%).

In the desctiptive studies presented in the chapters five to seven determi-
nants of mortality decline were discussed by comparing cause-specific mottality
trends and trends in determinants of mortality decline. In the chapters eight and
nine, results of multivariate explanatory analyses of determinants and mortality
decline (and levels), have been presented. In those analyses the regional vatiation
in the prevalence of determinants that existed in The Netherlands in the late 19t
and early 20t centuries were related to mortality levels and declines in that pe-
riod. Cultural factors turned out to be relatively important in the eatly phase of
mortality decline (the late 19% century). Economic factots, on the other hand,
were more important in the first quarter of the 20% century (chapter eight).

The analysis of determinants of infant and early childhood mortality
(chapter nine) showed that different determinants played a role in those age
groups. Roman Catholicism and matital fertility turned out to be especially asso-
ciated with infant mortality and acute digestive diseases, while urbanisation and
crowding were associated with early childhood mortality and acute respiratory
diseases. With respect to the role of utbanisation in infant mortality, The Neth-
erlands was comparable to Germany in the late 19% century, but differed from
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England and Wales. In the latter country, late-19%-century infant mortality (in-
stead of eatly childhood mostality) has been related to the negative effects of
urbanisation.

The results of the studies presented in this thesis have already been dis-
cussed in the preceding chapters. In this chaptet, the epidemiological transition
in The Netherlands will be discussed in a wider perspective. The reliability of the
Dutch historical mortality data will be discussed, and the timing and pace of
mortality decline in The Netherlands will be compated to other Eutopean coun-
tries. The weaknesses of Omran’s epidemiological transition theory will be re-
examined using the findings for The Netherlands together with the international
literature. Elements for revision of the epidemiological transition theory will be
presented. Finally, recommendations for further research and the policy implica-
tions of the epidemiological transition theory will be discussed.

10.2 Reliability of historical cause-specific
mortality data

In The Netherlands, causes of death have been registered since 1755 (in The
Hague), but until 1865, when the Medical Practitioners Act was adopted, provin-
cial or local committees (in large towns) were inn chagge of the registration of
causes of death. An attempt to adopt an act to establish a national cause of death
registration in 1804 failed (Van Dijk 1982). Beside the Medical Practitioners Act
(1865}, the Burial Act (1869) was important for the Dutch cause-of-death regis-
tration system too.

The Medical Practitioners Act stated that medical doctors had to state as
accurately as possible on a medical certificate the cause of death when one of
their patients died. This medical certificate had to be given to the Registtar {of
the registry of birth, deaths and marriages). The Registrar could only give per-
mission to buty a person when a completely filled out medical cettificate was
given by the medical doctor (Burial Act, 1869). The medical certificate had to be
filled out by the doctor who had attended the patient during his or her illness.
Otherwise, an expert appeinted by the municipal council issued the medical cet-
tificate after post-mortem examination (Van Poppel 1997).

Inventories of death were sent by each municipality to the provincial sta-
tistical offices and, after processing of these inventories, codes (according to the
prevailing cause-of-death classification) were assigned to the causes of death at
the public health inspectorate. The final processing of cause-specific mortality
statistics was the responsibility of the Dutch Home Office. Later (1901) the final
processing came it hands of a statistical bureau (CBS), and in the 1920s the
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coding of causes of death became centralised and in the hands of a medical sta-
tistical officer too (Van Poppel 1997).

In summary, in the process of events of death until the cause-of-death
statistics there are several steps that could influence under which code the death
occuried in the statistic. The diagnosis (medical doctot) and the coding (Public
Health Inspector or Medical Statistical Officer) are the most important steps in
this process.

10.2.1 Diagnosis

Inn the period under study, 1875-1992, the availability of diagnostic devices in-
creased drastically. Especially in the late 19t and early 20 centuties there was an
enormous progress in the diagnosis of infectious as well as non-infectious dis-
cases. The discovery of the infective agent of several infections diseases in the
late 19% century (e.g. tubetculosis 1882, cholera 1883, diphtheria 1884, pneumo-
coccus 1886 (Rosen 1993)) made the development of diagnostic tests (e.g. a
sputum test in case of tuberculosis) possible. The invention of X-ray technology
(1895) was another step in the improvement of diagnosis, especially in case of
tuberculosis. In the eatly decades of the 20% century, radiology became an im-
portant diagnostic device in the eatly detection of tuberculosis (Groen 1966). In
the early twentieth century, diagnosis of non-infectious diseases improved too.
In the 1920s, blocking of the coronary artery could be detected with electrocar-
diography, and in the same period heart catheterisation was invented. The com-
bination of X-ray technology and the administration of contrast fluid by a
catheter further improved the diagnosis of heart diseases (Betrreklouw 1966).
Only a few examples have been mentioned hete, but diaghosis improved for
many diseases in the eatly decades of the twentieth century (Van Dongen 1966).
Beside these important improvements in diagnostic devices, other factors
could affect the diagnosis in the 19t century. The medical doctor who had at-
tended the deceased person in his or her last period of illness had to issue the
medical certificate. However, the density of medical doctors differed considera-
bly across the countty, so that in regions with a low medical doctor density it was
more likely that no medical doctor had attended the ill person. The medical
doctor density was much higher in the northwestetn regions of The Netherlands
as compared to the southeast. In 1875/79, there was one medical doctor for
5840 inhabitants in the province of Limburg, while there was one medical doctor
for 1704 inhabitants in Zuid-Holland (Van der Velden 1996b). Although in ab-
sence of a medical doctor an expett had to examine the dead body, it has been
reported that this was sometimes done by unqualified people. It also happened,
if a medical doctor was asked to come after the death of a petson, that the doc-
tor just put the cause of death as told by the family or other attendants on the
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medical certificate without examining the body (Van Poppel 1997). Such prac-
tices undoubtedly affected the reliability of the diagnosis in the 19% century.

10.2.2 Coding

The Netherlands was divided into four districts, each with a public health in-
spector who was in charge of the coding of causes of death. The public health
inspectors were trained medical doctors, and they had agreed to abide by various
coding rules. The decentralised coding of causes of death, however, gave the
possibility of differences in coding between the inspectors. The director of the
CBS complained in a letter to the Central Committee of Statistics in 1904, that
there were differences in coding between public health inspectors, and even the
individual inspectors were not always consistent in the way they coded the causes
of death (Unpublished letter 1904),

Acute pneumonia and broncho-pneumonia in childhood were coded un-
der ‘diseases of the newly botn’ by one of the public health inspectots. The same
inspector also coded convulsions and tubetculosis of the hetvous system under
‘diseases of the newly bor’. In other words, many causes of death occurring at
young ages wete put in the category of diseases of the newly born by this in-
spector. The other three inspectots coded those causes of death according to the
correct code of the International Classification of Causes of Death. There were
also some differences in the coding of diseases at older ages. Degeneratio cordis
was coded under ‘diseases of old age’ by one inspector instead of under heart
disease. Pulmonary tuberculosis was coded under ‘tuberculosis of two or more
otgans’ instead of under respiratory tuberculosis by another inspector. The same
inspector also coded tubetculosis of the intestines under ‘tuberculosis of two ot
mote organs’, while there was a separate code for that type of tuberculosis too
(Unpublished letter 1904). The problems of diffetences in coding were solved by
providing the public health inspectors with mote extensive guidelines for coding
(Van Poppel 1997).

It took however until the 1920s before centralised coding was introduced.
Changes in coding over time could still occur when, for example, a new Medical
Statistical Officer became in charge of the coding or due to changes in policy of
coding of causes of death as primaty or secondaty. A recent example of the way
in which coding can affect the cause-of-death statistics is the coding of diabetes
mellitus (Mackenbach ¢f &/, 1991).

Beside the aforementioned steps in the process of cause-of-death statistics there
is one other important aspect that determines the eventual code ie. the actual
cause-of-death classification that is used. Until 1901, the Dutch Home Office
had been in charge of the decision which classification was used, later this was
determined by the statistical bureau (CBS). If a new edition of the International
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Classification of Causés of Death was developed, it was a countty's decision
when to implement the new classification. In chapter four it has been described,
how we dealt with the changes in classifications in The Nethetlands.

10.2.3 Effect of inaccurate diagnosis and coding on the findings
for The Netherlands in this thesis

In chapter four, the reclassification of causes of death over a pre-ICD and nine
ICD-revisions has been described. In this way, cause-of-death categorics wete
constructed that were nosologically continuous over time. This procedure took
care of changing classifications, but changes in diagnosis ot incorrect coding by
the public health officet ot the medical statistical officet are not covered by such
a reclassification.

The effect of incoriect coding and diagnosis on the cause-specific mortal-
ity data has probably been the largest in the period 1875 to 1901. Only a brief
classification of 34 cause-of-death categories was used in the late 19 century.
Many categories of the 19%-century classification were broadly defined, e.g. brain
diseases, skin diseases, diseases of pregnancy, violence. Although this hampers
the interpretation of the causes of death included in such a broad category, it
does not automatically mean that the diagnosis and coding were inaccurate in
case of those categories. Other categories in the 19%-century classification were
clearly defined, and can be considered as being accurate e.g. smallpox, scarlet
fever, measles, whooping cough, cholera, malaria, puerperal fever. In case of two
categories, viz. ‘debility’ and respiratory tuberculosis, inaccuracies in diagnosis
and coding have explicitly been mentioned in the literature. Exchanges between
respiratory tuberculosis, and acute or chronic respiratory diseases have been re-
ported, as well as exchanges between ‘debility’ and acute digestive diseases (Iivers
1882, Vollenhoven 1885, Saltet 1909, Onnen 1895).

Incotrect diagnosis and coding occutred, but it is not clear to what extent.
There are reports in the literature that it happened, but there are no unanimous
statements about the magnitude of the problem. However, the possible effect of
inaccuracies on the results in this thesis can, of cousse, be discussed. The effect
depends on the type of analysis (trend or level of mortality), the time petiod of
the study (the late 19% century was most inaccurate), aggregation level of the
study (national or regional), and whether the inaccuracies are differential.

In case of the analysis of trends, inaccurate diagnosis (or coding) would
not be a big problem if the proportion of inaccurately diagnosed {or coded) cases
within a certain cause-of-death category would remain the same over time. In
that case the overall trend of the cause of death also reflects the trend of the
‘real’ cases. Diagnosis improved strongly in the late 19% and early 20t centuties,
so the proportion accurately and inaccurately diagnosed (or coded) cases within a
cause of death category changed over time. However, the declines in tuberculosis
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mortality, ‘debility’ and chronic respitatory disease were so rapid that it is unlikely
that the decline could completely be explained from inaccurate diagnosis or
coding. In the period 1880-1917, for example, the petcentage annual decline of
all-cause mortality was 1.24, while this percentage was 2.26 in case of other dis-
ease (including ‘debility’), 1.96 in case of respiratoty tuberculosis, and 3.78 in case
of chronic respiratory diseases (cf. Chapter five).

Whether the inaccurate diagnosis ot coding is differential will also affect
the results. In case of respiratory tuberculosis mortality decline, it was probably
more likely that respiratory tuberculosis was coded as ‘debility’ or chronic respi-
ratory diseases in the 19t centuty, than the other way around. It was mentioned
before that tuberculosis of two or more organs was sometimes coded under ‘de-
bility’ in the 19t-century classification. Beside that, it has been atgued that, be-
cause of the stigma the diagnosis tuberculosis brought to the family of the de-
ceased, intentionally the wrong diagnosis was put on the medical certificate
(Bryder 1996, Hardy 1988). If this type of differential misclassification occurred,
and assuming that accurate coding improved over titme, the results presented in
this thesis are an underestimation of respiratoty tuberculosis mortality decline.
As far as other disease (including ‘debility’y is concerned, the results are more
likely to be an overestimation, consideting the repotts of coding of respiratory
tuberculosis and acute digestive diseases as ‘debility’.

If the real cause-specific mortality levels are of interest, misclassification
of causes of death will lead to the wrong results. Whether the subject of study is
national mortality or regional mortality does, however, play a role too. If the
proportion of misclassified causes is the same in all regions under study, differ-
ences in level of cause-specific mortality between regions will remain the same.
This was, howevet, not always the case. It is known that in some towns ‘debility’
was coded as acute digestive disease, while it other places it was the other way
around (Onnen 1895). In chapter nine, regional acute digestive disease mortality
levels have been used in an analysis of the determinants of mortality. Inaccutate
mortality figures could in that case lead to incorrect inferences on the association
of specific determinants with mortality from acute digestive diseases. In chapter
nine, however, the associations were so strong, that the conclusions in that
chapter are still considered valid.

10.2.4 Quality of the Dutch cause-of-death statistics in
comparison with other Furopean countties

In The Nethetlands, cause-of-death registration has been a national concern
since 1865, Several other Buropean countries started a national registration ear-
lier. In Sweden and Nornway, a national cause-of-death registration came into use
as early as the second half of the 18 century. Causes of death in the countryside
were by then diagnosed and recorded by the cletgy. In 1860 a statistical bureau
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took over the registration of causes of death in Sweden, but it was not until 1971
that a death certificate issued by a physician became compulsory for all deaths
(Rogers 1993). In England and Wales, the Registration Act of 1837 ordered a
national cause-of-death registration. In the early years of the registration, notice
of a death was to be given to the local registrar, and was normally done by a
close relative of the deceased. This ‘informant’ provided details with respect to
the cause of death too. From 1845, the certification of the cause of death by a
medical doctor was encouraged by the Registrar-General. The proportion of
medically uncertified deaths was as low as four percent for England and Wales as
a whole (Williams 1996).

The Dutch 19%-century classification of causes of death was brief in com-
parison to, for example, England and Wales, Sweden, Norway, and France, all of
which had classifications with more than a hundred causes of death in the late
19 century (Beneke 1875). Duting the period 1867 to 1874 a classification sys-
tem of fifty-five causes of death was used in The Netheriands. The reliability of
the cause-of-death statistics was highly questionable in the eatly years of the na-
tional cause-of-death classification and registration. The percentage cases in the
category ‘unknown’ was high and there were no adequate checks on the correct-
ness of the data, The Burial Act of 1869 led to a large improvement in the cause
of death statistics. The number of cases classified as ‘unknown’ or ‘without
medical attendance’ declined strongly. In the period 1875 to 1899, quinquennial
reports were published with identical nomenclature in all publications. These
were considered by contemporaries as extremely useful for medical-statisticat
research (Van Poppel 1997). Unfortunately, in those publications the number of
cause-of-death categories had been reduced to thirty-four.

Despite the briefness of the classification, the fact that the cause-of-death
registration was a medical registration positively distinguished the Dutch cause-
of-death classification from those in other countries. The German Beneke
(1875), who published an overview of the organisation of cause-of-death regis-
trations in several European countties in the second half of the 19% century,
started his chapter on The Nethetlands with a remark on the excellent medical
regulations in The Netherlands, referring to the Public Health Inspectors in case
of coding of causes of death. In Sweden, for example, the clergy was involved in
diagnosis of the cause of death, in rural areas, until the eatly 20% century (Rogers
1993), and in some German states, diagnosis by laymen remained common until
the early 20t century (Kintner 1993},

The quality of the cause-of-death data, with respect to the diagnosis of the
cause of death, should be considered high in The Nethetlands as compared to
other Furopean countries. In the 19 century this advantage is, unfortunately,
partly reduced by the briefness of the classification. However, The Nethetlands
adopted the first ICD-classification already in 1901(in some other countries this
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was much later e.g. Denmark around 1930, and Germany around the 1940s),
which means that from that year a medical registtation was combined with detail
in the classification.

10.2.5 Detailed reclassification of causes of death

In chapter four, a method was presented to reclassify the cause-of-death groups
of 9 1CD-revisions and a pre-ICD classification to create nosologically continu-
ous cause-of-death groups that could be studied for the period 1875/79 to 1992,
Those cause-of-death groups had to be useful to study the epidemiological tran-
sition. Therefore we aimed at a good tepresentation of communicable, non-
communicable and external causes of death, and we succeeded to do so. The
procedure described in chapter four was, however, very labour intensive, and
others have studied the epidemiological transition using more crude methods to
link 19%-century cause-of-death categories to more recent ICD-categories.

Mackenbach (1993a,b) used a crude reclassification method to compare
cause-of-death groups in 1875/79 and 1970 in order to compute the conttibu-
tion of those causes of death to mortality decline. Beside some well-defined in-
fectious diseases groups, such as smallpox, scarlet fever/measles, whooping
cough/diphtheria, respiratoty tubetculosis, pneumonia/acute bronchitis/ influ-
enza, broad cause of death groups wete used in his analysis, such as diseases of
the respiratory system, diseases of the digestive system. A comparison of the
crude and detailed reclassification method shows that there are differences be-
tween the crude method used by Mackenbach and the detailed method described
in this thesis. For example, the contribution of respiratory tuberculosis to male
mottality decline in the petiod 1875/79 to 1970 was 13% on the basis of the
crude reclassification, and 15% on the basis of the detailed classification. These
percentages were 12% and 13% respectively in case of acute respiratory diseases.
The results of the percentage contribution of measles/scatlet fever and diphthe-
tin/whooping cough were identical: 3% and 2% respectively for both reclassifi-
cation methods. However, as far as the contribution of @/ infectious diseases to
mortality decline is concerned, the difference between the crude and the detailed
classification was substantial. The results of the detailed reclassification method
wete 6 to 7 percent points higher (53% males and females combined) as com-
pared to the crude teclassification method (46% males, 45% females).

The detailed reclassification has added value for research of the epidemi-
ological transition in particular and for historical mortality research in general. As
far as the epidemiological transition is concerned, first, the contribution of infec-
tious diseases to mottality decline was higher according to the detailed classifica-
tion. This could partly be explained from the broad category ‘brain diseases etc.”
which consisted mainly of infectious diseases (predominantly tuberculosis of the
nervous system and encephalitis/meningitis) in the Iate 19 century. This cate-
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gory was not consideted an infectious disease category in the crude reclassifica-
tion, but was considered to be so in the detailed reclassification. Secondly, patt
of the objective of this thesis was to give a detailed description of cause-specific
mottality changes in The Netherlands. Such a detailed study of the epidemiologi-
cal transition requires more detailed categories of causes of death than those
used by Mackenbach. The reclassification method presented in chapter four re-
sulted in such a detailed classification. Thirdly, the reclassification method pre-
sented in chapter four was derived from the work of Vallin and Meslé (1988,
1990}, who produced nosologically continuous groups of causes of death for the
period 1925 to the 1990s in France. In Italy a sitilar project has been started too
(Vallin & Meslé 1996). So, in several countries detailed classifications are
becoming available. This creates the possibility of international comparison of
the epidemiological transition on a more detailed level than has been done so far.
With respect to historical mortality research in general, the detailed reclas-
sification procedure resulted in trends for many causes of death that have never
been studied for the years before 1950. Until how, mottality data were only avail-
able on disk from the 1950s onwards. However, for the studies presented in this
thesis, all age-, sex-, and cause-specific mottality figures (on a 3 digit level) for all
ICD-revisions and the pre-ICD classification have been entered in a database.

The Dutch cause-of-death statistics proved to be useful to study the epidemiol-
ogical transition in The Netherlands, The cause-of-death classification in The
Nethetlands in the late 19 century was rather brief, and there were inaccuracies
in coding and diagnosis of specific causes of death, but the effects of these inac-
cutacies on the conclusions presented in this thesis were limited. Although the
19th-century classification was brief, diaghosis by a medical doctor has been re-
quired in The Nethetlands since 1865, which was earlier than in several other
Eutopean countries. Besides, the detailed first International Classification of
Causes of Death was introduced right away in The Netherlands in 1901. The
reclassification procedure initially designed by Vallin and Meslé (1988, 1990) and
applied for The Netherlands in chapter four made detailed analysis of the epide-
miological transition possible, and yielded a valuable database for historical
cause-specific morttality research.
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10.3 Mortality decline in The Netherlands in a
BEuropean perspective

10.3.1 The onset of mortality decline

Chesnais (1992) grouped countries according to the onset of crude mortality de-
cline:

1. Mortality rates started to come down in France, Czechoslovakia and Scandi-
navian countties in the late 18% and early 19% century, and mortality decline
accelerated in those countries around 1870.

2. Around 1870 mortality rates started to decline across Europe. Starting in the
northwestern countries (England and Wales, Belgium, The Netherlands), in
central Burope (Switzetland, Germany, Hungary) and in Poland and Russia,
About 10 years later mortality started to decline in Italy and former Yugosla-
via as well.

3. Around 1890/1900 mottality declines started in the southwest (Spain, Por-
tugal) and southeast (Bulgatia, Romania) of Europe.

The pattern of European mortality decline is one from nosthwest to the south-
cast.

Vallin (1991} studied mortality decline in Europe in the period 1720 to
1914. Beside France and the Nordic countries (cf. Chesnais 1992), he also con-
sidered England and Wales an example of eatly mortality decline (i.e. starting in
the 18" or eatly 19% centuries). Among the early starters there were different
patterns of decline. The Nordic countries experienced a regular mortality decline
since the middle of the 18% centuty. France, on the other hand, expetienced a
clear crude mortality decline in the petiod 1750 to 1845, followed by a staghation
of mortality decline in the period 1845 to 1890. According to Vallin, crude mot-
tality in England and Wales had been faitly constant from the mid-18% century
until about 1830. However, the trend of life expectancy at birth presented by
Wrigley and Schofield (1981) for the period 1551 to 1861, shows an improve-
ment in life expectancy from 1750 until about 1830.

Considering the findings for The Nethetlands with respect to the onset of
mortality decline (chapter five), the start of rapid mortality decline in The Neth-
erlands was determined around 1880 (1.2% annually). Mortality had already been
declining slowly from the beginning of the 19% century (0.4% annually until
1836, and 0.1% annually thereafter until 1870/80). In the early 19t century, the
large swings in mortality could easily mask this slow decline. There are no na-
tional mortality data for The Netherlands before 1804, Data for the 18% century
are only available for specific towns such as Amsterdam. The crude mottality
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trend for Amsterdam showed an increase in mortality from 1774 until about
1820 and a decline thereafter (Jansen & De Meere 1982).

Accotding to Schofield (1981), the early mortality declines that could be
studied for a limited number of European countries should not be seen as a pre-
cursor of the massive fall of mortality that could be observed in most European
countties in the late 19% and early 20™ centuries. The mortality trend in the 18%
and early 19t centuries was characterised by large swings of mortality, and the
observed declines were not unique in history. Vallin considers the mortality
decline starting in the late 19th century of a different order than earlier mortality
declines too. He speaks about the onset of a new mortality regime, which started
in the second half of the 19% century. ‘A mortality regime in which crisis mor-
tality does not shape the trend anymore’ (Vallin 1991). This ‘new mortality re-
gime’ is what we know as the transitional phase of the demogeaphic transition
theory, and the ‘age of receding pandemics’ in Omran’s epidetniological transi-
tion theory.

Considering Chesnais” grouping of countries, England and Wales should
also be put in the group of early starters, and The Netherlands possibly as well
considering the onset of decline in 1804, A good comparison of countries with
respect to the onset of mortality decline is, however, not possible. Only for a
limited number of countries data on mortality for the 18% and early 19t centuries
are available. If countries are classified according to the onset of ‘the new
mortality regime’, The Netherlands would surely belong to the group of Euro-
pean countries in which this ‘new mortality regime’ started fitstly viz. around
1870/80.

Table 10.1 ~ Life-expectancy af birth {males) for several European countries in the years
1870/80, 1910, 1950 and 1990, N.a. = not available.

Life Life Life Life
Country expectancy expectancy expectancy expectancy
at birth 1870 at birth 1910 at birth 1950 at birth 1990

Sweden 45 55.2 69.1 74.8
Norway 47 55.0 70.2 73.4
France 4 48.5 62.8 72.8
Czechoslovakia na, 40.0 63.6 67.3
England & Wales 39 51.5 66.5 736
The Netherlands 35 529 70.3 73.7
Gernmany 37 474 64.2 71.8
Hungary n.a. 39.1 59.6 65.1
Russia n.a. 34.7 57.3 64.2
Italy (1880} 33 443 629 736

Sources: Vallin, 1991; Haines and Kintner, 1993; Caselli, 1991 and 1996; Van Poppel, 1996
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10.3.2 The level of mottality at the onset of mortality decline

Table 10.1 gives life expectancies from different soutces for different countties
starting with the year 1870, In all selected countries, mortality started to decline
rapidiy around 1870, Life expectancies are presented instead of crude mortality
rates inn order to avoid effects of differences in age structure of the selected
populations.

Table 10.1 shows that there are considerable differences between coun-
tries in life expectancy at the onset of rapid motrtality decline. If we compare The
Nethetlands to Norway, there is a difference of 10 years in 1870. A first explana-
tion for this difference could be the difference in pre-transitional mortality de-
cline, In Norway mottality started to decline earlier as compared to The Nether-
lands. However, in France mortality decline started early too, but mortality rates
have always been higher in France as compared to Notway (Vallin 1991).

The differences in life-expectancy at birth at the onset of ‘the new mortal-
ity regime’ ate more likely a mix of differences in pre-transitional mortality
decline and other factors that can determine the level of mortality. Climatic
differences between countries might, for example, have played a role. In south-
ern Buropean countries diarthoeal infectious diseases were more easily spread as
compated to notthetn countries. Diarrhoeal diseases were an important cause of
death for infants. Higher infant mortality rates in turn affect the life expectancy
at birth. A factor that might explain part of the difference between Norway and
The Netherlands is, for example, the high fertility rates (which ate related to high
infant mostality levels) in The Nethetlands as compared to other notthwestern
European countries (Coale & Treadway 1986).

Table 10.2 - Relative increase in life-expectancy at birth {men) for several European
countries in the years 1870/80-1910, 1910-1950 and 1950-1990

Country e(1910/ e(0) 1950/ e(0) 1990/
e{0) 1870 e(0) 1910 e(0} 1950
Sweden 1.23 1.25 1.08
Nonwvay 1.17 1.27 1.05
France 1.18 1.29 1.16
Czechoslovakia na 1.59 1.06
England & Wales 1.32 1.29 1.11
The Netherlands 1.51 1.32 1.05
Germany 1.28 1.35 1.12
Hungary na. 1.52 1.09
Russia n.a. 1.65 1.12
ltaly 1.34 1.42 117
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10.3.3 The pace of mottality decline

The last column of table 10.1 shows that differences in life expectancy at birth
have diminished over the years. Life expectancy in The Nethetlands and Notway
differed 10 years in 1870 while this was only 0.3 years (in favour of The Nether-
lands} in 1990. A convergence of mortality in the European countries has taken
place during the epidemiological and demographic transition. Table 10.2 shows
the relative increase of life expectancy in the periods 1870 to 1910, 1910 to 1950
and 1950 to 1990.

The increase in life expectancy in the period 1870 to 1910 was large in
The Nethetlands as compared to other northwestern European countries. As far
as Notway and France are concetned, those wete eatly starters with respect to
mortality decline, which might explain their relatively small increase in life ex-
pectancy as compared to The Netherlands. England and Wales, on the other
hand, had a comparable timing of the epidemiological transition as The Nether-
lands, but showed less rapid increases in life expectancy. In The Nethetlands, a
variety of public health measures were taken in the late 19 and early 20% cen-
tugies e.g. the introduction of piped water in the cities, measures to improve the
safety in factoties, building requirements. Besides, improvements in living stan-
dards and fertility declines have also been suggested to have contributed to
mortality decline in that period (cf. chapter five). The combined improvements
of economic, cultural and public health factors have probably caused the rela-
tively rapid declines in The Netherlands in the late 19% and eatly 20 centuries.

The period 1910 to 1950 is characterised by the rapid increases in life ex-
pectancy in Central-European countries. According to Caselli (1996) mortality
variation between Furopean countries ditninished in this period due to the in-
troduction of sulphonamides, antibiotics and vaccinations, and due to socio-eco-
nomic improvements in the central European countries. The relative increases in
life expectancy differed not much among the northwestern European countyies,
but the increase in The Nethetlands was again relatively strong.

In the last period, 1950 to 1990 improvements in life expectancy were less
rapid as compared to the former period. The relative improvements in life ex-
pectancy in The Nethetlands in that petiod are, contraty to the former periods,
among the lowest in Burope. The Netherlands started off with a relatively low
life expectancy in 1870, but rapidly made up the difference with the Nordic
countries. The Netherlands had already achieved mortality levels comparable to
Norway in 1930, while England and France only reached ‘Notwegian’ life ex-
pectancy levels atound the 1970s and 1990s (Caselli 1996).
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10.3.4 Cause-specific mottality

Not only the pace of mortality decline differed among countties in which the
‘new mortality regitne’ started in the late 19% century, but also the cause-of-death
pattern. The cause of death pattern differed with respect to the contribution of
causes of death to mortality as well as the pace of specific mortality decline.

Caselli (1991) compared the cause-of-death pattern of England and Wales
{in 1870) and Italy (in 1880} at the onset of the transitional phase of the epide-
miological transition. The contribution of diarthoeal diseases to mortality was
about twice as high in Italy (11%) as compared to England and Wales (6%). Res-
piratoty tuberculosis, on the other hand, contributed twice as much to mortality
in England and Wales (10%) as compared to Italy (6%) at the onset of the tran-
sition. In The Nethetlands, acute digestive diseases contributed 6% to moxtality
at the onset of the transitional phase, and respiratory tuberculosis conttibuted
10% (cf. table 5.2). Higher mottality from diarthoeal diseases compared to The
Netherlands and England and Wales remained a characteristic of Italian mortality
throughout the transition. Differences in cause-of-death pattern between coun-
tries might occur because of differences in timing of the transition, and this idea
has also been used to explain differences in mortality patterns between countries.
However, comparison of the cause-of-death pattern at the onset of decline
shows that there were differences by that time too, which should be explained
from differences in determinants of mortality.

Not only the contribution of causes of death differed among countries
with comparable onsets of mortality decline, but the pace of cause-specific mor-
tality differed as well. Mortality from diarrhoeal diseases (at age 0-4) declined less
rapidly in Italy as compared to northwestern European countries in the eatly 20th
century. Mortality from acute respiratory diseases did not show such a clear
north-south gradient (Caselli 1996).

The Nethetlands can, together with other northwestern countties e.g.
England and Wales, be considered a countty in which accelerated mortality de-
cline started early, ie. around 1870. The Netherlands distinguished itself from
other countties with respect to the rapid increase in life expectancy in the late
19 and early 20 centuries. With respect to cause-specific mottality there were
differences between northwestern and southern European countries too, Acute
digestive diseases were more important contributors to mortality, and declined
less rapid in southetn countties (e.g. Italy) than in north-western countties (e.g.
The Nethetlands). More research on cause-specific mortality decline would be
needed to draw mote soundly based conclusions on differences in the epide-
miological transition with tespect to cause-specific mortality change.
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10.4 'The epidemiological transition theory:
weaknesses of Omran’s theory re-examined

In the introduction of this thesis, an overview was given of some weaknesses in
and criticism on Omran’s epidemiological transition theory. Especially, the defi-
nition of the stages of the epidemiological transition by Omran was unclear with
respect to cause of death pattern and timing of the stages. In the former chap-
ters, the epidemiological transition has been studied in detail for The Nether-
lands. In the light of these results, Omran’s epidemiological transition theoty will
be re-examined with respect to the changes in cause-specific mortality, and the
timing of the stages. Only the ‘age of receding pandemics’, the ‘age of degenera-
tive and man-made diseases’ and the ‘age of ageing, chronic diseases, emerging
new scourges and the resurgence of older diseases’ will be taken into considera-
tion. The pte-transitional phase, ‘the age of pestilence and famine’ has not been
studied for The Netherlands.

10.4.1 Cause-specific mortality change

In chapter six, the changes in cause-specific mortality in ‘The Nethetlands in the
petiod 1875-1992 were studied. In that chapter, it was pointed out that the pre-
vailing perception of the epidemiological transition as a decline of infectious dis-
eases and an increase of non-infectious diseases is too simple (e.g. the eatly de-
clines of stomach cancet, cerebrovascular diseases, and the tise of appendicitis
and poliomyelitis). The description of the stages of the epidemiological transition
in Omran’s original epidemiological transition theory with respect to changes in
cause-specific mortality was rather vague, and did not leave much room for an-
other intetpretation of the changing cause-of-death pattern than that of a decline
of infectious diseases and an increase of non-infectious diseases (cf. chapter
two). Howevet, it should also be mentioned that, in the last update of his theoty
in 1993, Omran did mention the possibility of a renewed increase of infectious
diseases (‘emnerging new scourges’ e.g. AIDS, and the ‘resurgence of older dis-
eases’ e.g. tuberculosis).

Several researchers have proposed labels for the increasing causes of death
e.g. civilisation associated diseases, diseases of modernisation, Western diseases.
Those concepts relate the increase of diseases to civilisation, modernisation and
affluence. During modernisation ceitain causes of death indeed increased, but
the same causes of death started to decline later in the process of modernisation.
Appendicitis came up duting the 1920s and declined in the 1930s, ischemic heart
disease and traffic accidents showed a strong increase after WWII but have been
declining since the 1970s (cf. chapter six). So, the effect of modernisation on the
course of disease is not uniform over time. Another example of this non-uni-
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form effect is the deteriorating effect of industrialisation on health in Britain’s
industrial cities in the second and third quatter of the 19% century, while these
deteriorating effects diminished in the last quarter of the 19" century (Szreter
1997). In order to label causes of death according to their course over time, more
specific concepts should be considered than concepts such as modernisation,
civilisation or affluence, which are too general.

It would be interesting to know if the clusters of rising and declining
causes of death as were found for The Nethetlands are also found for other
countries, The increase of appendicitis inn the 1920s has been reported for Eng-
land and Wales (Barker 1989a). Considering the study of Caselli (1996) on differ-
ences in cause-of-death trends (e.g. diarrhoeal diseases) in England and Wales
and Ttaly, we might indeed expect differences between countties in the trend

curves of causes of death.

10.4.2 Timing

The timing of the stages in the epidemiological transition was not accurately de-
fined by Omyan either. The onset of the ‘age of receding pandemics’ was located
after the ‘early modern period’, and the onset of the ‘age of degenerative and
man-made diseases’ was located in a rather broad time period, viz. just after the
first world wat, in the 1920s or 1930s. The different ‘ages’ in the epidemiological
transition were characterised by Omran on the basis of total mortality change
and cause-specific mortality change. In chapter five of this thesis, phases in the
epidemiological transition in The Netherlands were determined on the basis of
total mortality decline, and in chapter six on the basis of changes in cause-spe-
cific mortality. _

In table 10.3, the phases distinguished in the analyses for The Netherlands
are compared to Omran’s ‘ages’. The analyses of the epidemiological transition in
The Netherlands resulted in mote phases than the four ‘ages’ defined by Omran.
For The Netherlands, some of Omran’s ‘ages’ have to be split into subphases in
otder to make timing comparable.

According to Omran, the ‘age of degenerative and man-made diseases’
started just after the First Wotld War, The results for The Netherlands show that
this ‘age’ could be split into two subphases (table 10.3). It could be argued, based
ott the results for The Nethetlands, that the second subphase, starting after the
Second Wotld War, marked more cleatly a new ‘age’ than the mortality changes
that started just after the First World War. After the Second World War, all-
cause mortality decline strongly decelerated, and the rise of ischemic heart dis-
ease and traffic accidents is most striking, The mortality changes just aftet the
First Wotld War are still characterised by strong mortality declines and declines
in infectious diseases mortality.
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In the last update of the epidemiological transition theory Omran added a
fourth stage to the transition, ‘the age of ageing, chronic diseases, emerging new
scoutges and resumgence of old diseases’ (Omran 1993). This had earlier been
proposed by others (Olshansky & Ault 1986, Rogers & Hackenberg 1987). Om-
ran gave, however, no indication of the timing of this stage. In The Netherlands,
a renewed decline of mortality was observed after 1970. This decline was char-
actetised by the decline of ischemic heart disease and traffic accidents. Renewed

Table 10,3 - Comparison of phases in the epidemiological transition in The Netherlands
and the ‘ages’described in the epidemiological transition theory by Omran

Omran (1971, 1983, 1993)

The Netherlands:
Phases based on total
mortality decline
(chapter five)

The Netherlands:

Phases based on cause-
specific mortality change
(chapter six)

The ‘age of pestilence and famine’

Onset: not defined

Mortality is high and fluctuating

The ‘age of receding pandemics’
Onset: after the early modern period
Mortality declines progressively, steady
decline of infectious diseases such as
diarrhoeal diseases and tuberculosis,
and a moderale increase in cancer and

cardiovascular disease

The ‘age of degenerative and man-

made diseases’

Onset; after the First World War, or in

the 1920s or 19305

Mortality continues to decline and
eventually approaches stability, the
decline of infectious diseases and rise
of degeneralive diseases is more dis-
tinct and, since 1945, the increase in
cardiovascular disease is particulardy

striking.

The ‘age of ageing, chronic diseases,
emerging new scaurges and the
resurgence of older diseases’

Onset: not defined
Not further described

could not be studied

Onset; 1880
Progressive mortality
decline started

Onset: 1917

2 subphases:
1917-1955; acceleration
of martality decline, pe-
riod with the most rapid
mortality decline
1955-1970: hardly any
mortality decline

Onset: 1970
Renewed progressive
mottalily decline

could not be studied

Oniset: 1875

2 subphases

1875-1901: characterised by
decline of water-and food-
horne diseases

1901-1921; characterised by
decline of water- and food-
borne as well as airthorne
infectious diseases

Onset: 1921

2 subphases:

1921-WW?2: characterised
by decline of aithome
infectious diseases, and the
rise and decline of other
infectious diseases
WW?2-1970: characterised
by the increase of ischemic
heart disease and traffic
accidents

Onsel: 1970
Decline of ischemic heart
disease and traffic accidents
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increases in infectious disease mortality were no characteristic of that phase in-
The Netherlands.

in the previous paragraphs we have discussed Omran’s stages in the epidemiol-
ogical transition on the basis of the findings for The Nethetlands. The changes
in cause-specific mottality rates should be described more specifically as com-
pared to a decline in infectious diseases and an increase in degenerative and man-
made diseases. The effects of modernisation or affluence on cause-specific mos-
tality have not been uniform over time, Many causes of death showed an in-
crease followed by a decline (e.g. ischemic heart disease). With respect to timing
of stages in the epidemiological transition, it seemed to be more logical to place
the onset of the ‘age of degenerative and man-made diseases” after the Second
World War instead of in the 1920s or 1930s. Oun the basis of all-cause and cause-
specific analysis, mote phases in mortality decline were defined than the three (or
four (Omran 1993)) stages defined by Omran.

A more general notion with respect to the stages of the epidemiological
tratisition is that the epidemiologic transition theoty should be consideted more
a theory of succession of stages than a transition from one stage to another. The
transition from one stage to another suggests a certain equilibrivm or steady state
before and after the transitional period (Smith 1994). In the demographic transi-
tion there is a sort of equilibrium before and after a transitional period ie. high
mottality and high fertility to low mortality and low fertility. In the epidemiologi-
cal transition there is no such equilibrinm. The cluster-analyses of cause-of-death
trends provides a good example that epidemiological change is an ongoing pro-
cess of rise and decline of groups of causes of death instead of a transition of
one steady state to the next.

10.5 Revision of the epidemiological transition
theory

The epidemiologicat and demographic transition theories have been criticised for
being non-theories, because they cannot explain or predict changes in mortality
(and fertility) or changes in cause-of-death patterns for other countties ot other
petiods of time (Chesnais 1992, Kirk 1996). Several researchers have proposed
alternatives to Omran’s original theory. In this section, we will discuss whether
the epidemiological transition theory can be considered a theoty or just an em-
pirical genetalisation of the mottality expetience in various countries, and, if re-
vision of the epidemiological transition theory is needed, which elements will be
necessary in a revised version.
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10.5.1 Natural sciences and the construction of theories

The philosophy of natural sciences desctibes theories as follows. Theories are
constructed when feseatrch of certain phenomena shows regularities that can be
desctibed in empirical laws. Theories tty to explain those regularities and try to
give a more profound and mote accurate understanding of the phenomena. The
observed phenomena ate manifestations of undetlying entities or processes.
Those fundamental entities or processes that are postulated by the theory must
be described cleatly and precisely in order to be able to explain and predict. The
theory should not only be able to explain the empitical phenomena observed
beforte, but should also be feasible to predict new phenomena of the same order
(Hempel 1966).

Considering the definition of scientific theories as used in natural sciences,
the criticism that the epidemiological transition theoty is not a theory, seems to
be justified. The theory as described by Omran is more a description of regulari-
ties - mottality decline is accompanied by specific canse-specific mortality
changes - than a formulation of fundamental processes that explain those regu-
larities. Omran did formulate a proposition on the determinants of mortality de-
cline in his theory, but in general terms: ‘in countries in which the epidemiologi-
cal transition started before the 20% centuty, the main determinant of mortality
decline was the rise in living standards, while in countries that experienced the
epidemiological transition in the 20% century it was medical care and technology’
(Omtan 1983). This formulation is, however, to general to be able to explain the
changes in cause-specific mottality in countries, or the variety in the decline be-
tween countties, or to predict cause-specific mottality changes. The last update
of Omran’s theory (1993) was also more an extended description of ‘regularities’
(i.c. a fourth phase in the transition, and extra models with respect to timing and
pace of mortality decline) than a refined formulation of underlying processes that
constitute total mottality change and change in cause-specific mortality.

Several researchets have used Omran’s ‘description-of regularities’ to es-
timate cause-specific mortality (for countries for which these data are scarce) on
the basis of the relationship between cause-specific mortality rates and total
mortality in western countries (Preston & Nelson 1974, Palloni & Wyrick 1981,
Lopez & Hull 1982). Bulatao (1993) estimated cause-specific mortality for the pe-
riod 1970 to 2015 for industrial countties, non-market econonies, Latin American
countties and Asia. Broad cause-of-death categories were estimated, such as infec-
tions, neoplasms, circulatory diseases, and more specific categories, such as diar-
thoea, acute respiratory diseases, ischemic heart disease, cerebrovascular accident.
The accuracy of the estimations was evaluated by comparing the predicted per-
centage mottality from specific causes of death to the reported percentage in 1985.
This comparison showed that differences in predicted and reported percentages
ranged from 5 to 12 percent points for the broad cause of death groups (such dif-
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ferences wete also found in a study by Bah (1995) for Ghana and Kenya), from 12
to 34 for specific infectious diseases, and from 8 to 24 for specific diseases of the
circulatory system. The accuracy of the estimations differed also by type of coun-
try. The predictions of the broad cause of death groups were least reliable for non-
matket economies (mottality from diseases of the circulatory system was predicted
38%, while the actual percentage was 50). In summary, as far as broad cause-of-
death groups are concerned the epidemiological transition theory leads to quite
precise estimations, but in case of more specific causes of death the estimated
and real values differ considerably.

10.5.2 Alternative conceptions of science

As far as the demographic transition theoty is concerned, the issue of theory or
non-theory has been discussed more extensively. Recently, Szreter published a
so-called ‘critical intellectual history’ of the demographic transition theoty in
which he argued that ‘the idea of demographic transition was itself the product
of a particular conception of social science as a guide for policy, a science em-
ploying a positivistic methodology that was simultaneously investigative and pre-
dictive’ (such as in natural sciences — P-44B) (...) ‘such a conception does not to-
day correspond to the only accepted notion of ‘science” there are other alterna-
tives, especially for social and historical problems’ (Szreter 1993).

The alternatives are other schools of social science that consider the aim
of scientific explanation and its methods mere understanding, and not prediction
or control. As Szreter puts it: ‘social phenomena occur as an irreversible flow or
complex sequence of events. All that is available for study is their scientific, his-
totical reconstruction, from which can come an understanding of how that itre-
versible history happened’ (Szreter 1993). Szreter pleas for a study of fertility
change in specific communities without the preoccupation of a ‘“fertility transi-
tion’.

Not all researchers agree with Szreter on this subject. The demographic
transition is a very complex phenomenon considering the enormous amount of
determinants involved and the variety in transitions among countries, but the
differences are not that big, they argue. The transition may be accelerated or de-
layed but the transition itself is inescapable is their argument (Iirk 1996).

It is indeed true that historical ot social phenomena are open systems
contrary to the closed system of the experiment in natural sciences. In order to
be able to explain historical or social phenomena it is necessary to continuously
include new information. This makes explanation of such phenomena complex,
and predictions can in most cases only be made on the short term. It has been
argued, however, that it is in principle not impossible in historical and social
sciences to formulate theoties to explain and predict historical and social phe-
nomena (Wesley 1982). Referring to the subject of study, there are differences
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between populations with respect to timing and pace of mortality decline, and
cause-specific mortality changes, but this does not mean that there might not be
undetlying processes that explain those differences. A revised epidemiological
transition theoty should formulate those underlying processes. Before we will
further explore the possibility of the formulation of a revised epidemiological
transition theory, alternative theosies to Omrtan’s theory that have been pub-
lished in the literature will be discussed.

10.5.3 Alternatives to Omran’s epidemiological transition
theory

The ‘health transition theory’ and the ‘theory on assets for health’ will briefly be
discussed here. Both the ‘health transition theoty’ and the ‘theory on assets for
health’ focus on underlying processes of mottality decline and epidemiological
change.

Health transition theory

The health transition can be divided into two components: the epidemiological
transition and the health care transition. The epidemiological transition is the
long-term process of change in health of a society (including mortality, morbidity
and disability); the health care transition is the change in the pattetns of the ot-
ganised social response to health conditions (Frenk ef @/ 1991),

Some argue that there is in principle no difference between health transi-
tion and epidemiological transition. Both are concerned with the distsibution of
death and disease among population groups; with their determinants and conse-
quences; and with how these factots change over time. The difference lies in that
the health transition theory emphasises the social, cultural and behavioural de-
terminants of health’ (Cleland 1989). Others consider this emphasis on social,
cultural and behavioural determinants so important that the term ‘health transi-
tion’ is justified beside ‘epidemiological transition’ (Caldwell 1989).

Frenk ef al (1991) gave an extensive formulation of health transition the-
ory. They distinguished three major undetlying mechanisms involved in the epi-
demiological transition: fertility decline, changes in risk factors, and improve-
ment in case-fatality rates. Changes in various risks, biclogical, environmental,
social, behavioural, occupational, can change the incidence of disease and cause-
specific mortality. Changes in those risks can be induced by social, economic,
and cultural processes. As far as the rapid moxtality declines in historical Western
countries are concerned, those processes ate summatized in the term moderni-
sation. Those social, economic and cultural processes result not only in a reduc-
tion of certain risks (and consequently a reduction of specific discases), e.g. envi-
ronmental sanitation and a reduced risk of diarrhoeal diseases, but also induce
new tisks, e.g. nutrition and cardiovascular disease. Changes in the case-fatality
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rate also contribute to mottality decline. Improvements in effective treatment of
many diseases have resulted in a reduction of the case-fatality rate. Together with
other factors such as changes in life-style this mechanism has played an impot-
tant role in the mottality decline after the 1970s (Olshansky & Ault 1986, Crim-
mins 1981).

Fertility decline was mentioned by Frenk et al. as a mechanism that influ-
ences the age-distribution of the population. Changes in the age-distribution can
change the absolute number of cases while the age-specific mortality tates remain
the same. This mechanistn plays more a tole in health planning; the other two
mechanisms are important for the formulation of undetlying processes of mor-
tality decline and cause-specific mortality change.

Theory of asseis for health

Murray and Chen (1993) proposed a new theoty for the explanation of mortality
decline: a theory of assets for health. According to Murtay and Chen, existing
theories (and hypotheses) on mortality decline (the McKeown-thesis, modern
health technology hypothesis, and the emphasis on culture and behaviour as is
the case in the health transition theory) are ‘static and overly concentrated on the
short-term. (...) mortality may be regulated by longer-term cumulative processes
related to the build-up or depletion of a society’s ‘health stocks”. Health-relevant
assets can be physical assets, e.g. infrastructure of the health care system,
schools, housing, water supply, and social assets, e.g. education, health related
petceptions and behaviour, social institutions (social security, health insurance).
Indicators of the health assets are, for example, the capacity and quality of the
health care system, public infrastructure, household environment, literacy, and
education.

An accumulation of health assets may reach a certain threshold at which
mortality decline accelerates. The accumulation of health assets can make a
secular mottality decline possible, which will be only temporarily distutbed by
crises, After the crisis, mortality will rapidly return to pre-crisis levels (Caldwell
1986, Mutray & Chen 1993). Physical assets (e.g. infrastructure) may depreciate
over time and require constant re-investments. Social assets {e.g. knowledge,
health behaviour) are less likely to depreciate over time (Murray & Chen 1993).
In the context of the health transition theory it has also been argued that espe-
cially changes in perceptions and behaviour of people may well be irreversible,
while improvements in the public field, for example envitonmental sanitation,
infrastructure, might be more vulnerable to detetioration (Van de Walle 1989).

The theory of assets for health seems to be an attractive proposal for a
new theory on mortality decline. The onset of a ‘new regime of mortality decline’
in the 19t century in Western countries is linked to the modernisation process.
Modernisation consists of changes in different fields of society: economic, cul-
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tutal, political and social. All these different processes {e.g. industrialisation, ra-
tionalisation) might be interpreted as an accumulation of health assets, which
could lead to accelerated and secular mortality decline. Another example in fa-
vour of the theory of assets for health can be found in the moxtality decline in
The Netherlands, Mortality levels indeed rapidly returned to pre-war after the
Second World War (figure 5.2). It is, however, more difficult to explain the ac-
celeration in mortality decline in The Netheglands in 1917, which lasted until
1955, in terins of acquired assets of health or a threshold of health assets that
was reached.

10.5.4 Elements for revision of the epidemiological transition
theoty

It was shown that Omran’s original epidetniological transition theory did not
accurately describe detailed cause-specific mortality changes (such as described
for The Nethetlands in chapter six). With respect to broad categories the original
theory could, to some extent, be used to estimate cause-specific mortality
changes in countries in which the transition started later as compared to western
countries. In order to be useful for more accurate predictions of cause-specific
mottality, the theory should be revised. The authors of the alternative theories
discussed before provided elements for a new theory to understand mottality
decline and/ot epidemiological change. The health transition theory and the
health assets theory tried to describe undetlying processes of mortality decline
and/or cause-specific mortality change, while the original epidemiological transi-
tion theory only described the observed regulatities in mortality decline in differ-
ent countries, In this section we will discuss whether the alternative theories are
adequate to explain and predict cause-specific mortality changes, and if they are
not, what other elements should be included in a revised epidemiological transi-
tion theory.

The phenomena or regularities that a revised epidemiological transition
theoty should be able to explain and predict are cause-specific mortality changes
accompanying accelerated mortality decline. The theory should only be able to
explain and predict phenomena of the same order as those that are subject of the
theory.

Shonld pre-transitional’ and ‘post-transitional’ mortality decline be included in the
theory?

The first phase of the otiginal epidemiological transition theory, ‘the age of pes-
tilence and famine’, refers to the period of pre-transitional mortality. T would
argue that that phase should not be included in a revised epidemiological transi-
tion theory. A theoty should be able to explain and predict phenomena of the
same order. Other researcher have argued that the so-called pre-transitional
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mortality decline should not be considered as eatly stages of modern rapid mor-
tality decline. Vallin (1991) spoke of a new mortality regime in which chance
factors no longer play as large a part as before. Schofield (1981) atgued that the
~ accelerated mortality decline in the 19% century was unprecedented in history,
while pre-transitional mortality decline (in the 18™ century) was not.

Omran (1993) included a fourth phase, the ‘age of ageing, chronic dis-
eases, emerging new scourges and the resurgence of older diseases’ in the last
update of the epidemiological transition theory. Olshansky and Ault (1986), and
Rogers and Hackenberg (1987) had suggested a fourth phase in the epidemiol-
ogical transition theoty too to include mortality changes that occurred after the
1970s. Should those relatively recent mortality changes be included in the epide-
miological transition theory? I would argue that, just like the pre-transitional
mottality changes, these post-transitional mortality changes should not be in-
cluded in the theorty. The transitions of countries, that followed the epidemiol-
ogical transition (in terms of a decline of infectious diseases and a rise in non-
communicable diseases) before, began to show deviating transitions atound the
1960s. Western mortality developments from the 1960s or 1970s onwards ap-
peared to be not a general phenomenon. Russia, for example, had followed the
transition as observed in western countties, but after 1960 the (cause-specific)
mortality statted to differ considerably. Mortality decline from cardiovascular
diseases was not found in Russia and in some other central- and eastern Euro-
pean countties (Chen ef @/ 1996, Feachem 1994).

Underlying processes of mortality decline and canse-specific mortality change

The theory of assets for health provides only an explanation for secular mottality
decline and not for cause-specific mortality changes. The latter should, however,
be included in a revised theory of epidemiological transition. The way the health
transition theory has been formulated seems to provide more points for depar-
ture to formulate a revised epidemiological transition theory.

The changes in cause-specific mottality over time show tises and declines
of specific causes of death. This was clearly shown by the results of the cluster-
analysis presented in chapter six. Causes of death such as appendicitis and po-
liomyelitis increased during the1920s and 1930s and decreased afterwards; is-
chemic heart disease and traffic accidents increased until 1970 and decteased
theteafter; causes of death such as chronic rheumatic heart disease slightly in-
creased until the Second World War and declined thereafter. But also causes of
death that have been declining since the late 19t century have shown increases
it easlier periods of titne. Smallpox, and ‘fevers’, for example, increased in the
17t and 18t centuries and declined thereafter (Mercer 1990).

The undetlying mechanism that explains these courses of rise and decline
might be formulated as follows. Mottality from specific causes of death rises in
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tesponse to the emergence of new risk factors, e.g. new nutritional patterns and
smoking in case of ischemic heart disease, and increased motorised traffic in case
of traffic accidents. Mortality can decline again when the risk factor is eliminated
or reduced, ot when the case fatality rate is reduced (cf. the mechanisms de-
scribed by Frenk ¢f 4/ (1991)). The mechanisms to reduce mortality can be per-
ceived as ‘adaptation mechanisms’ of a population to the emerging health risk
(Van Beeck 1998). Adaptation to new health risks can occur in many different
ways, such as public health measures, medical treatment, and behavioural
changes. Szreter (1997) presented an example of this pattern of emergence of
and adaptation to health risks, According to Szteter, economic growth has nega-
tive consequences that may be conceptualised as ‘a sequential model: the four
D’s of distuption, deprvation, disease, and death’. Whether the final D of death
occurred depended on the country’s ‘political, ideological, social and institutional
history’. Nineteenth century industrialisation (economic growth) led to increases
in mortality (predominantly among infants and young children) in Britain’s in-
dustrial cities. This negative association between economic growth and health
turned into a positive association when new political developments made ade-
quate public health measutes possible (Szreter 1997).

A formulation of the epidemiological transition in terms of rise and de-
cline of causes of death, and in tetms of a disruption of health by emertging
health risks and adaptation to health risks is quite different from the epidemiol-
ogical transition theory presented by Omran, Although this formulation might
still be too general to be considered a new theoty, it gives the epidemiological
transition theory a new focus viz. the underlying mechanisms, and the cause-spe-
cific mortality changes as a result of that, instead of a description of epidemiol-
ogical transition as a decline of infectious diseases and a rise of non-infectious
diseases with little reference to undetlying determinants. In a revised epidemiol-
ogical transition theory, the undetlying processes of mortality change should be
described mote specific with reference to causes of death, to ‘accelerated’ mor-
tality decline, to the factors that caused the distuption of health, and to the way
in which populations adapted to the disruption of health. In other words, the
theory should be formulated more in terms of determinants of causes of death
that have emerged and declined over time. An example of the formulation of an
undetlying process of cause-specific mortality change could be Barker’s ‘hygiene
hypothesis’ (Batker 1985, Batker e/ o/ 1988). This hypothesis states that as hy-
giene improves, enteric infections in young children will be reduced, which in
tutn make those children prone to appendicitis and some other infections such
as poliomyelitis in adolescence. When hygiene further improves, the likelihood of
contracting an infection as a young adult decreases too. The ‘hygiene hypothesis’
explains patt of the sequence of rise and decline of cause-specific mortality that
could be observed during the epidemiological transition viz, first a decline in
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acute digestive diseases and later an increase in appendicitis and poliomyelitis (cf.
chaptet six),

The current state of knowledge on historical cause-specific mortality
change is still too patchy to formulate a theory that will provide an integrated
formulation of the underdying processes of cause-specific mortality change. Be-
side that, some results suggest that the same determinant is related to different
causes of death in different countries. In chapter nine, it has been argued that
utbanisation had especially negative effects on mortality from acute respiratory
diseases in The Netherlands as compared to mortality from acute digestive dis-
eases in England and Wales. This would indicate that it might not be possible to
formulate a theoty for detailed cause-specific mortality change. So, at the mo-
ment a complete formulation of a revised epidemiological transition theory is not
possible. The theory of assets for health, the health transition theoty, and the
perception of cavse-specific mortality changes in terms of disruption of health
and adaptation to health risks, enhance the understanding of mortality decline
and cause-specific mortality decline, but are, in their current formulations, too
general to explain or predict cause-specific mortality change. Omran’s original
theory can be used to estimate cause-specific mortality changes for broad cause-
of-death groups in countries in which mortality decline started later than in west-
ern countries. However knowledge on determinants should be incorporated in
the theoty (and models) to improve projections of cause-specific mortality de-
cline for developing countries. More research is needed on detailed cause-spe-
cific mortality change in various countties and on the determinants of mortality
decline.

10.5.5 Further insight in underlying determinants of (cause-
specific) mortality decline

The studies presented in this thesis can contribute to a further elucidation of the
underlying processes of rise and decline of causes of death. The studies for The
Netherlands focussed on mortality decline (instead of level), and on cause-spe-
cific mortality (instead of all-cause mortality). Both aspects of mortality have
hardly been studied using explanatory analyses for other historical western
countries. With reference to the findings for The Nethetlands, three issues will
be discussed in more detail: the changing importance of determinants over time,
culture as a determinant of mortality decline, and cause-specific mortality de-
cline.

The descriptive studies presented in this thesis showed that mortality de-
cline since 1875/79 can be divided in several subphases. These phases could not
only be characterised in terms of accelerations or decelerations in the pace of
mottality decline, but also in tetms of causes of death that dominated those
phases. The results of the desctiptive analysis presented in chapter seven
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showed, for example, that different causes of death dominated different phases
of mortality decline. In the period 1901-31 a generalised acceleration of cause-
specific mortality decline could be obsetved, while in the petiod 1931-50 the
most rapid accelerations in mortality were observed among aitborne infectious
diseases. In terms of absolute mortality decline, acute digestive diseases contrib-
uted most to mortality decline in the period 1901-31, while acute respiratory dis-
eases contributed most in the period 1931-50, Although respiratory tubetrculosis
contributed most to absolute mortality decline if the whole period 1875/1992
was taken into account, in different subphases of the decline other causes of
death contributed more to mortality decline. The fact that different causes of
death dominate the subphases of mortality decline indicates that different
determinanis played a role in those subphases,

The idea that different determinants dominated different phases of decline
came also to the fore from the explanatory analysis presented in chapter eight.
Cultural factors wete more impottant in the early years of ‘the new mortality re-
gime’ (1875/79 to 1895/99), while economic factors became more impottant
after the turn of the century. Others have also described the changing impot-
tance over time of specific determinants. Kintner (1988b) reported that the sig-
nificance of llegitimacy as a detetminant of infant mortality increased in the pe-
riod 1871 to 1901 and declined thereafter. This changing relationship might be
explained from improved cate for illegitimate infants after the turn of the cen-
tury. With respect to marital fertility, the significant association with infant moz-
tality declined in Germany in the period 1871 to 1900 (Kintner 1988b). In case
of Spain, changing associations of income and mortality over time have been
reported. No significant (negative) associations of income with mortality were
found for the late 19% century, while such associations were present in the early
20t century (Reher, unpublished paper 1998).

Another interesting finding with respect to determinants of mortality de-
cline is, that cultural factors played a role in mortality decline. In chapter eight it
was shown that Roman Catholicism and secularisation were significantly associ-
ated with mortality decline in the first decades of rapid mortality decline. There
are not many historical studies for western countties in which cultural factors are
taken into consideration. Studies for Germany showed that Roman Catholicism
was a significant factor of infant mortality levels in Germany (Kintner 1988a, b,
Vogele 1994). It has been argued that cultural factors as possible determinants of
mottality decline, and fertility decline have had more attention in European
countries as compated to the United States (ICirk 1996). It is true that, as far as
The Netherlands is concerned, decades ago, Hofstee (1979, 1981) came up with
the hypothesis that mortality decline was related to the extent to which new
ideas, especially with respect to hygiene, could diffuse in a society. New ideas
would be morte easily accepted in modern dynamic societies compated to tradi-
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tional socicties. Cultural factors have also been extensively studied by the Belgian
demographer Lesthaege (1983). However, cultural factors are getting iote at-
tention in research on mortality decline in other countries as well. Preston and
Haines (1991), and Ewbank and Preston (1990) came up with indirect evidence
of a role of cultural factors in mortality decline in the United States in the late
19t and eatly 20t centuries as well. In a multivariate analysis it turned out that
child mortality declined faster among children of professionals and managers
than among the general population. These declines turned out not to be related
to higher incomes, urbanisation or race. The researchets conclude that these fast
declines ate consistent with a faster acceptance of improved hygiene and child-
care practices among the uppet class (Ewbank & Preston 1990).

Studies of determinants of mortality decline using a lower aggregation
level than total mortality, e.g. age-specific or cause-specific mortality, can con-
tribute to gain more insight in the underlying mechanisms of mottality decline.
Consideting multivariate explanatory studies, age-specific studies (particularly
studies on infant mortality) have been conducted for a varety of countries.
Cause-specific mortality decline has hardly been studied for historical western
countties using multivatiate explanatory analyses. In chapter eight and nine, the
results of such analyses were presented for The Netherlands. The results of those
analyses show that detettninants of total mortality decline were significantly as-
sociated with specific underlying causes of death. The analyses in chapter eight
showed, for example, that wealth tax was significantly associated with infectious
diseases mortality decline in the first decades of the 20% century, but not with
mottality decline from other causes of death. The two cultural variables Roman
Catholicism, and secularisation were associated with different cause-of-death
groups in the late 19% century. Roman Catholicism was associated with other
causes of death than infectious diseases, and secularisation was associated with
infectious diseases mortality decline. In chapter nine, it was shown that Roman
Catholicism was significantly associated with mortality from convulsions and
acute digestive diseases, and not with acute respiratory diseases, another com-
mon cause of infant mortality. In case of ealy childhood mottality decline, it
turned out that urbanisation was significantly associated with measles and acute
respiratory discases, but not with brain diseases (i.e. mainly encephalitis/menin-
gitis). Such cause-specific analyses enhance our understanding of the determi-
nants of total mottality decline, and of cause-specific mortality changes.

10.6 Recommendations for further research

Four fields of research, which can futther improve our understanding of the un-
derlying processes of mortality decline in The Netherlands, and the epidemiol-
ogical transition theoty in general, will briefly be discussed.
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10.6.1 Determinants of mortality decline in The Netherlands

Only a selection of determinants of mortality decline could be analysed in the
studies presented in the former chapters. There were statistical reasons why the
numbet of detertinants in the models was limited, and for some determinants
there were no adequate data available on the regional level or for the time petiod
under study. The fact that certain determinants were not used in the models,
does of course not mean that their role in mortality decline is considered limited.
Possible important determinants of mortality decline, which could not be im-
plemented in the models are, for example, female education and breastfeeding.
Consistent time series of data on, for example, socio-economic status (occupa-
tion, education) are not available for the 19% and eatly 20% centuries in The
Netherlands.

In this thesis, the analyses of determinants of mortality decline were con-
fined to the petiod 1875/79 to 1920/24, the eatly phases of the ‘new mottality
regime’. Mottality decline in the petiod after 1920/24 until 1950 would be inter-
esting for further research. The most rapid mortality declines were observed in
The Nethetlands for that period, and analyses for that period would result in a
series of studies on determinants of mortality decline covering the late 19t until
the late 20t centuries. As far as the period after 1950s is concerned several stud-
ies have already been conducted (Mackenbach e7 o/ 1988, Mackenbach ¢f o/ 1989,
Kunst ef al. 1990).

A promising initiative, which will improve the availability of data on cer-
tain determinants, is the Historical Sample of the Population of The Netherlands
(HSN) (Mandemakers 1995). The main objective of the HSN is the construction
of a random sample of 0.5 percent of all men and women born in The Nether-
lands between 1812 and 1922 and subsequently the collection of data concerning
their life-course. The strength of the HSN will be its national character, Former

" initiatives wete, and comparable databases in othet countries are, mostly regional
projects, which makes generalisations to the total population difficult. ‘The data-
base will contain data on several determinants of mortality decline e.g, religion,
marital status, occupation, female education, and will provide us with consistent
data for those determinants over time. The HSN will also make analysis for the
early 19 century possible, for which only studies for some lagge cities are avail-
able (Jansen & Meere 1982).

10.6.2 Cohort-analysis

In the studies on mottality decline for The Netherlands no attention was paid to
the fact that part of the observed {cause-specific) mortality change might be ex-
plained by cohott effects. It would be interesting to analyse mottality decline
with respect to petiod-effects and cohort-effects. Several publications have
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shown that cohort effects do play a role in recent changes in cancer mortality.
Cohort effects played a tole in trends of stomach cancer (together with period ef-
fects), colorectal cancer, lung cancer, breast cancer, and prostate cancer (Caselli
1996, Evstifeeva ¢f 4/, 1997), Othets have observed cohort-effects in the trend of
ischemic heart disease mortality. According to the ‘eatly programming hypothesis’
of Batker ef al. (1989b), risks on ischemic heart disease in adult life are already de-
termined in utero.

The declines in ischemic heatt disease and cancer mottality are recent
mortality changes. It is however likely that cohort effects also played a role dur-
ing earlier mortality declines. If, for example, the time trend of height of army
recruits aged twenty in The Nethetlands is considered, a constant increase can be
obsetved from 1863 onwards (Van Wieringen 1986). Height is ptedominantly
determined in early childhood and adolescence, and is the net result of diseases,
nutrition, and workload. The incteasing height might, for example, reflect more
favourable disease environments of consecutive cohorts. Although cohott-ef-
fects might explain part of the historical decline, petiod effects will have deter-
mined an important part of mortality decline. The life expectancy changes have
been enormous in the past centuty. Life expectancy doubled in about 140 years,
which is in only about 5 generations. Cohort effects should also be considered in
the explanation of differences in cause- of-death pattern between countties.
‘There were differences between Western and Eastern European countties. The
cohott effect for colorectal cancer was not apparent in Western European coun-
tries, and was less strong for breast and prostate cancer in those countries as
compared to the Eastern European countties (Evstifeeva ef @/ 1997).

10.6.3 International compatison of the epidemiological
transition

In former sections is has been argued that countties differ with respect to cause-
specific mortality change. Until now, however, a lot of (historical) research has
addressed international differences in total mortality decline, but cause-specific
mortality decline has been studied less frequently. It has been suggested before
that it would be interesting to compare, for example, the results of the clustering
of cause-specific mortality trends in The Nethetlands with, to begin with, other
European countries. The analysis of long-term cause-specific mortality series
requires the construction of nosological cause-of-death categories as was done
for The Netherlands (chapter four). In othet countties but The Nethetlands
there have been initiatives to reclassify causes of death on a detailed level (e.g.
France, Italy). Differences can be expected, considering the trends on cause-spe-
cific mortality decline presented by Caselli (1996) which showed slower declines
of diarrhoeal diseases as compated to Norway and England. Thete might be a
geographical (e.g. north-south) gradient with respect to the cause-specific mot-
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tality pattern, and there might also be differences between, for example, The
Nethetlands and the Scandinavian countries or England. Cause-specific mortality
trends should be also be analysed with respect to the change in risk factors and
the adaptation tnechanisms that resulted in the observed coutse of cause-specific
mortality.

The analysis of so-called ‘deviant transitions’, such as the trends of ische-
mic heart disease in Eastern Futopean countiies is also of interest for the under-
standing of determinants of mottality change. Those countries followed at first
the epidemiological transition of the Westetn Eutopean countties, but have re-
cently shown deviations from that trend.

10.6.4 Morbidity transition

The epidemiological transition theoty and the health transition theoty both include
morbidity and disability change too. However, a lot of research is still needed in
this field befote general statements on the development of motbidity and dis-
ability can be incorporated in a theory, Empitical data on the motbidity transition
are lacking (or have not been studied) for many countties. Riley (1989) is one of
the few researchets, who studied historical motbidity data, predominantly from
England and Wales. He studied, among othet things; the duration of sickness,
changing disease profiles, and case-fatality rates. He concluded that mortality de-
cline in the past hundred years was accompanied by an increase in the tisk of being
sick (Riley 1989). In case of The Nethetlands, there has been little quantitative te-
search on histotical morbidity patterns and ttends. There might be several sources
worth exploring in The Netherlands, for example sickness funds. In the early 20
century there wete sickness funds which were mainly located in the provinces of
North and South Holland. Latge private enterprises such as Philips statted their
own sickness funds in the eatly 20% century. Around the Fitst World War, the
sickness funds also spread more and more into rural areas. Othet sources than
health insurances, could be the municipal health services with, for example, data
on child health from the school health services, or the ‘cross socicties” (Kiwis-
vereniginger)y (Van der Velden 1996a).

10.7 Policy implications

Several researchers have argued that the epidemiological transition theory should
be incorporated in health care planning (Philips 1991, 1994, Bobadilla & Possas
1993). Philips (1991, 1994) stated that the concept of epidemiological transition
might be used in a predictive sense viz. to anticipate future health changes. It has
been shown in former sections that the epidemiological transition theoty has
been used to predict changes in broad cause of death groups e.g. infectious dis-
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eases, cardiovascular diseases, cancer, accidents. Although the estimations ate
not completely accurate, projections until the year 2015 show a further increase
in mortality rates from cancer and cardiovascular diseases in developed and,
mote strongly so, in developing countries (Bulatao 1993). Beside epidemiological
changes, demographic changes are important for health policy too. Most causes
of death are strongly age related, so changes in the age structute of the popula-
tion will affect the burden of cause-specific mottality in a population. Muttay
and Lopez (1996) presented projections of the ratio of numbers of non-commu-
nicable to communicable deaths for different groups of countties. These ratios
were used to indicate the progress of epidemiological and demogtaphic transition
in those countries. This ratio remains relatively stable until the year 2020 for the
‘established market economies’ (including The Netherlands), but will increase
strongly in the ‘former socialist cconomies’ as well as in China, and there will
also be an increase in other countries of the wotld in the next century, except for
‘sub-Saharan Africa’. Such projections of the epidemiological transition ate im-
portant for the planning of health services, health promotion and prevention
programmes for specific diseases.

Beside the role of the epidemiological transition theoty in the prediction
of cause-specific mortality change, Omran’s publications triggered an enormous
amount of research, which in tarn has improved our understanding of these
changes. This knowledge can help to adapt to newly emerging health risks, So
far, in the past century western countries have managed to adapt sooner or later
to the newly emerging health risks. The tise and decline of causes of death is an
ongoing process, so in the future we can expect new health risk to emerge to
which populations have to adapt.

Especially the re-emergence of ‘old’ infectious diseases is gaining atten-
tion. Recently, an article has been published that infectious diseases (as primaty
causes of death) have been increasing in the United States in recent years (Pinner
ef &l 1996). AIDS has been on the increase in young adults, and pneumonia has
been an important increasing cause of death in oldet age groups. Reasons for the
re-emergence of infectious diseases are manifold, such as behavioural changes
(e.g. intravenous drug use, medical techniques, norms and values), increased
mobility (e.g. acroplanes, watr), demographic change (e.g. population
density/urbanisation), exploitation of the physical environment {e.g. change in
agricultural and industrial techniques), decreased attention to infectious diseases
{e.g. breakdown of infrastructure, loss of knowledge), and changes in viruses {e.g.
mutation, recombination). It has been atgued that the ecological effects of hu-
man acting, e.g. disruption of the habitat of apes, played a role in the emergence
of AIDS in the human population (Goudsmit 1997). Especially increased mobil-
ity is considetred to be an important factor (Osterhaus 1997). Also changes in
non-infectious disease patterns can be expected. In the United States cancer in-
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cidence for children under age 15 has been increasing since the early 1970s,
which has been ascribed to toxic chemicals in the environment (Horiuchi 1997).

As far as The Netherlands is concerned, on the basis of mortality devel-
opments in recent years, a further increase of mortality from prostate cancer for
males and an increase of mottality from lung cancer and CARA can be expected
in the near future (T'abeau & Huisman 1997). With respect to communicable
diseases, resistance of microorganisms to antibiotics is wotldwide an increasing
problem. In The Netherlands, it is still a minor problem, because of a restrictive
policy of antibiotics use. However, the immigtation of patients from countties inn
which resistance is prevalent might enlarge the problem in the future. Other pos-
sible increasing infectious diseases are malaria and typhoid fever, due to travel-
ling, and hospital infections and sepsis, due to invasive diagnostic en therapeutic
techniques and resistance to antibiotics (Van den Berg Jeths ef al 1997).

Inn order to be able to adapt adequately to newly emerging diseases eatly
recognition of diseases that ate on the increase, as well as knowledge of the de-
terminants of the disease is necessaty. With respect to infectious diseases, sur-
veillance of the resistance of infectious diseases to antibiotics is impostant. Pos-
sibly increasing infectious diseases, such as malaria, typhoid fever and tuberculo-
sis are currently carefully surveyed in The Netherlands (Van den Berg Jeths ef o/
1997). Another example of the surveillance of infectious diseases is the national
registration system of hospital infections that has been set up. Monitoting of
known risk factors of causes of death is also important to be able to adequately
respond to, ot prevent a renewed inctease of causes of death. Smoking behav-
iour and alcohol consumption among teenagers, which has both increased in re-
cent years, will lead to an increase of cardiovascular and respiratory diseases in
the future if there is no adequate response to this trend. Epidemiologists can play
an impottant role in contributing to the adaptation to new health risks by unrav-
elling the determinants of diseases and causes of death, as well as research on
adaptation strategies such as early diagnosis (e.g. screening on breast cancer), and
health promotion (e.g. life style factots).
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SUMMARY

I N 1971, OMRAN published the ‘epidemiological transition theory’. This the-
oty gives a stylised description of mortality decline in developed countries,
According to Omran, mortality decline followed three phases: first, #be age of pes-
tilence and fapsine in which mortality was high and fluctuating, and average life ex-
pectancy at birth was low and variable, vacillating between 20 and 40 years; sec-
ondly, the age of receding pandewsics in which mortality declined progressively, the
rate of decline accelerated as epidemic peaks became less frequent and eventually
disappeared, average life expectancy at bitth increased steadily from about 30 to
50 years; thirdly, the qge of degenerative and man-made diseases in which mortality con-
tinued to decline and eventually approached stability at a relatively low level
Omran’s theoty was based on the mortality experience in western coun-
tries in the late 18% to 20 centuries. He generalised the epidemiological transi-
tion to other parts of the world. Other countties could differ with respect to on-
set and pace of the decline, but mortality decline went through the same phases
of cause-specific mottality. The concept of epidemiological transition theory has
widely been used in public health. It offers possibilities for the explanation of
differences it cause-of-death pattern from differences in timing of the transition,
and for projections of cause-specific mortality change in developing countries
based on the histotical expetience of western countries, The otiginal epidemiol-
ogical transition theory has, however, met ctiticism too and has been refined by
others. The original theory has been accused by some researchers of being
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merely an empirical generalisation of mortality expetiences in western countries;
others have added a fourth phase to the transition theory in order to include re-
cent mortality changes. There is also still a debate going on about the determi-
nants of mortality decline. Considering all this, it seemed to be the right time for
a renewed scrutiny of the epidemiological transition theory. This thesis might
contribute to this scrutiny by presenting a detailed analysis of the epidemiological
transition in The Nethetlands,

The objective of this thesis is, first, to present a detailed description of the
epidemiological transition in The Netherlands with respect to the onset of, and
accelerations or decelerations in all-cause mortality decline, with respect to cause-
specific mortality trends and the contribution of infectious diseases to mortality
decline. Secondly, this thesis will study the relative itnpottance of determinants
of mortality decline in The Nethetlands in the late 19% and early 20t centuries.
And thirdly, the epidemiological transition theory will be re-examined on the
basis of the results for The Netherlands. '

After the introduction and objectives desctibed in chapter 1, Omran’s
original publications on the epidemiological transition are presented in chapter
2, Other literature in which weaknesses in Omran’s theory were pointed out ot
amendments to the theory were suggested ate reviewed as well The main
weakness of Omran’s original theoty was the inaccurate description of the
phases of the transition with respect to timing and cause-specific mottality
changes. Beside that, the epidemiological transition theory by Omran does not
adequately describe determinants of the epidemiological transition.

In chapter 3 the literature on determinants of mortality decline is re-
viewed, and a scheme of analytical levels of determinants of mortality decline is
presented. Two analytical levels were distinguished: the level of proximate de-
terminants, which consists of determinants that are directly associated with
mortality decline (e.g. crowding, nutritional status), and the level of distal detes-
minants, which are indirectly related to mottality decline, and affect mottality
decline through the proximate determinants (e.g. wealth, religious affiliation).
This scheme was used in the analyses of determinants of mortality decline to
structute the many determinants involved.

In chapters 4 to 9 descriptive and explanatory studies of the epide-
miological transition in The Nethetlands ate presented. Chaptet 4 desctibes a
method for reclassifying causes of death in the Netherlands for the petiod 1875-
1992. Two criteria had to be met to obtain a useful classification to study the
epidemiological transition. First, the categories should be nosologically continu-
ous over the period under study and second, there should be enough detail in
causes, which are important in the context of the epidemiological transition viz.
communicable diseases, non-communicable diseases and external causes of
death. The newly created categoties were tested for statistical contitmity during
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the transition years of one ICD-revision to the next. The reclassification proce-
dure resulted in a nested classification consisting of three levels of refinement of
causes of death: 27 causes, 1875-1992; 65 causes, 1901-1992; and 92 causes,
1931-1992. On the basis of this classification, 43% of all deaths in 1875/79 and
98% of all deaths in 1992 could be allocated to communicable diseases, non-
communicable diseases or external causes. The level of refinement of 27 and 65
causes wete used in the descriptive analyses of the epidemiological transition in
the Netherlands.

In chapter 5 the epidemiological transition is described on the basis of all-
cause mottality. A detailed and faitly objective description of rapid mortality
decline in The Nethetlands between 1850 and 1992 with respect to the statt, end,
and phases of the decline is given. Tutning points were estimated for the total
mortality trend, and for age and sex-specific trends between 1850-1992. The
turning points divided the trends into phases with different paces of decline,
Standardised motrtality started to decline rapidly in The Netherlands around
1880. Four phases in the period of decline could be distinguished: 1880-1917
(1.2% annually), 1917-1955 (1.6%), 1955-1970 (0.4%), 1970-1992 (1.1%). For
nearly all age groups, the most rapid decline occurred in a petiod comparable to
1917-1955. Causes of death which might have shaped the standatdised mortality
trend were, among others, respitatory tuberculosis (1917), heart disease (except
ischemic) (1955), ischemic heatt disease (1970). Causes of death that shaped the
mottality trend ate related to trends of determinants of mortality decline.

A description of the epidemiological transition based on cause-specific
mortality trends was given in chapter 6. Analyses were conducted for the period
1875 to 1992. Cluster analysis was used to determine groups of causes of death
- with similar trend cutves over a petiod of time with respect to age- and sex-
standardised mortality rates. In case of the analysis for 27 causes (studied for the
period 1875-1992), 3 important clusters were found: (1) infectious diseases which
declined rapidly in the late 19% century (e.g. typhoid fever), (2) infectious diseases
which showed a less precipitous decline (e.g. respiratory tuberculosis), and (3)
non-infectious diseases which showed an increasing trend during most of the
period 1875-1992 (e.g. cancer). The 65 causes (1901-1992) provided more detail.
7 important clusters were found: 4 clusters consisted mainly of infectious
diseases, including a new cluster that declined rapidly after the Second World
War (WW2) (e.g. acute bronchitis/influenza) and a new cluster showing an in-
creasing trend in the 1920s and 1930s before declining ity the years thereafter
(e.g. otitis media). 3 clusters mainly contaited non-infectious diseases, including a
new cluster that declined from 1901 onwards (e.g. cancer of the stomach) and a
new cluster that increased until WW2 but declined afterwards (e.g. chronic
theumatic heatt disease).
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The decline in infectious diseases is an important characteristic of the epi-
demiological transition. In chapter 7 the relative conttibution of infectious
diseases to total mortality decline in The Netherlands in the period 1875-1970
and four subperiods viz. 1875-1901, 1901-31, 1931-50, 1950-70 was analysed, as
well as the pace of infectious disease mortality decline in the four subperiods.
Respiratory tuberculosis contributed most to the decline in the periods 1875-
1970 (14.7%), 1875-1901 (16.2%), 1950-70 (14.9%), diatthoea/dysentery in
1901-31 (20.3%), and pneumonia in the period 1931-50 (22.0%). A generalised
acceleration in mortality decline (waterborne as well as aithorne infectious dis-
eases) could be observed in the period 1901-31. In the period 1931-50 accelera-
tions in decline were predominantly obsetved among airbotne infectious dis-
eases. The accelerations in mortality decline (from infectious diseases which
contributed largely to mottality decline) it the period 1901-31 could be related to
accelerations in fertility decline in the same period. In the petiod 1931-50, im-
provements in socio-economic and socio-cultural factors decelerated. Medical
factors seemed to be important contributots to mortality decline in that period.

In chapters 5 to 7, trends in determinants are related to cause-specific
mortality trends to get insight in possible determinants 6f mortality decline. To
further elucidate the determinants of mortality decline multivariate explanatory
analyses are tieeded instead of univariate descriptive analyses. In chapters 8 and 9
mortality levels and declines in the late 19% and early 20 centuries in The
Netherlands are analysed using multivariate regression analyses. The regional
variance in mortality and determinants, which was cleatly apparent at that time in
The Netherlands, was used in these analyses. In chapter 8 the relative im-
portance of economic and cultutal determinants of mortality decline have been
studied for the periods 1875/79-1895/99 and 1895/99-1920/24. Regional
mottality declines were estimated using Poisson-regression models. In a muld-
variate analysis the estimated declines were associated with economic (wealth tax)
and cultural variables (Roman Catholicism and secularisation) corrected for
confounders (urbanisation and soil type). In the period 1875/79 to 1895/99,
Roman Catholicism was significantly associated with all-cause mortality decline
and with mortality decline from other diseases than infectious diseases.
Secularisation was significantly associated with infectious-disease mortality de-
cline. In the period 1895/99 to 1920/24, wealth tax was significantly associated
with all-cause and infectious disease mortality decline. Intermediary, more
proximate, factors in the relationship between cultutal factors and mottality de-
cline were fertility decline, and the number of medical doctors per 100,000
population. No intermediary factors were found for the association between the
economic vatiable and mortality decline. Cultural and economic factors both
played an important role in mottality decline in The Netherlands, but in different
petiods of time.
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SUMMARY

In chapter 9 determinants of (cause-specific) infant and eatly childhood
mortality (decline) in the late 19% century ate studied. Mottality levels and decline
were estitnated with a Poisson-regression model. The associations of the
estimated levels and declines, and determinants of infant and eatly childhood
mortality were analysed using multivariate linear regression analysis. The causes
of death studied were, in case of infant moztality, convulsions, acute digestive
diseases, acute respiratory diseases, and, in case of early childhood mortality, en-
cephalitis/meningitis, acute respitatory diseases, and measles. Roman Catholi-
cism and marital fertility were significantly associated with high infant mortality
(total, acute digestive diseases and convulsions). The association for Roman Ca-
tholicism was stronger in 1895/99 as compated to 1875/79 due to less rapid
mortality declines in Roman Catholic ateas. Urbanisation was significantly asso-
ciated with high eatly childhood mortality (total, acute respiratory diseases, en-
cephalitis/meningitis). The strength of this association decreased over time, be-
cause of faster mortality declines in towns. The findings for The Nethetlands
seemed to be mote comparable with findings for Germany than with findings
for England and Wales.

In chapter 10 of this thesis, the epidemiological transition theoty is re-
examined based on the studies presented in chapters 4 to 9 and the international
literature. Fitst, the reliability of the Dutch cause-of-death statistics, on which the
results in chapter four to nine are based, and the comparability of the epi-
demiological transition in The Nethetlands with other European countties is
discussed. The cause-of-death classification in The Nethedands in the late 19t
century was rather brief, and there were inaccuracies in coding and diagnosis of
specific causes of death, but the effects of these inaccuracies on the conclusions
presented in this thesis were limited. Although the 19%-century classification was
btief, diagnosis by a medical doctor has been requited in The Netherlands since
1865, which is eatlier than in several other European countries. Besides, the de-
tailed first International Classification of Causes of Death was introduced right
away in The Nethetlands in 1901. '

The Netherlands can, together with other northwestern countries e.g.
England and Wales, be considered a countiy in which accelerated mottality de-
cline started eatly, ie. around 1870/80. The Netherlands distinguished itself
from other countries with respect to the rapid increase in life expectancy in the
late 19% and early 20t centuries. With respect to cause-specific mortality there
was probably also a difference between nosthwestern and southern European
countries. Acute digestive diseases were more important contributors to mortal-
ity, and declined less rapid in southern countries {e.g. Italy) than in north-western
countties (e.g. The Netherlands) Mote tesearch on cause-specific mortality de-
cline would be needed to draw more soundly based conclusion with respect to
cause-specific mortality.
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SUMMARY

The analyses of the weaknesses in Omran’s original theory with respect to
the changes in cause-specific mortality and the timing of the epidemiological
transition, showed that the changes in cause-specific mortality rates should be
described more specifically than a ‘decline in infectious diseases and an increase
in degenerative and man-made diseases’. The transition seemed to be more an
ongoing rise and decline of causes of death than a transition of one stage of
causes of death to another. On the basis of all-cause and cause-specific mortality
analyses for The Netherlands, mote phases in mottality decline could be defined
than the stages defined by Omran.

Omran’s original epidemiological transition theory did not accurately de-
scribe detailed cause-specific mortality changes, nor did it accurately describe the
determinants of the transition. In chapter 10 clements for a renewed formula-
tion of the epidemiological transition theory were suggested. The epidemiological
transition theory should be described in terms of iise and decline of causes of
death, and in terms of a disruption of health by emerging health risks and adap-
tation to health risks. This gives the epidemiological transition theoty a new fo-
cus, viz. the underlying mechanisms, and the cause-specific mortality changes as
a result of that, instead of a description of epidemiological transition as a decline
of infectious diseases and a rise of non-infectious diseases with little reference to
undetlying determinants.

The publication of the epidemiological transition theory has triggered an
enormous amount of research on epidemiological changes, including on the de-
terminants of those changes. Consideting the histotical tise and decline of causes
of death, newly emerging health risks can be expected in the future (for example
the fe-emergence of ‘old’ diseases such as tuberculosis). Epidemiologists can play
an impostant role in contributing to the adaptation to new health risks by unrav-
elling the determinants of diseases and causes of death, as well as research on
adaptation strategies, such as early diagnosis (e.g. cancer screening) and health
promotion,
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MRAN PUBLICEERDE IN 1971 zijn ‘epidemiologische transitietheorie’. De-

ze theotie geeft een beschrijving van de stetftedaling in ontwikkelde
landen, Deze stetftedaling verloopt volgens Omran in drie fasen. Ten eetste was
er ‘het tijdperk van pest en hongersnood’ (the age of pestilence and faniine), waarin de
sterfte hoog was en sterk fluctueerde en de levensverwachting bij gebootte laag
en vatriabel was, tussen de 20 en 40 jaar. Ten tweede was er ‘het tijdperk van
terugtredende pandemieén’ (Phe age of receding pandeniics), waarin de sterfte sterk
daalde. Deze daling werd sterker als de epidemieén minder vaak voorkwamen.
De levensverwachting bij de geboorte nam gestaag toe van 30 tot 50 jaar. Ten
derde was er ‘het tijdperk van de degeneratieve en door de mens veroorzaakte
zicktery (the age of digenerative and man-miade diseases). In dit tijdperk daalde de sterfte
verder en bereikt uiteindelijk stabiliteit op een relatief laag niveau.

Omurans theorie was gebaseerd op stetfteveranderingen in westerse landen
vanaf het eind van de 18e tot aan de 20e ecuw. Hij generaliseerde de epidemio-
logische transitietheorie ook naar andere delen van de wereld. Landen konden
verschillen wat betreft het tijdstip waarop de sterke stetftedaling begon en de
snelheid van de sterftedaling, maar de stetftedaling volgde wel dezelfde fasen van
doodsoorzaakspecifieke sterfte. De epidemiologische transitietheorie is één van
de weinige theorieén binnen de volksgezondheid, Zij biedt mogelijkheden om
verschillen in doodsoorzaakpatronen tussen landen te verklaren vanuit verschil-
len in timing van de epidemiologische transitie. Daarnaast biedt zij mogelijk-
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heden voor het vootspellen van toekomstige doodsoorzaakpatronen in landen
waatin de epidemiologische transitie minder ver gevorderd is. Et is echter ook
ktitiek dat de epidemiologische transitietheotie geen theorie is, maar slechts een
generalisatie van sterfteveranderingen in verschillende landen. Andere onder-
zoekers hebben voorgesteld fasen toe te voegen aan de epidemiologische transi-
tie om meer recente sterfteveranderingen in de theorie in te passen. Daarnaast is
het nog steeds niet geheel duidelijk wat de corzaken zijn geweest van die sterke
sterftedaling in westerse landen in de afgelopen eeuw(en). Gegeven de popula-
riteit van de epidemiologische transitictheotie, de kritieck en de voortdurende
discussie over de determinanten van sterftedaling, lijkt de tijd rijp voor een her-
nicuwde evaluatie van de epidemiologische transitietheorie van Omran, Dit
proefschrift wil aan deze evaluatie bijdragen door gedetailleerde analyses van de
epidemiologische transitie in Nedetland te presenteren.

Het doel van dit proefschrift is, ten eerste, om een gedetailleerde be-
schrijving van de epidemiologische transitie in Nedetland te geven wat betteft
het begin van de stetftedaling, versnellingen en vertragingen in de sterftedaling
en wat betreft doodsoorzaakspecificke stetfte-ontwikkelingen. Een tweede doel
is het relatieve belang te bepalen van determinanten van sterftedaling in Ne-
derland in de laatste decennia van de 19¢ en de beginjaren van de 20e ecuw. Een
laatste doel, ten slotte, is om de epidemiologische transitie theorie te evalueren,
gebruikmakend van de resultaten voor Nederland.

Na de introductie en doelstellingen beschreven in hoofdstuk 1, wordt in
hoofdstuk 2 een overzicht gegeven van de originele publicaties over de epide-
miologische transitietheorie door Omran et andere literatuur waarin kritiek en
aanvullingen op de theotie zijn gegeven. De beschrijving van de fasen in de
transitie wat de timing en de doodsootzaakspecificke veranderingen betreft
bleken onnauwkeutig in Omran’s epidemiologische transitictheorie. Daarnaast
besteedde Omran weinig aandacht aasn de determinanten van de epidemiclo-
gische transitie,

In hoofdstuk 3 wordt literatuur over determinanten van sterftedaling
besproken en worden deze determinanten gepresenteerd in een schema met twee
analyseniveaus: proximale en distale determinanten. Proximale determinanten
zijn direct aan sterfte gerelateerd (bv. voeding); distale determinanten zijn
indirect aan sterftedaling gerelateerd (bv. godsdienst) en hebben effect op de
sterftedaling via de proximale determinanten.

In de hoofdstukken 4 tot en met 9 worden de beschrijvende en verklaren-
de studies van de epidemiologische transitie in Nedetland gepresenteerd. In
hoofdstuk 4 wordt een methode beschrteven om de verschillende classificaties
van stetfte naar doodsoorzaak die in de periode van studie (1875-1992) zijn
gehanteerd te reclassificeren. Dit is nodig om doodsoorzaakcategotieén te
creéren die zoveel mogelijk nosologisch constant zijn door de tijd. Om de
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epidemiologische transitic te bestuderen is gestreefd mnaar een goede
vertegenwoordiging van infectieziekte-categorieén, niet-infectieziekte-categorieén
en categorieén met externe doodsoorzaken. De uiteindelijke categorieén werden
getest op statistische continuiteit over de verschillende overgangen van de ene
classificatiec naar de andere. Het uiteindelijke resultaat van de reclassificatie-
methode zijn drie niveaus van detail in doodsootzaken: 27 doodsoorzaken voot
de periode 1875-1992, 65 voor de periode 1901-1992, en 92 voor de petiode
1931-1992. Op grond van deze indeling kon 43% van de stetfte in 1875/79 en
98% van de stetfte in 1992 toegekend worden aan een duidelijk omschreven
categorie van infectieziekten, niet-infectieziekten of externe doodsoorzaken. De
niveaus van 27 en 65 doodsoorzaken worden in de analyses in de hoofdstukken
5 tot en met 7 gebruikt.

In hoofdstuk 5 wordt een gedetailleerde en objectieve omschrijving
gegeven van de epidemiologische transitie in termen van totale sterfte. Het begin
van en fasen in de transide worden beschreven, Omslagpunten die perioden
matkeren met een versnelling of een vertraging in de sterftedaling werden
bepaald in de totale stetftetrend en in leeftijds- en geslachtsspecificke sterfte-
trends voor de periode 1850-1992. De totale sterftetrend begon in Nederland
sterk te dalen in 1880. Vervolgens konden vier fasen in die sterftedaling
onderscheiden worden op basis van de snelheid van de daling: 1880-1917 (1.2%
daling per jaat), 1917-1955 (1.6%), 1955-1970 {0.4%), 1970-1992 (1.1%). Voor
mannen en vrouwen en in bijna alle leeftijdsgroepen daalde de stetfte het sterkst
in de periode 1917-1955. Doodsoorzaken die de totale sterftetrend gevormd
zouden kunnen hebben zijn, onder andete, respiratoite tuberculose {omslagpunt
1917), hartziekten (behalve ischemische hartzickten) (omslagpunt 1955} en
ischemische hartziekten (omslagpunt 1970). Deze doodsoorzaken werden
vervolgens aan determinanten gerelateerd.

In hoofdstuk 6 wordt een beschrijving van de epidemiologische transitie
in Nedetland gegeven op grond van trends in doodsoorzaakspecificke stetfte. De
analyses zijn uitgevoetd voor de periode 1875-1992. Met behulp van cluster-
analyse werden groepen doodsoorzaken bepaald met een zelfde trend doot de
tijd. In de analyse van 27 doodsoorzaken, voor de periode 1875-1992, konden
dric belangtijke clusters ondetscheiden worden: (1) infectieziekten die snel
daalden aan het eind van de 19¢ eeuw (bv. typhus), (2) infectieziekten die een
minder snelle daling lieten zien (bv. respiratoire tuberculose) en (3) niet-
infectieziekten die een stijgende trend gedurende het grootste gedeelte van de
periode 1875-1992 lieten zien (bv. kanker). De analyse met 65 doodsoorzaken,
voor de periode 1901-1992 gaf een meer pedetailleerd inzicht in de doods-
oorzaakspecifieke trends, Zeven belangrijke clusters werden onderscheiden. Vier
clustets bestonden vootnamelijke uit infectieziekten, inclusief een clustet waarbij
een stetke daling na de Tweede Wereldootlog opttad (bv. acute bronchitis/
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influenza} en een nieuw cluster infectieziekten dat een stijgende trend ket zien in
de jaten 20 en 30, gevolgd doot een daling (bv. otitis media). Drie clusters
bestonden voornamelijk uit niet-infectieziekten, inclusief een nieuw cluster dat
cen dalende tiend liet zien sinds 1901 (bv. maagkanker) en een cluster dat een
lichte stijgende trend had tot aan de Tweede Wereldootlog en daatna daalde (bv.
chronisch rheumatische hartzickten).

De daling in infectiezickten is een belangrijk element van de epidemio-
logische transitie. In hoofdstuk 7 is het relatieve aandeel van infectieziekten aan
de sterftedaling in de periode 1875-1970 en vier subperioden (1875-1901, 1901-
1931, 1931-1950, 1950-1970) beschreven. Daarnaast is ook de snelheid van de
daling van de infectieziekten voor die vier subperioden geanalyseerd. Respiratoire
tuberculose droeg het meest bij aan de daling in de perioden 1875-1970 (14.7%),
1875-1901 (16.2%) en 1950-1970 (14.9%). Diarree/dysentetie droeg het meeste
bij aan de daling in de periode 1901-1931 (20.3%) en pneumonie in de periode
1931-1950 (22.0%). Een algemene versnelling in de sterftedaling van infectie-
ziekten (door water en voedsel overgedragen en door lucht overgedragen) deed
zich voor in de periode 1901-1931. In de periode 1931-1950 deden zich met
name versnellingen in de sterftedaling van via lucht overgedragen infectieziekten
voor. Vetsnellingen in de sterftedaling van infectieziekten die veel bijdroegen aan
de sterftedaling in 1901-1931 kon gerelateerd worden aan versnellingen in
vruchtbaarheidsdaling in dezelfde periode. De versnellingen in de periode 1931-
1950 konden niet gerelateerd worden aan verbeteringen van sociaal-economische
of culturele factoren. In die periode leken medische factoren de belangtijkste
determinanten voot de sterftedaling.

In de hoofdstukken 5 tot en met 7 werden doodsoorzaakspecificke trends
gerelateerd aan trends in determinanten om inzicht te krjgen in mogelijke deter-
minanten van sterftedaling. Voor een verdergaand inzicht in de determinanten
van sterftedaling zijn multivariate analyses nodig. In de hoofdstukken 8 en 9 zijn
determinanten van de sterfte(daling) aan het eind van de 19 en begin 20e ecuw
in Nedetland geanalyseerd met behulp van multivariate regressie-analyse. De
vatiatic in de prevalentie van verschillende determinanten in 27 regio’s in
Nedertand wordt in die analyses gerelateerd aan de sterfte(daling). In hoofdstuk
8 wordt het relatieve belang van economische en culturele variabelen van sterf-
tedaling in de periode 1875/79-1895/99 en 1895/99-1920/24 onderzocht. Re-
gionale sterftedaling werd geschat met behulp van Poisson-regressie analyse. In
een multivatiate analyse werden de geschatte sterfredalingen gerelateerd aan
economische (‘personele belasting’) en culturele variabelen (rooms-katholicisme
en seculatisatie) gecorrigeerd voor confoundess (grondsoort en urbanisatie). In
de periode 1875/79-1895/99 was rooms-katholicisine significant geassocieerd
met totale sterftedaling en sterftedaling van niet-infectieziekten. De sterfte daalde
minder snel in rooms-katholieke regio’s. Secularisatie was significant geassocieerd
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met de daling van de sterfte aan infectieziekten. De infectiezicktensterfte daalde
sneller in regio’s met een hoog percentage van de bevolking zonder gods-
dienstige affiliatie. In de periode 1895/99-1920/24, was personele belasting
significant geassocieerd met stetftedaling aan infectieziekten en totale sterfte. De
sterfte daalde sneller in meer welvarende gebieden. Meer proximale factoren die
de associatie tussen de culturele factoren en sterftedaling zouden kunnen ver-
klaren waren huwelijksvruchtbaarheid en de artsendichtheid. Br werden geen
intetmediaire factoren gevonden voor de associatie tussen welvaart (‘personele
belasting’) en sterftedaling. Culturele en economische factoren speelden beide
een rol in de sterftedaling in Nederland maar waren in verschillende perioden
meer of tinder belangtijk.

In hoofdstuk 9 worden detetminanten van (doodsoorzaakspecifieke)
zuigelingensterfte en sterfte van 1- tot 4-jarigen in het einde van de 1% eeuw
bestudeerd. Sterfteniveaus en sterftedaling werden geschat met een Poisson-
regressie model. Deze schattingen werden in een multivariate lineaire regressie-
analyse aan determinanten van sterfte gerelateerd. De doodsootzaken die voor
zuigelingen geanalyseerd werden zijn acute spijsverteringsziekten, acute respira-
toire aandoeningen en stuipen; voor de stetfte van 1- tot 4-jarigen werden
hersenziekten (vnl. encephalitis en meningitis), acute respiratoire aandoeningen
et mazelen geanalyseerd. Rooms-katholicisme en huwelijksviuchtbaarheid waren
significant geassocicerd met hoge zuigelingensterfte (totale sterfte, acute
spijsverteringszickten en stuipen). De associatie met rooms-katholicisme was
stetker in 1895/99 dan in 1875/79 vanwege minder stetke stetftedaling in
rooms-katholieke gebieden in de periode 1875/79-1895/99. Usbanisatic was
significant geassocieerd met hoge sterfte op de leeftijd 1-4 jaar (totale sterfte,
acute respiratoire aandoeningen en hersenzickten). De mate van deze associatie
nam af doot de tijd, omdat de stetfte in steden juist sneller daalde dan op het
platteland. Deze bevindingen ten aanzien van determinanten van zuigelingen- en
jonge-kindersterfte komen overeen met resultaten voor Duitsland, meer dan met
resultaten voor Engeland en Wales.

In het laatste hoofdstuk van het proefschrift, hoofdstuk 10, worden de
resultaten van de studies voor Nedetland in een bredete context bediscussieerd
en wordt Omran’s epidemiologische transitietheotie geévalueerd. Eerst wotdt in
dit hoofdstuk de betroumwbaatheid van de Nederlandse doodsoorzakenstatistiek
bediscussieerd en wordt de epidemiologische transitiec in Nedetland vergeleken
met die in andere Europese landen. De doodsootzakenclassificatic in de 19
eeuw was relatief kort en er waren enige onnauwkeurigheden in het coderen en
in de diagnose van specificke doodsoorzaken, maar de effecten hiervan op de
conclusies van dit proefschrift zijn beperkt. Hoewel de 19e-eeuwse classificatie
kort was, was een belangrifk voordeel van de Nedetlandse classificatie dat diag-
nose van de doodsootzaak door een agts al sinds 1865 vereist was. Dit is cerder
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dan in verschillende andere Furopese landen. Daarnaast is het zo dat in Neder-
land direct inn 1901 de ectste, en uitgebreide, Intetrnationale Classificatie van
Doodsoorzaken werd ingevoerd.

Nedetland kan samen met andere Noordwest-Europese landen, zoals
Engeland en Wales, beschouwd worden als een land waatin de epidemiologische
transitie vroeg begon, nl. rond 1870/80. Nederland onderscheidde zich van
andere landen waatin deze versnelde sterftedaling vroeg begon door de relatief
snelle daling in voornamelijk het einde van de 19¢ en het begin van de 20e eeuw.
Wat betreft doodsootzaakspecificke sterftedaling waten er verschillen tussen
Noordwest-Eutopese en Zuid-Europese landen. Acute spijsverteringsziekten bij-
voorbeeld droegen niet alleen méér bij aan de sterfte in Zuid-Europese landen
(bv. Itali€) dan in Noordwest-Europese landen (bv. Nederland), maar de sterfte
aan deze zickten daalde ook minder snel in Zuid-Europese landen.

De analyses van de kritiekpunten op Omran’s originele theotie wat de
verandetingen it doodsootrzaakspecificke stetfte en de timing van de epi-
demiologische transitie betreft, laten zien dat de weergave van de epidemio-
logische transitie als een daling van infectieziekten en een stijging van niet-
infectieziekten te eenvoudig is. De epidemiologische transitie is meer een
voortdutende stijging en daling van doodsoorzaken dan een transitie van het ene
doodsoorzaakpatroon naat het andere. Daarnaast brachten de analyses van totale
en doodsootzaakspecificke sterftetrends in Nederland voor de periode 1875-
1992 meer fasen in de epidemiologische transitie aan het licht dan die door
Omran genoemd worden,

In Omran’s oorspronkelijke epidemiologische transitietheorie werden de
doodsoorzazkspecificke verandering niet gedetailleerd beschreven en werd
slechts zijdelings ingegaan op de determinanten van sterftedaling. Een gedetail-
leerde doodsoorzaakanalyse is echter wel van belang om de onderliggende me-
chanismen van de steftedaling te kunnen doorgronden. In hoofdstuk 10 worden
elementen voot een hernieuwde formuleting van de epidemiologische transitie
voorgesteld. Hierbij is gebruik gemaakt van bestaande theorieén, zoals de ‘health
transition theory’. De epidemiologische transitie zou omschreven moeten
wotden it termen van stijging en daling van doodsoorzaken en in termen van
verstoting van de gezondheid door opkomende gezondheidsrisico’s en aanpas-
* sing aan die risico’s. Dit geeft de epidemiologische transitietheorie een nieuwe
focus, nl. die van de ondetliggende mechanismen en de doodsoorzaakspecificke
verandeting als het resultaat daarvan. Dit in tegenstelling tot de huidige om-
schrijving in termen van een daling van infectiezickten en een stijging van niet-
infectieziekten zonder verwijzing naar de determinanten. Gezien de historische
trend van stijging en daling van verschillende doodsoorzaken, kan de opkomst
van nieuwe zickten en doodsoorzaken voor de toekomst verwacht worden. Een
vootbeeld hietvan is bijvoorbeeld de opkomst van ‘oude’ infectieziekten zoals
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tuberculose. Eptdemiologisch onderzoek kan een belangtijke bijdrage leveren aan
het aanpassen aan opkomende gezondheidstisico’s door onder andere onder-
zoek van determinanten, surveillance van (infectie)ziekten, vroege opspoting van
ziekten en gezondheidsvootlichting.
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Appendix 1

PrRE-IJCD AND ICD CODES
BELONGING TO THE CAUSE-OF-DEATH
CATEGORIES OF THE NESTED CLASSIFICATION
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1875-1992

1901-1992
Cause of death 19th century  ICD-1 ICD-2 1CD-3 ICD-4 ICD-5 1CD-6/7 ICD-8 ICD-9 Cause of death
se o classification  (1901-1910) (1911-1920) (1921-1930) (1931-1940) (1941-1949) (1950-1968) (1969-1978) (1979-1992) ~2US€ ©
Congenital 1 150 150 159 157a¢ 15724 750-759 740-749, 740-749, Congenital
malformations 750739 750-759 malformations
Cancer 5 40 40 44ab 46z 46a 150 150 130 Cancer of the
oesophagus
46b 46b © 151 151 151 Cancer of the
stomach
46d 46e 155-156 155-156 155-156 Cancer of the liver
and gallbladder
41 41 45ah 46¢ 46d 154 154 154 Cancer of the rectum
46f 46g 158 158 158 Cancer of the
peritoneum
46g 46c¢ 152-153 152-153 152-153 Cancer of the colon
and small intestines
44 44 48 52 53 190-191 172173 172173 Cancer of the skin
43 43 47 50 50 170 174 174175 Cancer of the breast
39,42,45 39,42,45 43ab, 43 48ah 171174 180-182 179-182 Cancer of the uterus
462
toae  49ab 49 175176 183184 183184  Cancer of the ovary
and other female
genital organs
46e 46f 157 187 157 Cancer of the
pancreas
47ab 47a<c 161-165 161-163 161-165 Cancer of lung and

larynx




1875-1992 1901-1992
Cause of death 19th century ICD-1 ICD-2 ICD-3 ICD-4 ICD-5 ICD-6/7 ICD-8 1CD-9 Cause of death
au classification  (1901-1910) (1911-1920) (1921-1930) (1931-1940) (1541-1949) (1950-1968) (1969-1978) (1979-1992) ~21s€ 0T ded
46h, 51,53 46h, 51a¢c, 142, 15% 142, 159- 142,159-  Cancer of other
52, 54ab, 160,177 160,170- 160,170- organs
55ad 181,192 171,185 171,185

200, 202-  200,202- 200, 202-

203,205- 203 203

207
Scurvy 6.2 49 49 533 60a-b 67ab 282 264 267 Scurvy
Typhoid fever. 7 1 1 lab 1, 2a-b 1, 2a<¢ 040-041 001-002 002 Typhoid fever.
Paratyphoid fever Paratyphoid fever
Malaria (including: 9 4a-b 4ab 5ab 38ab 28ad 110117 084 084 Malaria
intermittent fever,
pernicious fever)
Smallpox 10 5 5 6 6a-C 3da-b 084 050 050 Smallpox
Scarlet fever 11 7 7 8 8 8 050051 034 034 Scarlet fever
Measles 12 6 6 7 7 35 085 055 055 Measles
Cerebrovascular 15 64-65 64-65 74ab, 83 82ab 83a-h 330334 430438 430-438 Cerebrovascular
diseases diseases
Brain diseases etc. 3.2, 14, 16,17 28 30 32 24 14 010 013 013 Tuberculosis of the
lincluding insanity, nervous system
giseases of the 36,62,67 _37,62,67 38ae 72,76 34a<, 80,83 30ad4 020029 090097 _ 090097 _ Syphilis
spinal cord, -
p‘;,aiysisf syphils, 51,63,66, 51,63,66, 60ab,61, 66a 63a 250 240 240 Goitre
convulsions, 22—78% 74 gg'?é 73- %77953; ,, 86 63c 253 243244 243-244  Cretinism

1 1 ’ ’ ’ ah,
trismus, epilepsy) 84 8eae 66D 63b 252 242 242 Basedow’s disease
66d-e 63d-e 251,254, 241, 245- 241,245 Other diseases of the
271 246, 252 246, 252 thyroid



81, 82c, 82, 83c, 351-352, 330-333, 330331, Orther diseases of the
87b,e 87be 354-357, 341,343 333-337, nervous system
360-369 344, 346-  341-344,
358 346-359
87¢ 87¢ 350 342 332 M.Parkinson
87d 87d 345 340 340 Muttiple Sclerosis
85 85 353 345 345 Epilepsy
88 88 095,370- 076077, 076,360- Eye diseases
379, 380 360-369, 379
389 370-379
56 56 66 75 77 307,322 291,303 291,303 Alcoholism
60, 61ab 60, 61ab  23-24, 70-71 17-18, 78ab, 6, 37a<, 057,082-  036,045- 036,046-  Encephalitis. Mening-
79 80a-b, 81a-b 083, 340 046,062- 049,062- tis
344 066,320- 064,320
324 326
71 71 80 86 86 - - Convulsions
- - 22 16 36 080081 040-044 045, 138 Poliomyelitis
76 76 86 89a-b 89a-b 390-398 380-389 380-389 Diseases of the ear
Respiratory tuber-  18.1 2627 28 3 23 13ab 601008 010012 010012 Respiratory
culosis (including: tuberculosis
tuberculosis of the
lung and larnynx,
haemoptysis}
Diabetes mellitus  18.2 50 50 57 59 61 260 250 250 Diabetes meliitus
Diphtheria. Croup 19, 25 9a-b 9ab 10 10 10 055 032 032 Diphtheria. Croup
Whooping cough 20 8 8 9 9 9 056 033 033 Whooping cough




1875-1992 19011992
Cause of death, 1780 century  1CD-1 ICD-2 ICD-3 ICD-4 ICD-5 ICD-6/7  ICDB ICD-9 Cause of death
classification  (1901-1910) (1911-1920) (1921-1930) (1931-1940) (1941-1949) (1950-1968) (1969-1978) (1979-1992) —* ¢ O &%

Acute respiratory 21 10,90 10, 89 11ab, 992 11ab, 106a 33ab, 106a 480-433, 466, 470- 466, 487 influenza, acute
diseases 500 474 broncitis
92-93 91-92 100, 101ab 107-109 107-109 490-493 480-486 480486 Pneumonia
94 93 102 110 110ab 518519 510:511 510-511 Diseases of the
pleural cavity
Chronic respiratory 22 87-88,100- 86-87,99- 9798, 108a- 104-105, 104a-b, 105, 470-475, 460-465, 460-465, Diseases of larynx,
diseases 101 100 b, 109 115 115a-d 510-514, 500-504, 470,472-  pharynx, nasal cavity,
516517, 506, 508, 476,478,  oral cavity
530-538 520-529 520-529
91, 95-99 90,9498 99bd, 103- 106b-c, 111- 106b-, 240-241, 450, 490- 415,477, Chronic bronchitis.
106, 107a-b 113, 114a-b 117a-<c, 112- 465, 501- 493, 507, 490-496, Asthma. Other disea-
113, 114ae 502, 520- 512-519 500-508, ses of the lung
527 512-519
Diseases of the 23,24 47,73 47,72 51, 81 56, 87a 58a-d, 87a 400402 390392 390-392 Rheumatic fever.
circulatory system. Chorea
Rheumatsm. 80 80 89 94 94ab 420 410414 410414  Angina peetoris.
Arthritis, ischemic heart
disease.
77-79,85-86 77-79, 85a- 87-88, 90, 20 90a-b 432 3093, 420 393, 420, Diseases of the
85b 9595 423 423 pericardium
91 91ac 430 421 421 Acute endocarditis
92 92Zac 410414 394397, 394-397, Chronic endocarditis
424 424
93a 93a 431 422 422 Acute myacarditis



93b-¢, 95a-b 93b-d, 95a-c 415416, 398,425 398, 416  Chronic myocarditis.
422, 433- 429 417,425 Functional heart
434 429 disease. Other heart
disease
102ab, 103 102-103 440-447, 400404, 401405, Hypertension.
467 458 458459 Hypotension
81-83,142 81-83, 142 9la<, 92-93, 9697, 99-  96-99, 100a- 450-456, 445, 451-  445,451-  Diseases of arteries
151 100,98ab b 460-464, 456 456 and venes.
466
Acute diseases of  26.1,26.2, 28 i4ab, 105a- 14, 104-105 16a-c, 111h, 13a-<c, 117b, 27a<c, 117b, 045-048, 004, 006~ 004, 006~ Diarrhoea.
the digestive b, 106 113114 119, 120a-b 119, 120a-b, 541,571- 009,532, 009,532, Dvsentery. Enteritis.
system, Diarrhoea. 123a 572 561-563 555-558,
Dysentery, 562
116 117 126 129 129 576-577 567 567 Peritonitis
118 108 117 121 121 550-553 540-543 540-543 Appendicitis
Cholera (including: 27.1,27.2 12-13 12:13 14-15 12 4 043 000 00 Cholera
Asiatic cholera,
cholera nostras)
Chronic diseases 29 29 31 33 25 15a-b 011 014 014 Abdominal tuber-
of the digestive culosis
system 103 102 111a 117a 117a 540, 542 531,533 531,533~  Stomach ulcer
534 534
102 101 110 116 116 539 530 530 Diseases of the
oesophagus
104, 108 103,109-  112,118ab, 118, 123 118, 123b  543-545, 535-537, 535537, Other diseases
110, 112« 111,113- 119ab, 120, 573-575, 564.566, 564-566, stomach and
114, 117 115,118 122a-b, 123- 578 568-569 568-569, intestines
125,127 578579
124a-b 124a-b 581 571 571 Liver cirrhosis
125,127 125a-b, 580, 582- 570,572~  570,572-  Other diseases liver
127a-b 583,585 573,575  573,575-  and gailbladder
586 576 576




1875-1992

1901-1992
19th century  ICD-1 ICD-2 ICD-3 ICD-4 ICD-5 ICD-6/7 ICD-8 ICD-9
Cause of death o cdiation  (1901-1970) (1911-1920) (1921-1930) (1931-1940) (1941-1949) (1950-1968) (1969-1978) (1979-1992) Cause of death
128 128 587 577 577 Diseases of the
pancreas
126 126 584 574 574 Gallstones
122ab 122ab 560-561, 550-553, 550-553,  Abdominal hernia
570 560 560 and intestinal
occlusion
Diseases of the 30 37-38 38 39, 40a-b 35a-¢ 25, 4a 030-039 098-099 098-099 Venereal infections
genito-urinary {syphilis excluded)
system -
119 119 128 130 130 590 580 580 Acute nephritis
120-121 120-122 129131 131132, 131a-c, 132, 591-5594, 581-584, 581-591, Chronic nephritis.
133a-b 133a-b 600, 601, 590,591, 593 Other kidney disea-
603 593 ses
122-124 123-125 132133, 134a<, 134a-c, 602, 604- 592,594 592,594-  Diseases of the blad-
134ab 135a-b, 135a-b, 609 599 599 der, urethra, and
136ab 136a-b other organs urinary
tract
125-126 126-127 135136 137-138 137a-b, 138 610617 600607 600-608 Diseases of the pro-
state. Diseases of
other male genital
organs
127-133 128133 137-140, 54a, 55z, 56a-c, 57a-c, 214217, 218-221, 218221, Diseases of female
141ab, 142 139ad 139a-d 233-235, 234-236, 610611, genital organs
620-626, 610616, 614629
630-637 620-629




Puerperal diseases 31.1 134-136, 134-136, 143a-c, 144- 141-143, T141ab, 142, 640-650, 630-645, 630639, Bieeding and other

138141 138-141 145, 147- 144a-b, 143a<, 652,660, 650662, 640-648, diseases of
150 145b, 146-  T144a.d, 145, 670-678, 671-678 650-669, pregnancy
147, 148a-b, 146a-d, 680, 682- 671676
149.150 147¢cd, 689
T48a-d,
149a-b,
150a<
Puerperal fever 31.2 137 137 146 140, 145a  140a-b, 651, 681 670 670 Puerperal fever
147ab
Other diseases 2,3.1,4,8, 13 18 18 21 15 : 11 052 035 035 Ervsipelas
lincluding: debiliy, 22 22 27 20 7 062 022 022 Anthrax
some types of - -
tuberculosis 30-35 29,3235 34-35, 36a-e, 26-31, 32ac 16, 17ac, 012019 015019 015-018, Disseminated and
serofula, 37ab 18-20, 21a 137 other tuberculosis
rickets, skin b, 22ac
diseases, abscess, 48, 146-149 36, 48, 146- 52, 56,156 57ab, 58, 59al-a3, 283-285, 265,274, 268,274,  Arthritis. Rickets.
ulcer, gangrene, 149 158 63-64, 154 59b, 60, 288,720 710718, 710-73% Diseases of
pyaemia, 155, 156ab 66a, 70, 727,730- 720-738 locomotion
haemorrhage, 154a-, 155, 738, 740-
continuous fever) 156a-b 749
52 52 63 68 65ab 274 255 255 Adrenal diseases
154 154 164 162b 162b 794 794 797 Old age
162a 162a 304 290 290 Dementia
151-153 151-153 160, 161ah, 158159, 158-159, 770-776 760779 760-779 Diseases of newly
162-163 160a-h, 160a1-b2, born
i6lac 161a-e
20 20 41 36ab 24a-C 053-054, 038 038 Septicaemia. Pyaemia

063




1875-1992

1901-1992
Cause of deathy 19t contury  1CD-1 ICD-2 iCD-3 1CD-4 ICD-5 ICD-6/7  ICD-8 ICD-9 Cause of death
dassification  (1901-1910) (1911-1920) (1921-1930) (1931-1940) (1941-1949) (1950-1968) (1969-1978) (1979-1992)
2:3,11,15- 2:3,11,15 24,12-13, 3-5,14ad, 3,5 12,23, 042,044, 003,020 003,020 Otherinfectious
17,19,21, 17,19,21, 17ad, 1820, 19ab, 21- 26a<, 29, 058061, 021,023 021,023- diseases
23-24,72, 23-25,106- 2526, 2830, 22,33,37, 31,32ab, 064,070- 027,030- 027,030
107,111, 107,112, 42,115, 39ab, 40, 38af 3043, 074,086 031,037, 031,037,
144 144 116af, 121, 41ab,42- 44cd, 152 094,096, 039,051-  039-044,
153 44,152 100-108,  054,056-  051.054,
120-124,  057,060- 056057,
135138,  061,067- 060061,
691693 068, 070-  065-066,
075,078 070075,
083,085  077-083, ,
089, 100- 085088,
104,110 100-104,
117,120 110118,
136,681-682 120136,
139, 681-
682
25,46,53- 26-27,46, 50,5455, 54b,55b,  44b, 56d-e, 201,204, 201,204 201,204  Other diseases
55,68, 84, 53-55,68, 58ab,59, 61-62,65 57de 62, 210213,  217,222- 208,210
115,143, 84,116, 62, 64,652 67,69, 70a- 64, 66b, 68 218232,  228,230- 217,222-
145 143,145 b, 69,77,94, b, 71ab, 69,71, 72a- 236239,  233,237- 239,251,
152, 154ab, 72a<c, 7374, ¢, 73ad, 242245, 239,251, 253-254,
155 84ab, 101, 74ab, 75, 270,272~ 253254,  256-266,
151,153  76ad,84a 273,275 256-258,  269-273,
d, 101,151, 277,280 260263, 275289,
153 281,286- 266273,  292-302,
287,289 275289,  306-319,
3083,305- 292302, 471,680,
306,308  305-315,  683-686,
318,320- 457,505,  690-698,
321,324 680,683 700709



326, 468, 686, 690-
515, 690, 698, 700-
694-698, 709
700-716
Violence 32.1,33.1 - 182-184 197-200 172a-b, 173- 165-168 E980-983, E960-969 E960-969 Homicide
175 E964
- 175 188b 186a1-a4 169, 170a-.c, E800-802, E800-807, E800-807, Traffic accidents
171ab E810-825, E810-823, EB10-829
£830-835, E825-827,
E840-845, E940
E960
57ab, 58- 57ab, 58 6768, 175 Féab, 77ab, 78a-b, 79a- 049, 323, 005, 304, 005, 304- Other external
59, 164172, 59, 164 180, 181ab, 176-177, b, 172-174, EB850-858, EB30-838, 305, E830- causes of death
174-176 174,176, 182-187, 178a-b, 179- 175a.c, 176- E860-866, E840-845, 838, E840-
178-187, 188a, 189- 185, 186a5- 188, 191- E870-888, [E850-877, 848, E850-
185-186 191, 193- ab, b1-b3, 194,195a, E890895, E880-903, 876, E878-
196, 20Ta<, 187-188,  bl-b2,ce, [ES00-904, E905-936, 888, E390-
202-203 190-193, 196a-b, 197- E910-932, E941-949, 903, E905
194a-b, 195- 198 £934.936, E970-978, 949, E970-
198 ES40-946, E980-999% 978, E98(-
E950-959, 999
E961-962,
£965, E984-
985, ES90-
999
Suicide 32.2,33.2 155-163 155-163 165-174 163171 163al-b3, E963, E970- E950-959 E950-959 Suicide
164ag 979
Unspecified and il 6.1, 34.1,34.2 173,177- 177, 187- 192a-b, 204- 189a-b, 199- 189, 199, 780-793, 780.793, 780-796, Unknown and ill-defi-
defined or un- 178, 179a-b 188, 189a-b 205, 206a-b 200 200ac 795,E933  795.796, 798-799, ned causes of death.
known causes of E904 E904 Sudden death.

death. Sudden
death. Dropsy.







Appendix 2a

TRENDS OF CAUSES OF DEATH THAT COULD BE
STUDIED FOR THE PERIOD 1875/79 'TO 1992

See appendix 1 for the corresponding ICD codes

* Age- and sex-standardised mortality rates. Direct standardisation with the
average population of 1901-1992 as the reference population.
1875/79 to 1895/99 ate quinguennial fiputes. Figures for individual years have

been interpolated.
Trends on the log-scale will be interrupted if the mortality rate is zero.
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Appendix 2b

TRENDS OF CAUSES OF DEATH THAT COULD
ONLY BE STUDIED FOR THE PERIOD
1901 TO 1992*

See appendix 1 for the cotresponding ICD codes

* Age- and_sex-standardised mottality rates. Direct standardisation with the
average population of 1901-1992 as the reference population.
Trends on the log-scale will be interrupted if the mortality rate is zero.
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Appendix 2c

TRENDS OF CAUSES OF DEATH THAT COULD
ONLY BE STUDIED FOR THE PERIOD
1931 TO 1992%

See appendix 1 for the corresponding ICD codes

* Age- and sex-standardised mortality rates. Direct standardisation with the
average population of 1901-1992 as the reference population.
Trends on the log-scale will be interrupted if the mottality rate is zero.

—275-






=
=4 2 -
1
" i :
l_o | 0661
- !
m L
Q L
T ¢
t L 0861
L 0L61L
. L
-] L
-
= L 0961
]
L. 0561
L Ct6l
e —— 0€61
(=) D o o S =]
101 =] p¥») - o~
Ad 0oo'eo | 49¢ Ayenow pazipsepuels

calendar year

160

+ 10

~+—normal — log

dementia

L 0661

L 086l

L 0i6L

L 0961

L 0561

L Ov6L

Ad ooo'00L Jad

=

JELOW PRZIPIRPURIS

calendar year

2
" 3
Ho [ 0661
- L
m L
g L
t L 0961
" L
) L 0s61
(-]
= B
f=%
[=}
w |
@D
Q L
= L 0961
S
Q L
1™
-1 .
g
] L
o
L 0561
L oF6lL
— L 0g6L

o0 Xal - o~ o
Ad 000’001 J2d Asesow pazipiepuels

calendar year

160
- 10

L 0661

L 0861

~+—nonrmal —log
T

L 0461

L 0961

cancer of the stomach

L 0S6L

L OF6l

F : : L 06l
(= (=3 (=] (=]
[~ - 4]

Ad 00000 L J2d Aeliow pazipiepuels

calendar year



—+normal —Ilog

cancer of liver and gallbladder

| 0861

L 0461

L 0961

L 0561

L O¥6l

og6l

~

Ad Q00001 12d Auenow paziprepuels

T

S o ™N® T
- -

calendar year

[
[ =
1 “ |
['+]
Hn ﬁ 0661
- i
rm.. -
o
g L
i L 0861
£ L 046l
u L
k2]
g L
- L
< L 0961
-
5 L
[=]
= L
[+
C F
L 0S6L
L ov6l
— 0£81

T
N QO mW T N O

Ad 000’001 J3d AlEuous paziprepuRls

calendar year

L 0661

| 086t

F 0461

F D961

{ 0561

L ObsL

s
oo
A=l
=
E
=
=]
=
-
=l
-]
2
=
=]
-
=
@
=3
-]
=
-
A
=]
A
)
o
c
[l
[
T
o o~
i —

Ad 000001 sod AlreloWw pazipiepurys

T
hct
o

T

=
o

061l
o

calendar year

r 100
T 10

ﬁ Q661

L 086l

~+—narmal —{og

L 0Z6L

L 0961

| GseL

cancer of the colon and small intestines

L O¥6L

0£6L

T T T
< el o Lal o

~ —— —

Ad 000’001 Jod Aljeliow pazipsepuels

calendar year



e - =2 - c - g )
F | - .
oh "] ol T L
h_u L 0661 .ﬂ L 0661 lim L 0661 g 0661
= = = — r
g P g - 2 g S |
) L og6L ‘ L o851 + - 0861 4 | 0851
- > [ - |
=
r % r i = "
L 0461 = L oz6L ° - 0461 g L 0461
3 A = g i )
= = 3 [ -— L
— L = = P = L I -
3 i g S - :
= 3 ..w 2 r = 2 ] 3 = I
L 696l = < = L 0961 £
b 5 E - 096l 2 = 5 = L 0961
: R - - -
(=] bl @ B
=4 k @ L o - ] L
g = & =
F o - S L M L
| 0561 = | oselL [ 0561 “ L 0561
o
r = A - L
o~
L S | L |
=}
I 5 I L ]
L Ov6!L = | ore: L o6l . [ Or6L
i S A L
E o) b
-2}
L 2 L L
v 3
L o L L
[+
— L 0%61 [ seot - 0g6l . : 0£61
=~ ST T T T (=T~ TN~ T Y ] o) o [=]
- o (] - ~ (=] - o - o~

Ad 000001 4od Alenow pazipiepuYls Ad 00000 L 42d Alpeuctu paziprepums Ad 000001 J9d Ayfzuow pazipiepuels Ad 000’001 Jad Aujenow pazipiepu)s

calendar year



1204 lepusjed

standardized mortality per 100,000 py standardized mortality per 100,000 py standardized mortality per 100,000 py standardized morzality per 106,000 py

= - o o o e © © o o ) -
=] w - wn ~ o — L&) W £ o - N w ' = o =1 =
1930 S 1930 e 1930 EEE— 1930 ’ :
1940 7 1940 1940 1940
1950 7 1950 7 1950 1950
i p ] g I
B
b1 =
7 8 i ' i 2
. & B 1 a 8 g 1 Ny
=) jad - =3 )
1960 z 2 1960 = 2 1960 1 % 2 1960 1 Ny
1 w 5 : 2 g 4 = g ] =
o bt w ~ 1] - [1-3
1 ¥ 3 1 3 5 . g ] %
® - ]
1970 1970 1970 ™ 1976 7 H
1580 - } 1980 1 i 1080 1 t 1980 T t
: g 1 2 1 g 1 2
i 1990 7 Dl 1990 = 1990 .!.
ik e L 7] s IS | il
T T 13
o [ — o o bl u—y -— —
o . . ¢ 2 g o
lat @ = ] =) g



lead Jepus|Ea

standardized mortality per 100,000 py standardized mortality per 100,000 py standardized mortality per 100,000 py standardized morality per 100,000 py

= L T ", o - e w = ~ EN o o = o ©
| L fl Il 1 1 1 [ a
1930 1930 : 1530 —- Vo -
4 J ] 1930
1940 1940 _ 1940 7 1940 -
1950 1 1950 7 1950 1950 =4
' ' 3 1 5 1 8,
- g = 2 - =2 g
i z g ] 3 T | = &g | &
1960 = 2 1960 = 2 1960 = 2 1960 a
o = ) = ]
1 ] - 1 a =z 1 w ” 1 A
= ] & B S 5 -
4 i B e =3 ® E =5 = 7 =
2 3 2 z £ E
=. o e b -
w» 8 -
1970 ] 1970 7 1970 1970 ‘§
1 1 . y =
198C 1 4 1980 7 t 1980 t 1980 7 i
1 3 ) E 1 8 g
1 g i Z - 3 ] B
] 1 ; ! 1 ! 1990 - a‘“
1990 3 1990 g 1990 g | : =
L t L : k o o -
2 - = e - 2 - 3 2 -



- bt

- ] S

- o [=] [

- " W :

g W

=

m -
[=]

g !

" L
W

wy |
<
@

o "

d -
@
-

= ]

T T
~ ~ = =
L] (=] =]

Ad 00000 L Jad Alfelicw paziplepue)s

0661

0g61

0461

0961

0561

o6l

Q6L

calendar year

10

other diseases of the nervous system  —+ pormal — log

L 0661

L 0861

L 0261

| 0961

L 0s6L

| OF6L

0c6l

K=} -+

Ad 000001 434 Aleriow paziprepuels

T
(]

f=

caleqdar year

T 0.1

~—normal — log

diseases of the pericardium

0661

L 0861

b 0L6L

- 0961

L 0561

L OF6L

0e6t

a o=
[=1 [=

Ad 000’00 Jod Agenow paziprepURls

T
o
=3

=]

calendar year

——normal — log

acute endocarditis

r 10

- w f=)

066L

0861

0461

0961

056l

crel

[¢1-78

Ad 000'001 4od Aleucw pazipiepurls

calendar year



=] — o [
< o - ) = [=] < [=]
- I - - = s 2 2 e - - - N
1. ' !
g . I & , : ; " ! g _ i
nlmu | 0661 3 | 06651 g 0861 k_u L 065!
5 | = I Im r = I
£ - : i : i ; i
= - o | 5 = L
£ 2 2 L g
} L 0861 f | ogsL ; L ogsl } - 0861
5 L o L r
&
I i 2 I 5 I
- [ 0461 L 0461 = L 061 = L 0Z6L
= ] - 5
= r = 3 = r — r
i el B2 e, & 28 e 2 = .
z L 0961 2 £ [ 0961 B ] L. 09sL B g L 096L
2 % o 3 22 i F
= r s s r o £ r ¥ = r
g L S L = F L £ .
E . . 2% [ 2
=3 - I
0561 L 0s6L T = I 0SBl = L Ds6L
=
L r o [ b
= L
L + £ L
L - R F L
L or61 L ov6L S - Gr5L _ Or6l
s g6l T 06l o o & . oeet ——— g6l
- 8 T &N O 2 ©
2 N e = o S & g = 8 2 =2 » § 2 g @»w @©
Ad 000’001 Jod Aufenow pazipiepuels Ad 000°00 1 Jod Ajeow pazipiepuels Ad 000’001 4od Ayeuous pazipaepues Ad 000°00 1 Jo¢ Aujenow pazZipiepuels

calendar year



o -
- - =1
: |
=1
‘_o. | 0661
‘=
m p
[=}
g L
{ | o861
wh
3 L
= L CL6L
n ——
&
- F
=3
- = r
£ .=
k] M o
S E L 096l
b=
E < L
'0. -
w B b
5 g i
g2 | os6l
{Q
& 3
=
L oF6L
— os6l

P )
Ad 000"0G1 sod Anjeuow paziprepuTs

calendar year

10

L 0661

—+—narmal —log
T

L 0861

L 0461

15

hos
T

L 096l

IVer cirr

L 0s61

I O¥6L

og6l

T T T T
AT o -]

Ad 000’001 42 Aneuow paziprepues

calendar year

10

x L 0661

[ 026l

-+—normal —log
T

L 0461

L 0961

gallstones

L 0§61

L Ov6L

0g6l

T T
X+ -+ o o

Ad 000’00 L Jad AlRLIOW PaZIpIRpUE]S

calendar year

10

L 0661

—+normal —log
T

L 0861

| 046l

| 0961

| 0561

other diseases of liver and gallbladder

| O¥6L

o6l

T T T T
T o N - O

Ad 000’00 L +8d Aneliow pazipsepuels

calendar year



10

L 0661

L 0861

—+—normal —Ilog
T

L 0461

I 0961

diseases of the pancreas

| c96lL

L. Ov6L

0£61

T T T 5
— <
Ad 0000 L Jad Aleuow paziprepuels

calendar year

100

——nomal — log

abdominal hernia and intestinal occlusion

T 10

L 0661

L 0861

L 04561

L 096t

- 056!

L OF6L

0tel

T
oo

Ad 000’00 L 4

T
=3
=

ad

T T

T
WO N D

AleUOW pazipiepuels

calendar year






Appendix 3

TWO AGGREGATION LEVELS OF CAUSES OF DEATH:

27 causes for the petiod 1875-1992 and 65 causes for the period 1901-
1992. ICD-9 codes indicate which causes of death are included in the
different groups. Infectious disease categoties have been marked with an
asterisk,
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27-Causes (1875-1992)

65-Causes {1901-1992)

ICD-9 codes

1. Congenital anomalies
2. Cancer

3. Scurvy
4.* Typhus. Typhoid fever

5.* Malaria (Including:
Intermittent fever. Pernici-
ous fever)

6.* Smallpox

7.* Scarlet fever

8.F Measles

9. Cerebrovascular disease

10.* Brain diseases etc.
{Including: Insanity. Syp-
hilis. Convulsions, Diseases
of the spinaf cord.
Paralysis, Trismus. Epifepsy)

11.* Respiratory
tuberculosis

12. Diabetes
13.* Diphtheria, Croup

1. Congenital anomalies

2. Cancer of the
oesophagus, stomach, liver
and gallbladder

3. Cancer of the small
intestines, large intestines,
rectum and peritoneum

4, Cancer of the skin
5. Cancer of the breast

6. Cancer of olher organs
(including fung)

7. Scurvy
8.* Typhus, Typhoid faver
9.* Malaria

10.* Smalfpox
11.* Scarlet fever
12.* Measles

13. Cerebrovascular
disease

14.* Tuberculosis of
meninges and central
nervous system

15.* Syphilis

16. Hereditary and familial
diseases of nervous sy-
stern, Other diseases of
central nervous system,
Diseases of nerves and
peripheral ganglia.
Diseases of {para)thyroid
gland. Diseases of the eye
17. Alcoholic psychosis.
Alcoholism

18.* Encephalitis,
Meningitis

19.* Convulsions

20 Poliomyelitis

21,7 Diseases of the ear
22.* Respiratory
tuberculosis

23. Diabetes mellitus
24.* Diphtheria

740-759
150, 151, 155-156

152-154, 158

172173
174-175

142,157, 159-165, 170-
171, 179-185, 200, 202-
203

267
002
084

050
034
055
430-438

013

090097

076, 240-246, 252330-337,
340-379

291, 303

036, 046-049, 062-064,
320326

045, 138
380-389
0106-012

250
632



27-Causes (1875-1992)

65-Causes (1901-1992)

ICD-9 codes

14.* Whooping cough
15.% Acute respiratory
diseases

16. Chronic respiratory
diseases

17. Diseases of circulatory
system.

18.* Dysentery. Acute
diseases of digestive
system. Diarrthoeal diseases

19.* Cholera(including:
Asiatic cholera, Cholera
nostras}

20. Chronic diseases of
digestive systemn

21. Diseases of the genilo-
urinary system

25.F Whooping cough
26.* Acute bronchilis.
Influenza

27.* Preumonia

28.* Empyema. Pleurisy
29, Diseases of larynx, pha-
rynx, nasal cavity, oral
cavity

30. Chronic bronchitis,
Emphysema. Asthima,
Other diseases of the
respiratory system

31.* Rheumatic fever.
Chorea

32. Chronic rheumatic
heart disease.
Hypertensive disease.
Other forms of heart
disease (exc. ischemic
heart disease)

33. Diseases of veins. Gan-
grene

34, Angina pecforis.
ischemic heart disease
35.* Diarthoeal disease, dy-
sentery, emteritis

36.* Peritonitis
37.* Appendicitis
38.* Cholera

39.* Tuberculosis of
intestines, peritoneum and
mesenteric glands

40. Stomach ulcer

41, Other diseases of
digestive system

42, Diseases of
oesophagus

43.* Venereal disease (exc.
Syphilis}

44.* Acute nephiilis

45, Chronic nephritis,
Other diseases of kidney

46, Diseases of bladder,
urethra and other diseases
of urinary tract

033
466, 487

480-486

510-511

460-465, 470, 472476,
478, 520-529

415, 477, 490-496, 500-
508, 512-519

390-392

393-398, 401-405, 416-
417, 420-429, 458-459

445, 451-456
410414

004, 006-009, 532, 555-
558, 562

567
540-543
co1

014

531, 533-534
535-537, 550-553, 560,

564-566, 568-569, 570-579
530
098-099

580
581-591, 593

592, 594-599



27-Causes (1875-1992)

65-Causes (1901-1992)

1CD-9 codes

22. Puerperal diseases

23.* Puerperal fever

24, Other
diseases(Including:
Debility. Several types of
tuberculosis, Scrofula,
Rickets, Diseases of skin,
Abscess. Ulcer, Gangrene,
Pyemia. Hemorrhage.
Continuous fever)

25, Violence

47. Diseases of prostate,
Other diseases of male
genital organs

48. Diseases of female
genital organs

49. Complications of preg-
nancy, childbirth and the
puerperium (exc, puerperal
fever)

50.* Puerperal fever
51.% Erysipelas

52.* Anthrax

53.* Disseminated
tuberculosis and tuber-
culosis of other organs

54, Rheumatism, Arthriiis.
Rickets. Diseases of
locomotion

55. Diseases of adrenal
glands

56. Senility. Dementia

57. Perinatal causes of
death

58.* Septicaemia. Pyaemia

59.* Other infectious
diseases

60, Other diseases

61. Homicide
62. Traffic accidents

63. Other external causes
of death

600-608

218221, 610611, 614629

630-639, 640-648, 650-
669, 671-676

670
035

022
015-018, 137

268, 274, 710-739

255

290,797
760-779

038

003, 020-021, 623027,
030031, 037, 039044,
051-054, 056057, 060-
061, 065-066, 070-075,
077-083, 085088, 100-
104, 110-118, 126-136,
139, 681-682

201, 204-208, 210-217,
222239, 251, 253-254,
256-266, 269-273, 275-
289, 292-302, 306-319,
471, 680, 683-686, 690-
698, 700-709

£960-969
£800-807, E810-829

005, 304-305, £830-838,
£E840-848, EB50-876, E878-
888, E890-903, E905-949,
£970-978, £980-999



27-Causes {1875-1992) 65-Causes (1901-1992) ICD-9 codes

26, Suicide 64. Suicide E950959
27. Unknown and ill- 65. Unknown and ill- 780-796, 798-799, F904
defined causes of death. defined causes of death.

Sudden death Sudden death




DANKWOORD

D E AFGELOPEN TIJD zijn al heel wat promovendi uit het cluster Medische
en Maatschappelijke Determinanten van Volksgezondheid (MMDV) van
het instituut Maatschappelijke Gezondheidszotg (iMGZ) mij vootgegaan met
een promotie. Er zijn dus ook al vele dankwoorden aan mijn promotor, Johan
Mackenbach, gericht. Een kleine analyse van die dankwoorden laat zien dat de
volgende eigenschappen hem veelvuldig worden toegedicht: gestructureerd,
kritisch, inspirerend, onheldere redeneringen feilloos detecterend, stukken snel
lezend. Tk onderschrijf deze kwalificaties van harte. Ik ben blij dat ik de achter-
liggende, belangrijke jaren van mijn wetenschappelijke cartiére onder de leiding
van Johan Mackenbach heb kunnen doorbrengen en dat onze samenwerking in
cen nieuw project voortgang kon vinden,

Naast Johan Mackenbach is Frans van Poppel van het Nedetlands
Interdisciplinair Demografisch Institout (NIDI) nauw bij het onderzock betrok-
ken geweest. Zijn kennis van de historische demografie is werkelijk fenomenaal.
Hij heeft mij geintroduceetd op de congressen van de Social Science and History
Association, wat een goed platform was om mijn onderzoek te presenteren. Op
het NIDI was er ook van anderen altijd een grote hulpvaardigheid. Hen tweetal
personen wit ik met name noemen: Ewa Tabeay, die betrokken is geweest bij de
analyses in hoofdstuk 5 en Peter Ekamper, die de kaartjes voor de hoofdstukken
8 en U heeft gemaakt.
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DANKWOGRD

De analyses die in dit proefschrift gepresenteerd zijn hadden niet gedaan
kunnen worden en de plaatjes van de doodsoorzaakspecificke sterftetrends in
appendix 2 hadden niet gemaakt kunnen worden zonder het invoeren van stapels
CBS-publikaties. Deze enorme klus werd voornamelijk gedaan door Saskia Drent
en Aty Slikkerveer. Het is voor een groot deel aan hen te danken dat et nu voor
Nederland een mooi bestand ligt met stecfte naar doodsoorzaak (op 3 cijfer
niveau) vanaf 1875,

Anderen die op enige wijze hebben bijgedragen aan het welslagen van dit
proefschrift zijn Caspar Looman die mij heeft bijgestaan bij de statistische analy-
ses, Else van den Engel die zotgde voor secretariéle ondersteuning, Ingtid
Matser die ervoor heeft gezorgd dat het Engels in dit proefschrift gefatsoencerd
werd, Anna Bosselaar die de opmaak van het binnenwerk van dit proefschrift
heeft verzorgd en Arjan Schoonhoven die het omslag ontworpen heeft.

Mijn paranimfen en kamergenoten op iMGZ, Inez Joung en Wilma
Nusselder, zijn mij voorgegaan op het promotiepad en konden mij daarom zeer
goed ondetsteunen op het hele traject tot dit proefschrift en zeket bij het dragen
van de laatste loodjes. Tk bewonder beiden als wetenschappers en beschouw hen
als goede vrienden. Zij hebben een groot aandeel in het feit dat ik al die jaren
met veel plezier aan dit proefschrift heb gewerkt.

Mijn ouders bedank ik voor het feit dat ze hun kinderen altijd gestimu-
leerd hebben om hun talenten te ontplooien. Dat heeft er zeker toe bijgedragen
dat ik dit proefschrift voltooid heb.

Ten slotte Rob. Bedankt voor alles! Voor de weekenden en avonden die je
zelf moest werken, waardoor het voor mij makkelijker was om ook buiten kan-
toortijden aan het proefschrift te schrijven. Ook bedankt voor alle ongevraagde
adviezen. Ik weet dat ze goed bedoeld waren. Dat je bij die adviezen een proef-
schrift regelmatig vergeleek met een afstudeetscriptie zij je vergeven.
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CURRICUILUM VITAE,

Judith van den Bosch wetd geboren op 21 mei 1969 te Elspeet (gemeente
Ermelo). Haar VWO-diploma behaalde zij in 1987 aan het Van Lodenstein-
college te Amersfoort. Aansluitend ging zij Gezondheidswetenschappen (later
Bio-medische Wetenschappen geheten) studeren aan de Rijksuniversiteit Leiden.
Zij studeerde af op een epidemiologische studie: een onderzoek naar de inci-
dentie van bottumoren in Nederland. De doctoraalbul ontving zij in 1992, In
datzelfde jaar kwam zij in dienst van het instituut Maatschappelijke Gezond-
heidszorg (iMGZ) van de Erasmus Universiteit Rotterdam. In opdracht van de
Hersenstichting Nederland wetd een rapport geschreven over het védrkomen
van ziekten van het zenuwstelsel in Nedetland. Dit project werd uitgevoerd in
samenwerking met het Centraal Bureau voor de Statistiek, waar zij ten tijde van
dat project gedetacheerd was. In 1993 werd zij geregistreerd als epidemicloog. In
dat jaar werd ook begonnen met een onderzoek naar de epidemiologische tran-
sitie in Nederland, waatvan de resultaten in dit proefschrift zijn beschreven. In
de eerste jaren van dat onderzoek heeft zij de MSc-opleiding epidemiologie van
het Netherlands Institute of Health Sciences (INIHES) afgerond. Sinds januari
1998 doet zij onderzoek naar de mogelijkheid en wenselijkheid van effectievere
preventie van petinatale sterfte in Nederland. Dit ondetzoek wordt eveneens
vitgevoerd op het iIMGZ. Judith van den Bosch is gehuwd met Rob
Wolleswinkel.
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