
The Mortality subsystem

The last component of the PHOENIX framework to be considered is

the Mortality subsystem. The most important outcome of the

Mortality subsystem is the number of sex and age-specific deaths. The

epidemiological transition is simulated in the Mortality subsystem and

reflects a shift from infectious diseases-related mortality to mortality

caused by chronic diseases. In this chapter, a detailed description of

the modelling approach for mortality is described. The approach is

partly based on the population and health module used in

TARGETS1.0 (Niessen and Hilderink, 1997). In the Mortality subsystem,

the population is subdivided by distinguishing people according to

mortality risks, which are strongly affiliated with socio-economic 

factors, like poverty and education, and environmental factors, like

food availability and access to drinking water. Exposure to these mor-

tality risks can cause death. The chances of dying also depend on the

level of health services. This chapter gives an overview of historical

mortality patterns, the selection of mortality risks and exposure 

categories for mortality modelling and concludes with modelling of

health services.
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5.1 INTRODUCTION

The event of death is one of the rare certainties in life. The uncertainties are more related to the
moment and the cause of death. The moment of death, or the age at death, can usually be easily
determined and is registered adequately. Determination and registration of the cause of death
introduces more indistinction. For the classification into cause of death, the World Health
Organization has developed a systematic and widely accepted coding, the International
Classification of Diseases (ICD). The ICD enables one to categorize all causes of death, varying
from several malaria types to external causes like car accidents and suicide. Nowadays, the registra-
tion of causes of death in most countries is done according to the ICD. Although this registration
is a valuable information source for analyses of incidence, prevalence and possible consequences of
diseases, it does not provide information on the underlying causes of that particular disease. The
cause−effect chain of the occurrence of diseases and death is not fully understood. ‘With con-
founders, biases and measurement errors virtually inevitable, many epidemiologists say that risk
factor epidemiology is increasingly advancing beyond the limits of the possible, despite the care no
matter how careful the studies are done’ (Taubes, 1995). Nevertheless, a strong association of sev-
eral kinds of health risks with the occurrence of disease and death is recognized. In PHOENIX,
these health risks associations, and especially those interlinked with the other subsystems, are used
to describe and analyze the epidemiological transition.

In this chapter an overview is given of the most relevant facets of mortality change regarding the
epidemiological transition. In Section 5.2, the underlying causes of death and the age at death will
be focussed on. The conceptual and mathematical description of the Mortality subsystem is also
given, with all equations and assumptions included (Section 5.3). The PSIR approach is applied to
structure and to position the various components of mortality modelling.

5.2 MORTALITY CHANGE

The epidemiological transition can be viewed in two dimensions: 1) when death occurs and 2)
why it occurs. The first dimension concentrates on the moment of death and is represented by a
person’s age. Although the mortality levels for all ages have been reduced, the phasing and extent
of mortality reduction differ among the ages. For example, children are more often visited by and
vulnerable to infectious diseases while chronic diseases take more time to become manifest and are
therefore observed at higher ages. This reveals the second dimension of the epidemiological transi-
tion, namely a change over time of the prevalence of mortality risks associated with the underlying
causes of death. Because of improved overall conditions, infectious diseases are being controlled or
even eliminated but are being substituted by chronic diseases. 

In the description of mortality change, changes in age-specific patterns of mortality will be studied
first (Section 5.2.1), followed by a consideration of the cause−effect chain of exposure, disease and



death (Section 5.2.2). The most important health risks and determinants will be discussed for
morbidity levels and, more relevant to the context of PHOENIX, mortality levels. The last aspect,
which requires elaboration, is the role of health services and medical technology (Section 5.2.3).

5.2.1 Mortality by age

The first dimension to be considered is when death occurs in a person’s life. The epidemiological
transition comprises a shift of the causes of death from infectious diseases to chronic diseases. This
involves an analogous shift in age-specific patterns of mortality. In the last twenty years, the share
of deaths among people younger than 20 years has decreased from 38% to 26% of all global
deaths. Figure 5.1 shows the number of deaths by age group, which is broad in this case.

Although the figure above shows a tendency in the transition of deaths from younger to older age
groups, the age structure of the population is also of influence on the distribution of deaths. A bet-
ter measurement forms the age-specific mortality rates, which are expressed in number of deaths
per 1000 persons in an age group. The life expectancy can be calculated from these age-specific
mortality rates. Life expectancy at birth is the most common measure. In Figure 5.2, the age-spe-
cific mortality rates are presented as corresponding with four different levels of life expectancy at
birth. Although the levels of life expectancy vary largely between 30 and 80 years, the curves of the
mortality rates have a similar shape. Mortality rate starts at a high peak immediately after birth,
falls sharply until the age of 15 and then rises again as age advances.

Coale and Demeny (1983) and the United Nations (1982) analyzed age-specific mortality rates
for both developed and developing countries. The analyses resulted in regional model life tables,
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Figure 5.1 Global number of deaths by age group, 1980-2000.

(Source: WHO, 1996b).



which comprise the age-specific mortality rates corresponding with a life expectancy ranging from
20 to 80 years. Figure 5.3 shows the mortality rates, averaged over the four families of Coale and
Demeny (1983). Four sets (I-II-III-IV) of sex and age-specific mortality rates are selected, which
corresponds with a female and male life expectancy of around 20, 40, 60 and 80 years.

The comparison of the mortality rates of these four sets provides information about the achieved
reduction in mortality. The relevance of these analyses for PHOENIX is that they reveal to what
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Figure 5.2 Age- and sex-specific mortality rates for selected countries. 

(Source: IDB, 1997).

Figure 5.3 Age- and sex-specific mortality rates corresponding with four sets of life expectancy. 

(Source: Coale et al., 1983).
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extent the reduction of mortality rates at a particular age has contributed to overall life expectancy
gains. The mortality reduction is therefore calculated by taking the ratio of the mortality rates cor-
responding with different levels of life expectancy. The four sets are compared taking a 20 years
gain in life expectancy and finally the reduction is calculated comparing the mortality rates corre-
sponding with a life expectancy of 20 years (set I) and of 80 years (set IV). Figure 5.4 presents the
results of these analyses. For example, the reduction ratio of 0.4 between set I and set II for the age
group 1-5 years is a result of a decrease in mortality rates from 90 to 36 per 1000 persons. The fig-
ure shows that the increase in life expectancy of 20 years (set I and set II) was obtained because of
40-60% mortality rate reduction for all age groups up to age 70. The further increase in life
expectancy, to a level represented by set III and set IV, the reduction in mortality rates of persons
younger than 50 years was much larger. The comparison of the four sets shows the reduction of
mortality rates of people over 75 years so as to show the least variation of all age groups.

In the following sections, age-specific mortality will be further outlined. A broad distinction into
age groups (young, middle and old age) is used to describe mortality patterns in more detail. Some
of these age groups will get more attention and will be further subdivided into more detailed age
groups. In the first age group (0-15 years), mortality in the first five years of life will be focussed
on first. In the middle-age category (15-50 years), maternal mortality is more closely studied, even
though these mortality levels are relatively low compared to the total number of deaths. Maternal
mortality is considered one of aspects of integration of fertility and mortality. The last age group
which has been singled out is the group of elderly (over 50 years).

Young age mortality (0-15 years)
Major shifts in mortality levels have been observed in the age group 0 to 15 years. Children aged 5
to 15 years showed the lowest mortality of all ages. Especially children aged 5 to 10 years have 
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Figure 5.4 Comparison of the four model life tables by taking the reduction ratio of age and sex-specific mortality rates.



relatively low mortality rates (see Figure 5.3) and, moreover, in this age group the reduction of
mortality rates was highest comparing the four sets of life tables (see Figure 5.4). Despite the
reduction in the 5-15 year-olds category, mortality is still relatively high among children under the
age of five. The latter is referred to as under-five mortality rate (UFMR) and represents the proba-
bility of dying between birth and exactly five years of age expressed per 1000 live births. The
UFMR will be elaborated on in this section.

Since most infectious diseases take their toll of victims in this age group, the epidemiological tran-
sition shows major reductions in the UFMR, although the pace of decline has not been uniform
among countries. Under-five mortality is further split into a neonatal period (first month), an
infant period (up to the child’s first birthday) and the child mortality period (1-5 years). The 
corresponding mortality rates are usually expressed in number of deaths per 1000 live births. In
Figure 5.5 the 1995 levels of neonatal mortality rate (NMR), infant mortality rate (IMR) and
child mortality rate (CMR) are shown for the different world regions. This figure shows the enor-
mous differences in mortality levels, which are partly camouflaged by the use of a logarithmic scale
in Figure 5.2 and Figure 5.3.

In 1995, neonatal deaths accounted for more than 3.6% of all 138 million live births, most of
which occurred in the least developed countries. In the first week after birth, a newborn baby is
extra vulnerable to mortality risks, resulting in 30% of all child deaths in this period. Still-birth
and mortality in this first week of a child’s life is referred to as perinatal mortality. Due to lack of
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Figure 5.5 Neonatal-, infant and under-five mortality rates (NMR, IMR, and UFMR) in deaths per 1000 live
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(Source: WHO, 1996b, p. 14).



data, this period will not be further considered, although these aspects can be of major interest,
considering their integrative facets of fertility and mortality.

The IMR shows a large reduction over the period 1950-1995 for both developed and developing
countries (see Figure 5.6). Still, in more developed countries progress is far ahead of the other
regions. The level of infant mortality can be associated with specific demographic factors such as
mother’s age and birth intervals. However, with increasing socio-economic development, these
factors tend to be of less influence, particularly when they are compared to factors like education
and access to health services (Adlakha and Suchindran, 1985). The mother’s level of education is
often seen as the most important determinant of the CMR and IMR (Caldwell, 1979, Cleland
and Ginneken, 1988), although the strength of this relationship appears to be weaker in Africa
than in other regions. The effect of an increase of one year in maternal education corresponds on
average with a decline of 7-9 per cent in child mortality (Cleland and Ginneken, 1988) in devel-
oping countries. Paternal education also seems to have a relationship, but to a smaller degree
(Bicego and Boerma, 1991, Barbieri, 1991). Caldwell (1993) gives three explanations for the rela-
tionship between child mortality levels and maternal education:

1. With increasing education women are more likely to demand their husbands and mothers-in-
law to have a sick child treated, and are more likely to will use modern health facilities.

2. The time spent discussing a child’s sickness with the doctor is directly proportional to a
woman’s years of schooling.

3. An illiterate woman fails to report the lack of success of the prescribed treatment. 

WORLD POPULATION IN TRANSITION

120

Figure 5.6 Infant mortality rates (IMR) in deaths per 1000 live births for selected regions, 1950-1995. 

(Source: UN, 1996b).

0

50

100

150

200

250

1950-55 1960-65 1970-75 1980-85 1990-95
year

World

More developed regions

Less developed regions

Least developed regions

de
at

hs
 p

er
 1

00
0 

liv
e 

bi
rt

hs



In addition to education, other factors influence the IMR e.g. nutritional status, breast-feeding,
income inequality, sanitation, urbanism and women’s status, other than education (Boehmer, 1996).

Middle-age mortality (15-50 years)
The second age group of interest is middle age (from 15 to 50 years). After the age of 15, mortali-
ty rates first increase sharply and then show a gradual increase. The age of 50 as an upper limit to
the middle age classification is rather arbitrary but is chosen because of its representation of the
fertility period of women. The mortality of the group of women aged 15-50, and then especially
the maternal mortality, will be focussed on in this section.

Maternal deaths are defined as those caused by deliveries and complications of pregnancy, child-
birth and the puerperium. However, the exact definition varies from case to case and is not always
clear in the original source, particularly regarding the inclusion of abortion-related deaths.
Although pregnancy and childbirth usually result in a healthy child and mother, in every society
there are certain risks to health and survival, both for the woman and the infant she bears. Every
minute, at least one woman dies from complications of pregnancy and childbirth. The risk of
dying is almost 40 times higher in the developing regions than in the developed world. The mater-
nal mortality accounts for as much as 25% to 33% of all deaths of women of reproductive age in
many developing countries (WHO, 1998). Contrary to developed regions, where only 2% of all
deaths of women aged 15-50 were ascribed to maternal causes in 1991 (WHO, 1995). Of the
global number of 585,000 maternal deaths each year, 99% occur in developing countries. Most of
the maternal deaths and the death of at least 1.5 million infants can be prevented if good health
care is available (WHO, 1998).

The WHO observes that most maternal deaths go unregistered in areas where maternal mortality
rates are highest. Table 5.1 shows the results of estimations which anticipate under-registrations.
The maternal mortality rate is defined as the number of maternal deaths divided by the number of
live births for a given year and expressed per 100,000 live births.
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Table 5.1 Absolute number of maternal deaths and maternal mortality rate per 100,000 live births for world regions

(data around 1990)

Region Number per year Maternal mortality rate 
(minimum, maximum)

Asia and Pacific 291,000 390 (7-1600)
SubSaharan Africa 219,000 980 (120-1800)
Middle East & North Africa 35,000 300 (7-1400)
Americas 23,000 140 (6-1000)
Central America 14,000 140 (6-1000)
Europe 3000 36 (6-130)
World 585,000 429

Source: UNICEF, 1996



The medical causes for these maternal deaths can be assigned to haemorrhage (25%), indirect
causes (19%), infection (19%), unsafe abortion (13%), hypertensive disorder (12%), obstructed
labour (8%) and other (8%) (Tinker and Koblinsky, 1993). In developed countries, maternal
health services are accessible to 99% of the population, while only 52% of people in developing
countries have access to maternal health services (WHO, 1991).

Although unsafe abortion makes a worldwide contribution of 13% to maternal mortality, in some
countries this proportion is 60% (WHO, 1998). The mortality risk following from abortion
depends largely on the availability of legal abortion. In developing countries with a legislative pol-
icy this risk is very low, ranging from 0 to 2 deaths per 100,000 procedures. Due to the lack of
reliable data the risk attached to illegal and unsafe abortion is more difficult to analyze (see Table
5.2). But even at the lowest estimates the particular risk of an unsafe abortion are almost 50 times
higher than that associated with legal curettage procedures in the USA (David, 1983) while other
estimates are around 1000 per 100,000 procedures (FCI, 1998). Another contributing factor to
maternal deaths is anaemia, causing 20% to 23% of all postpartum maternal deaths in Africa and
Asia. Once again, socio-economic status and educational level are associated with maternal deaths
(Coeytaux, 1988). Women with little or no education tend to use less antenatal care or to seek
professional assistance at delivery; they form a large proportion of cases of unbooked hospital
deliveries that end in deaths (Graham, 1991).

Old-age mortality (50-100+)
Considering ageing as a series of biological changes occurring in all humans at all ages and at all
times, old age is the name for the final stage of this process, during which the decline itself acceler-
ates (Laslett, 1996). The point at which individuals reach that final stage varies between individu-
als and is dependent on their social and historical situations; it is arbitrarily set at 50 years. The
relevance of this old-age group needs no further explanation since this group already makes up
almost 30% of the population in the developed countries. Nevertheless, it is only recently that
demographers recognize a heterogeneity of old age and reject an open-ended class of all above 60
or 70 years (Laslett, 1996). An open-ended age class of all above 100 in the Population and
Mortality subsystem seems to be appropriate, although, with some of the current potential life

WORLD POPULATION IN TRANSITION

122

Table 5.2 Maternal mortality risk of dying after an unsafe abortion for major world regions

Region Mortality risk from Life time mortality risk from 
unsafe abortion pregnancy-related complications

Africa 1 in   150 1 in     16
Asia 1 in   250 1 in     65
Latin America 1 in   800 1 in   130
Europe 1 in 2600 1 in 1400
Developed countries 1 in 3700 1 in 1800
Less developed countries 1 in   250 1 in     48

Source: WHO, 1994, WHO, 1998



expectancy estimates of over 100 (Olshansky and Carnes, 1996), this assumption is not enough.
Some demographers suggest that in low-mortality countries, short-term life expectancy projec-
tions have been grossly underestimated (Olshansky and Carnes, 1996). Consequently, the size of
the population over 65 will be much larger than government forecasts indicate. As shown in
Figure 5.2, mortality rates of people above the age of 50 have not shown a decline similar to the
younger groups. The comparison of mortality levels presented in Figure 5.4 show that mortality
levels for the young declined by a factor of 30-90 and middle aged by a factor of 7.5-24, while the
ratio for the old aged ranges from only 6.1 to 2.4. It should be realized that ‘changes in the size of
the elderly population are not only caused by changes in mortality levels but also by the changes in
number of births, some 80 years ago’ (Van Poppel and De Beer, 1996, p. 311). For example, in
France, the increased number of centenarians from 200 in 1954 to over 3000 in 1990 (Allard et
al., 1996) is considerable but should also be related to historical fertility patterns. Figure 5.7 pres-
ents the increase in the proportion of the older-age group.

5.2.2 Death, disease and exposure 

Although many countries are in the last phase of the epidemiological transition, infectious diseases
still accounted for 17.3 million (33%) of the total global deaths of 51.9 million in 1995 (WHO,
1996b). The other global causes of deaths were: diseases of the circulatory system (19%), neo-
plasms (12%) external causes (8%) perinatal and neonatal causes (6%), chronic lower respiratory
diseases (6%), maternal causes (1%) and other or unknown causes (16%) (WHO, 1995). As pre-
sented in Figure 5.8, the subdivision of the global pattern of causes of death for the developing
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and developed regions shows a large difference in the phasing of the epidemiological transition.
Infectious and parasitic diseases are responsible for almost half of all deaths in the developing
region, while diseases of the circulatory system are recognized as the major cause of death in the
developed region. With a continuing epidemiological transition, diseases of the circulatory system
and neoplasms are expected to become increasingly important, while death related to infectious
diseases will further decrease (Bulatao, 1993) although others suggest that infectious diseases
could become even more important in the future (Garrett, 1996).

A selection of the major causes of death, as the second dimension of mortality change, will be
described in more detail in the following sections. The selection of causes of death is based on
their contribution to the total level of mortality, in historical perspective but also considering
potential impact in the future (e.g. AIDS). Infectious diseases and their mode of transmission will
be considered first, followed by malnutrition, socio-economic status and lifestyle aspects.
Although these last three aspects are often not directly indicated as a cause of death, they are inter-
linked with the occurrence of life-threatening diseases. The list is completed with a description of
miscellaneous causes of deaths, like air pollution and injuries.

Infectious diseases
Infectious diseases (also referred to as communicable diseases) can be classified according to their
main mode of transmission (WHO, 1996b):

• Person-to-person transmissions, like acute lower respiratory infection (ALRI), tuberculosis,
measles and AIDS. This kind of transmission is responsible for 65% of all causes of death relat-
ed to infectious disease, which implies 11.2 million deaths yearly.
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• Food-, water- and soil-borne transmissions, like diarrhoea account for 22% of infectious dis-
eases (corresponding with 3.7 million deaths). 

• Insect- and animal-borne transmissions, like malaria and rabies, are to blame for the remaining
13% of all infectious diseases.

The contribution of the three modes of transmission to the causes of death related to infectious
disease is shown in Figure 5.9.

Person-to-person transmission
Person-to-person transmission accounts for more than 20% of all global causes of death. With
continuing population growth in combination with increasing international travel and migration,
this mode of transmission can become a larger health risk. On the other hand, these diseases can
be controlled and forced back by providing medication, condoms or immunization programmes.
Before a vaccine had become available in the 1960s, measles killed between 7 and 8 million chil-
dren a year. Nowadays, with a global immunization coverage just below the 80%, the toll due to
measles has been reduced to barely over 1 million children (WHO, 1997). Acute lower respiratory
infection (ALRI) is another important threat to life, especially for children under five. Treatment
with antibiotics at an average cost of only $0.20 per child could eliminate this disease, but the 395
million new cases each year makes this a rather difficult task. Tuberculosis is also one of the dis-
eases that can be fought successfully with special programmes, as carried out in countries like the
USA. However, tuberculosis, with 22 million persons afflicted, is far from a disease of the past,
and still kills 2 to 3 million persons each year, most of them aged 15-59. The combination of
tuberculosis with acquired immunodeficiency syndrome (AIDS) makes this disease even more
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lethal. This brings us to the last cause of death, AIDS, which will receive special attention. Recent
estimates (UNAIDS/WHO, 1997, 1998) show that infection with human immunodeficiency
virus (HIV) which causes AIDS is far more worrisome than previously thought, given the number
of 2.5 million estimated AIDS deaths in 1998 (UNAIDS/WHO, 1998). By the end of 1998, 33.4
million people were living with HIV/AIDS, with a huge majority living in SubSaharan Africa (see
Table 5.3).

Unprotected sexual intercourse is responsible for the majority of infections. In 1998, half of all
new HIV infections concerned people aged 15 to 24, the period in life when most people become
sexually active. On the other hand, several countries demonstrate that safer sexual behaviour, i.e.
condom use, can be stimulated and prevent this kind of transmission. Breastfeeding is another
important source of transmission. HIV-positive women who breastfeed and do not receive any
medication, have a 25% to 35% chance of infecting their children. Altogether, more than 0.5 mil-
lion children under the age of 15 have died because of AIDS. An additional complication for pre-
vention of infection is that about 90% of the infected people do not know they are infected.

Food-, Water- and Soil-borne diseases
‘Diseases are classified as water- or food-borne based on epidemiological evidence that implicates
consumption or use of water and ingestion of a common food as the source of infection’ (WHO,
1996b, p. 37). Almost half of the world’s population suffers from food- and water-borne diseases.
Contaminated water is associated with diseases like diarrhoea (3 million deaths, 80% under the
age of 5), cholera (120,000 deaths), typhoid fever (600,000 deaths) and schistosomiasis (500-600
million at risk responsible for 20,000 deaths). These water quality problems fall into two broad
categories: microbiologic contamination responsible for outbreaks of acute disease, and more
recently, chemical contamination, which poses cumulative and chronic health risks to human
beings and aquatic life.

The chemical contamination is, on a global scale, still relatively small but will rise considerably in
the future given rapid industrialization and urbanization (Nash, 1993). In Mexico, 90% of the
non-agricultural water pollution is caused by industrial activities, which consist mainly of paper
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Table 5.3 HIV/AIDS statistics for selected regions, December 1998

Region People living with HIV/AIDS Adult prevalence rate
(in million person) (15-50 years)

SubSaharan Africa 22.5 8.0%
South & Southeast Asia 6.7 0.69%
Latin America 1.4 0.57%
Western Europe 0.5 0.25%
North America 0.89 0.56%
World 33.4 1.1%

Source: UNAIDS/WHO, 1998



and steel industries. Agricultural water pollution is still of major concern. Due to fertilizer use,
nitrate concentrations in water have increased rapidly since the 1940s and the use of pesticides is
growing fast. On the other hand, the access to safe drinking water has increased enormously in the
last few decades. The average level of water supply coverage of developing countries has increased
to 74%, although Africa lags behind with 46% (see Table 5.4).

Insect-borne diseases
Killing more than a million small children each year, insect-borne diseases hold an important posi-
tion. Of all insects, the mosquito is by far the most dangerous, especially under conditions of heat
and humidity, and poverty and overcrowding. Malaria alone is responsible for 300-500 million
clinical cases and between 1.5 and 2.7 million deaths each year (WHO, 1996b). The WHO
receives very limited and irregular regional reports on malaria deaths but estimates are that 800,000
of these deaths occurred in African children in 1991 (WHO, 1992). The other mosquito-related
diseases like Dengue Fever (2.5 billion people at risk) and Yellow Fever, both accounting for about
20,000 deaths per year, have a considerably minor impact compared to malaria. Globally, the
malaria situation is expected to remain serious and is worsening (WHO, 1997). For example, cli-
mate change could have a significant adverse impact on the spreading of malaria. A global tempera-
ture increase of approximately three degrees at the end of the 21st century increases the epidemic
potential in tropical regions twofold, more than 10-fold in temperate climates and could even result
in the return of malaria in Australia, southern Europe and the United States (Martens et al., 1995).

Food availability and malnutrition
Malnutrition is not only a matter of food production; the distributional aspects of food are nowa-
days of more concern. The current global average food intake of 2700 Kcal per person per day is
far above the minimal dietary energy requirements. Still, around 800 million people are suffering
from chronic undernutrition, one-fourth of them living in SubSaharan Africa (FAO, 1996b).
Poignant is that 200 million of these 800 million malnourished are children. From the variety of
malnutrition types, many involve deficiencies of vitamin A and iodine. The definition of malnu-
trition used by UNICEF is ‘the consequences of the combination of an inadequate intake of pro-
tein energy, micronutrients and frequent infections’ (UNICEF, 1998, p. 14). The FAO uses the
definition of chronic undernutrition as ‘the population who on average during the course of a year

127

THE MORTALITY SUBSYSTEM

Table 5.4 Access to safe drinking water for selection of countries and regions

1970 1985 1990 1995

All developing countries - - 61% 74%
Africa - - 45% 46%
Latin America - - 79% 79%
China - - 70% 90%
India 17% 54% - 63%
Mexico 54% 82% - 87%

Source: World Bank, 1997b, WHO, 1997



did not consume enough food to maintain body-weight and support light activity’ (FAO, 1992, p.
8). The FAO estimates are shown in Table 5.5.

A single diagnosis for a sick child is often inappropriate because symptoms of disease like diar-
rhoea, measles and malaria overlap. Besides, these diseases can occur alone, simultaneously, but
also in combination with malnutrition (Mosley and Chen, 1984, Van Norren and Van Vianen,
1986, Van den Broeck, 1997). Although malnutrition itself is not indicated as a cause of death,
malnourished people are more likely to die than those who are adequately nourished.
Malnutrition is, even in a mild form, associated with 6 million or 55% of all child deaths that
occurred in developing countries in 1995. Some 2.2 million children die due to persistent diar-
rhoea that is often aggravated in a situation of malnutrition. The devastating effect of malnutri-
tion is not restricted to children. ‘Malnutrition in an expectant mother, especially iodine deficien-
cy, can produce varying degrees of mental retardation in her infant’ (UNICEF, 1998, p. 11).
Although production and distribution of food strongly determines access to food, and with it mal-
nutrition, the interlinkage with education and poverty has been recognized (UNICEF, 1998).
These two factors will be incorporated in the discussion on the next health determinant consid-
ered: socio-economic status.

Socio-economic status
The higher a country’s average income per capita, the more likely its people are to live long and
healthy lives. This relationship is true for countries as well as individuals. Regardless of the overall
level of a country’s wealth, the rich are in better health than the poor (WRI, 1998). Income
growth has more impact on poor populations because additional resources buy basic necessities,
particularly food and shelter, yielding especially large health benefits. The World Bank estimated
that the effect of doubling income from $1000 to $2000 in purchasing power parity (PPP) corre-
sponds with a life expectancy increase of eleven years. However, a doubling of PPP$4000 to
PPP$8000 only results in a gain of four years. Figure 5.10 shows an analysis of the relationship
between income and life expectancy.
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Table 5.5 Food intake in Kcal per person per day, prevalence of malnutrition (MNUT) in percentage and absolute

numbers (millions) for selected regions

Region 1969-71 1979-81 1988-90

Intake MNUT Person Intake MNUT Person Intake MNUT Person
(Kcal) (%) (millions) (Kcal) (%) (millions) (Kcal) (%) (millions)

Developed countries 3190 NA NA 3290 NA NA 3400 NA NA
Africa 2140 35 101 2180 33 128 2200 33 168
Far East 2040 40 751 2250 28 645 2450 19 528
Latin America 2500 19 54 2690 13 47 2690 13 59
Near East 2420 22 35 2810 12 24 2920 12 31
All regions 2430 36 941 2580 26 844 2700 20 786

NA = Not Applicable. Source: FAO, 1992



Similar to the relationship between malnutrition and food production, the negative impact of
income is due to unequal distribution of income. Poverty as a result of income inequities, remains
one of the major problems worldwide. The World Bank defines poverty in terms of the percentage
of the population having an income of less than one PPP US dollar per day. Based on this defini-
tion, 29.4% (i.e. 1.3 billion people) of the world’s population was living in poverty in 1993.
About two-thirds of them live in South and East Asia. Globally, there has been a slight decrease in
the percentage of poverty from 30.1% in 1987 to 29.4% in 1993 but there are great economic
growth disparities among world regions.

The definition of poverty based only on economic factors is rather limited. Although income and
mortality levels are highly correlated, this is not the only aspect of influence on health. Education
is also found to be of importance. Households with more education enjoy better health for both
children and adults. Especially maternal education has a strong effect on the way a household is
managed and how the members benefit from information on health and act on it. Education lev-
els can be expressed by number of years of schooling, enrolment and literacy. Focussing on literacy
levels, a correlation has been found with life expectancy, although this correlation is not as strong
as the correlation with income (Figure 5.11). Figure 5.12 shows that the correlation between
income and literacy is also weak. These two components, income and education, are combined in
the concept of socio-economic status (SES) (Najman, 1993, Marmot and Elliot, 1994). The SES
reflects the status of a person with respect to the combination of welfare/income and level of edu-
cation. Although the SES bears a resemblance to the human development index (HDI) e.g. 2 of
the 3 components are similar, there is a conceptual difference. The HDI represents an average level
of development, which enables one to compare the HDI levels of different countries. The SES is
used to make a distinction within a country and classify people according to their social character-
istics.
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Figure 5.10 Income per capita and life expectancy at birth in 1995. 

(Source: World Bank, 1997b).



Lifestyle-related health risks
The selection of determinants in this category is based on the analysis of causes of death in devel-
oped countries and contains the health risks related to modern lifestyles, like high blood pressure,
dietary patterns, tobacco and alcohol consumption. Lifestyle-related diseases are responsible for
70-80% of deaths in developed countries and about 40% in the developing world (WHO, 1995). 

The first health determinant concerning lifestyle-related health risk to be considered is blood pres-
sure. Blood pressure is the most important determinant in cardiovascular diseases. The prevalence
of high blood pressure in the Netherlands is only known for the 1980-1990 period and is constant
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Figure 5.12 Income per capita and adult literacy levels in 1995. 

(Source: World Bank, 1997b).

Figure 5.11 Adult literacy levels and life expectancy at birth in 1995. 

(Source: World Bank, 1997b).



for both men and women aged 20-59 years. Prevalence of hypertension is strongly age-dependent.
In the Netherlands, the respective prevalences of hypertension increase from 1.2% and 0.7% at
age 20 for men and women to 21.7% at age 59 for both men and women (Ruwaard and Kramers,
1997). Above age 50 there is no difference between men and women. At the age of 70-90 the
prevalence is about 35%. In the Netherlands, the prevalence was stable in the 1974-1986 period.
In other countries (Italy, Australia, Minnesota, USA) there has been a decrease in hypertension
(Ruwaard and Kramers, 1997).

Blood pressure is also highly related to overweight and alcohol use (Seidell and Lowik, 1997).
Dietary patterns are complex and their relationship with diseases and mortality is not unambigu-
ous. Alcohol can be an important determinant of mortality; this has been observed in Russia
(Notzon et al., 1998, Leon et al., 1997). However, this occurs under the circumstances of a con-
sumption pattern of 14.5 litre pure alcohol per capita per year. The comparison with an 8.0 litre
average in the Netherlands shows Russia to be a rather extreme case.

The world’s largest single preventable cause of illness and death is tobacco smoking. Smoking is by
far the most important risk factor for diseases like lung cancer, Coronary Heart Diseases (CHD),
stroke and CARA (Ruwaard and Kramers, 1997). Tobacco products are estimated to have caused
around 3 million deaths a year in the early 1990s and the death toll will increase to 10 million year
in the second quarter of the next century if current trends are used (WHO, 1996a). In countries
where smoking has been widespread, tobacco use is responsible for 30% of all male deaths in mid-
dle age. In the developed countries the death rates among males rose rapidly to a peak level in
1980-84, mainly due to lung cancer and have begun to decline. Female death rates, on the other
hand, are increasing throughout the developed world, primarily due to the substantial increase in
cigarette consumption (Lopez, 1990).

The WHO estimates worldwide prevalence of 1.1 billion smokers, of which 300 million are
found in the developed countries. The age patterns of smoking show large variations among coun-
tries (see Table 5.6). There is also a large gender variation. Worldwide, 47% of the men smoke ver-
sus 12% of the women. In the developing region almost all smokers are male (48% men, 7%
women), while in the developed world there are twice as many men smoking than women
(WHO, 1995). Table 5.6 gives an overview of the smoking prevalence for the different world
regions.

Taking a closer look at the sex and age patterns of smokers in the Netherlands, we see that since
1958 the percentage of male smokers of all ages has more than halved and stabilized at a level of
around 40% (Table 5.7). Female smokers have stabilized at a substantial lower level of 31%, but a
shift from younger to older smokers is observed. Still, smokers up to the age of 35 make up almost
40% of all male smokers and 40-56% of all women smokers. In Canada, about 60% of both men
and women smokers could be found in the age group 20-45 years over the period 1989-95
(Statistics Canada, 1998). 
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Other health risks
The majority of causes of death are covered by the determinants and risk factors described in the
previous sections. However, there are some causes of death, for example, from air pollution and
injuries, which cannot be associated with the above-mentioned mortality determinants. These
other health risks can account for a considerable number of deaths and should be taken into
account in PHOENIX. Since the underlying mechanisms of these remaining causes of death are
hard to understand, they will be considered briefly. Mental health will be last risk to be considered.

Air pollution
The WHO has estimated air pollution to caused a total of approximately 2.7-3.0 million deaths
per year, more than 90% occurring in the developing regions (WHO, 1997). The quality of air is
highly related to presence of industry, power plants and road transport. Although air pollution is
often associated with these outdoor urban environments, most air-pollution-related deaths are due
to indoor pollution exposure (Table 5.8). In many developing countries, households use fossil
fuels or unprocessed biomass fuels for cooking and heating, resulting in high indoor concentra-
tions. Indoor pollution is applied to the ‘rule of 1000’: a pollutant released indoors is 1000 times
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Table 5.6 Prevalence of daily smokers (male and female) older than 15 by sex for selected regions, early 1990s

Region Male Female

Africa 29% 4%
Americas 35% 22%
Europe 46% 26%
Eastern Mediterranean 35% 4%
Southeast Asia 44% 4%
Western Pacific 60% 8%
Latin America & Caribbean 40% 21%
Formerly socialist economies of Europe 60% 28%
China (1984) 61% 7%
India (1980s) 40% 3%

Source: WHO, 1996a

Table 5.7 Distribution of smokers by age for men and women in the Netherlands, 1958-1997

Male Female

Age: 1958 1970 1980 1990 1997 1958 1970 1980 1990 1997
15-20 NA 55% 30% 21% 26% NA 57% 31% 21% 25%
20-35 91% 77% 56% 41% 39% 46% 57% 44% 38% 34%
35-50 91% 77% 54% 43% 41% 32% 48% 38% 36% 37%
50-65 89% 78% 56% 41% 37% 18% 27% 28% 29% 27%
65+ 88% 74% 52% 34% 27% 5% 13% 11% 12% 14%

All ages 90% 75% 52% 39% 37% 29% 42% 34% 30% 30%

Source: Stivoro, 1997



more likely to reach people’s lungs than outdoors. Combined with the estimate that people spend
74% of their time indoors, indoor air pollution results in a total of more than two million deaths
(WHO, 1997).

In the Netherlands, a life expectancy difference of 1.11 years was found between exposed and
clean-air groups (Brunekreef, 1997). Local impacts on especially vulnerable groups can be greater,
referring to the situation in the Czech Republic where air pollution is estimated to cause up to 3%
of total mortality.

External causes
External causes or injuries were responsible for around four million or 7.8% of all deaths in 1993
(WHO, 1995). Most of these injuries (73%) were unintentional, like falls, drowning or fires. The
remainder consists of intentional injuries: suicide, homicide and violence. Although lethal injuries
are registered in both developed and developing countries, there is a transition of categories
observed along with the level of development. At low levels of development agricultural accidents,
fires, drowning and war-related violence dominate, while higher levels of development are associ-
ated with road-traffic accidents and industrial injuries (WHO, 1997). Injuries tend to occur
among people younger than 45; this can have severe impact on communities and economies.
Most of the underlying mechanisms of the causes of deaths, like violence, are complex and will
not be further considered.

Mental health
Neuropsychiatric conditions have been ignored for a long time. With the completion of the epi-
demiological transition, mental and behavioural disorders become of growing concern. Although
the impact of mental health on mortality levels is very low, about 779,000 global suicide cases can
be attributed to mental conditions (WHO, 1995); the impact of mental health on overall morbid-
ity levels can hardly be ignored. ‘When disease burden measurement includes time lived with a
disability, several of the neuropsychiatric disorders become leading causes of disease burden world-
wide’ (WHO, 1999, p. 16). Since PHOENIX concentrates on mortality, mental health will not
be included.
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Table 5.8 Estimated number of deaths (x 1000) from air pollution by environmental setting and region, in 1996

Environmental setting India China Other Asia SSA Latin America Other Total
& Islands & Caribbean

Rural indoor 496 320 363 490 180 0 1849
Urban indoor 93 53 40 32 113 32 363
Urban outdoor 84 70 40 NA 113 204 511
TOTAL 673 443 443 522 406 236 2723

Source: WHO, 1997, p. 89



5.2.3 Health services and medical technology

Besides the age and the exposure−disease−death dimension, a third dimension, i.e. medical technol-
ogy, can be distinguished. The technology revolution has had its impact in areas like agriculture and
industry but also unmistakable in medical technology. Improved knowledge on biotechnological
facets resulted in the 1930s in the introduction of antibacterial drugs and new vaccines to counter
several infectious diseases (World Bank, 1993). In addition to the preventive health services, the cur-
ative possibilities have been expanded enormously and the exploration of the outer limits of mortal-
ity is being continued. The following section will briefly describe the sectors and infrastructure of
health services, and go on to a consideration of estimating the upper limits of life expectancy.

Health services sector
The total global health expenditure in 1990 was about 1702 billion dollars per year, correspon-
ding with 8% of the global GDP. The yearly expenditures of developing countries on health serv-
ices vary from 85 billion dollar (UNICEF, 1996) to 170 billion (World Bank, 1993) but clearly
represent just a small proportion of the total budget. The World Bank (1993) has made a classifi-
cation of the various health systems by income and main characteristics (see Table 5.9). 
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Table 5.9 Health systems and expenditures by income group in 1990

Group Health expenditures Main characteristics
($ per capita) Share of $ 

GDP (%) per capita

Low income 2-7 2-40 High private spending for traditional medicine and for drugs
100-600 Public services financed from general revenues

Little insurance

Middle income 2-7 20-350 Government services for middle- and low-income groups financed 
600-7900 from general revenues

Private insurance and private provision for affluent (less than 10% of 
population)

Middle income 3-7 20-400 Public health and clinical care for low-income groups financed from 
600-7900 general revenues

Social insurance for wage labour force, with mixed provision

FSE of Europe 3-6 30-200 Public services (which are low in quality or collapsing) financed 
650-6000 from general revenues

Large underground market in private services

EME excl. USA 6-10 400-2500 Universal or near-universal coverage through general revenue
5000-34,000 financing or compulsory social insurance

Use of capped third-party payments and global budgets

USA 12 2800 Combination of private voluntary insurance and use of general
22,000 revenue from taxes

Unregulated and open-ended fee-for-service compensation
High administrative costs associated with health provision and insurance

Source: World Bank, 1993 



The variation in percentages of GDP spent on health in 1990 is great, even within the same
income classes. In the low-income group the percentage ranges from 0.5% in Sudan to 7% in
Burkina Faso, and for the EME (established market economies) the percentage ranges from 5.5%
in Greece to 12.7% in the USA. Cross-country analysis shows that a higher income per capita cor-
responds with a higher percentage of GDP spent on health. Changes in health expenditures can be
attributed to the following four causes (Helder and Achterberg, 1997):

• Changing size and composition of the population, especially age dependency on health 
services, contributes to changing health services;

• Epidemiological changes cause a different pattern in the demand for health services;
• An autonomous increase is caused by new technical possibilities and a higher demand;
• Changes in prices of health care commodities.

Most of the demand for health services is generated in a relatively short period, i.e. just before
death (Helder and Achterberg, 1997). With a changing population structure, the demand and
supply of health services can be subjected to effects caused by an ageing population, which can
cause a disproportional demand and supply of health services in favour of the elderly. This pattern
is already noticeable in the developed countries. In the 1960-1990 period, the average percentage
of total health care in the European Union spent by people above 65 increased from 30% to 40%,
while the proportion of people above 65 only increased from 11% to 14% in the same period.

To get a better understanding of health expenditures, the various health sectors will be considered.
Health expenditures are commonly distinguished by primary prevention, secondary prevention
and clinical services, including reproductive health services. 

• Primary Prevention is defined as policies modifying the proportion of the population exposed
to one or more health risks. For example, the proportion suffering from malnutrition can be
reduced by food aid; water quality and sanitation can be improved by investments in public
water supply infrastructure, and smoking can be discouraged by anti-smoking campaigns.

• Secondary Prevention is defined as the reduction of the chances of getting a disease instead of
reducing the exposure risk. For example, condom use can be stimulated to prevent sexually
transmitted diseases and immunization programmes for measles.

• The last sector, clinical services, is the most important sector when it comes to the amount of
money involved. Clinical services can be seen as constituting not only the main infrastructure
of hospitals, clinics and personnel, but also medication. This sector accounts for about two-
thirds of total health expenditures (Gupta et al., 1998).

Upper limit of life expectancy
What are the minimum levels of mortality if all health risks are eliminated and if all health servic-
es function at a maximum? This minimum level of mortality corresponds with a situation in
which there are no premature deaths and is called the base mortality; it determines the upper limit
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of life expectancy a population can reach. Estimations of this upper limit of life range from 80 to
120 years (Olshansky et al., 1990). There are several ways to estimate the upper limit of life
expectancy (Olshansky and Carnes, 1997): extrapolation of observed trends, the risk factor
approach and the evolutionary bio-demographic approach. The first two approaches show similar
estimates of the upper limit (about 100 years) of average life expectancy in 2080. According to
some demographers the upper limit of life expectancy can even be prolonged up to 125 years,
which is possible because of improved knowledge and medical technology (Tabeau, 1997). In the
evolutionary bio-demographic approach, extended survival beyond the ages required for successful
reproduction is bounded by inevitable age-related mortality and current levels that may already
exceed the biological upper limit of life expectancy (Olshansky and Carnes, 1996). To achieve a
level of 85 years, current US mortality rates from all causes of death have to drop by 55% at all
ages, and by 60% for ages 50 and over (Olshansky et al., 1990). A life expectancy at birth of 100
years or greater can only be obtained if all death rates decline by 85%. To realize a life expectancy
of 115-120 years, about 85% of the original birth cohorts must survive up to and beyond their
120th birthdays (Olshansky and Carnes, 1996). The unanswered question is what the effect of
improvement on survival will be on morbidity levels. The effect of mortality reduction provides an
opportunity to express morbidity as being associated with the process of ageing (Olshansky et al.,
1991).

5.3 MORTALITY MODELLING APPROACH

Describing mortality patterns and changes provides a basis for mortality modelling. The most
important causes of death have been listed. The next step is to develop a model for simulating the
epidemiological transition. The development of such a model will be partly based on existing
approaches of mortality modelling as described in Chapter 3, where elements of the existing
approaches were evaluated on usefulness and omissions. The lack of a social dimension was con-
cluded to be anticipated in almost all approaches. Another conclusion was the dissatisfaction in
the World3 and Threshold21 models in their derivation of the total mortality rate. The Population
and Health module of TARGETS1.0 (Niessen and Hilderink, 1997) overcomes most of these
shortcomings and is therefore used as a starting point for the mortality model. The mortality
model will be described here in detail. Firstly, some general characteristics are given, followed by
an extensive description using the PSIR mechanism.

5.3.1 Introduction

Although there are many similarities with the TARGETS1.0 approach, there have also been sever-
al adaptations made. The most significant extension is the consideration of a regional level instead
of the world as a whole. Another difference is the restriction of modelling to mortality without
taking morbidity into account. Due to its complexity and lack of data, morbidity and health are
aspects difficult to measure. The explicit modelling of the disease process is therefore left out (see
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Figure 5.13). In other words, the disease state is considered a ‘black box’ and mortality risks are
directly determined by health risk exposure categories.

An extension compared to the TARGETS1.0 approach is the more explicit inclusion of several
other causes of death, like maternal mortality and AIDS, of which the potential devastating
impact can hardly be ignored. The last adaptation made is to distinguish five-year age groups
instead of the broad age groups. This level of detail fits in better with the different age-specific
mortality patterns. Because of its heterogeneity in mortality levels, the first age group is further
subdivided into the categories ‘younger than one’ year and 1-5 years.

The PSIR mechanism is used to structure the Mortality subsystem, while the Pressure system
includes the most important socio-economic and environmental driving forces of human health.
In the State system, the population is subdivided by various mortality risk exposure categories.
These categories are obtained from the Pressure variables. Each exposure category has its particular
mortality risk, which is modified by the level of health services. Besides these exposure categories,
several other causes of mortality like maternal mortality and AIDS, are included in the State sys-
tem. In the Impact system, the four mortality components constitute the total mortality levels,
which determine the age and sex-specific number of deaths. In the Response system, the health
policy options are included. Health care is distinguished by preventive, curative and reproductive
services (see Figure 5.14).

5.3.2 Mortality Pressure System

The combined influences of five groups of factors, i.e. sanitation, health expenditures, health per-
sonnel and facilities, economic indicators (like per capita GDP) and social indicators (like literacy
and nutrition) can explain roughly 90% of the variation in life expectancy in less developed coun-
tries (Gross, 1980). Analyses reveal a strong association of these health determinants with health
outcomes (Millard, 1994, Preston, 1975, Preston, 1980, Frenk et al., 1993). These findings are
used to specify the underlying mortality determinants in PHOENIX. The most important causes
of death are classified into three categories:
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• Socio-economic factors (adult literacy and income status), 
• Lifestyle-related exposures (blood pressure and smoking) and 
• Environmental factors (nutritional status, access to safe drinking water in combination with

sanitation and malaria risks).

Socio-economic factors
The association of social class and health is recognized and therefore also included in the mortality
submodel as socio-economic status (SES) (Najman, 1993, Marmot and Elliot, 1994). The concept
of socio-economic status is used to divide the population into two categories, based on a combina-
tion of welfare/income and level of education. The income component is obtained from the frac-
tion of the population living below the absolute poverty line of PPP$1 per person per day.
Analysis in Figure 5.15 shows that the percentage suffering from poverty can be related to the
GDP per capita level in PPP terms. Because of various income inequities this relationship is not
very strong and is liable for improvement.

The adult literacy level is taken as representative of education. The fraction of the population asso-
ciated with a low socio-economic status (Low SES) is determined by the fraction of the population
below the poverty line, then increased with the fraction of the population above the poverty line
who are illiterate. The equation is:
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(5.1)

where Povertyfraction is the fraction of the population living below the poverty line and represented
and by the equation in Figure 5.15, Literacyfraction is the adult literacy. A probable positive correla-
tion of illiteracy with poverty is ignored. The complementary fraction of the population results in
health risks associated with high socio-economic status (High SES).

Lifestyle-related factors
In PHOENIX two lifestyle-related mortality risks are distinguished: blood pressure and smoking.
Both these risk factors are sex- and age-dependent. The prevalence of blood pressure and smoking
are included exogenously in the mortality model. Smoking behaviour can be influenced by anti-
smoking campaigns, which are included and described in the preventive health services (see
Mortality Response System). Alcohol use and dietary patterns are not explicitly taken into account
but implicitly only through blood pressure.

Environmental factors
The last health determinant category of the Pressure system includes the environmental-related
mortality risks. The following three important causes of death in the developing regions are distin-
guished: malnutrition, access to safe drinking water as representative of the waterborne causes of
death, and malaria as the major killer among insect-borne diseases. All these environmental expo-
sure factors are assumed to be independent of age. Preventive health services can be used to reduce
these health risks; this is described in the section on response.

 Low SES (t) Poverty (t) (1 Literate (t)) (1 Poverty (t))fraction fraction fraction fraction= + − × −
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Malnutrition
The problem of malnutrition is mostly a problem of unequal distribution of food as indicated by
the data presented in Table 5.5. These data on chronic undernutrition of the FAO represent the
percentage of the population having less than a minimum level of daily dietary energy supply. The
minimum level of around 1800 kcal per person per day is based on a minimum level of dietary
energy supply per household and is derived as a weighted average of estimated sex-age specific
minimum energy requirements. The following relationship (R2 = 0.90) between average food
availability and fraction of the population suffering from malnutrition is obtained from the FAO
data as shown in Table 5.5 (FAO, 1992):

(5.2)

where Malnutritionfraction represents the fraction of the population suffering from chronic undernu-
trition and Food availability per capita is the average level of food intake expressed in kcal per capita
per day.

No access to safe drinking water
Access to safe drinking water is assumed to be the broad proximate of all waterborne causes of
death. There are several organizations that have registered the percentage of the population having
access to safe drinking water. There are even country-based time series given by the World Bank
from 1970 to the present. These data are used for the fraction of the population not exposed to
safe drinking water in the Pressure system (see Table 5.4).

At risk for malaria
Because of the dominance of malaria over the other insect-borne diseases with respect to the number
of deaths, the third environmental health risk is constituted by ‘living in a malaria risk area’. About
40% of world’s population is at risk for malaria. Another 1.7 billion people (32%) live in areas
where endemic malaria has been considerably reduced or eliminated (WHO, 1992). About 80% of
all clinical cases occur in Africa the vast majority of them south of the Sahara. The distribution of
the reported cases is used to estimate the number of people at risk per region. The proportion of the
population at risk is not constant. Changes in climatic conditions could enable disease-carrying
insects to survive and breed at more northern latitudes and higher altitudes. In addition, the malari-
al transmission potential is also subjected to climate change. Worldwide, a climate-induced increase
of 20% in malaria cases can be expected in the year 2100 (McMichael and Martens, 1995).

5.3.3 Mortality State System

The six most important mortality risks are distinguished in the Pressure system: i.e. socio-economic
status, smoking, blood pressure, malnutrition, lack of access to safe drinking water and at risk for
malaria. These factors are used to determine the exposed population as part of the State system.
Based on this exposed population, exposure-specific deaths are determined as the first component of

 Malnutrition (t) 6.5 0.8 LN(Food availability (t))fraction per capita= − ×
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mortality. The second component is determined by mortality that cannot directly be associated with
factors listed in the Pressure system (i.e. maternal mortality and AIDS). This section describes the
assumptions and underlying mechanisms of exposure-specific mortality and other mortality.

Exposure mortality component
Instead of treating each health risk factor of the Pressure system separately, a clustering of mortali-
ty risks is advocated, resulting in 12 exposure categories. For each exposure category the associated
age- and sex-specific risk on mortality is given. The exposed population combined with these mor-
tality risks results in exposure-specific deaths, the first and by far most important component of
the overall mortality rate.

Exposed population
Often a person is not exposed to only one of the health risk factors listed in the Pressure system,
but to a combination of two or more health risk factors. For example, malnutrition and lack of
access to safe drinking water are highly associated with poverty (FAO, 1996b) and education. The
poverty line selects a group for whom the income is so low that they must choose between basic
commodities as food, clothing and accommodation (Najman, 1993). A similar relation can be
assumed between malaria risk and poverty. Economically feasible effective vector control measures
and expensive treatment, in combination with undermining the health and working capacity of
people, make malaria incidence and prevalence closely interlinked with poverty (WHO, 1996b).
On the other hand, poverty is not exclusively associated with the three factors mentioned; it can
also have its own health risks. A similar plea can be made for smoking and blood pressure in rela-
tion to a high socio-economic status. Underlying specific risks like tobacco use and blood pressure
are more general determinants of health: income and education levels (WHO, 1999, p. 6). As
long as dominant causes of death associated with low SES factors like malnutrition or infectious
disease are present, it is unlikely that a person will die from health risks related to smoking or
blood pressure. This explains the following clusters of assumed health risk factors, resulting in 12
exposure categories (Figure 5.16 and Table 5.10).

Exposed population

high socio-economic status (1) low socio-economic status (5)

blood
pressure (2)

(4) (10) (12)

(9)

(11)(8) no
save water

access

malaria
risk (7)

malnourished
(6)

 smoking (3)

Figure 5.16 Exposure categories distinguished.

(Source: Niessen and Hilderink, 1997)



The high SES categories are sex- and age-specific since exposure to a health risk like smoking is
highly correlated with a person’s sex and age. There is no age-dependency assumed in the low SES
categories. The occurrence of multiple health factors is assumed to be independent. 

Relative risk
The strength of an association between a health determinant and the chance of dying is indicated
by the relative risk on mortality (RR). This RR indicates how much higher the risk of dying is for
people who are exposed to this risk factor, compared with people who are not. The RRs used in
the simulation model are based on the literature. However, there is a variation in methods, popu-
lations investigated, confounding variables and the length of the study. The definitions, which
determine if a person is at risk or not, are not always the same. Furthermore, death cannot always
be assigned to just one risk factor, which makes estimation of the contribution of the risk factors
separately difficult.

In PHOENIX, each of the 12 exposure categories listed in Table 5.10, has to be associated with
the RR. The relation of the two main categories, High and Low SES, with mortality levels have
been analyzed (Najman, 1993). For adults, estimates suggest that those in the lowest SES group
have mortality rates approximately 11/2 to 21/2 times those experienced in the highest SES, with
the largest SES differences seen in the 25-45 age group. The SES effect of the same magnitude is
found for the perinatal period. Low SES children aged 1-15 and children in the first year of life
have a mortality rate even five times as high (Najman, 1993). These data are used to simulate the
mortality risks of exposure subcategories, High and Low SES only. The mortality risk in the first
two years can also be associated with the mother’s education level. The ‘mortality risk during the
1-23 moth period is more than twice as sensitive to the education effect than during the neonatal
period’ (Bicego and Boerma, 1991, p. 190). However, this effect is statistically less relevant after
controlling for economic condition of the household.
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Table 5.10 SES-related exposure categories

Main Category Subcategory

High SES High SES only
Blood pressure
Smoking
Blood pressure and smoking

Low SES Low SES only
Malnutrition
Malaria
No drinking water
Malnutrition & Malaria
Malnutrition & No drinking water
Malaria & No drinking water
Malnutrition & Malaria & No drinking water



The relative risks of mortality of the high SES-related determinants are derived from Verschuren
(1995) who gives an overview of blood pressure, diet and smoking. The health risks of smoking not
only depend on current smoking patterns but also on previous ones, as well as several co-factors. In
the USA, many smokers started smoking in their teens, but many older female smokers started
smoking several years later (Peto et al., 1992). While not explicitly modelled, this is accounted for
in the relative risk. Estimates of the upper limit for the relative mortality risk due to smoking are
based on data of the 1950s; the lower limit as assumed to be 90% of the actual RR level.

It is difficult to estimate the risks related to the exposure to malnutrition. The effects of different
levels of malnutrition have been analyzed by Pelletier (1995), who concluded the impact of mal-
nutrition on child mortality to be much larger due to the synergistic relationship with infectious
diseases. Secondly, most of malnutrition-related diseases are attributable to mild-to-moderate mal-
nutrition, rather than severe forms. The relative risks of mortality from malnutrition vary from 8.4
for severe malnutrition to 2.5 for mild malnutrition. These risks are obtained from eight commu-
nity-based studies, all showing a remarkable consistency. However, a study of the demographic
consequences of the Ethiopian famine in 1984-85 show a mortality rate seven times higher than
the mortality rate in the 1972-73 Bangladesh famine (Kidane, 1989). 

In order to take the effect of health services into account in PHOENIX, the maximum and mini-
mum levels for each of the RRs are required. The level of health services, expressed in effectiveness
as a function of health expenditures per capita, determines the actual level of a RR, given its upper
and lower level. Following Niessen (1997), the equation for the calculation of the actual level of a
relative risk is then:

(5.3)

where RRmax and RRmin represent the upper and lower boundaries of the relative risk of mortality
distinguished by sex, age and exposure category; Curative effectiveness represents the level of cura-
tive health services and ranges from 0 to 1 (see section on Response).

Base mortality rate
Estimates of the upper limit of life expectancy range from 80 to 120 years. However, as already
mentioned, life expectancies of 100 years require changes in health practices and mortality sched-
ules that appear to be inconsistent with what is practically achievable (Olshansky and Carnes,
1996). On the suggestion of Fries (1980), 85 years will be taken as a starting point for the upper
limit of longevity The upper level can be achieved by a decline in mortality rates of 43% for
females and 65% for males (Olshansky et al., 1990). Mortality projections for the Netherlands
show that for most age groups the same reduction of mortality rates is assumed to reach a life
expectancy of above 80 (CBS, 1998). These finding are used to derive the base mortality levels.
The assumed levels of base mortality are presented in Figure 5.17. The base mortality rates corre-
spond with a life expectancy of 85 years for males and 86 years for females.

 RR(t) RR Curative effectiveness(t) (RR RR )max max min= − × −
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Deaths due to exposure
The distribution over the 12 exposure categories, representing the subpopulations at risk, is used
to calculate the annual number of persons who contract a particular disease and die from the con-
sequences. The latter is represented by the relative risk of mortality. The equation for exposure-
specific mortality is then:

(5.4)

where Exposure deaths represents the mortality due to the SES-related mortality risk exposures, the
Exposureprevalence the prevalence of the 12 mortality risk exposure categories with the associated rel-
ative risk, RR and the Base mortalityrate the mortality rates corresponding with a life expectancy of
85 and 86 years for males and females, respectively. All these variables are sex- and age-specific.

Other mortality components
Although the previous mentioned exposure-specific deaths cover the greatest part of the overall
mortality, there are other mortality factors which have a considerable contribution to the total
number of deaths. These other-mortality rates cannot be directly associated with factors listed in
the Pressure system, but should be included in mortality model. These mortality factors (e.g.
maternal mortality, AIDS and residual mortality) form the other mortality components.

Maternal mortality
In the simulation model the maternal mortality level can vary between a minimum and maximum
level of maternal mortality, depending on the level of reproductive health services. As previously
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stated, abortion and then especially unsafe abortions contribute considerably to maternal mortali-
ty levels. Maternal death due to unsafe abortion is calculated separately and unsafe abortions are
related to legislation on abortion as determined in the Fertility subsystem. The limitations of the
existing data prevent the refinement and quantification of the paths associated with socio-eco-
nomic factors and are left aside. The maternal mortality level is obviously only non-zero for
women 15 to 49 years of age and is specified for five-year age groups based on the number of
births occurring in these age groups. The equation is then:

(5.5)

where Abortionunsafe is the number of unsafe abortions performed, Ab riskmax and Ab riskmin are the
maximum and minimum levels of mortality risks associated with an unsafe abortion. The second
component is determined by the number of births combined with a maximum and minimum
level of maternal mortality (MatMmax and MatMmin) resulting from other causes than unsafe abor-
tion. Both the components are modified by the Reprod effect, the level of reproductive health serv-
ices as described in the Response system) 

AIDS mortality
Unprotected sexual intercourse, breastfeeding and drug injection are considered to be the most
crucial sources of new HIV infections. This diversity in the spreading of the disease affects people
regardless of social class. Anti-AIDS campaigns and educational efforts have resulted in AIDS
awareness and a greater condom use (UNAIDS/WHO, 1997). However, these policy efforts are
strongly AIDS-oriented and can hardly be related to the overall literacy levels. For this reason sex-
and age-specific AIDS-mortality rates are included exogenously in the mortality model and are
used to calculate deaths due to AIDS.

Residual mortality
The last part of the other-mortality component covers the remaining mortality level or residual
mortality, in other words, the mortality that cannot be related to any of the exposures or diseases
mentioned, like air pollution and injuries. Based on historical estimations, sex- and age-specific
residual mortality rates are also included exogenously in the mortality model to calculate this last
category of residual deaths.

5.3.4 Mortality Impact System

The various components of mortality are first determined in the State system, after which these
components determine the total mortality level by a simple addition of all age- and sex-specific
deaths distinguished (these deaths being necessary for the simulation of the population in the

 

Maternal deaths(t) Abortions (t)

Ab risk Reprod effect(t) (Ab risk Ab risk )

Total births(t) MatM Reprod effect(t) (MatM MatM )

unsafe
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Population subsystem). Overall mortality rates, based on total deaths, are then calculated and the
section concluded with a consideration of the several mortality-derived measures of the popula-
tion, e.g. life expectancy (LE), years of life lost (YYL) and population attribute risk (PAR).

Number of deaths and mortality rates
The age-specific number of deaths, the most important outcome of the mortality model, is used in
accounting equation 3.1. Adding the mortality components results in the age-specific number of
deaths:

(5.6)

where all four death components are age- and sex-specific. The corresponding overall age-specific
mortality rates (ASMRs) are directly obtained from these deaths:

(5.7)

where Deaths and Population are the respective number of deaths and population, distinguished by
sex and age.

Mortality-related measures
The most commonly used measure of the mortality levels is life expectancy. The life expectancy
reflects the mean number of years a birth cohort (persons born in the same year) may expect to
live if current levels of mortality prevail. The life expectancy can be calculated for all ages. The
combination of the age at which death occurs, and the life expectancy a person has at age of death,
result in the number of years of life lost (YLL). The summation of YLL over all annual deaths in a
population results in the total number of years lost due to premature mortality. Recently, years of
life lived with a disease (YLD) have also been quantified by multiplying the prevalence of a disease
with a weight of severity. The sum of the YLL and YLD results in disability adjusted life years
(DALY) (Murray and Lopez, 1994) and expresses a measure of the burden of disease. A similar
approach to DALY was applied in the TARGETS model. Due to the lack of diseases in
PHOENIX the impact is restricted to LE and YLL. 

The population-attributable risk (PAR) (Walter, 1976) can be used to analyze the effect the lifespan
gain by eliminating a specific mortality determinant. The PAR represents a theoretical health gain
that occurs in a situation where the risk factor can be completely eliminated and the population
not at risk does not have an increased risk. The prevalence of the risk factors combined with the
associated RR is required for the calculation of the PAR. The PAR is calculated in the following
way:

 
ASMR(t)

Deaths(t)
Population(t)

=

 

Deaths(t) Exposure deaths(t) Maternal deaths(t)

AIDS deaths(t) Residual deaths(t)

= + +
+
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(5.8)

where Exposureprevalence represents the fraction of the population exposed to an exposure category
and RR is the relative risk on mortality of that exposure.

In practice risk factors can often not be fully eliminated or, due to the presence of more than one
risk factor, the relative risk is only lowered by a small proportion, for which the health gain of the
PAR, considered to be attainable in practice, is called preventable proportion. This preventable
proportion provides valuable information for policy-makers. In PHOENIX, only the PAR is con-
sidered.

5.3.5 Mortality Response System

The response and steering system of the mortality model consists mainly of the determination of
the level and allocation of the health services. The policy measures in the mortality model are
assumed to be set exogenously by decisions of a, sometimes imaginary, government. This does not
fully correspond with real world dynamics, where decisions on how a household budget is spent
are not determined by policies at a macro level but by the specific health status of the members of
that household on a micro level. To incorporate the process of decision-making on a micro level is
beyond the scope of this research; however, this could yield some relevant and interesting insights
into the understanding of the perception of health.

The response system contains a selection of policy measures which are supposed to have an influ-
ence on the disease process, either on the exposure of the health risks distinguished or the conse-
quences of these exposures. The policy options, included in PHOENIX, consist of the level of
health expenditures as a percentage of the GDP and the allocation of these expenditures to the
health sectors. The three main health sectors distinguished are preventive, curative and reproduc-
tive health services. In the Mortality System, the per capita health services’ expenditures result in
an average effectiveness of health services that determine the mortality risks corresponding with
the 12 SES-related exposure categories. The following sections will describe the various health pol-
icy options and their economic aspects.

Health expenditures
The underlying dynamics of the level of health services expenditures to capture. The ageing of a
population is inextricably bound to the epidemiological transition which, in its own way, is inter-
linked with socio-economic conditions. In the first instance, the descriptive approach is chosen
above the demand-driven approach of Helder (1997). The percentage of GDP spent on health is
based on the relationship presented by the World Bank (1993, p. 110). The share of GDP spent
on health is 3.5% at a very low income per capita and increases linearly to 8% at an income of
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$25,000. The validity of this relationship for future situations, in which a strong tendency to age-
ing is observed, remains uncertain. The resulting overall health service expenditures are exoge-
nously allocated to the various health sectors. 

Health sectors
These figures indicate the importance of allocating health services to the age groups. The lack of
age-specific health-services data for especially the developing regions restrains one from applying
such an allocation of health services to the various age groups. The assumption is made that the
health services expenditures are, historically speaking, proportionally distributed, depending on
the number of persons in each age group. This implies that with a continuing economic growth
per capita, all age groups will benefit equally from increased health expenditures. The conse-
quences of this allocation mechanism of health services will be discussed and applied in Chapter 7.
Discrimination among the sexes might also be a factor influencing the allocation of services.

Besides age discrimination gender discrimination can also play a part in the health services alloca-
tion. Gender discrimination or even the neglect of girls is mentioned as being responsible for gen-
der differences in mortality rates in India. In Bangladesh, child mortality risks are about 1.5 times
higher for girls than for boys (Bhuiya and Streatfield, 1991). The allocation mechanism can there-
fore also be adjusted for gender-dependent allocation and be useful in specifying these unequal
conditions.

Preventive health services
It is not obvious how all the health determinants can be influenced. The overall division in SES is
of major importance to the mortality levels. It is clear that a more equal distribution of income
would raise the average standard of living and a higher level of literacy will enforce this effect but
these are not considered as health policy targets. 

Although the exposure to high blood pressure also includes factors like alcohol use and diet pat-
terns, it is assumed to be beyond the reach of policy to influence this determinant. On the other
hand, smoking behaviour can be discouraged by anti-smoking campaigns. Effective discourage-
ment of addiction to tobacco involves slow social changes that take place over many years (World
Bank, 1993). The quantitative founding of the effects and costs of anti-tobacco use campaigns are
difficult to estimate. Due to the addictive nature of nicotine, it is difficult to quit, even if 75%-
80% of the smokers indicate their desire to quit. The results of financial measures show that for
every 10 per cent increase in price, consumption will decrease from 2% to 8% (World Bank,
1993). Other measures concentrate on the limitation of advertising and restrictions of the areas
where smoking is allowed. In a combination of these policies, including a health warning on pack-
ages, a price increase of 36% would have reduced tobacco consumption by 13.5% in 1986 in
OECD countries. There is no information available on the implementation costs of such a policy
package.
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The problem of the prevalence of malnutrition is mostly a problem of unequal distribution of
food. The global average of over 2718 kcal per capita per day in 1994 (FAO, 1996a), is far above
the minimum level of the daily energy requirements of 1784 kcal per capita. Food-aid is one of the
policy actions that can be taken to improve nutritional status. However, the amount of aid repre-
sents just a small fraction of the total production in a region and the consequent effect on the aver-
age food availability per capita will be small. Besides, food-aid is mostly aimed at a particular area
(a country or even a subnational entity) and therefore directly supplies the people who need it
most. This effect will be evaluated in the sensitivity analyses performed in Chapter 7.

Improvements in access to safe drinking water are mainly a matter of available economic resources
for water supply and the government’s policy. The US EPA estimated the total costs to water sup-
pliers at $88 billion (Nash, 1993). The cost of a full water-supply coverage can range from $15 per
person for simple rural systems to $200 for a full-fledged urban system (World Bank, 1990). The
only environmental barrier might be the influence of climate change causing a shortage of water.
The knowledge on this relationship is rather limited and therefore not taken into account. Malaria
exposure is, in every country, concentrated in certain areas; this has made anti-malaria campaigns
effective. There are indications that mortality has fallen in some areas because of the widespread
use of anti-malarials, of social development and of better education (WHO, 1992). In India the
number of malaria cases were reduced from 9 to 5 million between 1976 and 1984 due to control
of malaria resurgence. In China, integration of malaria control into primary health care has result-
ed in a fall of malaria incidence. However, in other areas with high transmission it seems to be dif-
ficult to control malaria due to inadequate sanitation, lack of financial resources, lack of knowl-
edge, inefficient or non-existing health infrastructure and shifting land-use patterns. Therefore
any further reduction of malaria risks by anti-malaria campaigns is rather limited.

Clinical health services
Reproductive services are distinguished as part of the overall clinical services to determine the level
of maternal mortality. In this approach, the economic process of investments and depreciation, as
well as pricing mechanisms, are lacking due to the limited data.

To translate the level of clinical health service expenditures into effectiveness, an age-specific func-
tion as represented in Figure 5.18 is assumed, in which the effectiveness decreases with advancing
age in line with the findings as presented in Figure 5.4. The impact of the difference in effective-
ness of public versus private health care should also be taken into account. To this end, the find-
ings of the World Bank that the public share of health service expenditures increases through a
logarithmic function of the income are used. Assumed is that the effectiveness of health services
on a population level is lower when the public share is lower.

By using this static function for the effectiveness of health services, the progress of medical tech-
nology is ignored. With regard to this, assumptions have to be made to estimate the effect of
increased knowledge and facilities on the minimum attainable mortality levels. The World Bank
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analyzed the relationship between life expectancy and income in the 1900-1990 period. However,
this relationship oversimplifies the complex field of influences where improved overall conditions
and technology play there own role. Therefore the medical technology is represented by a exoge-
nously set technology factor.

Reproductive health services
The total worldwide yearly costs of better reproductive health care is approaching $17 billion
(UNFPA, 1997). The World Bank estimated that an extension of prenatal, delivery and postpar-
tum care to a proportion of 80% of world’s population would cost between $90 and $225 per
birth attended, or $4 to $9 per capita. This extension would include the following three compo-
nents: information, education and communications, with community-based obstetrics and dis-
trict hospital facilities. These costs may be overestimated due to the overlap of infrastructure
investments with the clinical service sector.

5.4 CONCLUSION

The description of mortality change is relatively extensive. The factors of influence on the epi-
demiological transition are more diverse than the determinants of the fertility transition. Although
the epidemiological transition shows a clear shift from infectious diseases to chronic diseases, there
is a broad variety of diseases involved and the contributive effect of underlying mortality determi-
nants and health services to mortality levels is hard to determine. Besides more traditional mortal-
ity determinants, such as malnutrition and drinking water quality, the socio-economic status is
considered of major influence on the mortality risks. With the epidemiological transition almost
completed in developed regions, lifestyle-related mortality risks like smoking and blood pressure
become more important. Health services have been and can become of major concern with an
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ongoing ageing population. Four mortality components are distinguished in the mortality model:
exposure-specific, maternal, AIDS and residual mortality. For the simulation of the main compo-
nent, exposure-specific mortality, the population is subdivided in 12 exposure categories. Each of
the exposure categories is associated with relative risk of mortality. The level of relative risk is also
determined by the per capita health services expenditures in the curative sector. Maternal mortali-
ty reflects the integrative aspects of fertility and the mortality subsystem. AIDS mortality cannot
be ignored. The epidemiological transition can be described using these mortality components
and covers the most important mortality aspects of countries in the post-transition phase.
Morbidity aspects due to the complexity of occurrence of diseases and the lack of data become
more important in the last phase but are not taken into account.
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