
Health in developing countries:
successes and challenges

On October 22, 1977, Au Maow Maalin, a twenty-
three-year-old cook living in the town of Merca,
Somalia, developed a fever and rash that was sub-
sequently diagnosed as smallpox. Vaccination
teams immediately descended on Merca and
within three weeks had vaccinated more than
50,000 people. They also began an intensive search
for other cases in Merca and along the road and
footpaths leading to it. By December 29 the World
Health Organization (WHO) had removed Merca
from its list of potential outbreaks of smallpox and
had initiated a two-year surveillance for the dis-
ease throughout the Horn of Africa. It turned out,
however, that Mr. Maalin had experienced the
world's last case of smallpox. He survived, and
WHO's twelve-year-long Intensified Smallpox
Eradication Programme was brought to a trium-
phant end.

In 1967, the year when the program began,
somewhere between 1.5 million and 2 million peo-
ple died from smallpox. Perhaps half a million
more were blinded, and more than 10 million were
seriously and permanently disfigured. In the early
1950s the toll from smallpox had been three or four
times greater. Then more and more countries un-
dertook vaccination programs, and by the time the
global program began, the disease had been vir-
tually eradicated in 125 countries. Even so, the cost
of smallpox vaccination, quarantine programs,
and treatment totaled more than $300 million in
1968 alone. The eradication program, by contrast,
cost $300 million over the whole of its twelve-year
life and has therefore saved hundreds of millions
of dollars a year in direct, measurable costs, as well
as unquantifiable amounts of human suffering.

Few investments of any kind generate human
and financial benefits on that scale. Yet in many
ways the Intensified Smallpox Eradication Pro-
gramme exemplifies the potential of today's medi-
cine. Around the world, the past half century has
seen startling improvements in health. Progress in
drugs, vaccines, epidemiological knowledge, and
organizational experience continually expands the
range of options for tomorrow. Tools and methods
for combating and eliminating much of the re-
maining burden of disease are now affordable,
even by the poorest countries. Good policy, how-
ever, is essential for achieving good health. Some
countries have made full use of the potential of
medicine; others have barely tapped it, despite
heavy spending. This Report draws from this var-
ied experience lessons that will assist policymakers
in realizing the enormous potential returns from
their countries' investments in health.

Why health matters

Good health, as people know from their own ex-
perience, is a crucial part of well-being, but spend-
ing on health can also be justified on purely eco-
nomic grounds. Improved health contributes to
economic growth in four ways: it reduces produc-
tion losses caused by worker illness; it permits the
use of natural resources that had been totally or
nearly inaccessible because of disease; it increases
the enrollment of children in school and makes
them better able to learn; and it frees for alterna-
tive uses resources that would otherwise have to
be spent on treating illness. The economic gains
are relatively greater for poor people, who are typ-
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ically most handicapped by ill health and who
stand to gain the most from the development of
underutilized natural resources.

Gains in worker productivity

The most obvious sources of gain are fewer work
days lost to illness, increased productivity, greater
opportunities to obtain better-paying jobs, and
longer working lives. To take a classic example,
leprosy is a disease that affects people in the prime
of life, with peak incidence rates among young
adults. As many as 30 percent of those affected
may be seriously deformed, and their working
lives will be shortened as well. A study of lepers in
urban Tamil Nadu, India, estimates that the elim-
ination of deformity would more than triple the
expected annual earnings of those with jobs. The
prevention of deformity in all of India's 645,000
lepers would have added an estimated $130 mil-
lion to the country's 1985 GNP. This amount is the
equivalent of almost 10 percent of all the official
development assistance received by India in 1985.
Yet leprosy accounted for only a small proportion
of the country's disease burden, less than 1 per-
cent in 1990.

Healthier workers earn more because (as re-
search in Bangladesh has demonstrated) they are
more productive and can get better-paying jobs. In
Côte d'Ivoire daily wage rates are estimated to be
19 percent lower, on average, among men who are
likely to lose a day of work per month because of
illness than among healthier men.

When illness strikes, an individual's lost output
and earnings often go undetected in economic sta-
tistics because they are borne by the household. In
many developing countries unemployment (or
disability) insurance is rare, and healthier mem-
bers of the household work harder or longer to
make up for the loss in income. In a sample of 250
Sudanese households, each of which lost, on aver-
age, forty working hours per year because of ma-
laria alone, this extra work made up for 68 percent
of the lost agricultural labor. Similar findings have
come from research in Paraguay and Colombia.

In the long run, the benefits of improved health
are also likely to influence the way work is orga-
nized and carried out. With a healthy work force,
employers can reduce the costs of building slack
into their production schedules, invest more in
staff training, and exploit the benefits of specializa-
tion. Similar gains are likely among farmers, who
often hedge against sickness by being risk-averse;
they forgo higher output in return for less van-
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ability in their income. In Paraguay, for example,
farmers in malarious areas choose to grow crops
that are of lower value but that can be worked
outside the malaria season.

Improved utilization of natural resources

Some health investments raise the productivity of
land. In Sri Lanka the near-eradication of malaria
during 1947-77 is estimated to have raised national
income by 9 percent in 1977. The cumulative cost
was $52 million, compared with a cumulative gain
in national income over the thirty-one years of $7.6
billion, implying a spectacular benefit-cost ratio of
more than 140. Areas previously blighted by mos-
quitoes became attractive for settlement; migrants
moved in, and output increased. In Uganda mas-
sive migration to fertile but underexploited land
followed the partial control of river blindness (on-
chocerciasis) in the 1950s. The Onchocerciasis
Control Programme, conducted in eleven coun-
tries of the Sahel, is a more recent example of the
same benefits (see Box 1.1).

Benefits in the next generation through education

There is no question that schooling pays off in
higher incomes. Four years of primary education
boosts farmers' annual productivity by 9 percent
on average, and workers who do better at school
earn more. Studies in Ghana, Kenya, Pakistan,
and Tanzania indicate that workers who scored 10
percent above the sample mean on various cogni-
tive tests have a wage advantage ranging from 13
to 22 percent; in Nepal farmers with better mathe-
matical skills are more likely to adopt profitable
new crops.

Poor health and nutrition reduce the gains of
schooling in three areas: enrollment, ability to
learn, and participation by girls. Children who en-

joy better health and nutrition during early child-
hood are more ready for school and more likely to
enroll. A study in Nepal has found that the proba-
bility of attending school is only 5 percent for nu-
tritionally stunted children, compared with 27 per-
cent for those at the norm.

Health and nutrition problems affect a child's
ability to learn. Nutritional deficiencies in early
childhood can lead to lasting problems: iron defi-
ciency anemia reduces cognitive function, iodine
deficiency causes irreversible mental retardation,
and vitamin A deficiency is the primary cause of
blindness among children. Older children are sub-
ject to other kinds of disease. In a recent study in



Box 1.1 Controlling river blindness

Onchocerciasis, or river blindness as it is more com-
monly known, is caused by a parasitic worm which
produces millions of larvae that move through the
body, causing intense itching, debilitation, and eventu-
ally blindness. The disease is spread by a small, fiercely
biting blackfly that transmits the larvae from infected to
uninfected people.

The goals of the Onchocerciasis Control Programme
(OCP), set up in 1974 and covering eleven Sahelian
countries, are to control the blackfly by destroying its
larvae with insecticides sprayed from the air. The envi-
ronmental impact of the insecticides is continuously
monitored by an independent ecological committee, in
cooperation with the national governments. The com-
mittee has full authority to screen insecticides and to
approve or reject their use. The program has also col-
laborated with the pharmaceutical industry to develop
for human use a drug, ivermectin, that safely and effec-
tively kills the larvae in the body. Ivermectin, however,
has little impact on the adult worm and so must be
supplemented with vector control by aerial spraying.
The producer of ivermectin, Merck & Co., has commit-
ted itself to provide the drug free of charge as long as it
is needed to combat river blindness.

The OCP's four sponsoring agenciesthe Food and
Agriculture Organization, the United Nations Devel-
opment Programme (UNDP), the World Bank, and
WHOthrough a steering committee chaired by the
World Bank, make broad policy decisions and oversee
operations. WHO has executive responsibility through

a team of entomologists, epidemiologists, field staff,
and pilots; 97 percent of the staff are nationals of the
participating countries. The World Bank organizes the
finances and manages them through a trust fund. It
also supports socioeconomic development in the areas
affected by the disease.

The program is widely regarded as a great success. It
protects from river blindness about 30 million people,
including more than 9 million children born since the
OCP began, at an annual cost of less than $1 per per-
son. More than 1.5 million people who were once seri-
ously infected have completely recovered. It is esti-
mated that the program will have prevented at least
500,000 cases of blindness by the time it is wound up
around the end of the century. And it is already freeing
approximately 25 million hectares of previously
blighted land for resettlement and cultivation, boosting
agricultural production.

The estimated cost of the OCP during the whole of
its existence, from 1974 to 2000, is about $570 million.
Its estimated internal rate of return is in the range of 16
to 28 percent (depending on the pace at which the
newly available land is settled, the incremental output
added by the new land, the income level of the OCP
area, and the productivity growth rate that is pro-
jected). These estimated benefits do not include the
program's favorable effects on income distribution; its
main beneficiaries are subsistence farmers whose in-
comes are well below average.

Jamaica children with moderate whipworm infec-
tion scored 15 percent lower before treatment than
uninfected children in the same school. When re-
tested after treatment, those same children did al-
most as well as the uninfected children.

In a sample of children in a poverty-stricken
area of northeast Brazil, inadequately nourished
children lagged 20 percent behind the average gain
in achievement score over a two-year period. The
same study also shows the harm done by a simple
and easily remedied handicap: children with bad
eyesight lagged 27 percent behind the average
gain over the two years. Both groups had below-
average promotion rates and above-average drop-
out rates. In China a child at the twentieth percen-
tile in height-for-age (a sign of poor health) aver-
ages about one-third of a year behind the grade
normally reached by children of that age. In Thai-
land children whose height-for-age is 10 percent
below average are 14 percent lower in grade
attainment.

Girls are particularly liable to suffer from iodine
or iron deficiencyreasons why fewer of them
complete primary school. Other health-related
reasons include dropping out as a result of preg-
nancy and parental concern about sexual violence.
In societies where girls' education is given lower
priority than boys', girls miss school because they
have to stay home to look after sick relatives.

Reduced costs of medical care

Spending that reduces the incidence of disease can
produce big savings in treatment costs. For some
diseases the expenditure pays for itself even when
all the indirect benefitssuch as higher labor pro-
ductivity and reduced pain and sufferingare ig-
nored. Polio is one example. Calculations for the
Americas made prior to the eradication of polio in
the region showed that investing $220 million over
fifteen years to eliminate the disease would pre-
vent 220,000 cases and save between $320 million
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Box 1.2 The economic impact of AIDS

The AIDS epidemic, through its effects on savings and
productivity, poses a threat to economic growth in
many countries that are already in distress. World Bank
simulations indicate a slowing of growth of income per
capita by an average 0.6 percentage point a year in the
ten worst-affected countries in Sub-Saharan Africa. In
Tanzania, where income per capita has already fallen
0.2 percent a year in recent years, the estimated slow-
down ranges between 0.1 and 0.8 percentage point,
depending on the assumptions used. In Malawi, which
has had a recent growth rate of 0.9 percent a year, the
simulated reduction ranges from 0.3 to 0.5 percentage
point. These calculations include the effect of the epi-
demic on population growth, which will slow slightly
in severely affected countries.

The heavy macroeconomic impact of AIDS comes
partly from the high costs of treatment, which divert
resources from productive investments. Tanzanian cli-
nicians estimate that, on average, an HIV-infected
adult suffers 17 episodes of HIV-related illnesses prior
to death and a child suffers 6.5 episodes. Depending
on how much medical care a patient gets, in the typical
developing country the total cost per adult death
ranges from 8 to 400 percent of annual income per cap-
ita; the average is about 150 percent of annual income
per capita.

That AIDS kills so many skilled adults adds to its
economic impact. At a large hospital in Kinshasa, for
example, more than 1 percent per year of the health
personnel, including highly trained staff, become in-
fected (through sexual rather than occupational con-
tact). Among the (largely male) employees at a Kin-
shasa textile mill, managers had a higher infection rate
than foremen, who in turn had a higher rate than
workers. The cost of replacing skilled workers will be
substantial. A study of Thailand estimates that through
2000 the cost of replacing long-haul truckers lost to
AIDS will be $8 million, and another study, of Tan-
zania, projects the cost of replacing teachers at $40 mil-
lion through 2010.

The death of an adult can tip vulnerable households
into poverty. Even in Tanzania, where the government
pays a large share of health costs, a World Bank study
shows that affected rural households in 1991 spent
$60roughly the equivalent of annual rural income per
capitaon treatment and funerals. The study also
showed that the effects of losing an adult persist into
the next generation as children are withdrawn from
school to help at home. School attendance of young
people ages 15-20 is reduced by half if the household
has lost an adult female member in the previous year.

and $1.3 billion (depending on the number of peo-
ple treated) in annual treatment costs. The pro-
gram's net return, after discounting at even as
much as 12 percent a year, was calculated to be
between $18 million and $480 million.

AIDS is another example. Although it remains
much less common in the developing world than
diseases such as malaria, its economic impact per
case is greater for two reasons: it mainly affects
adults in their most productive years, and the in-
fections resulting from it lead to heavy demand for
expensive health care (Box 1.2). For example, be-
cause individuals with AIDS are typically more
prone to pneumonia, diarrhea, and tuberculosis,
the cost of medical care is high even though there
is no effective treatment as yet for the disease it-
self. Research in nine developing and seven high-
income countries suggests that preventing a case
of AIDS saves, on average, about twice GNP per
capita in discounted lifetime costs of medical care;
in some urban areas the saving may be as much as
five times GNP per capita. Calculations for India
show that, given prevailing transmission patterns,
each currently HIV-positive person infects one
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previously uninfected person every four years. At
this rate, there will be six HIV-positive persons in
2000 for every one today. If the transmission rate
could be slowed to one every five years, that num-
ber could be reduced to only four infected persons
in 2000 for every one today. The corresponding
reduction in medical costs, after discounting at 3
percent a year, amounts to $750 by 2000 for each
currently HIV-positive person in India, for a total
saving of $750 million. Similar calculations for
Thailand suggest savings of $1,250 per currently
HIV-positive person, for a potential total of $560
million.

Health investments and poverty

The goal of reducing poverty provides a different
but equally powerful case for health investments.
The adverse effects of ill health are greatest for
poor people, mainly because they are ill more of-
ten, but partly because their income depends ex-
clusively on physical labor and they have no sav-
ings to cushion the blow. They may therefore find
it impossible to recover from an illness with their
human and financial capital intact.



The health consequences of poverty are severe:
the poor die younger and suffer more from disabil-
ity. In Porto Alegre, Brazil, adult mortality rates in
poor areas in the late 1980s were 75 percent higher
than in rich areas, and in São Paulo rates were two
to three times higher for nonprofessionals than for
professionals. In the late 1970s among Kenyan
families in which the mother had no schooling, the
probability of dying by age 2 averaged 184 per
1,000 in regions where half of the families lived
below the poverty line but 100 per 1,000 in regions
where only one-fifth of the families lived in pov-
erty. The poor are exposed to greater risks from
unhealthy and dangerous conditions, both at
home and at work. Malnourishment and the leg-
acy of past illness mean that they are more likely to
fall ill and slower to recover, especially as they
have little access to health care.

When a family's breadwinner becomes ill, other
members of the household may at first cope by
working harder themselves and by reducing con-
sumption, perhaps even of food. Both adjust-
ments can harm the health of the whole family. If
free health care is not available, the costs of treat-
ment may drive a household deeper into debt. Al-
though ill health is only one of many factors that
can cause financial distress, its potential for disas-
ter means that it should be explicitly recognized in
formulating policies. Investments to reduce health
risks among the poor and provision of insurance
against catastrophic health care costs are impor-
tant elements in a strategy for reducing poverty.

Spending on health is a productive investment:
it can raise incomes, particularly among the poor,
and it reduces the toll of human suffering from ill
health. Good health, however, is a fundamental
goal of development as well as a means of acceler-
ating it. Targeting health as part of development
efforts is an effective way to improve welfare in
low-income countries. Evidence gathered over the
past thirty years indicates that in health, unlike
income, the gap between poor and rich countries
has been narrowing.

Putting the effects together

The detrimental effects of poor health on individ-
uals and households and on the use of resources
suggest that better health should lead to better
economic performance at the national level. A
number of analyses have found a positive relation-
ship between growth of income per capita and the
initial national educational stock. A similar analy-
sis carried out for this Report examines the relation

of growth in income per capita between 1960 and
1990 in about seventy countries to the initial level
of national income, the initial educational level,
and an indicator of initial health status (the child
mortality rate, used in this Report to mean the risk
of dying by age 5 per 1,000 live births). The health
status indicator is found to be a highly significant
predictor of economic performance. For the aver-
age country in the sample, the annual growth rate
of income per capita is 1.40 percent and the child
mortality rate is 116 per 1,000. An otherwise aver-
age country with a child mortality rate of 106
would have a growth rate of income per capita of
1.55 percent, whereas one with a child mortality
rate of 126 would have a growth rate of 1.26
percent.

Not surprisingly, the health status variable is
strongly correlated with educational stock, but the
significant association between income growth
and health remains strong and of similar magni-
tude across time periods and for a range of model
formulations. Although it is possible that unob-
served factors such as government capacity to im-
plement effective policies could explain the appar-
ent association, the data do suggest that better
health means more rapid growth.

The record of success

Mortality started to decline in Europe, North
America, and Australasia about two centuries ago,
but slowly at first. A century ago life expectancy in
the United States, then the world's richest coun-
try, was only forty-nine years, and child mortality
was about 180 per 1,000. The rate of improvement
accelerated in the first half of this century; by 1950
life expectancy in the United States had increased
to sixty-six years, and child mortality had fallen to
34 per 1,000. Progress was also being made in de-
veloping countries: in Chile, for example, life ex-
pectancy increased from thirty-seven years in 1930
to forty-nine in 1950, and child mortality fell from
350 to 209 per 1,000.

Mortality transitions since 1950

Health conditions around the world have im-
proved more in the past forty years than in all
previous human history. Life expectancy at birth
in developing countries increased from forty to
sixty-three years, and child mortality fell from 280
to 106 per 1,000. In a high-income country life ex-
pectancy is more than seventy-five years; in a low-
mortality developing country it is seventy years or
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Child mortality has fallen sharply in the past thirty years, with particularly rapid declines in parts of Asia and
Latin America.
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Figure 1.1 Child mortality by country, 1960 and 1990

Source: Appendix A.
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more; and in Sub-Saharan Africa, the region
where least progress has been made, it is about
fifty years.

Much of what is known about the decline in
mortality in the developing world since 1950 is
limited to the mortality of children and has come
from a series of standardized, internationally
funded demographic surveys. Enormous reduc-
tions in child mortality occurred almost every-
where around the world between 1960 and 1990
(Figure 1.1). For example, child mortality in Chile
dropped from 155 to 20 per 1,000, in Tunisia from
245 to 45, and in Sri Lanka from 140 to 22.

The statistics for adult mortality in the develop-
ing world are much less satisfactory than those for
child mortality. Approximate estimates for all de-
veloping countries suggest that the adult mortality
rate (defined as the probability of dying between
ages 15 and 60 per 1,000 persons reaching age 15)
fell from about 450 in 1950 to about 230 in 1990. In
Chile, a country with excellent statistics, the rate
dropped from 466 in 1930 to 152 in 1990.

The decline in mortality has accelerated over the
past thirty years. In the 1960s child mortality fell
by approximately 2 percent a year in about seventy
developing countries for which estimates are avail-
able. The annual decline increased to more than 3
percent in the 1970s and to more than 5 percent in
the 1980s. This result could be skewed by changes
in the mix of countries with reliable data; there
were, however, twenty-one countries with a con-
tinuous series of acceptable estimates of child mor-
tality from the early 1960s to the late 1980s, and for
this group as a whole the fall in child mortality
averaged 3 percent a year in the 1960s but 6 per-
cent a year in the 1980s. in seventeen of the
twenty-one the pace of decline increased over the
period.

Regional patterns

The extent of success has varied significantly be-
tween regions. Between 1950 and 1990 all eight
demographic regions used for this Report enjoyed
increases in life expectancy at birth, but China and
the Middle Eastern crescent did particularly well
(see Figure 1.2). Sub-Saharan Africa showed the
slowest improvement, with life expectancy in-
creasing only from thirty-nine to fifty-two years
although even this compares well with European
experience in the nineteenth century. (It took En-
gland and Wales more than half a century to raise
life expectancy by a similar amount.) The formerly
socialist economies of Europe showed a rapid im-
provement in the 1950s and 1960s, but the rise was
much slower in the 1970s and 1980s.

Life expectancy has increased substantially
everywhere over the past forty years.

Figure 1.2 Trends in life expectancy
by demographic region, 1950-90

Life expectancy at birth (years)
80

Sub-Saharan Africa
India
China
Other Asia and islands
Latin America and the Caribbean
Middle Eastern crescent
Formerly socialist economies of Europe
Established market economies

Source: Appendix A.

There are strong parallels between the pattern of
mortality decline in the high-income countries and
the accelerated progress of developing countries
over the past forty years. In both groups the con-
trol of communicable diseases, particularly those
of childhood, accounts for most of the gains. (The
term "communicable diseases," in the analyses
for this Report, includes deaths from maternal and
perinatal causes.) Progress against noncommuni-
cable diseasesprimarily those of the circulatory
and respiratory systems, which principally affect
adultshas been much slower. In both Chile (from
1930 to 1987) and England and Wales (over the
longer period 1891 to 1990) mortality from commu-
nicable disease fell to less than 5 percent of its
initial level, whereas mortality from noncommuni-

23

1950 1960 1970 1980 1990



Mortality from communicable diseases has fallen
much faster than that from noncommunicable
diseases or injuries.

Figure 1.3 Age-standardized female death
rates in Chile and in England and Wales,
selected years
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For earlier period, includes 'other and unknown"

category.
Source: For Chile 1930 and England and Wales 1891,
Preston, Keyfitz, and Schoen 1972; for 1987 and 1990,
WHO, World Health Statistics Annual, 1989 and 1991.

cable disease fell much less rapidly (Figure 1.3).
One result of this change is that mortality risks
have fallen much faster for children than for
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Similar patterns in Chile and in England and Wales
show how mortality rates have declined much more
sharply for the young than for the old.

Figure 1.4 Change in female age-specific
mortality rates in Chile and in England
and Wales, selected years
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at two time periods
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Source: For Chile 1930 and England and Wales 1891,
Preston, Keyfitz, and Schoen 1972; for Chile 1990, World
Health Organization data; for England and Wales 1990,
United Nations, Demographic Yearbook, 1991.

adults. In Chile, for example, mortality risks up to
age 30 fell by more than 90 percent between 1930
and 1990; the decline was at least 60 percent at
ages 30-70, but above age 70 the gains were much
smaller (Figure 1.4). The age pattern of mortality
decline in Chile over sixty years is strikingly simi-
lar to the pattern in England and Wales during the
ninety years from 1891 to 1981.

The only exception to this broad similarity be-
tween industrial and developing countries has
been in the formerly socialist economies. In these
countries child mortality has continued to decline,
as has the mortality of women, albeit more slowly.
The mortality of adult men, on the other hand, has
stopped declining in the past two decades and has
actually started to increase. This excess male mor-
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tality is largely the result of extremely high death
rates from cardiovascular disease, associated with
heavy smoking and drinking.

Measuring the burden of disease

The health improvements of the past few decades
have done much to enhance human welfare, both
directly and indirectly. But much more remains to
be done. Communicable (and largely preventable)
diseases are still common. Health systems also
have to cope with the aging of populations, which
leads to an increased burden of the more expen-
sive noncommunicable diseases. New illnesses,
such as AIDS, have emerged. One simple statistic
gives a sense of the remaining burden of disease:
about 12.4 million children under age 5 died in
1990 in the developing world. Had those children
faced the mortality risks of children in the estab-
lished market economies, the number of deaths
would have been cut by more than 90 percent, to
1.1 million.

Any discussion of health policy must start with
a sense of the scale of health problems. These
problems are often assessed in terms of mortality,
but that indicator fails to account for the losses that
occur this side of death because of handicap, pain,
or other disability. A background study for this
Report, undertaken jointly with the World Health
Organization, measures the global burden of dis-
ease (GBD) by combining (a) losses from prema-
ture death, which is defined as the difference be-
tween actual age at death and life expectancy at
that age in a low-mortality population, and (b) loss
of healthy life resulting from disability. The GBD is
measured in units of disability-adjusted life years
(DALYs). Worldwide, 1.36 billion DALYs were lost
in 1990, the equivalent of 42 million deaths of new-
born children or of 80 million deaths at age 50.
Premature deaths were responsible for 66 percent
of all DALYs lost and disabilities for 34 percent. In
the developing world 67 percent of all DALY loss
was a result of premature death; in the established
market economies and the formerly socialist econ-
omies of Europe the figure was only 55 percent.
Table 1.1 shows the GBD broken down by sex,
category of disease, and type of loss (premature
death or disability). The three categories of disease
used are the group of communicable diseases,
noncommunicable diseases, and injuries.

The derivation and interpretation of the GBD
are explained in Box 1.3. The results of research on
the GBD challenge the belief that the war against
infectious and parasitic diseases has been won. Di-

Table 1.1 Burden of disease by sex, cause,
and type of loss, 1990
(millions of DALYs)

Sex and outcome Communicable' Noncommunicable Injuries

Note: DALY, disability-adjusted life year.
a. Includes maternal and perinatal causes.
Source: Appendix B.

arrhea, childhood diseases such as measles, respi-
ratory infections, worm infections, and malaria ac-
count for one-quarter of the GBD. The burden of
these largely preventable or inexpensively curable
diseases of children is far larger in Sub-Saharan
Africa (43 percent of all DALYs lost) than any-
where else, although it is still substantial in India
(28 percent), Other Asia and islands (29 percent),
and the Middle Eastern crescent (29 percent). For
adults too, communicable diseases are far from
trivial: sexually transmitted diseases (STDs) and
tuberculosis together contribute 7 percent of the
GBD.

Even as broad a measure as the GBD does not
capture all the consequences of disease or injury. It
excludes the social costs of disfigurement, such as
that arising from river blindness or leprosy, and of
dysfunctionfor example, marital breakups re-
sulting from obstetric fistula (permanent damage
to the reproductive tract incurred during delivery).
And some health-related factors are likely to be
underreported. A clear example is violence against
women, much of which goes undetectedbut not
unsuffered.

Comparisons of absolute numbers of DALYs lost
may be misleading because the sizes and age struc-
tures of the populations at risk are not the same.
The effects of population size can be allowed for by
expressing the 1990 burden per 1,000 population.
Figure 1.5 shows the resulting rates by sex and
regional group. This index is 259 for the world as a
whole, but it varies widely among regions. Sub-
Saharan Africa loses 574 DALYs for every 1,000
population, more than twice the global average.
India, the Middle Eastern crescent, and Other Asia
and islands all have values between 250 and 350.
For China, the formerly socialist economies of Eu-
rope, and Latin America and the Caribbean, the
figures are between 150 and 250. The burden per

Disease category

25

Male
Premature death 259 152 70

Disability 47 146 39

Female
Premature death 244 135 33

Disability 74 142 20
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Box 1.3 Measuring the burden of disease

Most assessments of the relative importance of differ-
ent diseases are based on how many deaths they cause.
This convention has certain merits: death is an unam-
biguous event, and the statistical systems of many
countries routinely produce the data required. There
are, however, many diseases or conditions that are not
fatal but that are responsible for great loss of healthy
life: examples are chronic depression and paralysis
caused by polio. These conditions are common, can
last a long time, and frequently lead to significant de-
mands on health systems.

To quantify the full loss of healthy life, the World
Bank and the World Health Organization undertook a
joint exercise for this Report. Diseases were classified
into 109 categories on the basis of the International Clas-
sification of Diseases (ninth revision). These categories
cover all possible causes of death and about 95 percent
of the possible causes of disability. Using the recorded
cause of death where available, and expert judgment
when records were not available, the study assigned all
deaths in 1990 to these categories by age, sex, and de-
mographic region. For each death, the number of years
of life lost was defined as the difference between the
actual age at death and the expectation of life at that
age in a low-mortality population. For disability, the
incidence of cases by age, sex, and demographic region
was estimated on the basis of community surveys or,
failing that, expert opinion; the number of years of

Box figure 1.3 Age patterns of age weights and DALY losses

Source: World Bank data.

healthy life lost was then obtained by multiplying the
expected duration of the condition (to remission or to
death) by a severity weight that measured the severity
of the disability in comparison with loss of life. Dis-
eases were grouped into six classes of severity of dis-
ability; for example, class 2, which includes most cases
of leprosy and half the cases of pelvic inflammatory
disease, was given a severity weight of 0.22, and class
4, which includes 30 percent of cases of dementia and
50 percent of those of blindness, was assigned a sever-
ity weight of 0.6. The death and disability losses were
then combined, and allowance was made for a dis-
count rate of 3 percent (so that future years of healthy
life were valued at progressively lower levels) and for
age weights (so that years of life lost at different ages
were given different relative values). The value for
each year of life lost, shown in the left-hand panel of
Box figure 1.3, rises steeply from zero at birth to a peak
at age 25 and then declines gradually with increasing
age. These age weights reflect a consensus judgment,
but other patterns could be usedfor example, uni-
form age weights, with each year of life having the
same value, which would increase the relative impor-
tance of childhood diseases.

The combination of discounting and age weights
produces the pattern of DALYs (disability-adjusted life
years) lost by a death at each age. As the right-hand
panel of Box figure 1.3 shows, the death of a newborn

DALYs lost by death at given year (females)

Disability-adjusted life years (DALYs)

::
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Box table 1.3 Distribution of DALY loss by cause and demographic region, 1990
(percent)

baby girl represents a loss of 32.5 DALYs; a female
death at age 30 means the loss of 29 DALYs; and a
female death at age 60 represents 12 lost DALYs.
(Values are slightly lower for males.) The sum across all
ages, conditions, and regions is referred to as the
global burden of disease (GBD). More details on the
GBD are presented in Appendix B.

The global burden measures the present value of the
future stream of disability-free life lost as a result of
death, disease, or injury in 1990. It is thus based on
events that occurred in 1990 but includes the loss of
disability-free life in future years. This Repott ex-
presses the burden in three distinct ways: as the num-
ber of DALYs, as a percentage of some larger aggregate
(such as the percentage of total loss attributable to a
specific disease), and in relation to population size in
1990. This last measure calls for careful interpretation
because all future loss is expressed in relation to the
current population, and the measure can easily exceed

DALY, year;
Source: World Bank data.

one year per person. A baby who died in 1990 contrib-
uted about thirty-two years (the discounted value of
about eighty years of expected life) to the burden but
counted as one in the population. To take an extreme
case, if the entire population of the world were to be
killed in one year, the burden per 1,000 population in
that year would exceed 20,000 DALYs. There is there-
fore no absolute scale with which the GBD per 1,000
population can be compared; the only comparisons
that make sense are those between categories-of re-
gions, risk factors, disease groups, or sex. Box table 1.3
shows the GBD by cause and demographic region.

The approach used to compute the GBD can also be
used to track improvements in a nation's health over
time by following changes in the national burden of
disease. Preliminary plans for initial national assess-
ments have been developed for Costa Rica, South Af-
rica, and Andhra Pradesh State in India.
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Cause

Sub-
Saha ran

World Africa India Chins
Other Asia
and islands

Latin
America and
the Caribbean

Middle
Eastern
crescent

Formerli
socialist

economies of
Europe

Established
market

econonlies

Population (millions) 5,267 510 850 1,134 683 444 503 346 798

Communicable diseases 45.8 71.3 50.5 25.3 48.5 42.2 51.0 8.6 9.7
Tuberculosis 3.4 4.7 3.7 2.9 5.1 2.5 2.8 0.6 0.2
STDs and HIV 3.8 8.8 2.7 1.7 1.5 6.6 0.7 1.2 3.4
Diarrhea 7.3 10.4 9.6 2.1 8.3 5.7 10.7 0.4 0.3

Vaccine-preventable
childhood infections 5.0 9.6 6.7 0.9 4.5 1.6 6.0 0.1 0.1

Malaria 2.6 10.8 0.3 * 1.4 0.4 0.2 * *

Worm infections 1.8 1.8 0.9 3.4 3.4 2.5 0.4 * *

Respiratory infections 9.0 10.8 10.9 6.4 11.1 6.2 11.5 2.6 2.6
Maternal causes 2.2 2.7 2.7 1.2 2.5 1.7 2.9 0.8 0.6
Perinatal causes 7.3 7.1 9.1 5.2 7.4 9.1 10.9 2.4 2.2
Other 3.5 4.6 4.0 1.4 3.3 5.8 4.9 0.6 0.5

Noncommunicable diseases 42.2 19.4 40.4 58.0 40.1 42.8 36.0 74.8 78.4

Cancer 5.8 1.5 4.1 9.2 4.4 5.2 3.4 14.8 19.1

Nutritional deficiencies 3.9 2.8 6.2 3,3 4.6 4.6 3.7 1.4 1.7

Neuropsychiatric disease 6.8 3.3 6.1 8.0 7.0 8.0 5.6 11.1 15.0

Cerebrovascular disease 3.2 1.5 2.1 6.3 2.1 2.6 2.4 8.9 5.3

Ischemic heart disease 3.1 0.4 2.8 2.1 3.5 2.7 1.8 13.7 10.0

Pulmonary obstruction 1.3 0.2 0.6 5.5 0.5 0.7 0.5 1.6 1.7

Other 18.0 9.7 18.5 23.6 17.9 19.1 18.7 23.4 25.6

Injuries 11.9 9.3 9.1 16.7 11.3 15.0 13.0 16.6 11.9

Motor vehicle 2.3 1.3 1.1 2.3 2.3 5.7 3.3 3.7 3.5

Intentional 3.7 4.2 1.2 5.1 3.2 4.3 5.2 4.8 4.0

Other 5.9 3.9 6.8 9.3 5.8 5.0 4.6 8.1 4.3

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Millions of DALYs 1,362 293 292 201 177 103 144 58 94

Equivalent infant deaths
(millions) 42.0 9.0 9.0 6.2 5.5 3.2 4.4 1.8 2.9

DALY5 per 1,000 population 259 575 344 178 260 233 286 168 117

*Less than 0.05 percent.
Note: disability-adjusted life STD, sexually transmitted disease; HIV, human imniunodeficiency virus.



Disease burdens per 1,000 population vari substantially by region.

Figure 1.5 Disease burden by sex and demographic region, 1990
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Sub-Saharan AfriLa

China

Other Asia and islands

Latin America and the Caribbean

Middle Eastern crescent

Formerly socialist economies of Europe

Established market economies

1,000 population for the established market econ-
omies is easily the lowest, at 117. It turns out that
these broad rankings are not significantly affected
by differences in age distributions between
regions.

Females have abcut a 10 percent lower disease
burden per 1,000 population than males for the
world as a whole. They lose fewer DALYs from
premature mortality, but their DALY loss from dis-
ability is about the same as for males. Within the
disability category, however, the female disease
burden from the group of communicable causes is
considerably higher than that for males, partly be-
cause of a substantial toll from maternal causes but
also because of the much greater female burden
associated with STDs. Effective interventions exist
for much of this excess female burden. For all
causes together, the female advantage ranges from
more than 30 percent in the formerly socialist -
economies, where adult mortality is much higher
for men than for women, to negative in India,
where females suffer a disadvantage of 8 percent.
Both India and China show a female disadvantage
in disease burden per 1,000 population, and, not
coincidentally, both countries also have large num-
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bers of "missing" (and presumed dead) women in
relation to the expected population balance be-
tween the sexes. In China illegal female infanticide
(and, in the recent past, illegal sex-selective abor-
tion) is thought to be the main reason.

Table 1.2 Burden of five major diseases by
age of incidence and sex, 1990
(millions of DALYs)

Age (years)
Disease and sex 0-4 5-14 15-44

** Less than 0.05 million.
Note: DALY, disability-adjusted life year.
Source: World Bank data.

45-59 60+ Total

0.4 0.2 50.2
0.4 0.3 48.9

0.5 0.1 13.1
0.5 0.1 10.9

6.2 2.6 26.5
2.8 1.2 20.0

8.1 13.1 25.0
3.2 13.0 17.5

India
ililIIIiftiUJtflillhIIlihlIIiiIUlihIiIiUiiiiiiilIHJ

World
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Females 101 Males

Source: Appendix B.

Diarrhea
Male 42.1 4.6 2.8
Female 40.7 4.8 2.8

Worm infection
Male 0.2 10.6 1.6
Female 0.1 9.2 0.9

Tuberculosis
Male 1.2 3.1 13.4
Female 1.3 3.8 10.9

Ischemic heart disease
Male 0.1 0.1 3.6
Female ** ** 1.2

Disease burden per 1,000 population
0 100 200 300 400 500 600 650



The figures on disease burden by age (Table 1.2)
suggest how health officials should target their
programs. More than 80 percent of the DALY loss
from diarrhea is a result of infections in children
under age 5. Worm infections are concentrated
among children ages 5-14. More than half the bur-
den of tuberculosis is borne by the 15-44 age
group. More than 60 percent of the burden of isch-
emic heart disease falls on the population over age
60.

The higher the disease burden, the higher the
proportion attributable to the communicable
group of causes (Figure 1.6). Sub-Saharan Africa
has the highest disease burden per 1,000 popula-
tion, and 71 percent of this is from the communica-
ble disease group, whereas in Latin America (a
medium-burden region) the figure is 42 percent
and in the established market economies it is only
10 percent. Noncommunicable diseases show the
opposite pattern, accounting for 19 percent of the
total burden in Sub-Saharan Africa, 43 percent in
Latin America, and 78 percent in the established
market economies. Despite these marked differ-
ences in relative burden, however, the absolute
rates of loss for both groups are highest in Sub-
Saharan Africa and lowest in the established mar-
ket economies. The pattern is plain: as health im-
proves, the burden from all types of disease
declines, but the distribution of the burden shifts
dramatically from a preponderance of communica-
ble disease to a preponderance of noncommunica-
ble disease.

Despite the sharp improvements in health
around the world, the GBD calculations show that
a large burden of premature mortality and disabil-
ity still remains, particularly in the world's poorer
regions. There are inexpensive and effective ways
to eliminate the share caused by communicable
diseases (other than maternal and perinatal condi-
tions), which is roughly 35 percent of the world
burden and more than 60 percent in Sub-Saharan
Africa. The remaining 65 percent of the world bur-
den is less responsive to such measures, and re-
ducing it will require changes in the behavior and
life-styles of adults.

Challenges for the future

New health challenges will emerge over the next
few decades. Some are certain: these involve the
significant increase in noncommunicable diseases
arising from the continuing demographic transi-
tion. Others are less certain: the spread of HIV and
the increase in AIDS deaths; the increasing num-

The share of communicable diseases in the disease
burden declines as mortaliti rates fall.

Figure 1.6 Distribution of disability-
adusted life years (DALYs) lost, by cause,
for selected demographic regions, 1990
(percentage of total DALYs lost)

Sub-Saharan Latin America
Africa and the Caribbean

Established market
economies

E Communicable diseasesa
E Noncommunicable diseases

Injuries

a. Includes maternal and perinatal causes.
Source: Appendix B.

ber of drug-resistant disease strains; and the con-
tinued use of health-damaging substances such as
tobacco. Although nobody can forecast the impact
of these challenges with any precision, reasonable
projections are possible. For example, outside the
established market economies the number of
deaths attributable to smoking is expected to in-
crease from 1.7 million in 1990 (40 percent of which
were in the formerly socialist economies of Eu-
rope) to more than 3 million by 2005 and to about
4.5 million by 2015. Other challenges are poten-
tially important but not forecastable: possible ex-
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amples are the emergence of new microbes as dev-
astating as HIV and the inadvertent spread of
biological agents developed for use in war.

This section reviews predictions concerning
three major challenges in the light of their contri-
bution to the GBD: the aging of populations,
AIDS, and drug-resistant strains of disease.

Aging populations

The mortality decline that has occurred almost
everywhere has usually been accompanied by
steep falls in fertility. The overall transition from
high mortality and high fertility to low mortality

Box 1.4 The demographic and
epidemiological transitions

Changes in the pattern of disease proceed in two steps.
The first is the demographic transition, when mortality
from infectious disease declines and, partly as a result,
fertility decreases as well. 'The second, a consequence
of declining fertility and differential rates of dedine
among causes of death, is the epidemiological transi-
tion. The population grows older, and noninfectious
diseases become the main causes of ill health. health
patterns in the developing world over the next three
decades will he profoundly influenced by both these
transitions.

It is commonly assumed that when a country is
going through its demographic transition, the changes
in its health indicators are primarily a function of de-
clines in mortality. In fact, both the age structure and
the cause-of-death structure are strongly influenced by
the rapid decline in fertility. When fertility is high, the
age structure of a population is heavily skewed toward
the young, irrespective of the level of mortality. Be-
cause birth rates remain high and larger numbers of
women enter the reproductive ages every year, the
base of the population is continually expanding. When
birth rates start to fall rapidly, the absolute number of
babies born each year may remain unchanged or even
decline. As Box figure 1.4 shows, the shape of the age
structure of the population then begins to be trans-
formed from a broad-based triangle into a rectangle, or
even into a pear shape with a more pronounced nar-
rowing of the base.

and low fertility is essentially complete in the
high-income countries and has almost been com-
pleted in China and Latin America. Even in Sub-
Saharan Africa fertility seems to be starting to
decline.

The systematic relationship between gains in life
expectancy and reductions in fertility is expected
to continue into the next century. Figure 1.7 shows
this relationship for two developing regions at dif-
ferent stages of the transition, Latin America and
Sub-Saharan Africa. The projected changes for
Sub-Saharan Africa are substantial, but they are
similar in magnitude to those that have already
occurred in Latin America. In much of the devel-
oping world the decline in death rates has pre-
ceded the decline in birth rates by two decades or
more, resulting in temporarily high rates of popu-
lation growth of 3 or even, occasionally, 4 percent
a year. (By contrast, in the established market
economies and the formerly socialist economies of
Europe birth and death rates declined more or less

Worldwide, fertilitit and mortality declines go hand
in hand.

Figure 1.7 Trends in life expectancy and
fertility in Sub-Saharan Africa and Latin
America and the Caribbean, 1960-2020



Box figure 1.4 Evolving patterns of age distribution and mortality in England and Wales
and in Latin America and the Caribbean
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Percentage of
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Projected.
The age below which half of all deaths in a year occur.

Source: For England and Wales 1891, Preston, Keyfitz, and Schoen 1972; for England and Wales 1966, United
Nations, Demographic Yearbook, 1978; for Latin America and the Caribbean, 1955 and 2030, World Bank data.
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in tandem beginning in the late nineteenth cen-
tury, and population growth rates rarely exceeded
2 percent a year.)

These demographic changes are having, and
will continue to have, dramatic effects on age dis-
tributions in developing countries. As fertility de-
clines, age structures in these countries are evolv-
ing toward the existing patterns in the established
market economies and the formerly socialist econ-
omies (see Box 1.4). The proportion of the popula-
tion age 65 and over is expected to increase from 4
percent in 1990 to 9 percent by 2030 (in absolute
numbers, from 184 million to 678 million). As a
result, the burden from noncommunicable dis-

All regions will experience the health transition, but
the timing will differ.
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Figure 1.8 Median age at death, by
demographic region, 1950, 1990, and 2030
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990 2030b

eases will increase sharply, both absolutely and
proportionately. At the same time, the challenge of
communicable diseases of the young will persist.
Despite declines in fertility, the number of births
each year in developing countries will rise some-
what, from 127 million in 1990 to 145 million in
2020, before decreasing to 142 million in 2030. The
number of children under age 5 will increase more
rapidly, from 552 million in 1990 to 682 million in
2030. These changes, which took a century to com-
plete in today's high-income countries, are occur-
ring within fifty years or less in parts of the devel-
oping world.

In judging the importance of the health prob-
lems of the young in comparison with those of the
elderly, one useful guide is the median age at
death. For all six regions of the developing world,
the median was below 20 in 1950, indicating the
dominance of the health problems of children. By
1990 the median had risen close to age 60 in China
and in Latin America but was scarcely above 5 in
Sub-Saharan Africa and was still below 25 in the
Middle Eastern crescent (see Figure 1.8). By 2030,
assuming that current trends continue, the median
age at death will have risen above 60 in all regions
except Sub-Saharan Africa, where it will still be
close to 40.

The message from these population projections
is that health services must plan for a modest in-
crease in child-related demands over the next forty
years. At the same time, the numbers of the el-
derly, with very different health needs, will be ris-
ing sharply. The pace of demographic change has
been, and is expected to continue to be, faster in
the developing world than it was in the high-
income countries, and the problems of adaptation
are therefore greater. Because treatments for non-
communicable diseases are often expensive, there
is a danger that these diseases will absorb re-
sources needed to combat communicable diseases
(which will still be widespread). This kind of di-
lemma has already been noted in World Bank
studies in Brazil and China.

HiVand AiDS

More than 80 percent of the estimated 8.8 million
people infected with HIV in 1990 lived in develop-
ing countries. There the disease is primarily one of
heterosexual adults, with substantial perinatal in-
fection of young children. Of the eight demo-
graphic regions used in this Report, only the for-
merly socialist economies, the Middle Eastern
crescent, and China have little recorded spread of



Table 1.3 Evolution of the HIV-AIDS epidemic

the virus. Spread of the virus may be about to
occur even in these three regions. It takes six to ten
years, on average, for an HIV-infected adult to de-
velop AIDS. Thus, regardless of future changes in
transmission of the virus, there will certainly be an
increasing number of AIDS cases over the next few
years.

It is difficult to predict the future course of the
epidemic because so little is known about the dy-
namics of HIV transmission. WHO has projected
that in 2000, 2.5 million people will be newly infec-
ted with HIV, HIV prevalence will have reached 26
million, and AIDS deaths will total 1.8 million (see
Table 1.3). These estimates are conservative, since
they assume that the rate of new infections in Af-
rica will slow somewhat and that new transmis-
sion will be concentrated in India and in the Other
Asia and islands region. If no effective interven-
tions to slow transmission are introduced, the total
number of deaths may be twice as large, in which
case AIDS would be responsible for 8 percent of
the global burden of disease by 2000 instead of the
3.5 percent implied by the estimates in Table 1.3.
If, however, sexual behavior changes dramatically
over the next decade, even the conservative pro-
jections given here may prove too pessimistic.
Relatively modest reductions in numbers of casual
sexual partners, or in the prevalence of STDs-or,
alternatively, substantial increases in condom
use-could reduce transmission significantly.
Early (and still tentative) findings from Thailand
are encouraging; perhaps behavior really will
change.

Opinions differ concerning the effects of AIDS
on population growth. The variables needed to
model the epidemic-including baseline rates of
infections, behavioral risk factors, efficacy of trans-

** Less than 0.05 million.
Note: Incidence refers to new infections in a given year; prevalence refers to the total number of persons infected.

Conservative estimates.
The countries of the demographic regions Sub-Saharan Africa, India, China, Other Asia and islands, Latin America and the Caribbean, and

Middle Eastern crescent.
India, China, and the demographic region Other Asia and islands.
EME, established market economies; FSE, formerly socialist economies of Europe.

Source: World Health Organization data.

mission, incubation periods, survival times, and
the role of such factors as STDs-are not well
quantified, and accurate projections are therefore
impossible. In the African communities that are
most severely affected, early assessments pre-
dicted absolute declines in population. Later views
suggest that population growth will continue, al-
beit at a reduced rate. Trial projections for Sub-
Saharan Africa, based on a high assumption of
HIV prevalence of 60 million infections worldwide
in 2000, suggest a reduction in life expectancy by
2010 of about six years, in comparison with a low-
HIV model, and a 25 percent increase in adult mor-
tality. The effect on population growth would still
be modest: a reduction of about 0.25 percentage
point a year, to an annual rate of 2.7 rather than
2.95 percent in 2005-10. In areas such as Thailand
where fertility and mortality rates are much lower
than in Sub-Saharan Africa, AIDS may well con-
tribute to actual population declines over a period
of thirty years or more.

Drug-resistant diseases

Microbes evolve as a result of natural mutation,
which throws up new threats, and of drug thera-
py-induced selection, which fosters drug resis-
tance. Two major new threats have arisen in this
century: the influenza virus responsible for the
1918-19 worldwide epidemic, and HIV.

The evolution of drug resistance, partly driven
by incomplete or inadequate treatment, is more
gradual and less dramatic but no less serious. The
everyday bacteria responsible for pneumonias and
diarrheas have become resistant to the older anti-
biotics and will gradually do the same with the
newer antibiotics developed over the past few dec-
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HIV incidence
(millions)

HIV prevalence
(millions)

AIDS-related
deaths (millions)

Region 1990 2000" 1990 2000 1990 2000'

Demographically developing
grouph 1.6 2.5 7.4 25 0.3 1.7

Sub-Saharan Africa 1.1 1.0 5.8 12 0.3 0.9
Asia 0.3 1.3 0.4 9 0.6

EME and FSEd 0.1 1.4 1 0.1 0.1

Total 1.7 2.5 8.8 26 0.4 1.8



Life expectancy is related to income, but the
relationship has shifted upward during the twentieth
cen tu rlf.

Figure 1.9 Life expectancy and income per
capita for selected countries and periods

Life expectancy (years)
80

5,000 10,000 15,000 20,000 25,000
Income per capita

(1991 international dollars)

Note: International dollars are derived from national
currencies not by use of exchange rates but by assessment
of purchasing power. The effect is to raise the relative
incomes of poorer countries, often substantially. For
illustrative country comparisons and a more detailed
explanation, see Table 30 in the World Development
Indicators.
Source: Preston, Keyfitz, and Schoen 1972; World Bank
data.

ades. Tuberculosis resistant to the standard mix of
antibiotics is becoming more common in the in-
dustrial world, and it kills many of those who con-
tract it. Chloroquine-resistant malaria has now
spread to practically all endemic areas, and al-
though new drug therapies are available, wide-
spread resistance even to several of these is being
reported. Malaria has thus reemerged as a signifi-
cant health risk in urban areas that had been free
of it for several decades. Resurgence of the disease
has been abetted by the reduced effectiveness of
vector control, which is partly attributable to the
increasing resistance of mosquitoes to standard in-
secticides. Resistant strains of many STDs are also
34

emerging. In the developing world the diseases for
which drug resistance is already a major issue (re-
spiratory infections, tuberculosis, STDs, and ma-
laria) accounted for almost one-fifth of the GBD in
1990.

This steady evolution of drug-resistant microbes
poses challenges for research and for health care.
Better understanding of infectious agents is

needed as a basis for the development of new ther-
apies. Health providers must consider the effects
of drug use on the evolution of resistant microbial
strains. Basic scientific advances can contribute to
tracking resistance, as recently shown by develop-
ments in identifying drug-resistant strains of tu-
berculosis. There is little reason to hope for perma-
nent success in humanity's struggle against
infection; investments in scientific research and
vigilance on the part of public health authorities
will remain indispensable.

These problems arising from microbial evolution
are most severe in Sub-Saharan Africa. If efforts to
control the spread of HIV fail, by 2000 an addi-
tional 1 million people in the region will be dying
from AIDS each year. Most of them will be young
adults who would otherwise have gone on to live
healthy lives. If malaria develops resistance to all
available drugs, the number of people it kills every
year could increase sharply, from the expected 1.5
million deaths in 2000 to 2.3 million. Sub-Saharan
Africa might also suffer from a tuberculosis epi-
demic, driven partly by drug resistance and partly
by the spread of the disease by people with HIV.
Extrapolation of current trends indicates an annual
total of 8.5 million premature deaths in Sub-
Saharan Africa by the end of the century. But it is
all too easy to project a figure as high as 11.5 mil-
lion, accompanied by a sharp reduction in life
expectancy.

Lessons from the past: explaining declines
in mortality

Three factors have been important in the dramatic
and unprecedented mortality declines of the past
hundred years and in the still more dramatic de-
clines in developing countries since World War II.
These factors are income growth, improvements in
medical technology, and public health programs
combined with the spread of knowledge about
health.

Income growth

Increased income allows people, particularly the
poor, to buy more food, better housing, and more



health care. Throughout the twentieth century life
expectancy has been strongly associated at the na-
tional level with income per capita, as seen in Fig-
ure 1.9. Life expectancy rises rapidly with income
at low levels of income, particularly when income
per capita is less than $3,000 (1991 purchasing
power dollars). The figure shows, however, that
the relationship has shifted upward over each
thirty-year period, so that more health is realized
for a given income. For example, in 1900 life expec-
tancy in the United States was about forty-nine
years and income per capita in 1991 dollars was
about $4,800. In 1990 that income per capita would
be associated with a life expectancy of about sev-
enty-one years. This upward shift shows that
health depends on more than income alone.

Improvements in medical technology

Before the 1930s medical technology had little to
offer humanity, with the exception of smallpox in-
oculation, the use of which was widespread in Eu-
rope from the late eighteenth century onward, and
diphtheria antitoxin, discovered in 1894. Starting
in the 1930s, with the introduction of antibacterial
drugs and new vaccines, a wide range of effective
interventions has become available to counter
most communicable diseases.

The effect of these technological improvements
on health has depended on other factors, such as
income gains for the poor, increased schooling,
and public policies that affect health systems. As a
result, outcomes have varied widely by country,
even within the same region. For example, in the
early 1980s child mortality was three times higher
in Mali than in Botswana, six times higher in Boli-
via than in Chile, and five times higher in Ban-
gladesh than in Sri Lanka. Between the early 1960s
and the early 1980s child mortality fell 20 percent
in Bangladesh but 65 percent in Sri Lanka, 10 per-
cent in Uganda but 50 percent in Kenya, and 10
percent in Haiti but nearly 80 percent in Costa
Rica. Some countries have clearly made better use
of the available technology than others.

Public health and the spread of knowledge

The introduction of public health measurespar-
ticularly clean water, sanitation, and food regula-
tioncertainly contributed to the decline in child
mortality in the late nineteenth century and to the
accelerated decline in the early twentieth century.
The geographic distribution of mortality declines
suggests, however, that until people began to un-
derstand the sources of poor health, such public

health measures were responsible for only a small
part of the progress made. In the late nineteenth
century Robert Koch showed that the bacterium
M. tuberculosis causes tuberculosis, and people be-
gan to understand about germs. They took simple
precautionspreparing food and disposing of
waste hygienically, eliminating flies, and quaran-
tining sick family membersthat had far-reaching
benefits. Recent research has shown that child
mortality differed little by education or even by
income in the United States in the last decade of
the nineteenth century but that differences wid-
ened sharply as child mortality fell in the early
twentieth century. The implication is that afflu-
ence and education made little difference until sci-
entific knowledge showed households how to
reduce the dangers to their health. Since better-
educated individuals acquire and use new infor-
mation more quickly, this emphasis on knowledge
helps to explain the large differences in child mor-
tality by mother's education observed in develop-
ing countries today.

The potential for effective action

The recent declines in mortality in the developing
world have been sharper than the earlier declines
in the high-income countries and more influenced
by technical advances. To take one example, Sri
Lanka achieved a remarkable decrease in mortality
after World War II; the crude death rate fell from
21.5 per 1,000 in 1945 to 12.4 in 1950. Some 23
percent of that drop has been attributed to the ma-
laria eradication program, which mainly involved
spraying of insecticide from the air. The same ap-
proach also did much to control yellow fever, on-
chocerciasis, and many other diseases. Wide-
spread use of newly available antibiotics against
conditions such as yaws in Africa helped to reduce
STDs and (probably) acute respiratory infections.
Improvements in water and sanitation curbed the
spread of disease, particularly in towns and cities.
Whereas at the beginning of this century child
mortality rates in today's high-income countries
were much higher in urban than in rural areas, the
opposite has been true of the developing world
since 1950.

Vaccination, too, has produced dramatic results,
including the eradication of smallpox and the elim-
ination of paralytic polio in the Western Hemi-
sphere. About 80 percent of the world's children
are now vaccinated against the main infectious dis-
eases of childhood, thanks largely to the Expanded
Programme on Immunization (EPI) sponsored by
WHO and UNICEF. It is estimated that the EPI
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prevented the deaths of 2.6 million children in
1990 alone. Substantial benefits have also come
from simple curative measures such as oral re-
hydration to avert death from diarrhea and a short
course of drugs for curing tuberculosis. But there
is much more still to be done: in 1990 childhood
deaths from diarrhea and immunizable diseases
alone accounted for 12 percent of the GBD.

The march of science has increased both the
range of inexpensive clinical treatments and prac-
tices and the potential performance of health sys-
tems. It is now possible to treat at low cost tuber-
culosis, STDs, many respiratory infections, and
risky deliveries, which together accounted for
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more than 20 percent of the GBD in 1990. Epide-
miological advances are giving governments and
households warning of the enormous health toll
from smoking. But if the full benefits of scientific
advances are to be realized, parallel developments
are needed to empower households so that they
can put the advances into practice. The key devel-
opments are schooling, particularly of girls; in-
come growth, particularly of the poor; and a flex-
ible, responsive health system able to provide the
necessary preventive and curative care. The poli-
cies needed to achieve these developments are the
subject of the remainder of this Report.




