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Demographic estimation techniques suggest that worldwide about 50 million deaths occur each year, of
which about 39 million are in the developing countries. In countries with adequate registration of vital
statistics, the age at death and the cause can be reliably determined. Only about 30-35% of all deaths
are captured by vital registration (excluding sample registration schemes); for the remainder, cause-of-
death estimation procedures are required. Indirect methods which model the cause-of-death structure
as a function of the level of mortality can provide reasonable estimates for broad cause-of-death
groups. Such methods are generally unreliable for more specific causes. In this case, estimates can be
constructed from community-level mortality surveillance systems or from epidemiological evidence on
specific diseases. Some check on the plausibility of the estimates is possible in view of the hierarchical
structure of cause-of-death lists and the well-known age-specific patterns of diseases and injuries.

The results of applying these methods to estimate the causes of death for over 120 diseases or
injuries, by age, sex and region, are described. The estimates have been derived in order to calculate
the years of life lost due to premature death, one of the two components of overall disability-adjusted
life years (DALYs) calculated for the 1993 World development report. Previous attempts at cause-of-
death estimation have been limited to a few diseases only, with little age-specific detail. The estimates
reported in detail here should serve as a useful reference for further public health research to support
the determination of health sector priorities.

Introduction
Reliable information on global and regional deaths
by cause are an essential input to planning, managing
and evaluating the performance of the health sector
in developing countries. The numbers of deaths by
cause influence the manner in which resources are al-
located to different service programmes and research
activities. An accurate assessment of current death
rates by cause in different regions also forms the
baseline against which new health programmes must
be evaluated. Without a reasonable baseline, we shall
not, in 5 or 10 years from now, be able to assess
what has worked and what has failed. In addition,
reliable information on deaths by cause is an essen-
tial input to the assessment of the cost-effectiveness
of new technologies for disease control and health
promotion. The epidemiological transition, where
the cause-of-death structure shifts profoundly from
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infectious to chronic diseases, is under way in most
middle-income countries and among the richer com-
munities in low-income countries (1, 2). Estimating
the cause-of-death pattem for 1990 will also provide
a quantification of the extent to which this pattern
has changed in different regions and for the devel-
oping world as a whole.

While data on deaths by cause are required for
objective planning and evaluation of the health sec-
tor, the available datasets are wholly inadequate. A
decade ago, claims conceming child and adult mor-
tality by disease-specific programmes at the World
Health Organization and by individual disease
experts exceeded the total deaths in each age group
by two- to threefold. Through the efforts of the
World Bank and WHO, more consistent estimates of
mortality, by cause, under age 5 have been devel-
oped although these still remain uncertain. More-
over, no plausible or consistent estimates for death
over age 5 exist despite their increasing importance
in the context of the epidemiological transition. The
purpose of the present analysis is to redress these
gaps in critical information. We present summary
results from the Global Burden of Disease study,
which involved over 100 disease experts (see
Acknowledgements) and was a basic input into the
World Bank's 1993 World development report:
Investing in health (3).
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Attempts to estimate global mortality by cause
are not new. The basic problem is that reliable vital
registration data, with the cause of death coded by a
physician, are available for only a small number of
mostly developed countries (4). Estimates of mortal-
ity by cause need to be based on other approaches
for virtually all of the populations of sub-Saharan
Africa, most of Asia, the Middle East and North
Africa. Indirect techniques to do this were first
developed by Preston to model the relationship
between total mortality and cause-specific mortality
for broad groups of causes, based on an analysis of
historical vital registration data for the developed
and a few developing countries (5). In particular,
cause-specific mortality was postulated to be a linear
function of total mortality. Preston's work has
formed the basis of nearly all subsequent approaches
to estimating causes of death in regions without vital
registration. Several others have refined the approach
by estimating equations for specific age groups,
incorporating more recent data or examining more
detailed lists (6-9).a

It is axiomatic that models only capture the rela-
tionship between cause-specific mortality and total
mortality present in the countries with data. As few
developing countries (particularly those with higher
mortality) have good vital registration data, these
model estimates are largely based on the experience
of developed countries with a low mortality. Even
the historical data for moderate levels of mortality in
developed countries included in Preston's analysis
tend to underestimate the mortality from communi-
cable diseases. The relevance of models built on his-
torical data is also affected by problems of diagnos-
tic quality, revisions to the Intemational Classi-
fication of Diseases, and basic differences in disease
epidemiology in different regions. Furthermore,
changes in cause-specific mortality with respect to
total mortality are difficult to interpret in view of the
parallel decline in the proportion of deaths coded to
senility and ill-defined conditions. Our premise is
that model estimates of cause-specific mortality are
reasonable for large groups of causes. Model-based
estimates for detailed causes, however, are probably
not valid.

Recent studies have employed altemative pro-
cedures for estimating specific causes of death based
on a review of data from disease-specific surveil-
lance systems and the epidemiological literature
(10, 11). Estimates of mortality from a particular
cause such as malaria can be built up from epide-

a Bulatao RA, Stephens PW. Estimates and projections of mor-
tality by cause: a global overview, 1970-2015. Unpublished
manuscript prepared for the World Bank, 1991.

miological data on incidence, remission, and case-
fatality rates. The major limitation of the epidemi-
ological approach to cause-of-death estimation is the
lack of data for many diseases in many regions.
There is also a tendency for the epidemiological
approach to yield higher estimates than vital registra-
tion or model-based estimates, possibly because
disease-specific analyses tend to be more inclusive
than exclusive.

The estimates presented in this report use a com-
bination of data sources and approaches, exploiting
vital registration data where available, using models
of the epidemiological transition to estimate broad
causes, and supplementing these with a distillation of
disease-specific data sources. Not only have esti-
mates been derived for very many more causes than
previous attempts at global estimation, but they have
also been presented for specific age groups. In con-
sidering several competing and exhaustive causes
simultaneously, we have also been constrained by
independent estimates of total mortality by age. This
is clearly not relevant for disease-specific estimates
carried out in isolation and is a major reason why the
estimates reported here for several diseases are lower
than previously claimed.

Methods
Cause-of-death estimates for the developing and
developed world depend first on estimates of the
total mortality by age and sex. These deaths can then
be attributed to particular causes. The analysis in this
study is based on the following eight geographical
regions as given in the World development report
1993 (3): the Established Market Economies (EME),
the Former Socialist Economies of Europe (FSE),
Latin America and the Caribbean (LAC), China
(CHN), India (IND), Other Asia and Islands (OAI),
Middle Eastem Crescent (which includes North Africa,
the Middle East, Pakistan and the Central Asian
Republics of the Former Soviet Union) (MEC), and
Sub-Saharan Africa (SSA). The demographic esti-
mates of mortality by age and sex have been devel-
oped by the World Bank. The database for estimating
child mortality is unquestionably much better devel-
oped than that for adult mortality (12). Indeed, there
is considerable controversy among demographers
over the levels of adult mortality in some developing
regions without good vital registration systems,
where mortality was estimated indirectly from
census and survey data. For example, the United
Nations Population Division and the World Bank
estimates of adult mortality by age and sex can differ
by as much as 50%, but in general the differences
are smaller.
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The cause-of-death groupings and detailed caus-
es examined were initially developed by Murray et
al. (9). Their system was extensively modified for
the Global Burden of Disease study, preserving how-
ever the division of mortality into three large groups:
communicable, maternal and perinatal (I); noncom-
municable (II); and injuries (III). These are then fur-
ther subdivided into several more specific causes. A
list of causes selected for the study is given in the
Annex. Clearly, this list, by being selective, has
omitted some causes which, with further analysis,
may justifiably be included in the future.

Our approach to attributing death to one single
cause is based on the principles of the international
classification of diseases: each death is coded to the
underlying cause that initiated the sequence of events
leading to death. For example, a patient with lung
cancer who dies from respiratory failure from a post-
obstructive pneumonia is coded to lung cancer. In
the case of young children, where several causes
may contribute significantly to death, the underlying
cause has been selected as the primary cause of
death, based on expert opinion about the nature of
disease interactions at these ages. One disease can
also be a risk factor for another. A patient with cir-
rhosis who dies from an oesophageal variceal bleed
will be coded to cirrhosis despite the fact that his or
her cirrhosis may have been caused by hepatitis B
infection at an early age. Finally, deaths attributed to
senility and ill-defined causes have been proportion-
ately allocated either (if under age 5) to the commu-
nicable, maternal and perinatal causes, or (if older)
to noncommunicable causes.

Our estimates of mortality by cause have been
constructed from three types of estimates. First, for
regions or parts of regions with good vital registra-
tion data, we have used deaths coded by the vital
registration system according to the ninth revision of
the International Classification of Diseases. This
includes all deaths in the Established Market Econo-
mies and Former Socialist Economies, 61% of deaths
in Latin America and the Caribbean, 23% of those in
the Middle Eastern Crescent, and 11% of those in
Other Asia and Islands (Table 1). As China does not
have a complete vital registration system, a random
sample of the population was monitored through the
Disease Surveillance Points (DSP) system (13), in
which teams (including a physician) review hospital
records or interview the family to determine the
cause for each death. However, not all deaths in the
surveillance sites are captured by the DSP system.
Underreporting is estimated at 10.8% in urban areas
and 15.3% in rural areas. According to other meth-
ods for assessing completeness such as the Brass
"growth-balance" method (14), the World Bank has
estimated that underregistration of deaths in China is
closer to 30%. Hence for China, an adjustment for
underreporting was first made using the World
Bank-estimated underreporting ratio, and then dis-
tributed across urban and rural areas on the basis of
the information from the DSP system. For India, the
Survey of Causes of Death (rural) provides useful
information on lay-reported causes of death. This
system collects information via a "verbal autopsy"
on about one-half of 1% of all rural deaths in India,
based on about 1300 primary health care centres

Table 1: Methods for estimating causes of death and percentage of deaths registered, by
region

Percentage of Non-registered deaths

deaths Sample Groups Detailed Adjustment
Regiona registered registrationb 1, 11 and IlIl causesc algorithmd
EME 99
FSE 99
CHN DSP EPI
LAC 61 Models EPI/m X
OAI 11 Models EPI/m X
MEC 23 Models EPI/m X
IND SCD (R) SCD (R) EPI
SSA Models EPI/m X

a EME, Established Market Economies; FSE, Former Socialist Economies of Europe; CHN, China; LAC,
Latin America and the Caribbean; OAI, Other Asia and Islands; MEC, Middle Eastern Crescent; IND, India;
SSA, Sub-Saharan Africa.
b DSP = Disease Surveillance Points system in China. SCD (R) = Survey of Causes of Death (rural) in
India.
c EPI = epidemiological estimates. EPI/m = epidemiological estimates and model estimates.
d X indicates that an adjustment algorithm was used.
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spread throughout the country. This dataset has been
used to establish the size of Groups I, II and III and
for some finer information on injuries (Table 1).

The second main source is model-derived esti-
mates of cause-of-death patterns based on total age-
specific mortality. Building on the original work of
Preston, we examined the relationship between
Groups I, II and III mortality and total mortality for
each age group. Data for the latest available year and
a year from the 1950s from all countries, assessed as
having complete and reliable vital registration, were
included to expand the number of countries with
moderate or high mortality in the sample. The rela-
tionship between Groups I and II and total mortality
is non-linear; at higher mortality rates, Group I
begins to increase faster. As a result, linear regres-
sion equations will tend to underestimate Group I
mortality, particularly at higher mortality levels. To
address this bias, natural log regression equations
were used; the predicted mortality for Groups I, II
and III from the equations was then adjusted to equal
the total mortality. With a few exceptions, the coeffi-
cients for total mortality and the intercept were sta-
tistically significant (<0.05). Group III (injuries) had
non-significant intercepts at ages 0-4, 15-29, 60-69
and 70+ years. It is important to emphasize, how-
ever, that because many of the slopes and intercepts
in the age group 70+ were not significant, we have
less confidence in predicting even the highest level
disaggregration of mortality into the causes for
this age group.

The third source of estimates is built up from
studies by disease experts on the regional epidemiol-
ogy of specific diseases. Specialists in diseases or
injuries contributed their assessment of incidence,
prevalence, remission and case-fatality rates based
on review of existing data for each disease. These
estimates were carefully evaluated for internal con-
sistency utilizing a competing-risks computer model.
Any internal inconsistencies were reviewed with dis-
ease experts and revised. The age pattern of predict-
ed mortality by cause was also carefully reviewed
for plausibility.

Estimates for Groups I, II and III totals, by age
and sex, for the EME and FSE regions were based on
vital registration data. For MEC, OAI and LAC
regions, vital registration data for the subcomponent
of the respective region with good registration were
combined with model estimates for the residual
parts. In China, the adjusted data from the Disease
Surveillance Points system were applied to the total
urban and rural population. In India, the Survey of
Causes of Death (rural) system was used (15). For
Sub-Saharan Africa, the Groups I, II and III totals
were based solely on model estimates. All those

regions or subregions with model estimates were
subject to revision as discussed below.

The following approach was used for the
detailed causes. For EME and FSE regions, only
minor adjustments were made to the vital registration
data for deaths due to HIV infection. For LAC, vital
registration data were used for the subregion with
good registrations and this age-sex-specific distribu-
tion of causes (within Groups I, II, and III) was then
used in the other parts of that region. For example,
the percent of Group II mortality due to lung cancer
within any age-sex group would be taken to be
approximately similar in the areas with and without
registration. Adjustments in both subregions were
made for some Group I causes, (e.g., vaccine-
preventable diseases) based on specific epidemio-
logical data. For China, the age-specific proportions
suggested by the DSP system were adopted with
minor adjustments. For the majority of OAI, MEC,
India, and Sub-Saharan Africa, most of the estimates
were based on the epidemiological approach. Alterna-
tive methods were developed for clusters of causes
including cancers, neuropsychiatric disorders, cardio-
vascular diseases, chronic respiratory diseases, and
injuries as outlined below.

Total cancer deaths for OAI, MEC, IND, and
SSA regions by age groups were based on the mod-
els. These were then distributed by site as follows.
Firsly, the distribution of deaths by site was obtained
by multiplying the incidence recorded at IARC
(International Agency for Research on Cancer)
regional cancer registries and the case-fatality rates
recorded in cancer registries with the best follow-up
by IARC (16). This distribution of deaths was then
applied to the total number of cancer deaths suggest-
ed by the models to yield the estimated deaths by site.

For these same four regions, the total deaths by
age and sex for neuropsychiatric causes were based
on the models, whereas the estimates for detailed
causes were based on the average percent distribu-
tion of mortality within each age-sex group recorded
by vital registration systems in the other four regions
(i.e., EME, FSE, LAC and CHN). A similar approach
was taken for estimating asthma and chronic obstruc-
tive pulmonary disease (COPD) from total chronic
respiratory mortality, based on vital registration data
disaggregrated into the ICD 3- and 4-digit codes for
about 20 countries. A large number of deaths in
China coded to cor pulmonale were transferred to
COPD, based on discussions with those familiar with
the cause-of-death coding applied in the DSP system.

Estimates of total cardiovascular mortality for
OAI, MEC, IND, and SSA regions were based on
the models. Four detailed causes, or groups of caus-
es, were identified: rheumatic heart disease, ischaem-
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ic heart disease, cerebrovascular disease, and a new
category entitled "inflammatory heart disease" (peri-
carditis, endocarditis, myocarditis and cardiomyopa-
thies). Small autopsy series, clinical case studies and
limited survey data suggest that this last category is
an important cause of death in high mortality popula-
tions. For each of these four causes, local studies
have been used to qualitatively score the relative risk
of each cause in each region. Using actual data from
EME, FSE, LAC and CHN, these qualitative scores
have been converted into percent distributions by
cause for each age and sex group. (This is an obvi-
ously crude approach given the importance of cardio-
vascular causes of death, but it does provide prelimi-
nary estimates of the possible mortality due to
cardiopathologies in high-mortality populations).

Because the pattern of injury mortality by
detailed cause is highly variable across regions and
within regions, no satisfactory method is available to
predict local injury patterns; in China, for example,
suicides and drownings predominate. We have there-
fore used the average percent distribution of injuries
by age and sex for EME, FSE, LAC and CHN to esti-
mate the pattern of detailed injuries for the other four
regions, supplemented by the available epidemiologi-
cal information on injury patterns.

Initial estimates of Group I mortality (communi-
cable, maternal or perinatal), based on the epidemi-
ological approach (i.e., summation of estimates by
experts in specific diseases), considerably exceeded
the total Group I mortality by 200-300% for men in
some age groups in MEC, OAI, IND, and SSA. In
these regions, therefore, the reduction in cause-
specific Group I numbers to equal Group I deaths
produces particularly important differences between
the present and previous estimates. As all epidemio-
logical estimates were subject to the same critical
review, they were all considered equally plausible.
Hence, an algorithm was developed to proportionate-
ly reduce all Group I causes equally.

Essentially, the algorithm was as follows: if the
overestimation was less than 10%, then all causes
were equally reduced to sum to the total available
Group I mortality for that age-sex group. Otherwise
an alternative Group I total was defined for each age-
sex group using the constant (intercept) in the regres-
sion equation, plus 1 standard deviation (Fig. 1).

Adjustments were then also made so that Groups
I, II and III summed to the total mortality. This new
equation defined the Group I upper bound. Where
Group I was overestimated by more than 10%, each
cause was automatically reduced by 10%. If the
resulting estimate was outside of the Group I upper
bound, the upper-bound estimate of Group I was
used instead and the detailed causes were proportion-
ately reduced to equal the new Group I total. If the

Fig. 1. Predicted Group I versus total standardized
death rates, plus and minus 1 standard error (top and
bottom curves), females age 45-59 years.
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resulting estimate, after a 10% reduction, was small-
er than the Group I upper bound, then the estimates
were used without further modification. Fig. 1 illus-
trates how the width of the confidence band increas-
es dramatically with rising overall mortality, based
on the estimates for women aged 45-59 years.

Results
Fig. 2 illustrates the profound differences in cause-
of-death structure between developed and developing
regions due to differences both in population age
structure and, more importantly, in the age-specific
mortality rates for different groups of diseases. Group
I (communicable, maternal or perinatal causes)
accounts for 40% of the deaths in developing regions
but only 5% of deaths in developed regions. Group
III (injuries) causes roughly the same proportion
(8-9%) of deaths in both regions but are twice as
common among males than females.

For the developing regions as a whole, one in
every two deaths now occurs from noncommuni-
cable diseases. Indeed, the ratio of deaths from
Group II to Group I causes, which is a rough indica-
tor of the epidemiological transition, is about 5 in
China, and 2 in Latin America, compared with about
17 in developed regions and unity elsewhere in the
developing world, except for Sub-Saharan Africa
where Group I causes are still 2-3 times more com-
mon than Group II. The relative importance of inju-
ries (Group III) in the cause-of-death structure is
least in the industrialized countries and India
(6-6.5% of all deaths), rising to just under 10% in
Eastem Europe and Latin America, and to almost
12% in China.

Detailed mortality estimates for 120 causes by
age and sex, separately for developed and developing
regions, are given in the Annex; to facilitate the
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Fig. 2. Probabilities of dying from three groups of causes for males and females, by age group and region, 1990.
(EME, Established Market Economies; FSE, Former Socialist Economies; CHN, China; LAC, Latin America and Caribbean;
OAI, Other Asia and Islands; MEC, Middle Eastern Crescent; IND, India; SSA, Sub-Saharan Africa).
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computation of rates, this tabulation also gives the
estimated populations at risk in 1990, by age and
sex, for the two broad regions.

It is important to note, however, that there is
substantial epidemiological diversity among both
developed and developing countries. Some popula-
tions in Latin America and East Asia have patterns
of mortality similar to those in industrialized coun-
tries and very different from those in other develop-
ing regions. Death rates are considerably higher in
Eastern Europe than in other developed countries.

These differences are clear from Fig. 2 which shows
the risks of dying for three age groups (0-14, 15-59,
and 60-69 years) from the three broad groups of
causes in each region.

On average, a newborn child in the Established
Market Economies has only a 1% chance of dying
before reaching adulthood (age 15 years), which is
markedly lower than the 20-25% risk in Sub-Saha-
ran Africa. Almost all of this excess mortality arises
from Group I causes. The risk of childhood death is
also comparatively low in China, with the probability
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of dying being roughly similar for boys and girls.
The only other region with a relatively small differ-
ence in survival chances between males and females
is MEC; otherwise, male death rates are considerably
higher than those for females and are due almost
entirely to the higher death rates from Group I causes.

During adulthood (15-59 years) the risk of death
in all regions is largely determined by the noncom-
municable diseases, although Group I causes still
contribute significantly in Sub-Saharan Africa and,
to a lesser extent, in India. The risk of death from
injuries is a major public health problem among
males in all regions, but is particularly high (one-
third of the overall risk) in FSE. Interestingly, the
risk of death in adulthood (15-59 years) from non-
communicable diseases is higher for both men and
women in all developing regions compared with the
Established Market Economies, something which is
not widely appreciated but is consistent with the pat-
tem observed in the industrialized countries earlier
this century. The excess is less marked for males,
however, owing to the impact of tobacco (17).
Smoking-related mortality is one of the principal fac-
tors underlying the comparatively high risk of death
(18.5%) from noncommunicable diseases among
adult males in Eastem Europe, typically accounting
for about 40% of male deaths at these ages. At older
ages (60 to 69 years), mortality is dominated by the
noncommunicable diseases, although even at these
ages a substantial risk of death from communicable
diseases in Sub-Saharan Africa remains. At these
ages, the comparative advantage in survival prob-

ability enjoyed by the EME countries is considerably
less (the excess compared with SSA and IND being
1.5-2), which reflects the progressive convergence
of mortality risks with advancing age.

Developed regions (11 million deaths)
Comparatively few deaths in developed countries are
now due to communicable, matemal or perinatal
causes (see Table 2). Of half a million such deaths, a
quarter of a million involve respiratory infections in
middle age or particularly old age, and should per-
haps be considered together with the noncommuni-
cable respiratory deaths. The remainder include peri-
natal conditions (90 000 deaths, virtually all occurring
in the first few weeks of life), and HIV infection
(40 000 deaths in 1990, but with substantial increas-
es expected).

Where communicable diseases are rare, the large
majority of the deaths are due to noncommunicable
diseases: cardiovascular diseases alone cause 5.3
million deaths a year (half of them from ischaemic
heart disease and a quarter from stroke), malignant
neoplasms caused 2.4 million deaths (0.5 million
from lung cancer, plus 0.25 million from other
tobacco-related cancers, such as mouth, pharynx,
oesophagus, pancreas and bladder), and the most
important remaining category is respiratory disease,
which causes 0.5 million deaths (chiefly from chron-
ic obstructive pulmonary disease). The importance of
diabetes is underestimated in these Tables, because it
can also cause death indirectly, by increasing the
incidence of heart disease and stroke.

Table 2: Distribution of deaths from three groups of causes, by region, 1990

No. of deaths (x 1000) attributed to:

I. Communicable,
maternal and perinatal 11. Noncommunicable

Regiona causes causes Ill. Injuries Total

EME 439 (6.2)b 6 238 (87.6) 445 (6.2) 7 121

FSE 136 (3.6) 3 264 (86.8) 362 (9.6) 3 762

CHN 1 343 (15.1) 6519 (73.4) 1 023 (11.5) 8885

LAC 966 (32.3) 1 733 (57.9) 293 (9.8) 2 992

OAI 2 306 (41.8) 2 736 (49.6) 477 (8.6) 5 519

MEC 2 026 (46.2) 1 966 (44.8) 392 (8.9) 4 384

IND 4 060 (43.3) 4 700 (50.2) 611 (6.5) 9 371

SSA 5 415 (68.2) 1 898 (23.9) 624 (7.9) 7 937

World 16 690 (33.4) 29 055 (58.1) 4 227 (8.5) 49 971
a EME, Established Market Economies; FSE, Former Socialist Economies; CHN, China; LAC, Latin America
and the Caribbean; OAI, Other Asia and Islands; MEC, Middle Eastern Crescent; IND, India; SSA, Sub-
Saharan Africa.
b Figures in parentheses are percentages.
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Developing regions (39 million deaths)
Age 0-14 years (15 million deaths). At present,
about 13 million children aged 0-4 years die each
year in the developing regions, the three chief causes
being conditions arising in the perinatal period, diar-
rhoea, and acute respiratory infections. Other leading
causes include measles, malaria, tetanus and pertus-
sis. There are about another 2.2 million deaths each
year at ages 5-14 in the developing regions, of
which 1.3 million involve communicable diseases
(primarily the same ones that dominate the under-5
pattern, but with the notable addition of 150 000
deaths from tuberculosis). Injuries (most notably
from drowning or motor vehicles) are a major cause
of death throughout childhood, accounting for almost
one million deaths a year.
Age 15-59 years (10 million deaths). One in 5 male
deaths and, significantly, one in 3 female deaths,
among adults are due to Group I conditions. Tuber-
culosis is a leading killer of young adults, claiming
over 1.2 million lives each year, as are maternal
causes, acute respiratory infections, HIV infection,
malaria, diarrhoeal diseases, and syphilis. Signifi-
cantly, the noncommunicable diseases dominate the
cause of death structure, accounting for half of all
deaths in this age group. The principal causes of pre-
mature adult mortality are similar for the developing
and developed regions. In addition, several sites of
cancer are major causes of adult death in developing
countries, most notably liver cancer, oesophageal
cancer and oropharyngeal cancer, with the mortality
in each case being higher for males than females.
Lung cancer is already a major cause of adult male
mortality in developing countries. Pericarditis, endo-
carditis, myocarditis and cardiomyopathies, as well
as rheumatic heart disease, are significant causes of
death among adults.

Among the injuries, in addition to motor-vehicle
accidents and drownings, occupational injuries claim
the lives of about 86 000 male workers and some
27 000 female workers at ages 15-59 years. There is
also a very substantial mortality among adults due to
suicide (480 000 deaths, 45% of whom were women)
and war (about 160 000 males and 70 000 females).

Comparative mortality is perhaps better assessed
by examining the risks of death. The probability of
adult death from selected causes, as well as broad
groups of causes, is shown in Table 3. What is most
striking about this Table is the comparatively poor
survival chances of adult males in Eastern Europe.
Almost 3 in 10 males reaching age 15 can expect to
die before age 60, twice the level in the industrial-
ized countries and higher than anywhere else in the
world, except Sub-Saharan Africa. Much of this
excess is attributable to higher mortality from inju-

ries, heart disease, stroke and lung cancer. The risk
of female mortality varies from 7% in the industrial-
ized countries to 31% in Sub-Saharan Africa. Among
African men, the risk of death from tuberculosis is
currently four times that from AIDS.

Age 60. (14 million deaths). Only about 10% of
deaths in old age are due to Group I causes, primari-
ly tuberculosis and acute respiratory infections; the
vast majority of deaths at older ages, as in developed
countries, are from noncommunicable diseases. The
leading causes of death are chronic diseases similar
to those identified at earlier ages of adulthood;
details of the numbers of deaths estimated in 1990
can be ascertained from the Annex.

Discussion
The estimates presented here agree reasonably well
with those previously reported for specific diseases
or groups of diseases. They do not agree exactly,
however, and we believe it is important to emphasize
why. More than 100 diseases and injuries have been
analysed, substantially more than the one to five
conditions which have generally been estimated in
specific disease reviews. This fact alone will tend to
lead to lower mortality estimates simply on the basis
of competing causes. Unlike many previous discus-
sions of specific causes of death, we have been
constrained to make the cause-specific deaths by age
and sex sum to the total mortality for each age and
sex group. Awareness of competing causes of child
mortality has naturally led over the past five years to
estimates that are more consistent with each other.
The same cannot be said of estimates of the adult
causes of death which have not been compared with
each other in a consistent fashion.

The approach followed in this analysis is to try
to exploit all existing data sources, based on a pru-
dent assessment of their completeness, reliability and
relevance. Public health research has led to a very
substantial amount of data from community surveys,
registration systems and the like which can provide
important insights into cause-of-death patterns. Vital
registration, or sample vital registration, or surveil-
lance systems (where complete registration is not
feasible) will always be the method of choice to pro-
vide continuous mortality data, provided that the
cause of death is reliably certified. The goal of ad-
equate registration of vital events is still beyond the
means of many developing countries; in the mean-
time, much can be learned from other sources includ-
ing hospital-based data, partial registration, and com-
munity studies that inform public health priorities.

Neither the accuracy, nor the inaccuracy of the
estimation procedures employed in this study should
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be exaggerated. Vital registration is likely to provide
a good and, in many cases, a very good basis for
determining the causes of death. Nevertheless, even
these returns are often faulty, suffering from poor
medical certification practices, diagnostic biases,
sociocultural influences and so on. In the absence of
vital registration, well-focused, well-maintained dis-
ease surveillance systems in defined populations can
be expected to yield good epidemiological data on
the causes of death. Their utility, as for vital registra-
tion, depend clearly on good coverage of events, reli-
able certification, and internationally comparable
diagnostic procedures. Lay-reporting systems are
likely to be only of use for determining broad cause-
of-death categories, but even these "real" data may
be preferable to indirect estimates from models of
the mortality transition. Such models, as used in this
study, are predicated on the average experience of
the more developed countries at earlier stages of epi-
demiological transition and thus inherently assume
the same cause-level relationships for contemporary
developing countries. This is clearly highly conten-
tious and we have therefore tried to adjust the
model-based estimates, wherever possible, using
direct epidemiological evidence. In some cases (such
as for cancer), we have preferred to use the indirect
estimates of mortality, suggested by the models,
rather than estimates based on cancer incidence
because the level of underreporting by registries in
some areas (e.g., India) seemed to us to be sufficient-
ly high to invalidate this approach.

Communicable, maternal and perinatal causes
remain an important unfinished agenda in the devel-
oping world, much more so in Sub-Saharan Africa,
India, the Middle-Eastern Crescent, and Other Asia
and Islands. Some causes of mortality are now well
recognized but still remain major public health chal-
lenges including acute respiratory infections, diar-
rhoeal diseases, measles, tetanus, HIV infection,
malaria, and maternal causes. Other Group I causes
such as syphilis, meningitis, and especially tubercu-
losis are underappreciated as causes of mortality.
Models of the epidemiological transition imply a
steady decline in communicable, maternal and peri-
natal mortality through time. It would be foolhardy,
however, to take such a complacent attitude towards
Group I mortality in light of their continued high
levels in many parts of the world and increasing
trends for some diseases, e.g., HIV infection and
possibly malaria.

While recognizing the need for continued vigi-
lance over communicable, maternal and perinatal
mortality, it is important to realize that globally the
noncommunicable diseases have already emerged as
the leading causes of death in developing regions.
Even in poor countries, the epidemiological transi-

tion is under way with profound implications on the
demand for health care to address the burden of
chronic diseases. Moreover, with a number of cost-
effective interventions targeted to communicable dis-
ease mortality in children, it is reasonable to expect
the proportion of mortality due to noncommunicable
diseases to increase. At present, the risk of death
from noncommunicable diseases during adulthood
(15-60 years) is considerably higher in the develop-
ing world than in the Established Market Economies,
suggesting that the future, in effect, has already
arrived.

This article does not provide information on the
time trend in noncommunicable diseases. The histor-
ical, statistical returns for developed countries and
data for those developing countries with long series
of vital registration data suggest that age-specific
rates of noncommunicable diseases have declined
throughout most of this century. Specific trends in
noncommunicable diseases as well as the overall
trend are hard to predict, as most of our causal mod-
els do not explain the sustained decline observed
over the past century. While this decline is likely to
continue, behavioural change in many developing
regions may slow or alter this trend. Something like
50-60% of adult males in developing countries are
regular smokers, and on current trends an epidemic
of smoking-related mortality is inevitable (18). As a
consequence, increases in lung cancer, other cancers
causally related to smoking, chronic lung diseases,
and cardiovascular diseases may be expected.

The estimates reported here are the result of
applying several different approaches, analysing
numerous data sources (some of which were not pre-
viously available), and making a large number of
decisions about the relative validity of one estimate
versus another. We hope that by publishing these
estimates, despite their imprecision, we will encour-
age not only the further development of methods and
data sources to improve on them, but also provide a
reference to guide policy in assessing the major pub-
lic health issues contributing to the disease burden at
the end of this twentieth century. We have empha-
sized the importance of developing a baseline esti-
mate of the cause-of-death pattern in all age groups
in developing and developed regions for the pur-
poses of planning, managing and evaluating health
sector investments. Equally important for a compre-
hensive assessment of population health status are
non-fatal health outcomes, which have not been
addressed here. Mortality data, despite their limita-
tions, are more widely available than comparable
information for morbidity or disability; hence the
estimation of cause-of-death patterns, despite the
substantial uncertainty involved, is more reliably
informed by empirical data. Nevertheless, there is
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clearly an urgent need for comprehensive and com-
parable data on non-fatal health outcomes. The
broader issue of measuring both mortality and dis-
ability is addressed by the Global Burden of Disease
study which provides a new integrative framework
for assessing and monitoring the health of popula-
tions (19-21).
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Resume
Repartition mondiale et regionale des causes
de d6ces en 1990
Depuis longtemps, les renseignements sur les
causes de d6ces sont la base statistique utilis6e
pour faciliter la d6termination des priorit6s de

sant6 et surveiller l'efficacit6 des interventions.
Les donn6es fiables sur les causes de d6ces sont
toutefois loin d'etre largement disponibles. Le pre-
sent article donne pour la premiere fois des esti-
mations mondiales et regionales completes des
causes de deces pour les huit regions du monde
d6finies par la Banque mondiale dans son Rap-
port sur le d6veloppement dans le monde de
1993, separement pour les hommes et pour les
femmes et pour plus de 100 causes de d6ces.
Ces estimations ont ete 6tablies pour les classes
d'age suivantes: 0-4, 5-14, 15-44, 45-59, 60-69
et 70 ans et plus. Les tentatives ant6rieures pour
donner des estimations mondiales et r6gionales
des causes de deces se sont limit6es A une seule
cause de d6ces, tout au plus A quelques-unes, et
A une tranche d'age particuliere (en g6n6ral, le
nourrisson et le jeune enfant), ou bien ont donn6
des estimations pour des categories de causes de
d6ces tres larges, d'une utilit6 douteuse pour d6fi-
nir le besoin en strat6gies d'intervention de sant6
cibl6es.

Plusieurs sources de donn6es ont ete utili-
s6es pour proc6der aux estimations. L'enregistre-
ment des statistiques de vie, soit pour la popula-
tion entiere d'un pays (lorsque ces donn6es
existent), soit pour un 6chantillon de sites d'enre-
gistrement, a ete utilis6 lorsqu'il 6tait disponible,
en ajustant sur la sous-d6claration et les erreurs
de declaration de la cause initiale de d6ces. Pour
les populations pour lesquelles ces donn6es
n'existaient pas, on a mis au point des modeles
de relation niveau-cause de d6ces, d'apres ce
que l'on sait dans les pays ou les donn6es sur les
causes de d6ces sont fiables depuis une quaran-
taine d'ann6es. Ces modeles ont fourni une esti-
mation preliminaire de la structure des causes de
d6ces, qui a par la suite ete r6vis6e en s'ap-
puyant sur des etudes au niveau de la commu-
naute et les statistiques hospitalieres. Les mo-
deles (6tablis en prenant ± un 6cart type de la
constante de r6gression) ont 6galement produit un
algorithme statistique servant A determiner les
limites de plausibilit6 des estimations.

D'apres ces m6thodes, les maladies non
transmissibles, et principalement les maladies car-
dio-vasculaires, les cancers et les pneumopathies
chroniques, sont les premieres causes de d6ces
dans le monde et sont maintenant devenues des
causes majeures de d6ces dans les pays en
developpement. Ainsi, en 1990, d'apres nos esti-
mations, 14,3 millions de personnes sont dec6-
d6es de maladies cardio-vasculaires (5,1 millions
de cardiopathie ischemique, 4,6 millions d'acci-
dent c6r6bro-vasculaire) et 6,1 millions des suites
d'un cancer (dont pres d'un million d'un cancer du
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poumon). Si la proportion de deces par maladie
chronique majeure est plus faible dans les pays
en d6veloppement que dans les regions d6velop-
pees, les risques de d6ces sont sup6rieurs pour
de nombreuses causes, en particulier chez les
hommes. II apparalt donc qu'il est urgent d'interve-
nir contre les maladies non transmissibles, et en
particulier contre les habitudes nuisibles pour la
sante sous-jacentes a leur 6tiologie, et ce quel
que soit le niveau de d6veloppement sanitaire des
pays, mais plus encore dans les pays en d6velop-
pement, qui comme la Chine ont fait des progres
considerables dans la lutte contre les maladies
infectieuses.

II reste toutefois que la liste est encore longue
des mesures a prendre pour diminuer consid6ra-
blement la mortalite pr6maturee par les maladies
infectieuses majeures; en effet, dans leur ensem-
ble, ces maladies tuent environ 16,7 millions de
personnes chaque annee qui, a un demi-million
pres, vivent toutes dans des pays en d6veloppe-
ment. Les premieres causes de d6ces en 1990
par cette cat6gorie de maladie sont notamment
les infections respiratoires aigues (4,3 millions de
d6ces), les maladies diarrh6iques (2,9 millions),
les causes p6rinatales (2,5 millions), la tuberculo-
se (2,0 millions), la rougeole et le paludisme (pres
d'l million de d6ces pour chacune de ces mala-
dies). Les traumatismes (intentionnels ou autres)
sont des causes tres importantes de d6ces a tous
les niveaux de developpement sanitaire, le nom-
bre r6sultant de d6ces etant estim6 a 4,3 millions
en 1990, dont 850 000 par accident de la route,
800 000 par suicide, 380 000 par noyade et
300 000 par homicide et faits de guerre.

Ces estimations devraient etre periodique-
ment remises a jour au fur et a mesure que des
donn6es plus recentes et plus fiables seront dis-
ponibles. Elles devraient fournir en attendant une
base d'information utile permettant de fixer des
priorit6s sanitaires dans le monde.
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Global and regional cause-of-death patterns
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Global and regional cause-of-death patterns
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