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Foreword

“Every observer of human misery among the poor reports that
disease plays the leading role.” Irving Fisher (1909, p. 124)"

Before 1990, the global disease landscape was perceived
“through a glass darkly” Mortality conditions by cause of
death were known with some precision only for the relatively
small minority of the world’s population residing in countries
with adequate vital statistics. Nowhere were estimates of dis-
ease incidence, prevalence, survival, and disabling sequelae
consistently combined into population-level profiles of mor-
bidity and mortality.

Publication of the Global Burden of Disease (1990) was a
watershed event in the assessment of health and disease.
Through careful synthesis of disease conditions revealed in
thousands of piecemeal studies and data systems, it construct-
ed a comprehensive portrait of diseases, injuries, and causes of
death. It dealt creatively and carefully with the hundreds of
issues that had to be addressed to develop useful, broadly
gauged indicators of health. These included establishing terms
of trade among disabling conditions, among age groups and
generations, and between the living and the dead. At all points
that offered tempting shortcuts, the authors decided in favor of
comprehensiveness.

Like the microscope, the Global Burden of Disease (1990)
brought diseases into much sharper focus. Like national income
accounts, it connected parts to a whole and measured the whole
with unprecedented precision. As a sophisticated measuring
device, it could not be ignored by any serious student of epi-
demiology or development. One might have experimented with
its calibrations, but the device itself was irreplaceable.

However, the value of a measuring device lies in its mea-
surements, not in its abstract qualities on the shelf. The world

has changed dramatically since 1990, and we must be grateful
for the fresh assessment of disease conditions presented in
this volume. The picture that it paints is not only updated; it
is also more precise. Better data have become available
through expanded vital statistics systems, improved surveys,
and more extensive population surveillance systems. The
measurement instrument has also been improved. Most
notably, a critical new layer of physical risk factors and their
distribution has been added, providing valuable new tools for
policy makers.

This second application of the global burden of disease
framework permits an analysis of trends observed since the
first application. The intervening period was clearly one of slow
progress, impeded by the HIV/AIDS epidemic and setbacks in
Eastern Europe. The volume is appropriately cautious in draw-
ing inferences about disease-specific trends because of changes
in data sources and, in some instances, improvements in
approaches to measurement.

The volume also contains a valuable and admirably frank
chapter on the sensitivity of estimates to various sources of
uncertainty in methods and data. Some estimates are found to
have wide bands of uncertainty. While this outcome is disap-
pointing, uncertainty about the burden of disease in all its
dimensions—including the degree of uncertainty itself—
would be much greater without the heroic efforts reflected in
this volume.

My congratulations to the authors and the sponsoring
agencies.

Samuel H. Preston, Fredrick ]. Warren Professor of
Demography, University of Pennsylvania

'Trving Fisher. 1909. Report on National Vitality, Its Wastes and Conservation. Prepared for the National Conservation Commission. Washington, DC: Government Printing Office.
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Preface

This book emerges from two separate, but intersecting, strands
of work that began in the late 1980s, when the World Bank ini-
tiated a review of priorities for the control of specific diseases.
The review generated findings about the comparative cost-
effectiveness of interventions for most diseases important in
developing countries. The purpose of the cost-effectiveness
analysis (CEA) was to inform decision making within the
health sectors of highly resource-constrained countries. This
process resulted in the publication of the first edition of Disease
Control Priorities in Developing Countries (Jamison and others
1993). Also important for informing policy is a consistent,
quantitative assessment of the relative magnitudes of diseases,
injuries, and their risk factors. The first edition of Disease
Control Priorities in Developing Countries included an initial
assessment of health status for low- and middle-income coun-
tries as measured by deaths from specific causes; importantly,
the numbers of cause-specific deaths for each age-sex group
were constrained by the total number of deaths as estimated by
demographers. This consistency constraint led to downward
revision of the estimates of deaths from many diseases.

These two strands of work—CEA and burden of disease—
were further developed during preparation of the World
Development Report 1993: Investing in Health (World Bank
1993). This report drew on both the CEA work in the first edi-
tion of Disease Control Priorities in Developing Countries and
on a growing academic literature on CEA. In addition, the
World Bank invested in generating improved estimates of
deaths and the disease burden by age, cause, and region for
1990. Results of this initial assessment of the global burden of
disease appeared both in the World Development Report 1993
and widely in the academic literature (see, for example, Murray
and Lopez 1996a, 1996b; Murray, Lopez, and Jamison 1994).
Over the past six years, the World Health Organization has
undertaken a new assessment of the global burden of disease
for 20002, with consecutive revisions and updates published
annually in its World Health Reports. The World Health
Organization has also invested in improving the conceptual,
methodological, and empirical basis of burden of disease
assessments and the assessment of the disease and injury

burden from major risk factors (Ezzati and others 2004;
Murray and others 2002; World Health Organization 2002).

In 2002, a number of organizations—the Fogarty
International Center of the U.S. National Institutes of Health,
the World Bank, the World Health Organization, and the Bill &
Melinda Gates Foundation—initiated the Disease Control
Priorities Project (DCPP), located at the Fogarty International
Center. The DCPP’s purpose has been to review, generate, and
disseminate information that contributes to the scientific evi-
dence base for improving population health in developing
countries. A major product is the second edition of Disease
Control Priorities in Developing Countries (DCP2) (Jamison
and others 2006), which updates and extends available CEA rel-
evant to developing countries and explores the institutional,
organizational, financial, and research capabilities essential
for health systems to be able to select and deliver the appropri-
ate interventions.

DCP2 was to have included two major chapters on burden,
one dealing with deaths and the disease burden by cause and
the other with the burden from major risk factors. Two points
quickly became clear. First, even though DCP2 had allocated
substantial space for these chapters, much valuable back-
ground, methodology, and results still had to be relegated to a
separate document on the Web. Second, this material would
generate substantial interest independently of its tie to DCP2,
because health system activities, including the choice of inter-
ventions, depend partly on the magnitude of health problems,
and because assessment of the burden of diseases, injuries, and
risk factors includes important methodological and empirical
dimensions. The sponsors of the DCPP therefore decided to
publish this volume, which includes a full account of methods,
the complete results of recent work, and an assessment of
trends for total mortality and for major causes of death among
children under five along with two chapters that cover sensitiv-
ity and uncertainty analyses in relation to a broad range of
potentially important parameters.

During 1999-2004, the authors of this volume and many
collaborators from around the world worked intensively to
assemble an updated, comprehensive assessment of the global
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burden of disease and its causes. This book provides the
definitive, scientific account of that effort and of the health
conditions of the world’s population at the beginning of
the 21st century.

Both DCP2 and this book are available on the DCPP
Web site (http://www.dcp2.org), as well as through the
National Library of Medicine’s PubMedCentral. From the
DCPP Web site, users can download individual chapters or cre-
ate an ad hoc group of chapters formatted for printing book-
lets or course packets. We encourage users to construct variants
of the book most suited to their work or their teaching. The
DCPP Web site also allows access to Excel versions of all global
burden of disease tables so that users can freely reanalyze the
data to meet their own needs.
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Chapter 1

In an era when most societies must cope with increasing
demand for health resources, they will inevitably have to
make choices about the provision of health services, even if
those choices are, by default, to continue current practices.
Strategic health planning can accelerate health development
and the attainment of health goals or reduce the cost of
reaching such goals. Such planning must take into account
the needs that the health system must address; that is, policy
makers must be aware of the comparative burden of diseases
and injuries and the risk factors that cause them, and how
this burden is likely to change with the adoption of various
policies and interventions. Needs are, of course, not the
only factors determining service provision, but should be a
critical component of the decision-making and planning
processes.

The issue then becomes how to assess the comparative
importance of risks to health and their outcomes in dif-
ferent demographic groups of the population. What is needed
is a framework for integrating, validating, analyzing, and
disseminating the fragmentary, and at times contradictory,
information that is available on a population’s health, along
with some understanding of how that population’s health is

Measuring the Global Burden of
Disease and Risk Factors,
1990-2001

Alan D. Lopez, Colin D. Mathers, Majid Ezzati, Dean T. Jamison, and
Christopher J. L. Murray

changing, so that the information is more relevant for health
policy and planning purposes. The Global Burden of
Disease (GBD) framework is the principal, if not the only,
attempt to do so. Features of the GBD framework include
the incorporation of data on nonfatal health outcomes into
summary measures of population health, the development
of methods for assessing the reliability of data and imputing
missing data, and the use of a common metric to summarize
the disease burden from diagnostic categories of the
International Classification of Diseases and the major risk
factors that cause those health outcomes. Figure 1.1 presents
a simplified version of this framework and indicates the
causal chain of events that matter for health outcomes,
identifying the key components and determinants of health
status that require quantification.

Many countries and health development agencies have
adopted the GBD approach as the standard for health
accounting and for guiding the determination of health
research priorities, for example, Australia (Mathers, Vos, and
Stevenson 1999); the state of Andra Pradesh, India
(Mahapatra 2002); Mauritius (Vos and others 1995); Mexico
(Lozano and others 1995); South Africa (Bradshaw and
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and injuries can lead directly to death.
Figure 1.1 Overview of Burden of Disease Framework

others 2003); Thailand (Bundhamcharoen and others 2002);
Turkey (Baskent University 2005); the United States
(McKenna and others 2005); and the World Health
Organization (WHO 1996).

This chapter begins with a brief history of the work on
burden of disease, including a discussion of the nature and
origins of the disability-adjusted life year (DALY) as a mea-
sure of disease burden. Next it discusses applications of bur-
den of disease analysis to the formulation of health policy.
The chapter then summarizes the methods and findings of
the 2001 GBD study, reported in more detail in chapters 3
and 4 of this volume. A concluding section takes stock of the
work on disease burden since the early 1990s and suggests
some key areas for further work.

Following this introductory and summarizing chapter,
chapter 2 describes the demographic underpinnings for the
epidemiological assessments that follow and provides con-
text by briefly reviewing recent changes (from 1990 to 2001)
in key demographic parameters. The chapter also assesses
changes in the cause distribution of mortality among chil-
dren under five between 1990 and 2001 and the difficulties
of reliably assessing trends in mortality. Chapters 3 and 4
provide the definitive methods and results of the 2001 GBD
study. Chapter 3 reports on deaths and the disease and
injury burden by age, sex, and 136 disease and injury cate-
gories. Chapter 4 reports on the disease and injury burden
resulting from 19 risk factors, specifically for a number of
important conditions. Both chapters present results using
the World Bank’s classification of low- and middle-income
countries into six regional groups. Chapter 5 then explores
the robustness of the major findings to uncertainties in the
data and to alternative assumptions concerning construc-
tion of the DALY. Chapter 6 examines the implications of
including stillbirths in a global burden of disease assess-
ment. Their inclusion is potentially significant, both because
the numbers are large (3.3 million in 2001), and because
including stillbirths raises major questions about how
to assess the DALY loss associated with deaths near the time
of birth.

HISTORY OF BURDEN OF DISEASE STUDIES

In 1992, the World Bank commissioned the initial GBD
study to provide a comprehensive assessment of the disease
burden in 1990. The study was undertaken for the world as
a whole and for 8 regions (Lopez and Murray 1998; Murray
and Lopez 1996a,d; Murray, Lopez, and Jamison 1994;
World Bank 1993). In order to recommend intervention
packages for countries at different stages of development,
the estimates were combined with analyses of the cost-
effectiveness of interventions in different populations
(World Bank 1993; Jamison and Jardel 1994). Whereas
earlier attempts to quantify global cause of death patterns
(Hakulinen and others 1986; Lopez 1993) were valuable
initial contributions to building the evidence base for poli-
cy, they were largely restricted to broad cause of death
groups, for example, all infections and parasitic diseases
combined, and did not address nonfatal health outcomes.

The methods and findings of the 1990 GBD study have
been widely published and, as noted earlier, have spawned
multiple disease burden exercises (Murray and Lopez
1996¢,d; 1997a,b,c). One of the basic principles guiding a bur-
den of disease assessment is that almost all sources of health
dataare likely to contain useful information provided they are
carefully screened for validity and completeness. With appro-
priate methods, investigator commitment, and expert judg-
ment, obtaining internally consistent estimates of the global
descriptive epidemiology of major conditions is possible. To
prepare internally consistent estimates of incidence, preva-
lence, duration, and mortality for almost 500 sequelae of the
diseases and injuries under consideration, a mathematical
model, DisMod, was developed for the 1990 GBD study to
convert partial, often nonspecific, data on disease and injury
occurrence into a consistent description of the basic epidemi-
ological parameters in each region by age group (Barendregt
and others 2003; Murray and Lopez 1996b).

Many diseases, for example, neuropsychiatric conditions
and hearing loss, and injuries may cause considerable ill
health but no or few direct deaths. Therefore separate
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Box 1.1

Disability-Adjusted Life Years

The DALY is a health gap measure that extends the con-
cept of potential years of life lost due to premature death
to include equivalent years of healthy life lost by virtue of
individuals being in states of poor health or disability
(Murray 1996). One DALY can be thought of as one lost
year of healthy life and the burden of disease as a measure
of the gap between current health status and an ideal situ-
ation where everyone lives into old age free from disease
and disability. This conceptualization of DALYs as a mea-
sure of health, and not of lost utility, is analogous to the
principles of measuring gross domestic product as
summarized by Eisner (1989, p. 7): “Our focus . . . is on
measures of all economic activity related to welfare [for
example, gross domestic product], but not of welfare
itself” Information on calculating DALYs, on time dis-
counting, and on age weights is provided in chapter 3.
DALY:s for a disease or health condition are calculated
as the sum of YLL in the population and YLD for incident
cases of the health condition. YLL is calculated from the
number of deaths at each age multiplied by a global stan-

dard life expectancy for the age at which death occurs. To
estimate YLD for a particular cause for a particular time
period, the number of incident cases in that period is mul-
tiplied by the average duration of the disease and a weight
factor that reflects the severity of the disease on a scale
from O (perfect health) to 1 (dead). The weights used in
the 2001 GBD study are listed in detail elsewhere (see
annex tables 3A.6 to 3A.8 in chapter 3).

In addition, in calculating DALY, the GBD study used 3
percent time discounting and non-uniform age weights
which give less weight to years lived at young and older
ages. For the results reported in this volume and used in the
Disease Control Priorities in Developing Countries, second
edition (DCP2) 3 percent time discounting was applied but
not non-uniform age weights. A death in infancy then cor-
responds to 30 DALYs, and deaths at age 20 to around 28
DALYs. Thus a disease burden of 3,000 DALYs in a popula-
tion would be the equivalent of around 100 infant deaths or
to approximately 5,000 persons aged 50 years living one
year with blindness (disability weight 0.6).

measures of survival and of health status among survivors,
while useful inputs when formulating health policy, need to
be combined in some fashion to provide a single, holistic
measure of overall population health. To assess the burden
of disease, the 1990 GBD study used a time-based metric
that measures both premature mortality (years of life lost
because of premature mortality or YLL) and disability (years
of healthy life lost as a result of disability or YLD, weighted
by the severity of the disability). The sum of the two com-
ponents, namely, DALYs, provides a measure of the future
stream of healthy life (years expected to be lived in full
health) lost as a result of the incidence of specific diseases
and injuries in 1990 (box 1.1). The effect of fatal cases (of
disease or injury) is captured by years of life lost, while YLD
captures the future health consequences in terms of seque-
lae of diseases or injuries of incident cases in 1990 that were
not fatal. (For a more complete account of the DALY mea-
sure and the philosophy underlying parameter choices, see
Murray 1996; Murray, Salomon, and others 2002).

DALYs are not unique to the GBD study. The World Bank
used a variant of DALY in its seminal review of health sec-
tor priorities (Jamison and others 1993), and they are
derived from earlier work to develop time-based measures
that better reflect the public health impact of death or illness

at young ages (Dempsey 1947; Ghana Health Assessment
Project Team 1981).

Much of the comment on, and criticism of, the GBD
study focused on the construction of DALYs (Anand and
Hanson 1998; Hyder, Rotllant, and Morrow 1998; Williams
1999), particularly the social choices pertaining to age
weights and severity scores for disabilities. Relatively little
criticism was directed at the vast uncertainty of the basic
descriptive epidemiology for some populations, especially in
Sub-Saharan Africa (see chapter 5 in this volume), which is
likely to be far more consequential for setting health priori-
ties (Cooper and others 1998).

The results of the 1990 GBD study confirmed what many
health workers had suspected for some time, namely, that non-
communicable diseases and injuries were a significant cause of
health burden in all regions, and in some rapidly industrializ-
ing regions such as East Asia and Pacific, were already by far
theleading cause of death and disability. Neuropsychiatric dis-
ordersand injuries in particular were major causes of lost years
of healthy life as measured by DALYs, and were vastly under-
appreciated when measured by mortality alone. The original
GBD study estimated that noncommunicable diseases,
including neuropsychiatric disorders, caused 41 percent of
the global burden of disease in 1990, only slightly less than
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communicable, maternal, perinatal, and nutritional condi-
tions combined (44 percent), and that 15 percent of the bur-
den was due to injuries. Earlier assessments of global health
priorities based on mortality data attributed no deaths to
mental health disorders and less than half (7 percent) of that
suggested by DALY to injuries (Lopez 1993).

Estimates of the disease and injury burden caused by
exposure to major risk factors are likely to be a much more
useful guide to policies and priorities for prevention than a
“league table” of the disease and injury burden. In recent
decades, researchers have attempted to quantify the effects of
specific exposures, for instance, tobacco smoking, on mortal-
ity from major diseases such as cancers (Doll and Peto 1981;
Parkin and others 1994) or from multiple diseases (Peto and
others 1992; United States Department of Health and
Human Services 1992), either in individual countries or
across groups of countries using comparable methods.

Specific country studies have examined the impact of sev-
eral leading risk factors (Holman and others 1988; McGinnis
and Foege 1993), but prior to the 1990 GBD study, no global
assessments of the fatal and nonfatal burden of disease and
injury resulting from exposure to multiple major health risks
had been attempted. The 1990 study quantified 10 risk fac-
tors based on information about causation, prevalence,
exposure, and disease and injury outcomes available at the
time. The study attributed almost 16 percent of the entire
global burden of disease and injury to malnutrition; another
7 percent to poor water and sanitation; and 2 to 3 percent
to such risks as unsafe sex, tobacco, alcohol, and occupation-
al exposures (Lopez and Murray 1998; Murray and Lopez
1996a; Murray and Lopez 1997a; Murray, Lopez, and
Jamison 1994; World Bank 1993).

APPLICATIONS OF BURDEN OF
DISEASE ANALYSIS

Burden of disease analyses are useful for informing health
policy in at least five major ways as outlined in this section.
Estimates of deaths by cause or years of life lost serve these
same purposes, but for some uses, less well.

Assessing Performance

The burden of disease provides an indicator that can be used
to judge progress over time within a single country or region
or relative performance across countries and regions. In this
application, burden of disease may be considered analogous
to national income and product accounts, developed by

Simon Kuznets and others in the 1930s and culminating in
1939 with a complete national income and product account
for the United Kingdom prepared at the request of the treas-
ury. In subsequent decades, national income and product
accounts have transformed the empirical underpinnings of
economic policy analysis. As one leading scholar put it, “The
national income and product accounts for the United States

., and kindred accounts in other nations, have been
among the major contributions to economic knowledge
over the past half century . .. Several generations of econo-
mists and practitioners have now been able to tie theoretical
constructs of income, output, investment, consumption,
and savings to the actual numbers of these remarkable
accounts with all their fine detail and soundly meshed inter-
relations” (Eisner 1989, p. 1).

Generating Forums for Informed Debate of Values and
Priorities

In practice, assessing the disease burden involves participa-
tion by a broad range of disease specialists, epidemiologists,
and often, policy makers. Debating the appropriate values
for, say, disability weights or for years of life lost at different
ages helps clarify values and objectives for national health
policy. Discussing the relationships between diseases and
their risk factors in the light of local conditions sharpens con-
sideration of priorities and of programs to address them.

Identifying National Control Priorities

Many countries now identify a relatively short list of inter-
ventions whose full implementation becomes an explicit
priority for national political and administrative attention.
Examples include interventions to control tuberculosis,
poliomyelitis, HIV/AIDS, smoking, and specific micronutri-
ent deficiencies. Because political attention and high-level
administrative capacity are in relatively fixed and short sup-
ply, the benefits from using those resources will be maxi-
mized if they are directed toward interventions that are both
cost-effective and aimed at problems associated with a high
disease burden. National assessments of disease burden are
one input into the process of establishing a shortlist of dis-
ease control priorities.

Creating Knowledge

Medical schools offer a fixed number of instructional hours,
and training programs for other levels and types of health
workers are similarly limited. A major instrument for
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implementing health policy priorities is to allocate this fixed
time resource well. This implies allocating time to training
for interventions where the disease burden is high and cost-
effective interventions exist.

Information on the disease or risk factor burden is also a
vital input for informing resource allocation for research
and development. In particular, whenever a fixed effort will
have a benefit proportional not only to the size of that effort,
but also to the size of the problem being addressed, esti-
mates of the disease burden become essential for formulat-
ing and implementing research and development priorities.
For example, developing a vaccine for a broad range of viral
pneumonias would have perhaps hundreds of times the
impact of a vaccine against hantavirus infection.

Allocating Resources across Health Interventions

A key task for priority-setting analyses in health is to create
the evidence base to stimulate the reallocation of resources
to interventions that, at the margin, will generate the great-
est reduction in health loss. When there are major fixed costs
in mounting an intervention, as is the case with political and
managerial attention for national control priorities, burden
estimates are required to improve resource allocation.
Similarly, major fixed costs may be associated with the uni-
versalization (or major expansion) of an intervention and, if
so, the cost-effectiveness of the expansion will depend in
part on the size of the burden.

IMPROVING THE COMPARATIVE QUANTIFICATION
OF DISEASES, INJURIES, AND RISK FACTORS: THE
2001 GBD STUDY

The 1990 GBD study represented a major advance in the
quantification of the impact of diseases, injuries, and risk fac-
tors on population health globally and by region. Government
and nongovernmental agencies alike have used its results to
argue for more strategic allocations of health resources to dis-
ease prevention and control programs that are likely to yield
the greatest gains in terms of population health. The results
have also greatly increased understanding of the basic descrip-
tive epidemiology of diseases and injuries worldwide.
Following publication of the initial results of the GBD
study, several national applications of the methods it used
have led to substantially more data on the descriptive epi-
demiology of diseases and injuries becoming available, as
well as to improvements in analytical methods and mortal-
ity data in a number of countries. By emphasizing substan-

tially more sophisticated approaches than in the past to the
interpretation and presentation of population health data to
policy makers, national burden of disease studies have stim-
ulated efforts to improve and extend the collection of the
health information data that are the basis for such analyses.
A good example is the Islamic Republic of Iran where, over
the last five years, the government has implemented a sys-
tem of death registration with medical information on
the cause of death that has been extended from four
provinces initially to include 26, or almost all of the coun-
try’s provinces. Another example is the government of
Thailand’s extensive verbal autopsy study aimed at address-
ing major coding deficiencies in Thailand’s national mortal-
ity data (Choprapawon and others 2005).

Critiques of the original study’s approach, particularly of
the methods used to assess the severity weightings for dis-
abling health states, have led to fundamental changes in the
way that investigators incorporate health state valuations,
that is, the use of population-based rather than expert opin-
ion as used in the 1990 study, and to substantially better
methods for improving the cross-national comparability of
survey data on health status (Murray, Tandon, and others
2002; Salomon and Murray 2004). Better methods for mod-
eling the relationship between the level of mortality and the
broad cause of death structure in populations that are based
on proportions rather than rates have led to greater confi-
dence in cause of death estimates for developing countries
(Salomon and Murray 2002). In addition, improved popu-
lation surveillance for some major diseases such as
HIV/AIDS, and the wider availability of data from verbal
autopsy methods, particularly in Sub-Saharan Africa, have
lessened the dependence on models for cause of death esti-
mates, although substantial uncertainty in the use of such
data persists. For more details on these and other method-
ological advances, see chapter 3 in this volume.

Perhaps the major methodological progress since the
1990 GBD study has been with respect to the quantification
of the disease burden from risk factors. The initial study
quantified the population health effects of 10 risk factors,
but serious concerns exist about the comparability of the
methods and estimates used. Different risk factors have dif-
ferent epidemiological traditions, particularly with regard to
the definitions of hazardous exposure, the strength of the
evidence on causality, and the availability of epidemiologi-
cal research on exposure and hazard. As a result, compara-
bility across estimates of the disease burden caused by
different risk factors has been difficult to establish. In par-
ticular, much of classical risk factor research has treated
exposures as dichotomous, with individuals either exposed

Measuring the Global Burden of Disease and Risk Factors, 19902001 | 5



or not exposed, with exposure defined according to an often
arbitrary threshold value, for example, systolic blood pres-
sure of 140 millimeters of mercury as the threshold for
hypertension. Recent evidence for such continuous expo-
sures as cholesterol, blood pressure, and body mass index
suggests that such arbitrarily defined thresholds are inap-
propriate, because the hazards for these risks decline contin-
uously across the entire range of measured exposure levels,
with no obvious threshold (Eastern Stroke and Coronary
Heart Disease Collaborative Research Group 1998; Ezzati
and others 2004; Rose 1985; WHO 2002).

For the 2001 GBD study, a new framework for risk factor
assessment was defined that examines changes in the disease
burden that would be expected under alternative population
distributions of exposure to a risk factor or groups of risk
factors (Murray and Lopez 1999). Attributable fractions of
disease due to a risk factor were then calculated based on a
comparison of the disease burden expected under the current
estimated distribution of exposure by age, sex, and region
with that expected under a counterfactual distribution of
exposure. One such counterfactual distribution was defined
for each risk factor as the population distribution of exposure
that would lead to the lowest levels of disease burden. Thus,
for example, in the case of tobacco, this theoretical-
minimum-risk counterfactual exposure would be 100 per-
cent of the population being never-smokers, for overweight
and obesity it would be a narrow distribution of body mass
index centered around an optimal level of 21 kg/m? and so
on. The distributions of the theoretical-minimum-risk expo-
sure for the risk factors quantified in the World Health
Organization’s study of comparative risk assessment (the
methodological and empirical basis for the 2001 GBD study)
were developed by expert groups for each risk factor based on
available scientific knowledge of risk factor hazard. The study
also used systematic reviews and analyses of extant sources on
risk factor exposure and hazard in an iterative process that
increased comparability across risk factors (Ezzati and others
2002,2004). These methods and results are described in more
detail in chapter 4 in this volume.

Risk factors may affect disease and injury outcomes
through other intermediate factors. For instance, some of the
effects of diet and physical activity on cardiovascular diseases
are mediated through changes in such intermediate factors as
weight, blood pressure, and cholesterol. Risk factors may also
affect disease and injury outcomes in combination with one
another. For example, people who smoke and have elevated
blood pressure and cholesterol have substantially higher
probabilities of cardiovascular events. Finally, some risks
have common social and behavioral determinants. For

instance, members of poor households in rural areas are the
most likely to be undernourished, use unsafe water sources,
and be exposed to indoor smoke from solid fuels. Because of
these epidemiological and social characteristics of risk factor
exposure and hazard, policy-relevant analysis should include
an assessment of the health benefits of simultaneous reduc-
tions in multiple risks. Multicausality also means that a range
of interventions can be used for disease prevention, with the
specific choices determined by such factors as costs, technol-
ogy availability, infrastructure, and preferences. A novel
aspect of the analysis of risk factors in the 2001 GBD study is
the development and application of methods for estimating
the disease burden attributable to the combined hazards of
multiple risk factors (Ezzati and others 2003).

The basic units of analysis in the 1990 GBD study were the
eight World Bank regions defined for the World Bank’s
(1993) World Development Report 1993. Designed to be geo-
graphically contiguous, these regions were nonetheless
extremely heterogeneous with respect to health develop-
ment, for example, the region referred to as Other Asia and
Islands included countries with such diverse epidemiological
profiles as Myanmar and Singapore. This seriously limited
the applicability of these regions to comparative epidemio-
logical assessments. Thus the 2001 GBD study followed a
more refined approach. Estimates of overall mortality were
first developed for World Health Organization member
states using different methods for countries at different stages
of health development. The choice of methods was largely
determined by the availability of data (Lopez and others
2002). Age- and sex-specific death rates for countries were
essentially determined using one of three standard appro-
aches: the use of routine life table methods for countries with
complete vital registration; the application of standard
demographic methods to correct for underregistration of
deaths; or the application of model life tables where no vital
registration or survey data on adult mortality were available
(Lopez and others 2002; Murray and others 2003).

The detailed methodological approaches adopted for
estimating cause-specific mortality for countries and the
descriptive epidemiology of nonfatal conditions for coun-
tries or subregions are described elsewhere (Mathers and
others 2002; chapter 3 in this volume). This focus on
individual countries as the unit of analysis, as well as the sys-
tematic application of standardized approaches for all
countries in any given category of data availability, has vastly
improved the cross-population comparability of disease and
injury quantification.

A final major advance of the 2001 GBD study has been
the systematic attempts to quantify some of the uncertainty
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in both national and global assessments of the disease bur-
den (see chapter 5 in this volume). This uncertainty must be
taken into account when making cross-national compar-
isons and needs to be carefully communicated to and inter-
preted by epidemiologists and policy makers alike.

MAJOR FINDINGS OF THE 2001 GBD STUDY

This section, and tables 1.1 and 1.2, summarize the princi-
ple findings of the 2001 GBD study. More detailed findings
are reported in chapters 3 and 4.

Global and Regional Mortality

Slightly more than 56 million people died in 2001, 10.5 mil-
lion (or nearly 20 percent) of whom were children younger
than five years of age. Almost 4 million children died before
1 month of age, with an additional 3.3 million stillbirths
(see chapter 6). Of these child deaths, 99 percent occurred in
low- and middle-income countries. Low- and middle-
income countries also account for a comparatively large
number of deaths at young and middle adult ages: 30 per-
cent of all deaths occur at ages 15 to 59, compared with
15 percent in high-income countries. The causes of death at
these ages, as well as in childhood, are thus important for
assessing public health priorities.

Worldwide, one death in every three is from what the
GBD study terms Group I causes (communicable diseases,
maternal and perinatal conditions, and nutritional deficien-
cies) (see table 1.1). This proportion remains almost uncha-
nged from 1990, with one major difference. Whereas
HIV/AIDS accounted for only 2 percent of Group I deaths
in 1990, it accounted for 14 percent in 2001. Excluding
HIV/AIDS, Group I deaths fell from one-third of total
deaths in 1990 to less than one-fifth in 2001. Virtually all
Group I deaths are in low- and middle-income countries.

In low- and middle-countries, Group II causes (noncom-
municable diseases) are now responsible for more than
50 percent of deaths in adults ages 15 to 59 in all regions
except South Asia and Sub-Saharan Africa, where Group I
causes, including HIV/AIDS, remain responsible for one-
third and two-thirds of deaths, respectively. Outside these
two regions, developing countries are now facing a triple
burden of disease from communicable diseases, noncom-
municable diseases, and injuries (Group III causes). Among
low- and middle-income countries as a group, the three
leading causes of death in 2001 included ischemic heart dis-
ease and cerebrovascular disease, which together accounted

for almost one-fifth of all deaths. In other words, the epi-
demiological transition from infectious to chronic noncom-
municable diseases in this group of countries is already well
established and is of major relevance to health planning.

Leading Causes of Disability

The 1990 GBD study brought the previously largely ignored
burden of nonfatal illnesses, particularly neuropsychiatric
disorders, to the attention of health policy makers. The find-
ings of the 2001 GBD study, based on updated data and
analyses, confirm that disability and states of less than full
health caused by diseases and injuries play a central role in
determining the overall health status of populations in all
regions of the world. Neuropsychiatric conditions, vision
disorders, hearing loss, and alcohol use disorders dominate
the overall burden of nonfatal disabling conditions.

In all regions, neuropsychiatric conditions are the most
important causes of disability, accounting for more than
37 percent of YLD among adults aged 15 years and older
worldwide. The disabling burden of neuropsychiatric condi-
tions is almost the same for males and females, but the major
contributing causes are different. While depression is the
leading cause of disability for both males and females, the
burden of depression is 50 percent higher for females than
males, and females also have higher burdens from anxiety
disorders, migraine, and senile dementia. In contrast, the
male burden for alcohol and drug use disorders is nearly six
times higher than that for females and accounts for a quarter
of the male neuropsychiatric burden.

More than 85 percent of disease burden from nonfatal
health outcomes occurs in low- and middle-income coun-
tries, and South Asia and Sub-Saharan Africa account for
40 percent of all YLD. Even though the prevalence of dis-
abling conditions such as dementia and musculoskeletal dis-
ease is higher in countries with long life expectancies, this is
offset by lower contributions to disability from conditions
such as cardiovascular disease, chronic respiratory diseases,
and long-term sequelae of communicable diseases and
nutritional deficiencies. In other words, people living in
developing countries not only face shorter life expectancies
than those in developed countries, but also live a higher pro-
portion of their lives in poor health.

Burden of Disease and Injuries

The results of the 2001 GBD study reinforce some of the
conclusions of the 1990 GBD study about the importance of
including nonfatal outcomes in a comprehensive assessment
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Table 1.1 Deaths and Burden of Disease by Cause—Low- and Middle-Income Countries, High-Income Countries,

and World, 2001
Low- and middle-income High-income World
Deaths DALYs(3,0)2 Deaths DALYs(3,0)2 Deaths DALYs(3,0)?

All causes
Total number (thousands) 48,351 1,386,709 7,891 149,161 56,242 1,535 871
Rate per 1,000 population 9.3 265.7 85 160.6 9.1 249.8
Age-standardized rate per 1,000 114 281.7 5.0 128.2 10.0 256.5

Selected cause groups: Number in thousands (percent)

I. COMMUNICABLE DISEASES, 17,613 (36.4) 552,376 (39.8) 552 (7.0) 8,561 (5.7) 18,166 (32.3) 560,937 (36.5)

MATERNAL AND PERINATAL

CONDITIONS AND

NUTRITIONAL DEFICIENCIES
Tuberculosis 1,590 (3.3) 35,874 (2.6) 16 (0.2) 219(0.1) 1,606 (2.9) 36,093 (2.3)
HIV/AIDS 2,552 (5.3) 70,796 (5.1) 22(0.3) 665 (0.4) 2,574 (4.6) 71,461 (4.7)
Diarrheal diseases 1,777 (3.7) 58,697 (4.2) 6 (<.1) 444 (0.3) 1,783 (3.2) 59,141 (3.9)
Measles 762 (1.6) 23,091 (1.7) 1(<.1) 23 (<.1) 763 (1.4) 23,113 (1.5)
Malaria 1,207 (2.5) 39,961 (2.9) 0(0.0) 9(<.1) 1,208 (2.1) 39,970 (2.6)
Lower respiratory infections 3,408 (7.0) 83,606 (6.0) 345 (4.4) 2,314 (1.6) 3,753 (6.7) 85,920 (5.6)
Perinatal conditions 2,489 (5.1) 89,068 (6.4) 32(0.4) 1,408 (0.9) 2,522 (4.5) 90,477 (5.9)
Protein-energy malnutrition 241 (0.5) 15,449 (1.1) 9(0.1) 130 (<.1) 250(0.4) 15,578 (1.0)

1. NONCOMMUNICABLE CONDITIONS 26,023 (53.8) 678,483 (48.9) 6,868 (87.0) 129,356 (86.7) 32,891 (58.5) 807,839 (52.6)
Stomach cancers 696 (1.4) 9,616 (0.7) 146 (1.9) 1,628 (1.1) 842 (1.5) 11,244 (0.7)
Colon and rectum cancers 357 (0.7) 5,060 (0.4) 257 (3.3) 3.175(2.1) 614(1.1) 8,236 (0.5)
Liver cancer 505 (1.0) 7,945 (0.6) 102 (1.3) 1,223 (0.8) 607 (1.1) 9,169 (0.6)
Trachea, bronchus, and lung cancers 771 (1.6) 10,701 (0.8) 456 (5.8) 5,397 (3.6) 1,227 (2.2) 16,099 (1.0)
Diabetes mellitus 757 (1.6) 15,804 (1.1) 202 (2.6) 4192 (2.8) 960 (1.7) 19,997 (1.3)
Unipolar depressive disorders 10 (<.1) 43,427 (3.1) 3(<1) 8,408 (5.6) 13 (<.1) 51,835 (3.4)
Alcohol use disorders 62(0.1) 11,007 (0.8) 23(0.3) 4171(2.8) 84(0.2) 15,178 (1.0)
Cataracts 0(0.0) 28,150 (2.0) 0(0.0) 493 (0.3) 0(0.0) 28,643 (1.9)
Vision disorders, age-related 0(0.0) 15,364 (1.1) 0(0.0) 1,525 (1.0) 0(0.0) 16,889 (1.1)
Hearing loss, adult onset 0(0.0) 24,607 (1.8) 0(0.0) 5,387 (3.6) 0(0.0) 29,994 (2.0
Hypertensive heart disease 760 (1.6) 9,969 (0.7) 129 (1.6) 1,209 (0.8) 889 (1.6) 11,178 (0.7)
Ischemic heart disease 5,699 (11.8) 71,882(5.2) 1,364 (17.3) 12,390 (8.3) 7,063 (12.6) 84,273 (5.5)
Cerebrovascular disease 4,608 (9.5) 62,669 (4.5) 7811(9.9) 9,354 (6.3) 5,390 (9.6) 72,024 (4.7)
Chronic obstructive pulmonary disease 2,378 (4.9) 33,453 (2.4) 297 (3.8) 5,282 (3.5) 2,676 (4.8) 38,736 (2.5)
Cirrhosis of the liver 654 (1.4) 13,633 (1.0) 118 (1.5) 2,146 (1.4) 771 (1.4) 15,778 (1.0)
Nephritis and nephrosis 552 (1.1) 9,076 (0.7) 111(1.4) 929 (0.6) 663 (1.2) 10,005 (0.7)
Osteoarthritis 2 (<.1) 13,666 (1.0) 3(<.1) 3,786 (2.5) 5(<.1) 17,452 (1.1)
Congenital anomalies 477 (1.0) 23,533 (1.7) 30(0.4) 1,420 (1.0) 507 (0.9) 24,952 (1.6)
Alzheimer and other dementias 173 (0.4) 9,640(0.7) 207 (2.6) 7,468 (5.0) 380(0.7) 17,108 (1.1)

11l. INJURIES 4,715 (9.8) 155,850 (11.2) 471 (6.0) 11,244 (7.5) 5,186 (9.2) 167,094 (10.9)
Road traffic accidents 1,069 (2.2) 32,017 (2.3) 121 (1.5) 3,045 (2.0) 1,189 (2.1) 35,063 (2.3)
Falls 316 (0.7) 13,582 (1.0) 71(0.9) 1,459 (1.0) 387(0.7) 15,041 (1.0)
Self-inflicted injuries 749 (1.5) 17,674(1.3) 126 (1.6) 2,581 (1.7) 875 (1.6) 20,255 (1.3)
Violence 532 (1.1) 18,132 (1.3) 24(0.3) 765 (0.5) 556 (1.0) 18,897 (1.2)

Source: Chapter 3.
Notes: Numbers in parentheses indicate percentage of column total.
Broad group totals in bold are additive but should not be summed with all other conditions listed in table.
a. DALYs (3,0) refer to the version of the DALY based on a 3% annual discount rate and uniform age weights.
b. Age-standardized using the WHO World Standard Population.
c. Includes only causes responsible for more than 1% of global deaths or DALYs in 2001.

of global population health. They also confirm the growing HIV/AIDS is now the fourth leading cause of the burden
importance of noncommunicable diseases in low- and of disease globally and the leading cause in Sub-Saharan
middle-income countries and highlight important changes ~ Africa, where it is followed by malaria in second place. Seven
in population health in some regions since 1990. other Group I causes also appear in the top 10 causes for this
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region. The epidemiological transition in low- and middle-
income countries has resulted in a 20 percent reduction in
the per capita disease burden due to Group I causes since
1990. Without the HIV/AIDS epidemic and the associated
lack of decline in the burden of tuberculosis, this reduction
would have been closer to 30 percent.

The per capita disease burden in Europe and Central Asia
has increased by nearly 40 percent since 1990, and popula-
tion health in this region is now worse than all other regions
except South Asia and Sub-Saharan Africa. This reflects
the sharp increase in adult male mortality and disability in
the 1990s, leading to the highest male-female differential
in the disease burden in the world. A significant factor in this
increase is probably the high level of harmful alcohol con-
sumption among men, which has led to high rates of acci-
dents, violence, and cardiovascular disease. From 1991 to
1994, the risk of premature adult (15 to 59 years) death
increased by 50 percent for Russian males. It improved some-
what between 1994 and 1998, but subsequently increased.

The burden of noncommunicable diseases is increasing,
accounting for nearly half the total global burden of disease,
a 10 percent increase from estimated levels in 1990. Almost
50 percent of the adult disease burden in low- and middle
income countries is now attributable to noncommunicable
diseases. The implementation of effective interventions for
Group I diseases, coupled with population aging and the
spread of risks for noncommunicable disease in many low-
and middle-income countries, are the likely causes of this
shift. Ischemic heart disease and stroke dominate the bur-
den of disease in Europe and Central Asia and together
account for more than a quarter of the total disease burden.
In contrast, in Latin America and the Caribbean these dis-
eases account for 8 percent of the disease burden, but this
region also has high levels of diabetes and endocrine disor-
ders compared with other regions. Violence is the fourth
leading cause of the disease and injury burden in Latin
America and the Caribbean. Violence does not appear
among the top 10 causes of burden in any other region, but
is nonetheless significant.

Injuries primarily affect young adults and often result in
severe, disabling sequelae. All forms of injury accounted for
16 percent of the adult burden in 2001. In parts of Europe and
Central Asia, Latin America and the Caribbean, and the
Middle East and North Africa, more than 30 percent of the
entire disease and injury burden among male adults aged
15 to 44 is attributable to injuries. Road traffic accidents, vio-
lence, and self-inflicted injuries are all among the top 10 lead-
ing causes of burden in these regions. The former Soviet
Union and other high-mortality (amongadults) countries of

Eastern Europe have rates of injury death and disability
among males that are similar to those in Sub-Saharan Africa.

Burden of Disease Attributable to Risk Factors

As described earlier, a major advance of the 2001 GBD
study has been in creating a unified framework for quanti-
fying the burden of disease and injury attributable to major
risk factors and in applying this framework to exposure and
hazard data for selected major risk factors based on com-
prehensive and systematic reviews of published literature
and other sources. Notwithstanding the inherent uncertain-
ties in assessing the population-level health effects of risk
factors, the quantification of the burden of disease attribut-
able to the individual and joint hazards of selected risks
suggests that the leading causes of mortality and disease
burden include risk factors for Group I conditions (for
example, undernutrition; indoor smoke from household
use of solid fuels; poor water, sanitation, and hygiene; and
unsafe sex), whose burden is primarily concentrated in
South Asia and Sub-Saharan Africa, and risk factors for
Group II conditions (especially, smoking, alcohol, high
blood pressure and cholesterol, and overweight and obesity),
which are widespread globally (see table 1.2). In low- and
middle-income countries, the leading causes of disease bur-
den included risk factors prevalent among the poor and
associated with Group I conditions (for example, childhood
underweight [8.7 percent of the disease burden in these
regions]; unsafe water, sanitation, and hygiene [3.7 percent];
and indoor smoke from household use of solid fuels
[3.0 percent]), unsafe sex (5.8 percent), and risk factors for
noncommunicable diseases (for example, high blood pres-
sure [5.6 percent], smoking [3.9 percent], and alcohol use
[3.6 percent]). Across high-income countries, risk factors
associated with Group II and Group III conditions were the
leading causes of loss of healthy life (smoking [12.7 per-
cent], high blood pressure [9.3 percent], overweight and
obesity [7.2 percent], high cholesterol [6.3 percent], and
alcohol use [4.4 percent]).

An estimated 45 percent of global mortality and 36 per-
cent of the global burden of disease were attributable to the
joint hazards of the 19 selected global risk factors. The joint
hazards were even larger in regions where a relatively small
number of diseases and their risk factors were responsible
for large losses of life (HIV/AIDS and risk factors for child
mortality in Sub-Saharan Africa; cardiovascular risks,
including smoking and alcohol use in Europe and Central
Asia). Globally, large fractions of major diseases such as diar-
rhea, lower respiratory infections, HIV/AIDS, lung cancer,
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Table 1.2 Deaths and Burden of Disease Attributable to Risk Factors—Low- and Middle-Income Countries, High-Income

Countries, and World, 2001

Low- and middle-income High-income World
Deaths DALYs(3,0)2 Deaths DALYs(3,0)2 Deaths DALYs(3,0)2

Total number (thousands) 48,351 1,386 709 7,891 149,161 56,242 1,535 871

Rate per 1,000 population 93 265.7 85 160.6 9.1 249.8

Age-standardized rate per 1,000 11.4 281.7 5.0 128.2 10.0 256.5
Risk factor Number in thousands (percent)
Childhood and maternal undernutrition

Childhood underweight 3,630(7.5)  120,579(8.7) 0(0.0) 67(<0.1)  3,630(6.5) 120,647 (7.9)

Iron-deficiency anemia 613(1.3) 23,933(1.7) 8(0.1) 789 (0.5) 621(1.1) 24,722 (1.6)

Vitamin A deficiency 800 (1.7) 24,686 (1.8) 0(0.0) 0(0.0) 800 (1.4) 24,686 (1.6)

Zinc deficiency 849 (1.8) 27,631 (2.0) 0(0.0) 5(<0.1) 849 (1.5) 27,636 (1.8)
Other nutrition-related risk factors and physical activity

High blood pressure 6,223 (12.9) 78,063 (5.6) 1,392 (17.6) 13,887(9.3) 7,615(13.5) 91,950 (6.0)

High cholesterol 3,038 (6.3) 42,815 (3.1) 842 (10.7) 9431(6.3)  3,880(6.9) 52,246 (3.4)

Overweight and obesity 1,747 (3.6) 31,515(2.3) 614 (7.8) 10,733(7.2) 2,361 (4.2) 42,248 (2.8)

Low fruit and vegetable intake 2,308 (4.8) 32,836 (2.4) 333(4.2) 3982(27)  2,641(4.7) 36,819 (2.4)

Physical inactivity 1,559 (3.2) 22,679 (1.6) 376 (4.8) 4732(32)  1,935(3.4) 27,411 (1.8)
Addictive substances

Smoking 3,340 (6.9) 54,019(39) 1,462(185) 18,900(12.7)  4,802(8.5) 72,919 (4.7)

Alcohol use 1,869 (3.9) 49,449 (3.6) 24(0.3) 6,580 (4.4) 1,893 (3.4) 56,029 (3.6)

llicit drug use 189 (0.4) 7,890 (0.6) 37(0.5) 2,024 (1.4) 226 (0.4) 9,914 (0.6)
Sexual and reproductive health

Unsafe sex 2,819 (5.8) 80,270 (5.8) 32(0.4) 909(0.6) 2,851 (5.1) 81,179 (5.3)

Non-use and use of ineffective methods of contraception 162 (0.3) 7,411 (0.5) 0(0.0) 23(<0.1) 162 (0.3) 7,434 (0.5)
Environmental risks

Unsafe water, sanitation, and hygiene 1,563 (3.2) 51,622 (3.7) 4(<0.1) 289(0.2) 1,567 (2.8) 51,911 (3.4)

Urban air pollution 735(1.5) 8,707 (0.6) 76 (1.0) 664 (0.4) 811(1.4) 9,371 (0.6)

Indoor smoke from household use of solid fuels 1,791 (3.7) 41,731 (3.0) 0(0.0) 2 (<0.1) 1,791 (3.2) 41,734 (2.7)
Other selected risks

Contaminated injections in health care setting 407 (0.8) 8,974 (0.6) 4(<0.1) 76 (<0.1) 412 (0.7) 9,050 (0.6)

Child sexual abuse 65(0.1) 5,381 (0.4) 6(<0.1) 699 (0.5) 71(0.1) 6,079 (0.4)
All selected risk factors together 22,014 (45.6) 500,066 (36.1) 3,473 (44.0) 51,092 (34.3) 25,488(45.3) 551,158(35.9)

Source: Chapter 4. Note that mortality and disease burden attributable to individual risk factors cannot be added due to multi-causality. See Chapter 4 for details.

a. (some footnote as Table 1.1)
b. Age-standardized using the WHO World Standard Population

chronic obstructive pulmonary disease, ischemic heart dis-
ease, and stroke were attributable to the joint effects of the
risk factors considered in this volume. The joint hazards of
these 19 risks for a number of other important diseases and
injuries, such as perinatal and maternal conditions, selected
other cancers, and intentional and unintentional injuries,
which have more diverse risk factors, were smaller, but non-
negligible. The relatively small number of risk factors that
account for a large fraction of the disease burden under-
scores the need for policies, programs, and scientific
research to take advantage of interventions for multiple
major risks to health (Ezzati and others 2003).

CONCLUSIONS

The substantial scientific and policy interest in the methods
and findings of the 1990 GBD study, the widespread
application of the methods by countries at all levels of
health development, and the adoption of the framework as
the preferred method for health accounting by internation-
al health agencies such as the World Health Organization
attest to the critical need for objective and systematic assess-
ments of the disease burden for priority setting in health.
The vast and comprehensive effort to quantify the disease
burden worldwide dramatically changed views about the
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importance of some conditions, particularly psychiatric
disorders, and drew global public health attention to the
unrecognized burden of injuries. The methodological devel-
opments over the past decade, a more systematic approach
to collecting key data and research findings on the health of
populations, and the results of numerous national and sub-
national burden of disease studies have dramatically
improved the methodological armamentarium and the
empirical base for disease burden assessment, in particular,
the comparability of the estimated contributions of diseases,
injuries, and risk factors to this burden.

As reported in this volume, the 2001 GBD study provides
a comprehensive update of the comparative importance of
diseases, injuries, and risk factors for global health. The
study incorporates a range of new data sources to develop
internally consistent estimates of incidence, prevalence,
severity and duration, and mortality for 136 major causes by
sex and by eight age groups. Estimates of deaths by cause,
age, and sex were carried out separately for 226 countries
and territories, drawing on a total of 770 country-years of
death registration data, 535 additional sources of informa-
tion on levels of child and adult mortality, and more than
2,600 data sets providing information on specific causes of
death in regions not well covered by death registration sys-
tems. Together with the more than 8,500 data sources
(epidemiological studies, disease registers, notifications sys-
tems, and so on) used to estimate incidence, prevalence, and
YLD by cause, the 2001 GBD study has incorporated infor-
mation from more than 10,000 datasets relating to popula-
tion health and mortality (see chapter 3). This represents
one of the largest syntheses of global information on popu-
lation health carried out to date.

Much of the research on the burden of disease undertak-
en over the past decade or so has relied on the methodolog-
ical and empirical efforts that defined the 1990 GBD study
as a major advance in global public health statistics. Progress
in updating the epidemiological basis for assessing the dis-
ease burden from the various diseases and injuries of inter-
est has been uneven, although improvements in the data
and methods available for assessing global and regional
mortality by cause have been substantial, and some
advances have been made in the data for, and epidemiolog-
ical understanding of some major causes of ill health such as
HIV/AIDS and diabetes mellitus. Nevertheless, making
more reliable estimates of global, regional, and national dis-
ease burdens still faces many methodological and empirical
challenges. The substantive agenda, mapped out over a
decade ago (Murray, Lopez and Jamison, 1994) remains

equally valid today and needs to be addressed more system-
atically if the burden of disease framework is to gain greater
acceptance as the international tool for health accounting.

Assessing and documenting in detail the state of the
world’s health at the beginning of the millennium is a use-
ful undertaking. This volume will provide scholars today
and in the future with a definitive historical record of the
leading causes of the burden of disease for major regions of
the world at the start of the 21st century. An account of
global health at the beginning of the 20th century, or earlier,
would no doubt have been of more than just historical inter-
est, but given the methods of scientific interchange and the
state of scientific and methodological knowledge at the
time, this was impossible.

In presenting the comprehensive findings of the 2001
GBD study, this volume is, in many respects, a culmination of
the effort launched in 1990 and represents the end of the
beginning of global disease burden assessments. The wide-
spread use of disease burden concepts by national and inter-
national bodies since the first results were published and the
heightened interest in improving the basic descriptive
epidemiology of diseases, injuries, and risk factors by both
countries and agencies has laid the foundations for future
population health assessments. As programs and policies to
improve health worldwide become more widespread, so too
will the need for more comprehensible, credible, and compa-
rable assessments to periodically monitor world health and
the success, or otherwise, of measures to promote health and
reduce the burden of disease. New initiatives, and perhaps
new global institutions, are required to measure the burden of
disease worldwide and how it is changing, more reliably than
hitherto. This book provides the baseline against which such
progress with global health development will be measured.
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Chapter 2

Health status is both a determinant of population change,
largely through population aging, and a consequence of
population growth, with smaller family size associated with
lower mortality, and of economic and social development.
Studies of the interrelationship between demographic
trends and health have typically focused on health as the
independent or determining variable. Indeed, a population’s
health status influences all components of population
change. In addition to the obvious direct effect of individual
health status on mortality and morbidity, it has a direct
impact on fertility, largely through improved child survival,
but also through the biological capability of a sick woman
to bear children. Processes such as screening potential
migrants for disease are also mechanisms whereby health
status exerts a direct impact on population change, and thus
on population size and composition.

In contrast, demographic variables influence health
through two interrelated phenomena. First, a population’s
size, composition by age and sex, and geographical distribu-
tion have a direct influence on overall health status. Age has
a particularly marked effect on the pattern and extent of ill-
health in populations because of the strong relationship

Demographic and
Epidemiological Characteristics
of Major Regions, 1990-2001

Alan D. Lopez, Stephen Begg, and Ed Bos

between age and mortality and morbidity. Second, each
of the dynamic processes influencing population size and
growth, structure, and distribution, namely, fertility,
mortality, and migration, will also affect health status. Thus,
any discussion of disease control priorities and of the
health system for delivering interventions requires an
understanding of the demographic context and how it is
changing.

This chapter begins by providing an overview of global
population trends in each major region of the world and the
current size and composition of the population. Given this
volume’s focus on the descriptive epidemiology of diseases,
injuries, and risk factors, we then examine trends in mortal-
ity over the past decade in more detail as background
against which the current assessment of the disease burden
might be more usefully interpreted. This includes both an
assessment of trends in age-specific mortality and summary
measures of the age schedule of mortality, such as life
expectancy and the probability of dying within certain age
ranges, as well as a specific discussion of trends in the main
causes of child mortality. The focus on child mortality is
entirely appropriate because (a) the fact that at the end of
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the 20th century, we remained woefully ignorant of its lev-
els, let alone its causes, is highlighted; (b) the reduction of
child mortality should remain a priority for global health
development efforts, and the moral imperative to do so
remains as relevant today as it was 30 years ago, when efforts
to improve child survival became increasingly organized
and focused; and (c) the resulting emphasis by the global
public health community on reducing child mortality has
yielded vastly more epidemiological information that can be
used to assess trends in levels and causes. Nevertheless, we
argue later in the chapter that large and unacceptable uncer-
tainties about trends in cause-specific child mortality rates
persist, with important implications for program planning
and evaluation.

REGIONAL DEMOGRAPHIC CHARACTERISTICS

The key characteristics of regional demography of concern
for health services provision include the size, age structure,
and sex structure of the population and its rate of growth
and comparative measures of fertility and mortality.

Sources of Population Data and Methodology

The population and mortality estimates for various regions
summarized here are based on different data sources and
methods, and thus are not strictly comparable. This prima-
rily concerns the impact of different estimates of deaths by
age and sex on population size and structure. Because the
effect of mortality on population size and structure is gen-
erally modest, such differences have little impact on the
findings reported in this chapter. The population estimates
are based on data the United Nations (UN) Population
Division compiled and analyzed for its biennial assessment
of global population trends and regional demographic pat-
terns (United Nations 2003). The UN Population Division
estimates population size and vital rates (births and deaths)
from censuses, vital registration, and demographic and
health surveys and evaluates the data for completeness,
accuracy, and consistency. Where necessary, it adjusts the
data to achieve internal consistency and cross-country com-
parability. The baseline from which the UN projections are
made is mid-2003. Because the 2002 revision was produced
without complete data for 2001 for all countries, the base-
line estimates are also projections, and the population fig-
ures in this chapter are therefore a mixture of both observed
and projected data.!

The UN Population Division assesses a number of demo-
graphic parameters to produce country projections. In addi-
tion to total population, the baseline assessment includes a
breakdown of population by sex and age (in five-year aggre-
gates). Fertility is specified as age-specific fertility rates for
females and mortality rates are based on survival probabili-
ties from life tables. Age-specific patterns of migration are
also incorporated for countries in which migration flows are
observed or are thought to occur. When these inputs are not
available from any of the sources listed earlier, the UN uses
demographic models, such as model life tables or indirect
mortality estimation techniques, to generate the informa-
tion. Additional modeling is applied to estimate mortality
patterns in countries with significant HIV/AIDS prevalence
levels.

The UN Population Division provides a limited amount
of information about the data in its reports, including the
dates of censuses, the adjustment factors applied to total
census populations, and the type and year of the latest sur-
veys that contained mortality and fertility estimates. It does
not provide information about the adjustments made to
reported fertility rates, age and sex structures, or mortality
rates. Basic information on population size and composi-
tion is available for most countries for 1990, and with the
exception of Sub-Saharan Africa, for 2000 (or thereabouts)
as well (table 2.1). Around both dates, censuses covered
more than 90 percent of populations in all the regions
except Sub-Saharan Africa. Thus, the basic population esti-
mates developed by the UN Population Division and sum-
marized in this chapter have a reasonable evidence base.

The UN projections of population size and vital rates are
based on assumptions about levels and trends in vital rates.
Fertility is assumed to follow a path modeled on the experi-
ence of countries with declining fertility, except when a
country’s recent fertility trend deviates considerably from

Table 2.1 Percentage of Regional Population Covered by
Censuses, circa 1990 and 2000

Region 1990 2000
East Asia and Pacific 95.7 96.2
Europe and Central Asia 100.0 93.9
Latin America and the Caribbean 95.2 91.9
Middle East and North Africa 96.9 98.6
South Asia 87.0 98.1
Sub-Saharan Africa 81.6 53.4
High-income countries 90.2 99.0

Source: U.S. Census Bureau, Population Division, International Programs Center (July 7, 2004).
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the model pattern, in which case the country-specific pat-
tern is followed (United Nations 2003).

Our 2001 estimates and future projections are generated
on the basis of the cohort component methodology. This
approach applies estimated trends in birth and death rates
and migration by age and sex to a baseline age and sex struc-
ture. Population growth rates are determined by the levels of
age-specific fertility and mortality rates and migration and
the size of the initial age groups (base year population)
against which these levels are applied. We constructed
demographic estimates for the aggregate regional and
income groupings used for the second edition of Disease
Control Priorities in Developing Countries (Jamison and
others 2006) from the UN Population Division country-
level estimates by aggregating populations in specific age
and sex groups and age-specific fertility rates. The aggre-
gates are thus weighted by the different population sizes of
individual countries.

The mortality estimates presented in this chapter are
developed from other sources using methods different than
those the UN employed, as described later. As a result, the
age and sex structures reported here, as well as any indica-
tors derived from them (such as crude birth and death rates)
are not strictly internally consistent. In particular, the mor-
tality rates estimated for this chapter would, in some cases,
have produced different age and sex population structures
than those estimated by the UN, as well as different numbers
of births and deaths. These differences are unlikely to be
large, however, as the estimated age-specific mortality rates
reported later in this chapter agree quite closely with those
of the UN, except for Sub-Saharan Africa.

Population Size and Growth

Between 1990 and 2001, global population increased from
about 5.3 billion to 6.1 billion people, an average rate of
increase of 1.4 percent per year, equivalent to about 220,000
people per day (table 2.2). During the decade, the growth rate
in developing regions ranged from 0.2 percent in Europe and
Central Asia to 2.6 percent in Sub-Saharan Africa.

Estimates at the global level conceal large differences in
population growth among regions, which in turn consist of
countries that may have quite different demographic trends.
For example, Europe and Central Asia added just 1 million
people per year between 1990 and 2001, whereas South Asia
added 25 million people each year.

The World Bank regions (see map 1 inside the front cover
of this volume) vary substantially in terms of population

size, with East Asia and the Pacific accounting for about
30 percent of the global population and South Asia for rough-
lyanother 20 percent. Thus, about half the world’s population
live in the low- and middle-income countries of these two
regions. The smallest region in terms of population size is the
Middle East and North Africa, with just 5 percent of the
world’s population. Just over 10 percent of the world’s popu-
lation live in Sub-Saharan Africa. Another 15 percent live in
high-income countries, a proportion that is declining.

Distribution by Age, Sex, and Location

How populations are distributed by age matters a great deal
for public health, because many aspects of risk behavior, as
well as disease and injury outcomes, are strongly associated
with age. While many other factors contribute to mortality
and fertility levels, the age distribution of a population is an
important factor in explaining differences in demographic
and epidemiological indicators. Regions differ significantly
in how their populations are distributed across age groups,
with almost 45 percent of the population of Sub-Saharan
Africa being younger than 15, compared with 20 percent of
the population in high-income countries, where fertility
has been low for decades. Nevertheless, the trends during
1990-2001 show a great deal of similarity: in all regions the
proportion of the population in the youngest age groups
was lower in 2001 than in 1990, with most of the increase
occurring in the 15 through 69 age group. As a result, the
median age of the population has increased in all regions. At
the same time, the population aged 70 and older has been
increasing in most regions as mortality has declined, and
this age group now represents more than 10 percent of the
population in the high-income countries.

These changes in the relative age distribution of popula-
tions since 1990 reflect changes in the growth rates of dif-
ferent age groups (figure 2.1). In three of the six regions
(East Asia and Pacific, Europe and Central Asia, and the
Middle East and North Africa), as well as the world as a
whole, the number of children under five was smaller in
absolute terms in 2001 than in 1990. The highest growth
rates during this period were in the 40- through 55-year-old
age group and among those over 70. The irregularities in
growth rates of different age groups reflect past trends in the
initial size of each cohort and its subsequent mortality and
migration experiences. This is particularly evident for
Europe and Central Asia, where the impact of the regional
conflicts in the early 1990s on demographic structure is
particularly evident.
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Table 2.2 Population Size and Composition, Fertility, and GNP, by World Bank Region, 1990 and 2001

Low- and middle- East Asia and Europe and Latin America
income countries Pacific Central Asia and the Caribbean
Population Characteristic 1990 2001 1990 2001 1990 2001 1990 2001
Size
Total population (thousands) 4,398,401 5,216,587 1,625,868 1,848,388 467,797 477,116 439,709 525,864
Proportion of world population (%) 83.6 84.9 309 30.1 8.9 78 8.4 8.6
Annual average growth rate,
1990-2001 (%) 16 1.2 02 1.6
Composition (%)
Age
0-14 348 318 302 265 265 218 36.2 315
15-59 57.6 59.8 61.8 64.1 59.5 62.6 56.8 60.4
60-69 47 5.0 49 56 8.3 85 42 45
70+ 29 34 30 38 5.6 12 29 36
Urban 36.9 41.6 288 37.0 63.2 63.5 711 754
Female 494 495 489 490 51.9 51.9 50.3 50.5
Fertility
Total fertility rate 35 29 26 2.1 2.3 16 32 26
Total no. of births (thousands) 123,400 122,400 36,200 31,500 8,300 6,300 11,700 11,600
Crude hirth rate per 1,000 28.2 234 22.3 17.0 16.7 12.7 26.6 22.0
GNP (exchange rate dollars)
GNP per capita 870 1,170 420 890 39,737 54,933 2,260 3,570

Source: UN Population Division 2002 revision estimates.
Note: GNP = gross national product.

Along with the progressive aging of the population, the
relentless trend toward increasing urbanization has contin-
ued, with consequences for health in terms of both health
service provision, which, in principle, is better with urban-
ization, and risk of exposure to chronic disease, which is, on
balance, worse (Ezzati and others 2005). Almost half the
world’s population lived in urban areas in 2001, up 4 per-
centage points from 1990. The increase in urbanization was
particularly marked in East Asia and the Pacific (increase
from 29 to 37 percent of the population) and in Sub-
Saharan Africa (from 28 to 34 percent). Overall, 42 percent
of the population in low- and middle-income countries now
live in urban areas.

In general, more boys than girls are born, with sex ratios
at birth of between 1.03 and 1.06 in most countries, though
in some Asian countries, sex-selective abortions have
skewed this ratio to more than 1.10. Differential mortality
and, to a limited extent, migration, shape the sex ratio at
other ages (figure 2.2). In South Asia, higher mortality for
girls and for women during their childbearing years leads at
first to an increasing and then to a constant sex ratio to
about age 45, after which male mortality is higher. Excess
mortality of adult males in Europe and Central Asia explains
the particularly low sex ratio observed there (Lopez and
others 2002). In all regions, the higher mortality of males

relative to females accounts for the sharp decline in the pop-
ulation sex ratio after age 50 or thereabouts.

The overall effects of the age-specific mortality differ-
ences between the sexes are relatively minor in terms of total
population sex ratios. All regions have roughly equal num-
bers of males and females in the population, with the pro-
portion of males being slightly higher in Europe and Central
Asia and in the high-income regions (51 to 52 percent) than
in East Asia and the Pacific and South Asia (49 percent).

Fertility

Table 2.2 shows recent trends in fertility, as indicated by the
total fertility rate for the period, that is, the average number
of children a woman could expect to have if she were subject
indefinitely to current age-specific fertility rates. Even though
fertility levels vary a good deal among regions, all low- and
middle-income regions witnessed large declines in fertility
levels during the 1990s. Overall fertility levels in low- and
middle-income countries fell by almost 20 percent over the
decade, a remarkable decline, with levels falling by as much as
33 percent in the Middle East and North Africa, and even by
10 percent in Sub-Saharan Africa. However, fertility rates in
Sub-Saharan Africa remain high, with the total fertility rate
of 5.6 being about twice as high as that for any other region.
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Table 2.2 Continued

Middle East and North

Sub-Saharan

Africa South Asia Africa High-income World

1990 2001 1990 2001 1990 2001 1990 2001 1990 2001
243,973 309,762 1,117,887 1,387,873 503,166 667,583 862,342 928,110 5,260,742 6,144,696
4.6 5.0 21.2 22.6 96 10.9 16.4 15.1 100.0 100.0

22 20 26 0.7 1.4

431 36.4 378 353 45.7 443 20.0 185 324 29.8
51.5 57.7 55.7 57.6 49.7 51.0 62.5 62.2 58.4 60.2
35 36 42 4.4 30 30 9.0 9.1 5.4 5.6
19 24 23 27 1.6 1.7 8.5 10.2 38 45
53.5 57.5 25.0 27.4 279 34.0 74.4 771 43.0 46.9
49.0 493 48.4 485 50.4 50.4 51.0 50.8 496 497
5.0 36 43 34 6.3 5.6 1.7 1.7 32 2.7
9,300 9,400 36,500 37,300 21,400 26,300 11,300 10,800 134,700 133,200
34.8 27.3 327 26.7 446 40.8 134 119 25.7 216
1,770 3,570 380 450 470 550 19,760 26,760 4,060 5,180

Few low- and middle-income countries experienced
increasing fertility during 1990-2001,% though a few
high-income countries have seen small upturns from previ-
ously low levels. Fertility is below replacement levels (about
two children) in all but five high-income countries (Brunei
Darussalam, Israel, Kuwait, Qatar, and the United Arab
Emirates), as well as in most countries in Europe and Central
Asia. When fertility drops to below replacement levels, popu-
lation growth often continues for several decades, as the num-
ber of births exceeds the number of deaths because of the high
proportion of women of childbearing age.

CHANGES IN MORTALITY, 1990-2001

Change in patterns of mortality is a major determinant of
the demography of populations and underlies important
population differentials. For example, the differences in
mortality by sex across regions contribute to the variable
pattern of population sex ratios described earlier. The
theory of demographic transition suggests that the rapid
declines in fertility observed during the 1990s in most
regions would be preceded, and perhaps accompanied, by a
similarly rapid decline in child mortality. To help interpret
the broad regional demographic patterns described earlier, a
review of trends in mortality and the causes underlying such
trends is useful.

Estimating Mortality

Various methods are available to estimate age patterns and
levels of mortality in populations. These fall into three
broad categories depending on the available data: direct esti-
mation from complete vital registration, estimates from
vital registration corrected for undercounting, and estimates
derived from models based on child mortality levels.
Mathers and others (2005) review the availability and qual-
ity of mortality data and group the 192 member states of the
World Health Organization into broad categories according
to criteria pertaining to the coverage, completeness, and
quality of cause of death data. Their findings indicate that
only about 33 percent (64) of World Health Organization
member states, mostly high-income countries, have com-
plete mortality data and that another 26 percent (50 coun-
tries) have data that can be used for mortality estimation
purposes. The approximately 40 percent of remaining coun-
tries either have no recent data or no data at all that can be
used to estimate causes of death or the level of adult mor-
tality directly.

The situation is somewhat different for levels of child
mortality, where decades of interest in monitoring child sur-
vival by the global public health community have yielded
either direct or indirect estimates of child mortality for all but
a handful of countries (Hill and others 1999; Lopez and
others 2002). Based on a careful review of the time trend of
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Figure 2.1 Changes in Population Age Distribution, 1990-2001

these estimates of child deaths, which come primarily from
censuses and surveys, estimating child mortality levels in
1990 and 2001 is possible for virtually all countries with an
acceptable level of uncertainty. Levels of child mortality are
unavailable for only about 10 countries that together account
for about 2 percent of child deaths (Lopez and others 2002).
Formal curve-fitting procedures to estimate time trends in
child mortality can be applied to all the data, but given the
subjective assessments that are required to judge which data
points are plausible and which are not, simple averaging of all
plausible observations at any given point in time is likely to be
sufficient, and this was the procedure used to estimate child
mortality levels for this chapter.

For those countries with complete vital registration data,
age-specific and cause-specific death rates are easily derived
directly from the registration data and from population
censuses. For those countries where registration data are

Average annual percentage change

Average annual percentage change

incomplete, demographers have developed indirect demo-
graphic methods to correct for underreporting of deaths
before estimating age-specific mortality (Bennett and
Horiuchi 1984; Hill 1987). These countries include China
and India, where application of such methods suggest that
data from the disease surveillance points system in China
and the sample registration system in India are 85 to 90 per-
cent complete (Mari Bhat 2002; Rao and others 2005).

For countries with no usable data on adult mortality
levels, age-specific death rates were predicted from the
modified logit life table system (Murray and others 2003).
The median level of adult mortality was predicted based on
a modeled relationship between adult and child mortality
as determined from a historical data set of more than 1,800
life tables judged to be reasonably complete. Uncertainty
about these predicted mean values of adult mortality is
considerable given the few observations with comparatively
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Figure 2.2 Population Sex Ratios at Different Ages, 2001

high levels of child and adult mortality. The estimated and
predicted levels of child and adult mortality, respectively,
were then applied to the modified life table system by
selecting the best match from among 50,000 life tables to
estimate a complete, smoothed set of age-specific death
rates (Murray and others 2003). This method was applied
for all but about 70 countries.

Obvious uncertainties are associated with this procedure.
Hence, the life tables for East Asia and the Pacific, the
Middle East and North Africa, and Sub-Saharan Africa
(where HIV/AIDS mortality was added to the predicted
adult mortality rates) in particular need to be viewed with
caution, because the rates for many countries in these
regions have been modeled using these methods.

Identical methods were applied to estimate national age-
specific mortality rates for both 1990 and 2001; thus, the
two sets of estimates are, in principle at least, comparable.

Ratio of males to females

1.0 1.5 05 1.0 15
Ratio of males to females

Annex 2A provides detailed estimates of summary measures
of mortality by country for the two years based on these
methods. The annex also shows the percentage decline in
child mortality during the period.

Whether these methods correctly describe levels and
patterns of mortality is difficult to ascertain given the
substantial uncertainties in the data, particularly for adult
mortality. The only other systematic attempt to estimate
national and global death rates in 1990 is that of the UN
Population Division (United Nations 2003). Figure 2.3 pres-
ents estimated mortality parameters for 1990 by region. For
a comparison of mortality estimates for 2001, see Lopez and
others (2002).

Despite the UN’s different model life table approach for
estimating age-specific death rates based on child mortality,
the two sets of estimates shown in figure 2.3 are remarkably
congruent. Regional estimates of child mortality sqy (the
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Figure 2.3 UN'’s versus Authors’ Life Table Parameters, 1990

mortality risk for children under five years of age) are virtu-
ally identical, with a possible exception being the UN’s
slightly higher levels of child mortality for East Asia and the
Pacific (which is dominated by China). This congruence is
not unexpected given the intense collaborative efforts of the
past five years or so by the World Health Organization, the
United Nations Children’s Fund, the United Nations, and
the World Bank to agree upon a common interpretation of
the extensive data available on trends in child mortality in
low- and middle-income countries.

Somewhat surprisingly given the quite different method-
ological approaches, regional estimates of adult mortality
45415 (the mortality risk for adults between the ages of 15 and
60) are remarkably similar, with our estimates tending to be

slightly higher in the Middle East and North Africa and South
Asia for males and slightly lower in the same regions for
females. That is, we have estimated larger sex mortality differ-
entials among adults than the UN on the basis of observed
patterns of mortality where data were available (as in the Arab
Republic of Egypt and India), and where not, on the basis of
observed differences in child mortality for boys and girls.
Some investigators expect male excess mortality to increase
with social development and economic growth (Bhatia 1983),
but whether this is better reflected in our estimates or those of
the UN is not clear. In any case, the differences are minor.
Significantly more disagreement is apparent for Sub-Saharan
Africa, with the UN estimates of adult mortality in 1990 being
one-quarter to one-third higher than ours. This is obviously
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Figure 2.3 Continued

uncertain given the sparse data available on adult mortality in
the region and the fact that the HIV epidemic in Sub-Saharan
Africa was well established by then, and hence a higher esti-
mate may be justified. Recent evidence, however, has suggest-
ed that basing mortality estimates on prenatal clinic data may
well lead to an overestimation of death rates due to HIV.
Differences in methodology and adjustment criteria
appear to have the greatest effect at older ages, especially
for males. The UN estimates indicate significantly higher
mortality in high-income countries at ages 60 to 79 even
though complete vital registration data are available for vir-
tually all the countries except some of the small Gulf states.
Differences in estimated mortality for the Sub-Saharan

Africa region are not unexpected given the differences
reported for younger adults, and are less extreme than at
ages 15 to 59, as one might expect given that HIV/AIDS
mortality is not of major consequence for older ages.
Otherwise, estimates for females at older ages agree quite
closely, but the UN’s are significantly higher than ours for
Latin America and the Caribbean and significantly lower
for East Asia and the Pacific and South Asia. These differ-
ences arise because the model life table methods used by
the UN tend to shift deaths from younger to older adult
ages at lower levels of child mortality (Latin America and
the Caribbean) and the converse at higher levels of child
death rates (East Asia and the Pacific and South Asia).
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Table 2.3 Selected Mortality Characteristics by Sex and World Bank Region, 1990 and 2001

Male

% of deaths

Expectation

Probability of dying per 1,000 of life at

Year (millions) rate per 1,000 Under age5 Over age 60 Ages 0-5° Ages 15-60 Ages 0-60 Ages 60-80 birth (years)

Deaths Crude death

Sex and region
Low- and middle- 1990 225 10.1 279
income countries 2001 255 9.7 21.2
East Asia and Pacific 1990 6.6 8.0 16.3
2001 6.9 7.4 10.2
Europe and Central Asia 1990 25 1.1 7.9
2001 3.0 13.0 32
Latin America and 1990 1.7 7.8 19.5
the Caribbean 2001 18 7.0 12.4
Middle East and 1990 1.0 8.2 349
North Africa 2001 1.1 6.8 216
South Asia 1990 6.8 1.7 324
2001 7.1 99 25.1
Sub-Saharan Africa 1990 39 15.6 54.1
2001 56 16.9 422
High-income countries 1990 39 9.1 1.7
2001 40 8.8 1.0
World 1990 26.4 10.0 24.0
2001 295 96 185

395 98 269 351 M2 59.9
422 86 269 341 667 61.2
50.6 54 215 265 699 64.9
56.2 41 189 228 623 67.8
55.9 45 286 323 696 63.6
59.6 32 328 353 m 63.0
447 56 245 294 640 64.5
49.1 38 218 252 572 67.6
34.2 83 247 318 688 62.0
45.2 56 216 267 674 65.2
35.0 122 310 407 754 56.4
39.2 94 285 362 710 53.9
17.0 191 386 517 758 49.6
16.9 178 518 616 760 46.0
76.2 12 148 160 542 72.9
18.7 7 124 132 469 755
44.8 91 245 323 667 61.7
47.2 80 243 312 618 63.1

Sources: Estimates for 1990 are authors’ calculations, based on country-level life tables (see annex 2A). Estimates for 2001 are derived from Lopez and others 2002.

a. Estimates of child mortality are rounded to the nearest whole number.

Overall, as figure 2.3 demonstrates, the age patterns are
largely compensatory, with the result that estimates of life
expectancy at birth for the two series are remarkably similar
for both males and females, with the notable exception
being Sub-Saharan Africa, where the higher adult mortality
assumptions favored by the UN result in life expectancies at
birth that are about 2.5 years lower than ours for males and
5.0 years lower for females.

Trends in Mortality Levels

The 1990s were characterized by significant economic gains
in most regions, with growth in gross national product per
capita ranging from 18 percent in South Asia and Sub-
Saharan Africa to more than 100 percent in East Asia and the
Pacific and the Middle East and North Africa (table 2.2).
Overall, gross national product per capita grew by about
35 percent in low- and middle-income countries during the
decade. One would expect this to have led to a significant
improvement in life expectancy, and this indeed occurred in
most regions with the notable exception of Europe and
Central Asia and, in particular, Sub-Saharan Africa
(table 2.3). In the former region, life expectancy was largely

unchanged over the decade, primarily because of the massive
rise in adult mortality in countries such as the Russian
Federation and its neighbors during the first part of the
decade, which negated the declines in child mortality. Much
of this extraordinary increase in adult mortality, which rose
by about 50 percent between 1987 and 1994, has been attrib-
uted to alcohol abuse, particularly among men (Leon and
others 1997; Shkolnikov, McKee, and Leon 2001).
Economic development and better coverage of the popu-
lation with essential child health services have ensured con-
tinued declines in levels of child mortality, as measured by
the risk of death from birth to age five, in all regions. The
notable exception is Sub-Saharan Africa, where child mor-
tality among girls remained unchanged at around 165 per
1,000, with only a modest decline (5 percent) in the risk of
death for boys. The absence of significant declines in child
mortality in the 1990s in Sub-Saharan Africa is most likely
largely due to the impact of HIV/AIDS. Overall, the risk of
child death declined from 90 per 1,000 in 1990 to 80 per
1,000 in 2001, with the risk being remarkably similar for
males and females (table 2.3); however, the differential in
child mortality between the world’s richest and poorest
populations is stark, with a newborn in Sub-Saharan Africa
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Table 2.3 Continued

Female

Deaths Crude death % of deaths

Probability of dying per 1,000

Expectation
of life at

(millions) rate per 1,000 Under age 5 Over age 60 Ages 0-5" Ages 15-60 Ages 0-60 Ages 60-80 birth (years)

19.4 8.9 29.7 44.6 95 182
228 8.8 225 483 86 191
55 7.0 178 56.2 53 152
6.1 6.8 114 64.6 44 127
24 9.9 6.4 77.5 37 125
2.7 10.8 29 81.5 26 133
1.3 5.7 201 53.9 45 138
14 54 125 61.3 32 124
0.8 6.9 37.7 36.1 76 174
0.8 55 235 49.7 51 144
6.1 1.2 37.0 337 131 243
6.5 9.6 283 402 101 226
33 12.9 54.8 19.6 168 265
52 15.5 409 18.3 166 437
36 8.2 1.3 87.3 9 74
39 8.2 08 88.3 6 65
230 8.8 252 51.3 88 161
26.7 8.7 193 54.1 80 168

270 585 64.2
2N 554 64.9
204 577 68.8
1m 519 "3
162 503 723
159 511 72.8
182 493 7.3
195 434 739
245 533 66.1
193 562 69.5
357 680 57.9
317 645 61.5
403 664 55.1
545 680 489

83 346 79.7

73 297 81.6
244 516 66.6
244 487 67.3

facing 25 times the risk of death before the age of five than
a newborn in a high-income country.

Despite the much greater uncertainty in relation to levels
of adult mortality compared with those for children, the
estimates shown in table 2.3 nonetheless indicate substan-
tially different trends in adult mortality across different
regions between 1990 and 2001. For most regions, the risk of
death between ages 15 and 60 fell by about 10 to 17 percent
over the decade. This was not the case in Europe and Central
Asia, where policy shifts, particularly in relation to alcohol,
together with broader social change, have largely been
responsible for the 15 percent rise in adult male mortality
and the 6 percent increase in the risk of death for women.
Note that these estimates mask the large cyclical fluctuations
in adult mortality in Russia, in particular, that characterized
the region’s mortality trends in the 1990s.

Table 2.3 also reveals the large increase in adult mortality
in Sub-Saharan Africa, which was due primarily to the
unfolding of the HIV/AIDS epidemic in southern Africa.
Notwithstanding the substantial uncertainty surrounding
these estimates, the epidemic appears to have been of
proportionately greater consequence for women, with the
rise in their risk of death (67 percent) being twice that of
males, among whom other causes of death such as violence
were more common. If these estimates are correct, then

52.0 percent of African males reaching age 15 and 44.0 per-
cent of females will die before their 60th birthdays, com-
pared with, for instance, 6.5 percent of women in high-
income countries, who despite their already low risk enjoyed
a further 11 percent decline in mortality during the 1990s.
These reversals in mortality decline have effectively negated
gains elsewhere, with the result that the global risk of adult
death has remained essentially unchanged for males, and
may even have risen slightly for females.

Taken together, the probability of death up to the age of
five and between the ages of 15 and 60 are a better reflection
of the risk of premature death than either alone, although
both have particular public health implications. One might
argue that health policy should be equally concerned with
keeping adults alive into old age as it is with keeping children
alive into adulthood. A convenient metric in this regard is the
risk of death between birth and age 60 (table 2.3). In high-
income countries, given 2001 mortality rates, only about
7 percent of females and 13 percent of males would be dead
by age 60, compared with 55 percent of females and 62 per-
cent of males in Sub-Saharan Africa. Significant improve-
ments in this summary measure of premature death can be
observed in all regions except Europe and Central Asia and
Sub-Saharan Africa. Worldwide, the index appears to have
improved slightly for males and not at all for females.
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Other features of global mortality summarized in
table 2.3 are worth highlighting. First is the impressive evi-
dence of a continued decline in mortality among older age
groups in high-income countries that began in the early
1970s. The risk of a 60-year-old dying before age 80 declined
by about 15 percent for both men and women in high-
income countries so that at 2001 rates, less than 30 percent
of women who reach age 60 will be dead by age 80, as will
less than 50 percent of men. Second, crude death rates in
East Asia and the Pacific, Latin America and the Caribbean,
and the Middle Fast and North Africa are lower than in
high-income countries, reflecting the impact of the older
age structure of rich countries, and are particularly low in
Latin America and the Caribbean. Third, the proportion of
deaths that occur below age five, while declining in all
regions, varies enormously across them, from just over 1 per-
cent in high-income countries to just over 40 percent in
Sub-Saharan Africa. In some low- and middle-income
regions, particularly East Asia and the Pacific, Europe and
Central Asia, and Latin America and the Caribbean, the pro-
portion is well below 20 percent. The net effect of these
changes in age-specific mortality since 1990 has been to
increase global life expectancy at birth by 0.7 years for females
and by about twice this for males: a modest scorecard.

TRENDS IN CAUSES OF CHILD DEATH, 1990-2001

The estimation of cause of death patterns for world regions
will, for the foreseeable future, be substantially uncertain
given the paucity of data on medically certified deaths in
many low- and middle-income countries (Mathers and
others 2005; Sibai 2004). Verbal autopsies, that is, struc-
tured interviews with relatives of the deceased about
symptoms experienced prior to death, will not yield the
diagnostic accuracy achievable with medical certification
based on good clinical case histories and medical records.
This is not to deny that verbal autopsies can meet broad
policy needs for information about causes of death, partic-
ularly with clinical input into the coding of interviewees’
responses, but their reliability for diagnosing leading caus-
es of child death is questionable (Snow and others 1992).
Thus, estimates of child mortality derived from propor-
tionate mortality models that are based largely on verbal
autopsies need to be viewed with caution (Lopez 2003;
Morris, Black, and Tomaskovic 2003).

Yet, despite these concerns about the quality of cause of
death data, investigators can more confidently assess the

comparative magnitude of causes of death for children than
for adults. The fact that the demographic “envelope” of child
deaths is reasonably well understood in all regions limits
excessive claims about deaths due to individual causes, a
constraint that is not a feature of adult mortality given the
relative ignorance of age-specific death rates in many
countries. In addition, the need for data on cause-specific
outcomes to assess and monitor the impact of various child
survival programs in recent decades has led to a reasonably
substantial epidemiological literature that might permit
cause-specific estimation, but under an unacceptably large
number of assumptions (Black, Morris, and Bryce 2003).

A critical feature of any estimation exercise is a rigorous
assessment of data sets for biases, study methods, and gen-
eralizability of results. Investigators have undertaken a num-
ber of efforts to estimate the causes of child mortality over
the past decade or so (Bryce and others 2005; Lopez 1993;
Morris, Black, and Tomaskovic 2004; Williams and others
2002), but undoubtedly the most comprehensive was the
study by Murray and Lopez (1996) and its 2001 revision
(chapter 3 in this volume). Both the latter Global Burden of
Disease (GBD) studies apply methods to force epidemiolog-
ical consistency according to the evidence available for each
region, and inevitably the constraint of demography has
meant that the GBD estimates of cause-specific mortality
will differ from those developed largely independently of
other causes. That is, the GBD estimates of specific causes
of death are constrained to sum to the number of deaths
derived from demographic analyses, whereas cause-specific
estimates that are derived in the absence of such demo-
graphic constraints are unbounded and tend to be inclusive
at the margin rather than exclusive. Differences in regional
estimates between 1990 and 2001 arise in part because the
countries included in the regions differed and, more impor-
tant, because of better information for more recent periods.
Yet, despite improved information, the true level of child
death rates from major causes such as malaria and perinatal
conditions (birth trauma, birth asphyxia, sepsis, and prema-
turity) remains largely unknown.

Notwithstanding methodological differences and uncer-
tainties, deriving implied estimates of trends in the leading
causes of child mortality is possible by comparing results from
the two GBD studies, and these are summarized in table 2.4.
These estimates have been simply obtained as the difference
between the regional estimates for 1990 and 2001, but the
implied pattern of change is interesting nonetheless. The
conversion of the 1990 regional GBD estimates (Murray
and Lopez 1996) to the regions used for the 2001 assessment
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Figure 2.4 Change in Risk of Death for Children Under Five by Cause (probability of mortality per 1,000 live births), 1990-2001

was done simply by population weighting, a very approximate
procedure. By contrast, the 2001 estimates were prepared
as regional aggregates of country-specific estimates (see
chapter 3,) and this has undoubtedly affected comparisons
further.

Global mortality from malaria increased by 0.5 million
during the 1990s, with 80 percent of the deaths occurring in
Sub-Saharan Africa. The proportion of all child deaths due
to malaria doubled from 5 percent in 1990 to 10 percent in
2001 worldwide and increased from 15 percent in 1990 to

22 percent in 2001 in Sub-Saharan Africa. The only other
causes that appear to have increased are HIV/AIDS in
Africa, a reasonable conclusion given female prevalence
levels, and the category of perinatal conditions, which are
strongly dependent on the quality and availability of prena-
tal services. Causes that appear to have declined substan-
tially include acute respiratory infections (2.5 million to
1.9 million deaths or 15 percent of all child deaths), diar-
rheal diseases (2.4 million to 1.6 million deaths or 13 per-
cent of child deaths), measles (0.8 million to 0.5 million
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deaths or 5 percent of child deaths), and injuries (0.6 million
to 0.3 million deaths or 2 percent of child deaths).

The implied pattern of change in the risk of child death
varies across regions for all major conditions listed in table
2.4, particularly with regard to the magnitude of change.
This can be seen more clearly from figure 2.4, which
summarizes these trends for broad regional aggregates and
for Sub-Saharan Africa. In general, the absolute change in
risk of death has been greater in Sub-Saharan Africa than
elsewhere, both for causes with increased risk (HIV/AIDS,
malaria) and where risk has declined (diarrheal diseases,
measles).

While these changes may be in accord with what is
known about regional health development and economic
growth, they need to be confirmed. Some of the suggested
changes warrant further investigation, for example, death
rates from perinatal causes appear to have risen in both
East Asia and the Pacific and South Asia and remained
unchanged in Latin America and the Caribbean, which may
or may not be in line with what is known about develop-
ments in prenatal care and safe motherhood initiatives.
Similarly, measles appears to have disappeared as a cause of
child death in Latin America and the Caribbean. The risk of
child death from congenital anomalies appears to have risen
in both Latin America and the Caribbean and the Middle
East and North Africa, but why is unclear. Similarly, the large
suggested declines in the risk of child deaths because of
injury in South Asia and Sub-Saharan Africa appear unlike-
ly and may largely reflect better data and methods for meas-
uring injury deaths.

DISCUSSION

Understanding the demographic context of health status
assessments such as the GBD studies is essential if policy
directions and program delivery are to be focused appropri-
ately. Knowledge about the size and composition of popula-
tions and how they are changing is critical for health
planning and priority setting. Demographers and demo-
graphic institutions such as the UN Population Division
have applied the demographic ethos that available data per-
mit making estimates and reasonable predictions of popula-
tion change provided the data are interpreted and used
appropriately.

Such estimates and projections have been useful for social
and economic development for countries, regions, and the
world as a whole. They suggest that health and social policies

need to pay increasing attention to the key demographic
trends observed in the 1990s, namely, rapidly falling fertility
virtually everywhere, rapidly aging populations, and
unprecedented reversals of the long-term path of mortality
decline in Europe and Central Asia and Sub-Saharan Africa
The causes of these so-called mortality shocks are reasonably
well understood, but the lessons for health policy cannot be
overemphasized. Globally, the mortality reversals caused by
inadequate preventive programs, social disintegration, and
failure to understand the gravity of rapidly expanding epi-
demics have meant that the 1990s were a lost decade for fur-
ther improvements in adults’ survival prospects. Thus,
despite the substantial and continued declines in mortality
from major vascular diseases in high-income countries,
worldwide the risk of death in adulthood did not change in
the 1990s, although some gains in reducing mortality in the
elderly were achieved, particularly in rich countries.

The trend in child mortality during the 1990s was only
marginally more satisfactory. While most regions achieved
significant gains in child survival, progress was modest in
Sub-Saharan Africa, and as a result, the global decline in
child mortality slowed to an annual average of about 1 per-
cent over the decade.

Decades of intensive data collection on child mortality
in many low- and middle-income countries by dedicated
international survey programs and the efforts of agencies
such as the United Nations Children’s Fund mean that
trends in overall child mortality, and the numbers of child
deaths they imply, can be established with reasonable
certainty. The trends in the leading causes of child mortality
are, however, much more difficult to establish (Rudan and
others 2005). Much debate in the literature has centered on
whether the risk of malaria infection in Sub-Saharan Africa
increased in the 1990s, and thus whether the massive
increase in malaria deaths suggested in table 2.4 is real
(Korenromp and others 2003; Snow, Trape, and Marsh 2001;
Trape 2001). Most malaria mortality in Sub-Saharan Africa
is diagnosed via verbal autopsies, which, where studied, have
been shown to be a poor diagnostic tool for malaria (Snow
and others 1992). While some evidence from demographic
surveillance sites using verbal autopsies indicates that
malaria mortality rates have increased in eastern and south-
ern Africa (summarized in Korenromp and others 2003)
and that the spread of chloroquine resistance may have been
the primary reason (Snow and others 1999; Trape 2001),
whether this is sufficiently widespread to account for the
implied rise of almost 50 percent in malaria mortality rates
over the decade (figure 2.4) is unclear. Other factors, such as
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a general deterioration in clinical care and a decline in the
efficacy of chloroquine therapy, may also have contributed
(Snow and others 2001), but how much of the rise is real
and how much is due to different interpretations of available
data in 1990 and 2001 remains unknown.

Similarly, the substantial implied declines in the risk of
child death from acute respiratory infections and diarrheal
diseases need to be understood in the context of likely con-
tributing factors. One of these is no doubt malnutrition,
because it is a major risk factor for both conditions (Black,
Morris, and Bryce 2003; Pelletier, Frongillo, and Habicht
1993; Rice and others 2000; Tupasi and others 1988). In the
1990s, malnutrition, as assessed by childhood stunting,
declined in all regions except Sub-Saharan Africa (de Onis,
Frongillo, and Blossner 2000), which is consistent with the
modest declines in mortality from respiratory infections
among children in the region. Increased use of oral rehy-
dration therapy and improved access to safe water and san-
itation in the 1990s would suggest some decline in mortal-
ity from diarrheal disease, but whether they were sufficient
to account for the one-third decline in risk, including in
Sub-Saharan Africa, is also unclear (Victora and others
2000). The large absolute decline in childhood diarrheal
deaths from 2.4 million in 1990 to 1.6 million in 2001 is
surprising, and suggests that the 2001 estimate may be an
undercount. Some other studies (Morris, Black, and
Tomaskovic 2003; UNICEF 2003) suggest a figure about
20 percent higher for 2001.

Malnutrition is also a leading risk factor for measles mor-
tality, and hence changes in the proportion and distribution
of underweight children should be broadly consistent with
mortality trends from the disease (Fishman and others
2004). Effective vaccination coverage is a primary determi-
nant of mortality from measles, and further increases in vac-
cination coverage in the 1990s should have led to lower
mortality. This is certainly apparent from the estimates
reported here, but the extent of that decline is subject to
some controversy, depending on the methods used to esti-
mate current mortality. Using proportionate mortality
models largely derived from verbal autopsy data, Morris,
Black, and Tomaskovic (2003) estimate that measles deaths
account for only about 2.2 percent of all child deaths in
South Asia and Sub-Saharan Africa, significantly less than
Stein and others’ (2003) estimates of 4 to 8 percent for the
same period using data on vaccination coverage and
assumptions about efficacy and case fatality rates. This
implies a global estimate of measles deaths that is about half
the 556,000 estimated for 2001 in chapter 3, and thus a

much faster rate of decline in the measles mortality rate dur-
ing the 1990s than the one-third reduction suggested by the
GBD estimates. The truth may well lie somewhere in
between and requires urgent resolution if measles control
efforts are to be appropriately guided.

While the confirmation of mother to child transmission
of HIV infection implies that mortality from the disease will
increase with increasing prevalence among women, the
extent of the impact on child mortality continues to be
debated. The GBD estimates suggest that HIV/AIDS led to
an increase in child mortality of, on average, 10 per 1,000
in Sub-Saharan Africa between 1990 and 2001. Recent re-
search suggesting a potential overestimation of HIV/AIDS
mortality may lead to lower estimates of child mortality
from the disease, which may attenuate this trend estimate.
What is clear is that HIV/AIDS has not been the only cause
of recent reversals in the decline in child mortality in Sub-
Saharan Africa (Walker, Schwartzlander, and Bryce 2002)
and that its effect on child survival in the 1990s may not
have been as great as initially thought (Adetunji 2000).

Perinatal conditions that cover specific risks for the new-
born, primarily birth asphyxia, birth trauma, prematurity,
and sepsis, are undoubtedly a major cause of death among
children, but until recently did not receive sufficient atten-
tion in the epidemiological literature, perhaps because inter-
ventions are largely related to the delivery of prenatal care
and the intrapartum period. Virtually all children born alive
who die from these causes do so in the first few days of life
(Lawn, Cousens, and Zupan 2005). Hence some constraint
on the probable demographic envelope of mortality from
these causes can be derived by estimating the neonatal mor-
tality rate in different regions as was done for the 1990 GBD
study (Murray and Lopez 1996) and repeated for the 2001
estimates (chapter 3 in this volume). This has undoubtedly
removed a major source of uncertainty about mortality
from these conditions, but substantial uncertainty remains
about their relative importance as a cause of neonatal death
when considering other conditions such as tetanus (classi-
fied under infectious diseases in the 1990 and 2001 GBD
studies), neonatal diarrhea, congenital anomalies, and
injuries. As a result, the global estimate of deaths from peri-
natal causes is influenced by the availability and reliability
of data on the causes of neonatal mortality, particularly in
countries with the largest number of neonatal deaths:
China, India, Nigeria, and Pakistan account for half of all
neonatal deaths, and with the possible exception of China,
none has reliable, nationally representative systems for cause
of death reporting.
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Given this context, judging whether mortality from peri-
natal causes indeed rose by 10 percent during the 1990s as
suggested by figure 2.4 is difficult. If improvements in
survival from these causes are largely related to better and
more comprehensive service provision for pregnant
women, which in turn is dependent on substantial infra-
structure investments to improve health services, then
modest declines in risk should be expected given economic
growth in the 1990s. This was indeed the case in all regions
except East Asia and the Pacific and South Asia, where the
risk appears to have risen. Without compelling evidence
that health service provision deteriorated in these regions
during the 1990s, this increase in the risk of death from
perinatal causes is probably a statistical artifact of data
availability and different interpretation criteria used for
1990 and 2001. Privatization of the rural health care system
in China during the 1990s may have led to a deterioration
of prenatal care, but this remains to be established.

Finally, note the 50 percent reduction in the risk of child
death from injuries implied by the GBD studies, which is
primarily due to large reductions suggested for East Asia
and the Pacific, South Asia, and Sub-Saharan Africa. Some
decline in injury mortality is to be expected with economic
and social development and the introduction of injury
control programs and legislation, but the massive declines
estimated for these regions may well be attributable to
methodological differences in estimation procedures
between the two dates (see chapter 3 in this volume). The
descriptive epidemiology of injuries remains a major neg-
lected area of the information base for policy to improve
child health. For example, Rudan and others’ (2005) review
of information gaps in relation to assessing the burden of ill-
ness in children fails to even mention childhood injuries,
even though burns, falls, and drownings are likely to be sig-
nificant causes of child death (Etebu and Ekere 2004; Gali,
Madziga, and Naaya 2004; Istre and others 2003; Mock and
others 2004; Shen, Sanno-Duanda, and Bickler 2003). Thus,
establishing the extent of changes in these risks, whose lev-
els are based on essentially anecdotal evidence, remains
difficult. Evidence of major declines in injury death rates
therefore need to be viewed with great caution and may well
be largely artifactual.

The global public health community’s increasing interest
in gaining a better understanding of the successes of, and
challenges facing programs and policies to improve child
survival has led to alternative assessments of the leading
causes of child death. With the substantial data gaps and
data quality issues pertaining to the estimation of child

mortality, varying estimates of the leading causes of child
death because of different estimation principles and variable
interpretation of the data are hardly surprising. Scientific
debate is to be encouraged insofar as it will guide data
collection strategies to reduce unacceptable uncertainty, but
the existence of alternative estimates of child mortality for
2001 makes the interpretation of changes over the past
decade The World Health
Organization’s Child Health Epidemiology Reference Group

even more complex.
(CHERG), for example, working within the same total num-
ber of child deaths (10.5 million), has recently published
quite different estimates of the causes of child mortality
(Bryce and others 2005). According to CHERG’s estimates,
in 2001 perinatal causes were responsible for 3.9 million
child deaths, that is, 37 percent of all child deaths and
55 percent more than the GBD figure (see chapter 3).
Conversely, CHERG estimated lower levels of malaria mor-
tality in children (853,000 deaths compared with 1,110,000
in the GBD study) and much lower measles mortality
(395,000 versus 562,000 deaths). CHERG’s implied rise in
perinatal causes of child death is even more extreme than
that suggested by the GBD study, whereas the rise in malar-
ia deaths is less extreme. CHERG’s estimates also imply far
greater success of vaccination programs to reduce measles
mortality than does the GBD figure. Note also that CHERG,
which does not include any experts in noncommunicable
diseases, including congenital anomalies, estimated only
about half the number of noncommunicable disease deaths
among children than estimated in the GBD study.

Public policy to accelerate the decline in child mortality
would be well served through greater scientific collaboration
to better understand the descriptive epidemiology of the
leading causes of child death over the past decade or so and
how this has changed. Notwithstanding the legitimate role
of scientific discourse and the issue of comorbidity among
the leading causes of child death, particularly diarrhea and
pneumonia (Fenn, Morris, and Black 2005), the lack of clar-
ity about the extent of the decline (or rise) in child deaths
from specific causes or groups of causes, particularly those
that have been the focus of massive programmatic efforts,
hinders policy making. Having said this, it should also be
borne in mind that for the GBD estimates at least, which
have followed a consistent methodology and estimation
framework, uncertainty in the rate of change of mortality
for any given condition may well be less than period uncer-
tainty around estimates for 1990 and 2001 because of the
high likelihood of correlation of uncertainty of estimates for
the two periods.
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CONCLUSIONS

Priority setting in health, as in other sectors concerned
with social development, will increasingly depend on the
availability of reliable, timely, representative, and relevant
information on the comparative importance of diseases,
injuries, and risk factors for the health of populations and
how these are changing. Population scientists, particularly
epidemiologists, have provided important insights into the
descriptive epidemiology of some segments of some popu-
lations and on the causes of disease and injuries in those
populations. Administrative requirements have resulted in
most countries undertaking routine data collection efforts,
but these are highly variable in terms of both quality and
of what is being measured. As a result, we have substantial
partial data collections on many aspects of population
health status, but no country has complete data on all
aspects of health relevant for policy, and in many parts of
the world, health status is largely unknown. Efforts to bring
these fragmentary pieces of data together to develop com-
prehensive estimates of the disease and injury burden and
its causes are likely to be extremely valuable for policy
making, particularly if the analytical methods and frame-
works employed are understandable, transparent, and rig-
orously argued. Demographers were the first to attempt
global, regional, and national efforts to estimate population
size, structure, and determinants of change in a coherent
fashion, and despite scientific differences of opinion about
some of the methods and assumptions, the results have
been enormously influential for guiding social develop-
ment policies and programs.

The two GBD studies for 1990 (Murray and Lopez 1996)
and 2001 (chapter 3 in this volume) attempted something
similar for mortality and the burden of disease. Scholars and
global health development agencies alike have repeatedly
emphasized the interrelationship between demographic
change and the health conditions of populations. This chap-
ter has summarized the key quantitative findings about
global demography and epidemiology that are relevant for
disease control and public health development, leading to
the following three broad conclusions:

+ Despite significant investments in disease control in low-
and middle-income countries over the past 50 years and
the considerable success in reducing mortality, commen-
surate investments have not been made in the health intel-
ligence base needed to monitor and evaluate changes in
population health. As a result, uncertainty about the

causes of child mortality in many countries and how these
have changed over the last decade or so because of inter-
vention programs is considerable. Moreover, data collec-
tion pertaining to health conditions among adults has
been almost totally neglected, with the result that virtually
nothing is known reliably about levels, let alone causes, of
adult death in much of the developing world. HIV/AIDS
has highlighted this neglect, but continued ignorance of
the leading causes of adult mortality will continue to hin-
der policy action to reduce the large, avoidable causes of
adult mortality that can be addressed through targeted
prevention and treatment programs.

+ Demographic change is often poorly understood, and
thus potentially underappreciated in relation to health
and social development policies. The evidence sum-
marized in this chapter suggests that population aging is
likely to become rapidly more pronounced in low- and
middle-income countries than is currently appreciated,
in part because swift fertility declines are under way in
much of the developing world. The little evidence that is
available about mortality trends among adults in devel-
oping countries suggests different paths of mortality
change among regions, but indicates that globally, little
progress was achieved in the 1990s. At older ages, the
impressive and widely unappreciated declines in mortal-
ity that began in the high-income countries in the 1970s
continued through the 1990s and show little sign of
deceleration. In large part, these declines reflect progress
in the control of major vascular diseases and point to
continued steady gains in life expectancy in high-income
countries.

+ Despite at least two decades of intensive efforts by the
global public health community to implement interven-
tion programs and reorganize health services to reduce
child mortality, knowledge about the major causes of
death among children is insufficiently precise to resolve
uncertainties about global progress with specific disease
control strategies, and thus to be of maximum benefit for
global policy action to reduce the more than 10 million
child deaths that still occur each year. Results from the two
GBD studies, while suggesting trends that are broadly
consistent with public health knowledge, are equivocal
about trends in specific conditions in some regions. Policy
action to rapidly and substantially reduce this enormous
burden of premature mortality will be better served if pol-
icy makers can be more appropriately informed about the
causes of child death, including hitherto neglected areas
such as perinatal conditions and injuries.
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NOTES

1. While it would have been much more informative to base this assess-
ment of demographic change on the 2004 Revision of World Population
Prospects (United Nations 2005a), the results were released too late to be
incorporated into the estimates reported in this and subsequent chapters.
The differences between the two revisions, at least for regional aggregates,
are unlikely to be substantial.

2. An exception is Timor-Leste, where fertility increased following
independence in 2002 and is currently higher than in any other country.
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Chapter 3

In 1993 the World Bank, in collaboration with the World
Health Organization (WHO) and the Harvard School of
Public Health, sponsored a study to assess the global burden
of disease in 1990 (Murray, Lopez, and Jamison 1994; World
Bank 1993). As well as generating the first comprehensive
and consistent set of estimates of mortality and morbidity
by age, sex, and region for the world, the Global Burden of
Disease (GBD) study also introduced a new metric, the
disability-adjusted life year (DALY), to quantify the burden
of disease (Murray and Lopez 1996¢, 1996d). The DALY is a
summary measure of population health that combines years
of life lost from premature death and years of life lived in
less than full health and is described in more detail later.
Thus, burden of disease analysis provides a unique perspec-
tive on health that integrates fatal and nonfatal outcomes,
yet allows the two classes of outcomes to be examined sepa-
rately as well.

The original (1990) GBD study analyzed and synthesized
a large volume of data on population health to produce
comprehensive and comparable information on the causes
of loss of health globally and regionally, including low- and
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middle-income countries with considerable limitations in
data availability and comparability. In addition, the GBD
study made estimates even for diseases and conditions for
which data were limited and involved considerable uncer-
tainty to ensure that causes of the disease burden for which
information was sparse were not implicitly considered to
impose no burden and hence be ignored by health policy
makers (Murray, Mathers, and Salomon 2003).

Under the leadership of Chris Murray, WHO’s executive
director of the Evidence and Information for Policy Cluster
from 1998 to 2003, WHO undertook a new assessment of
the global burden of disease for 2000 to 2002, with consec-
utive revisions and updates published annually in WHO’s
world health reports. Version 1 estimates for 2000 were pub-
lished in the World Health Report 2001 (WHO 2001d), and
Version 3 estimates for 2002, with consistent back revision
of the 2000 estimates, were published in the World Health
Report 2003 (WHO 2003b).

The editors of the second edition of Disease Control
Priorities in Developing Countries (DCP2) (Jamison and
others 2006) decided to use the Version 3 GBD estimates for
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2001 to provide a common framework for assessing the
causes of burden of disease in low- and middle-income
countries and in analyzing priorities for interventions. We
refer to these estimates as the GBD 2001. DCP2 measured
the burden of disease in DALYs using a 3 percent discount
rate, but without the nonuniform age weights used in the
1990 GBD study and in the results WHO published for 2000
to 2002.

This chapter documents the data sources and methods
used to prepare the GBD 2001 estimates for DCP2 and pro-
vides an overview of the global and regional results for causes
of disease and injury. The results presented here are those
DCP2 used as a starting point for disease-specific economic
and intervention analyses. The GBD 2001 incorporates a
range of new data sources for developing internally consis-
tent estimates of incidence, health state prevalence, severity,
duration, and mortality for 136 major causes by sex and by
eight age groups. It estimates deaths by cause, age, and sex
for 226 countries and territories drawing on a total of 770
country-years of death registration data, as well as 535 addi-
tional sources of information on levels of child and adult
mortality and in excess of 2,700 data sets providing infor-
mation on specific causes of death in regions not well cov-
ered by death registration systems. Estimates of incidence,
prevalence, severity, duration, and DALYs by cause, age, and
sex drew on more than 8,500 data sources, including
epidemiological studies, disease registers, and notification
systems.

The results are presented here in terms of the
World Bank’s income and regional groupings of countries,
which DCP2 used to facilitate matching causes of death
and disease burden data with the economic and social data
compilation in the World Development Report 2003
(World Bank 2003). Countries are divided into seven
groups: the high-income countries constitute one group
and the low- and middle-income countries are divided
into six geographical regions: East Asia and the Pacific,
Europe and Central Asia, Latin America and the Caribbean,
the Middle East and North Africa, South Asia, and Sub-
Saharan Africa (see annex table 3A.1 and map 1 inside
the front cover). Annex 3A includes tables documenting
definitions of cause and sequela categories and regional
categories and summarizing country-specific sources of
information on mortality and causes of death and the dis-
ability weights used for each cause-sequela category. The
tables in annexes 3B and 3C include results for the low- and
middle-income countries as a whole as well as for the six
regional groups.

QUANTIFYING THE GLOBAL BURDEN OF DISEASE

We first give an overview of the GBD approach toward sum-
marizing the health of populations and the disease and
injury causes of loss of health through the use of a particu-
lar form of summary measure, the DALY, and discuss the
value choices incorporated in the DALY.

The GBD Study

The simplest and most widely used method for producing
population health statistics is to aggregate data on indi-
viduals to generate estimates of quantities, for example, the
proportion of the population (or of a particular grouping by
age or sex) suffering from a particular health problem, being
in a particular health state, or dying from a specific cause in
a defined time period. This approach rapidly becomes
unwieldy when a number of problems are being monitored
and the intent is to make comparisons over time, across
population groups, or before and after specific health inter-
ventions, as in cost-effectiveness analyses. Policy makers
then face an explosion in the number of statistics they must
compare and difficulties in comparing indicators relating to
different health states, mortality risks, or disease events.
Such statistics on the health status of populations also suffer
from several other limitations that reduce their practical
value for policy makers:

+ Health statistics are partial and fragmented. In many
countries, basic information on causes of death is not
available for all important causes, and even where mor-
tality data are available, they fail to capture the impact of
nonfatal outcomes of disease and injury, such as mental
disorders, musculoskeletal disorders, blindness, or deaf-
ness, on population health.

+ Analyses of incidence, prevalence, or mortality for single
causes often result in overestimates, even when carried
out by well-intentioned epidemiologists, if not con-
strained to fit within demographically plausible limits
and to be internally consistent and consistent with
information on other causes. These problems are com-
pounded when estimates are carried out by groups in com-
petition for scarce resources that are acting as advocates for
affected populations or by groups carrying out program
evaluation that are also responsible for program imple-
mentation (Murray, Lopez, and Wibulpolprasert 2004).

+ Health statistics based on a compilation of separate
measures of mortality and of incidence and prevalence
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rates for a large number of conditions do not allow ana-
lysts or policy makers to evaluate outcomes of policies or
to compare the relative cost-effectiveness of different
interventions.

The 1990 GBD study developed a comprehensive frame-
work for integrating, validating, analyzing, and disseminat-
ing fragmented information on the health of populations so
that it is truly useful for health policy and planning (Murray
and Lopez 1996b, 1996¢, 1997a, 1997b). Features of this
framework included the incorporation of data on nonfatal
health outcomes into summary measures of population
health (described in the next subsection), the development
of methods and approaches to estimate missing data and to
assess the reliability of data, and the use of a common met-
ric to summarize the disease burden both from diagnostic
categories of the International Classification of Diseases
(ICD) and the major risk factors that cause those disease
and injury outcomes.

The basic philosophy guiding the burden of disease
approach is that almost all sources of health data are likely
to have information content provided that they are carefully
screened for plausibility and completeness and that
internally consistent estimates of the global descriptive epi-
demiology of major conditions are possible with appropriate
tools, investigator commitment, and expert opinion. This
philosophy remains central to the 2001 GBD study, which has
expanded the framework of the 1990 GBD study to

+ quantify the burden of premature mortality and disability
by age, sex, and region for 136 causes;

+ develop internally consistent estimates of incidence,
prevalence, duration, and case fatality rates for more than
500 sequelae resulting from the foregoing causes;

« analyze the contribution to this burden of major physio-
logical, behavioral, and social risk factors by age, sex, and
region.

Summary Measures of Population Health and the DALY

To address the problems described above and to provide an
outcome measure for cost-effectiveness analyses and priori-
ty-setting exercises, a common metric is required for
mortality and for loss of health that can be disaggregated
into disease and injury causes and risk factors. Since the
mid-20th century, analysts have generally agreed that time is
the most appropriate metric: time in years lived or lost
because of mortality and years lived in various health states.

Investigators have developed a wide range of such time-
based summary measures of population health, many
of them generalizations of life expectancy, such as disability-
free life expectancy or variants of the so-called quality-
adjusted life year (QALY). For assessing the health of
populations, summary measures of population health pro-
vide a simple and useful digest of the vast array of compo-
nents of population health (Murray, Salomon, and Mathers
2000; Wolfson 1999). Summary measures of population
health do not replace the more detailed reporting of data for
specific aspects of health and mortality or for specific causes
of health problems; rather, they supplement these data by
providing a metric that can be used to monitor trends and
compare health across populations or for measuring health
outcomes in cost-effectiveness analyses. The last two
decades have seen a marked increase in interest in the devel-
opment, calculation, and use of summary measures (Field
and Gold 1998; Murray, Salomon, and others 2002a; Robine
and others 2003).

Two classes of summary measures of population health
have been developed: health expectancies, for example,
disability-free life expectancy; active life expectancy, and
healthy life expectancy; and health gaps, such as DALYs and
healthy life years (figure 3.1). Health expectancies extend the
concept of life expectancy to refer to expectations of various
states of health or of the overall expectation of years of
equivalent full health, not just of life per se. Health gaps are
a complementary class of indicators that measure lost years

Survivors (%)

Age (years)

Source: Murray, Salomon, and Mathers 2000.

Note: The health gap is area C + f(B) where f(B) is a function of B in the range 0 to area
B representing the lost equivalent years of full health lived in states B. The health
expectancy is the area A + g(B), where g(B) = B — f(B) represents the equivalent
years of full health lived in states B.

Figure 3.1 Relationship between Health Expectancies and Health
Gaps in a Stationary Population
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of full health against some normative ideal. Measures of
potential years of life lost due to premature mortality have
been used for many years to measure the mortality burden
of various causes of death. These all measure the gap in years
between age at death and some arbitrary standard age before
which death is considered premature (typically 65 or 75).
The DALY, developed for the GBD study, is an example of a
health gap indicator that extends the notion of mortality
gaps to include time lived in states other than excellent
health.

One of the fundamental goals in choosing a summary
measure of population health for quantifying the global bur-
den of disease was to be able to identify the relative magni-
tude of different health problems, including diseases,
injuries, and risk factors. A health gap measure was chosen
because it permits categorical attribution of the fatal and
nonfatal burden of diseases and injuries to an exhaustive and
mutually exclusive set of disease and injury causes (Mathers,
Ezzati, and others 2002; Murray, Salomon, and Mathers
2000). The lost years of health (or DALYs) are additive across
such a set of disease or injury categories. By contrast, health
expectancy measures do not naturally lend themselves to
disaggregation by categorically defined causes. Instead, coun-
terfactual methods such as disease elimination are required
to quantify the contribution of disease causes to overall
health expectancy measures, as well as for dealing with risk
factors. Health gap measures also generally require counter-
factual analysis to attribute the burden of disease to health
determinants and risk factors, as discussed in chapter 4.

DALYs for a specific cause are calculated as the sum of
the years of life lost due to premature mortality (YLL) from
that cause and the years of healthy life lost as a result of dis-
ability (YLD) for incident cases of the health condition as
follows:

DALY = YLL + YLD.

The YLL are essentially calculated as the number of
cause-specific deaths multiplied by a loss function specify-
ing the years lost as a function of the age at which death
occurs. Ignoring for the moment other social preferences
discussed later, the basic formula for YLL for a given cause c,
age 4, and sex s is as follows:

YLL(c,a,s) = N(c,a,s) X L(a,s),

where N(c¢a,s) is the number of deaths due to cause ¢ for
given age a and sex s and L(a,s) is the standard loss function
in years for age a and sex s.

The 1990 GBD study did not use an arbitrary age cutoff
such as 70 for the loss function used to calculate YLL, but

instead specified the loss function in terms of the life
expectancies at various ages in standard life tables, with life
expectancy at birth fixed at 82.5 years for females and 80.0
years for males (Coale and Demeny West Model Levels 26
and 25, respectively, see Murray 1996), the highest observed
life expectancies in the mid-1990s. The sex difference in the
loss function was based on evidence of an intrinsic biologi-
cal difference in life expectancy for males and females, but
one that it is much less than the approximately five to seven
years observed in developed countries (Murray 1996).
Chapter 5 presents a more detailed specification of the loss
function used in the standard DALY calculation.

Because YLL measure the incident stream of lost years of
life due to deaths, an incidence perspective is also taken for
the calculation of YLD. To estimate YLD for a particular
cause during a particular time period, the number of
incident cases in that period is multiplied by the average
duration of the disease and a weight factor that reflects the
severity of the resulting health states on a scale from 0 (per-
fect health) to 1 (dead). Again without yet considering other
social preferences, the basic formula for YLD is as follows:

YLD(c¢a,s) = I(c,a,s) X DW(c¢a,s) X L(c,a,5s),

where I(c,a,s) is the number of incident cases for cause c,
age a, and sex s; DW(¢a,s) is the disability weight for cause
G age a, and sex s; and L(¢a,s) is the average duration in
years of the case until remission or death.

The valuation of time lived in nonfatal health states for-
malizes and quantifies social preferences for different states
of health as disability weights. Depending on how these
weights are derived, they are variously referred to as disabil-
ity weights, QALY weights, health state valuations, or health
state preferences. Because the DALY is measuring loss of
health (unlike the QALY, which measures equivalent healthy
years lived), the disability weights for DALYs are inverted,
running from 0 (ideal health) to 1 (state comparable to
death). Health state valuations are discussed in more detail
later.

DALYs are not unique to the GBD study. The World Bank
used a variant of DALYs in its seminal study of health sector
priorities (Jamison and others 1993), which was derived from
earlier work to develop time-based measures that reflected
the public health impact of death or illness at different ages
better than mortality or prevalence counts or rates (Dempsey
1947; Ghana Health Assessment Project Team 1981). As
noted, DALYs are an inverse form of the more general con-
cept of QALYs, proposed by Zeckhauser and Shepard (1976)
and widely used in economic evaluations. DCP2 (Jamison
and others 2006) and WHO?s generalized cost-effectiveness
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analyses for more than 170 health interventions (Tan-Torres
Edejer and others 2003) use DALYs as the health outcome
measure for their economic analyses.

Countries and health development agencies alike have
widely adopted the burden of disease approach as the stan-
dard for health accounting, as well as for guiding the deter-
mination of health research priorities (Baskent University
2005; Bradshaw and others 2003; Bundhamcharoen and
others 2002; Lozano and others 1995; Mahapatra 2002;
Mathers and de Francisco 2004; Mathers, Vos, and
Stevenson 1999; McKenna and others 2005; Vos and others
1995; WHO 1996).

Making Social Value Choices Explicit

In developing the DALY indicator, Murray (1996) identified
three additional value choices that he argued should be
made explicit in the formulation of the summary measure:

+ How long “should” people in good health expect to live?
This choice determines the loss function L(a,s) for age a
and sex s. Should the loss function be determined at the
national level or globally? The DALY uses a global loss
function that is the same for all people of a given age and
sex, irrespective of other characteristics such as race,
socioeconomic status, or occupation.

+ Isavyear of healthy life gained now worth more to society
than a year of healthy life gained in 20 years’ time? In
other words, should time discounting be applied to the
stream of incident lost healthy years represented by the
DALY?

+ Are lost years of healthy life valued more at some ages
than others? Is a year of life at young adult ages valued
more than in old age or infancy? In other words, should
unequal age weights be applied to years of healthy life lost
at different ages?

Much of the comment on and criticism of the GBD study
focused on the explicit social value choices incorporated in
the DALY (Anand and Hanson 1997, 1998; Hyder, Rotllanat,
and Morrow 1998; Williams 1997, 1999), particularly the
social choices pertaining to age weights and severity scores
for disabilities, rather than on the uncertainty of the basic
descriptive epidemiology. The latter, particularly in the least
developed regions, is likely to be far more consequential for
setting health priorities (see chapter 5). See Murray and
Acharya (1997) and Murray and Lopez (2000) for responses
to the criticisms of the value choices made for the 1990
GBD study.

Murray (1996) argues on equity grounds for use of the
same life expectancy “ideal” standard for specifying years of
life lost for a death in all population subgroups, whether or
not their current life expectancy was lower than that of
other groups. In addition, he argues that the same disability
weight should be used for people of the same age in the
same health state.

The DALY measures the future stream of healthy years of
life lost due to each incident case of disease or injury and for
each death. It is thus an incidence-based rather than a preva-
lence-based measure. The GBD study applied a 3 percent
time discount rate to years of life lost in the future to esti-
mate the net present value of years of life lost. With this dis-
count rate, a year of healthy life gained in 10 years’ time is
worth 24 percent less than one gained now. Discounting
future benefits is standard practice in economic analysis and
the following specific arguments can be made for applying
discounting to the DALY when measuring population
health (Murray and Acharya 1997):

+ to be consistent with the measurement of health out-
comes in cost-effectiveness analyses;

+ to prevent giving excessive weight to deaths at younger
ages;

+ to address the disease eradication and research paradox,
that is, assuming that investment in research or disease
eradication has a nonzero chance of succeeding, then
without discounting, all current expenditure should be
shifted to such investment because the future stream of
benefits is infinite.

Chapter 5 examines the sensitivity of the burden of disease
results to the choice of discount rate.

In addition to 3 percent time discounting, the 1990
GBD study (Murray 1996) and the GBD results reported in
recent world health reports (WHO 2000, 2002d, 2004b)
used nonuniform age weights that give less weight to years
lived at younger and older ages in calculating DALYs. The
inclusion of nonuniform age weights was based on human
capital arguments and on a number of studies that suggest
the existence of a broad social preference to value a year
lived by a young adult more highly than a year lived by a
young child or an older person (Murray 1996). At its
extreme, age preference manifests as a lack of policy inter-
est in any deaths at ages where the death is not considered
premature.

The particular age weights used in the GBD study result
in greater weight being given to all deaths below age 39 com-
pared with deaths at older ages. Age weights have perhaps
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been the most contentious social value incorporated into
the DALY (Anand and Hanson 1997; Murray and Acharya
1997), and some national burden of disease studies have
chosen not to use them (Mathers, Vos, and Stevenson 1999).
The editors of DCP2 decided that uniform age weights
should be used. Chapter 5 examines the sensitivity of the
burden of disease results to different age weighting choices.

To denote different choices for discounting and age
weights, we use the notation DALYs(7,K), where ris the dis-
count rate in percent (not a fraction as in the GBD 1990)
and K is the age-weighting modulation factor. The age
weights used in the GBD are denoted by K = 1 and the
nonuse of age weights (that is, uniform age weighting) is
denoted by K = 0. Thus DALYs(3,0) denotes the DALY with
3 percent discounting and uniform age weights as used in
DCP2 and DALYs(3,1) denotes the 3 percent discounting
and varying age weights as used in the GBD study. Using
DALYs(3,0), an infant death represents the loss of 30.3
DALYs(3,0) for males and 30.5 DALYs(3,0) for females,
compared with 26.0 and 26.6 DALYs(3,0) at age 30 for males
and females, respectively. A death at age 60 represents 16.0
DALYs(3,0) for males and 17.5 for females.

Comparing Time Lived in Different States of Health

To use time as a common currency for nonfatal health states
and for years of life lost due to mortality, we must define,
measure, and numerically value time lived in nonfatal health
states. The valuation of time lived in nonfatal health states
formalizes and quantifies social preferences for different
states of health as health state weights. While death is not
difficult to define, nonfatal health states are. They involve
multiple domains of health that relate to different functions,
capacities, or aspects of living. During the last three decades,
there has been general acceptance of an approach to describ-
ing individuals’ health states in terms of multiple domains
of health and to developing self-reporting instruments that
seek information on a core set of these domains, typically no
more than five to eight, that capture most of the important
variations in health states across individuals (McDowell and
Newell 1996; Sadana 2002).

One common approach is to describe health as a profile of
levels on a series of domains. The Medical Outcomes Study
(MOS) Short Form 36 is an example of such an instrument,
with eight domains covering self-perceived health, vitality,
bodily pain, mental health, physical functioning, social func-
tioning, physical role limitations, and social role limitations
(Ware and Sherbourne 1992). MOS Short Form 36 domains
are scored on continuous scales from 0 to 100, resulting in a

large number of potential health states. Health state profiles
intended for use with health state valuations tend to use a
more limited number of levels in each domain.

Murray and colleagues argue that health state valuations
should be conceptualized and operationalized as judgments
about the overall level of health associated with a multidi-
mensional description of an individual’s health state, not
about overall levels of well-being, quality of life, or utility
(Murray, Salomon, and others. 2002b; Salomon, Mathers,
and others 2003). In this conceptualization, health state val-
uations formalize the intuitive notion that health levels lie
on a continuum and that we may characterize one individ-
ual as being more or less healthy than another individual at
a particular moment in time. Health state valuations quan-
tify departures from perfect health, that is, the reductions in
health associated with particular health states. Note that
these weights do not measure the quality of life of people
with disabilities and do not measure the value of people to
society.

By assigning a single number to an individual’s health
state with reference to ideal health, health state valuations
permit aggregating individual health levels over time and
comparing health across individuals, and thereby provide
the critical link that allows individuals’ nonfatal health expe-
rience to be combined with information about mortality in
summary measures of population health. Researchers have
developed a number of choice-based methods to measure
preferences for health states (Salomon and Murray 2004).

The 1990 GBD used two forms of the person trade-off
method and asked participants in weighting exercises to
make a composite judgment about the severity distribution
of the condition and the preference for time spent in each
severity level (Murray 1996). This was largely necessitated by
the lack of population information on the severity distribu-
tion of most conditions at the global and regional levels. The
disability weights used in the GBD 2001 are still based in
large part on the GBD 1990 disability weights (Murray 1996).
Disability weights may vary by age, sex, and region, reflecting
variations in the severity distributions of health states and
the proportions of cases treated. A common global valuation
function is assumed for the underlying health state valua-
tions for specific health states. Despite the assertion by some
commentators that valuations for certain health states are
likely to be extremely heterogeneous across individuals and
populations, empirical evidence suggests otherwise.
Valuation studies carried out with deliberative small groups
from a wide range of countries have found surprising consis-
tency in valuations across cultures (Salomon and Murray
2002b). More recently, valuation studies carried out as part
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of the WHO multicountry survey study have also found rea-
sonable consistency in health state valuations for most health
states (Salomon, Murray, and others 2003).

Following the GBD terminology, the term disability is
used here broadly to refer to departures from optimal health
in any of the important domains of health, including mobil-
ity, self-care, participation in usual activities, pain and dis-
comfort, anxiety and depression, and cognition and social
participation. We thus refer to disability weights and healthy
years lost due to disability as shorthand terms for health
state preferences and years of healthy life lost because of
time lived in states other than the reference state of optimal
health, respectively. Note that with this usage, disability, that
is, states other than ideal health, may be short term or long
term: a day with a common cold is a day with disability.

ESTIMATING DEATHS BY CAUSE:
METHODS AND DATA

Complete death registration data cover only one-third of the
world’s population. Some information on another third is
available through the urban death registration systems and
national sample registration systems of China and India. For
the remaining one-third of the world’s population, includ-
ing most countries in Sub-Saharan Africa, only partial infor-
mation is available from epidemiological studies, disease
registers, and surveillance systems.

The original (1990) GBD study was the first attempt to
estimate the global and regional numbers of deaths resulting
from a comprehensive set of causes while ensuring consis-
tency with death totals provided by death registration and
demographic methods (Murray and Lopez 1996¢). Ensuring
this consistency was a major advance and is an essential first
step in measuring the disease burden. Estimates of numbers
of deaths carried out separately for individual causes that
are not constrained to sum to a demographically derived
total often result in substantial overestimates of deaths from
each cause (Jamison 1996). In part, this occurs because in
carrying out analysis for a single cause, researchers may
easily be overinclusive in counting the deaths attributable to
the cause of interest, even without any intent to maximize
the size of the specific problem.

Thus, the first analytical step in estimating deaths by
cause was to estimate age-specific total death rates by sex.
The importance of this step cannot be overemphasized. The
number of deaths by age and sex provided an essential
“envelope” that constrained individual disease and injury
estimates of deaths. Competing claims for the magnitude of

deaths from various causes must then be reconciled within
this envelope.

Next, to estimate the number of deaths by cause we drew
on the following four broad sources of data:

*  Death registration systems. Complete or incomplete death
registration systems provide information about causes of
death for almost all high-income countries and for many
countries in Europe (Eastern) and Central Asia and in
Latin America and the Caribbean. Some vital registration
(VR) information is also available in all other regions.

« Sample death registration systems. In China and India,
sample registration systems for rural areas supplement
urban death registration systems. Information systems
now provide data on causes of death for several other large
countries for which information was not available at the
time of the original GBD study.

* Epidemiological assessments. Epidemiologists have esti-
mated deaths for specific causes, such as HIV/AIDS,
malaria, and tuberculosis (TB), for most countries in
the regions most affected. These estimates usually com-
bine information from surveys on the incidence or
prevalence of the disease with data on case fatality rates.

+ Cause of death models. The cause of death models used
in the original GBD study (Murray and Lopez 1996a)
were substantially revised and enhanced for estimating
deaths by broad cause group in regions with limited
information on mortality. The CodMod software devel-
oped for this study and described later drew on a data
set of 1,613 country-years of observation of cause of
death distributions from 58 countries between 1950
and 2001.

All-Cause Mortality for 192 Countries

According to data provided by 112 WHO member states,
only about one-third of the estimated 56 million deaths
occurring annually are recorded in death registration
systems. If the sample registration systems of China and
India are considered to provide information on their entire
populations, then information is available for around 72 per-
cent of the global population. In recent years, considerable
priority has also been given to obtaining data on child and
maternal mortality through such instruments as the
Demographic and Health Survey (DHS) program funded by
the U.S. Agency for International Development and the
Multiple Indicator Cluster Survey program carried out by
the United Nations Children’s Fund. Table 3.1 summarizes
sources of information on levels of child and adult all-cause
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Table 3.1 Availability of Data for Estimation of All-Cause Mortality Rates by Age and Sex

East Europe Middle
Asia and Latin East and Sub- High-
and Central America and North South Saharan income
Type of data Pacific Asia the Caribbean Africa Asia Africa countries Total
Number of countries with all-cause mortality data
Death registration data for 2001
Complete 1 11 2 1 0 1 25 4
Incomplete? 1 6 5 0 1 0 2 15
Death registration data for
years prior to 2001°
Complete 1 0 0 0 0 5 9
Incomplete? 3 9 13 1 1 2 2 31
Data for levels of child and 12 1 9 4 2 3 37
adult mortality
Data for levels of child 4 0 3 4 2 42 0 55
mortality only
Number of data collections
Country-years of death
registration data
2001 available 4 17 7 1 1 1 28 59
2001 not available® 89 132 279 45 23 29 114 AN
Other sources of information on 70 22 122 67 48 190 16 535
child and adult mortality
Total data sets used 163 17 408 113 72 220 158 1,305

Source: Authors' compilation.

a. Completeness of death registration data was assessed using standard demographic methods (see text).
b. Includes countries where death registration data for years prior to 2001 were used to project levels of child and adult mortality to construct a life table based on a country standard derived from the

last available year of death registration data.

¢. Also includes countries where death registration data were used to project levels of child and adult mortality as inputs to the WHO logit life table system using a global standard.

mortality used to construct life tables for 192 WHO mem-
ber states by region and by type of data.

For countries with death registration data, demographic
techniques (Preston-Coale, Brass growth-balance, general-
ized growth-balance, and Bennett-Horiuchi methods) were
first applied, as appropriate, to assess the extent of com-
pleteness of the recorded mortality data for adults. If the
data coverage estimates were high enough to be meaning-
ful, death rates for those aged five years and over were then
adjusted accordingly. The completeness of death registra-
tion for children was assessed separately using other avail-
able sources of information on child mortality. For coun-
tries without usable VR data, other available sources of
adult mortality such as surveys and censuses were used to
estimate the level of adult mortality as measured by ,.q;
(the probability of dying between exact ages 15 and 60).
For child mortality under five, again, all available survey,
census, and VR data were assessed, adjusted, and averaged
to estimate the probable trend in child mortality (;q,) in
recent decades.

The population estimates used for all countries were
those prepared by the United Nations Population Division
(2003). Note that these estimates refer to de facto popula-
tions, that is, they include residents such as guest workers
and refugees, rather than de jure populations, meaning citi-
zens, and in some countries, permanent residents. Member
states that report death registration data to WHO also rou-
tinely report population data for the population the death
registration system covers, which in some cases is a subset of
the national population. Death registration data may cover
less than 100 percent of the population not only because
some geographical areas may be excluded, but also because
registration may be restricted to a subset of the resident
population, such as citizens, and may thus exclude deaths
among groups such as guest workers or refugees.

For the GBD 2001 study, age- and sex-specific death rates
were calculated from the death and population data provided
by countries, with adjustments made for completeness of
the registration data where needed, and then total deaths by
age and sex were calculated for each country by applying
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these rates to the United Nations Population Division esti-
mates of de facto populations for 2001.

Four methods were used to construct life tables for each
country depending on the type of data available (Lopez and
others 2002):

«  Countries with death registration data for 2001. Such data
were used directly to construct life tables for 56 countries
after adjusting for incomplete registration if necessary.

« Countries with a time series of death registration data.
Where the latest year of death registration data available
was prior to 2001, a time series of annual life tables
(adjusted if the registration level was incomplete)
between 1985 and the latest available year was used to
project levels of child and adult mortality for 2001. For
small countries with populations of less than 500,000,
moving averages were used to smooth the time series.
Projected values of child and adult mortality were then
applied to a modified logit life table model (Murray,
Ferguson, and others 2003), using the most recent
national data as the standard, to predict the full life table
for 2001, and HIV/AIDS and war deaths were added to
total mortality rates for 2001 where necessary. This
method was applied for 40 countries using a total of
711 country-years of death registration data.

+  Countries with other information on levels of child and
adult mortality. For 37 countries, estimated levels of
child and adult mortality were applied to a modified logit
life table model (Murray, Ferguson, and others 2003),
using a global standard, to estimate the full life table for
2001, and HIV/AIDS deaths and war deaths were added
to total mortality rates as necessary. For most of these
countries, data on levels of adult mortality were obtained
from death registration data, official life tables, or mor-
tality information derived from other sources such as
censuses and surveys. The all-cause mortality envelope
for China was derived from a time series analysis of
deaths for every household in China reported in the
1982, 1990, and 2000 censuses. The extent of underre-
porting of deaths in the 2000 census was estimated at
about 11.3 percent for males and 18.1 percent for females
(Bannister and Hill 2004). The all-cause mortality enve-
lope for India was derived from a time series analysis of
age-specific death rates from the Sample Registration
System after correction for underregistration (88 percent
completeness) (Mari Bhat 2002).

« Countries with information on levels of child mortality
only. For 55 countries, 42 of them in Sub-Saharan Africa,
no information was available on levels of adult mortality.

Based on the predicted level of child mortality in 2001,
the most likely corresponding level of adult mortality
(excluding HIV/AIDS deaths where necessary) was
selected, along with uncertainty ranges, based on regres-
sion models of child versus adult mortality as observed in
a set of almost 2,000 life tables judged to be of good qual-
ity (Lopez and others 2002; Murray, Ferguson, and others
2003). These estimated levels of child and adult mortality
were then applied to a modified logit life table model,
using a global standard, to estimate the full life table in
2001, and HIV/AIDS deaths and war deaths were added
to total mortality rates as necessary. Evidence on adult
mortality in Sub-Saharan African countries remains lim-
ited, even in areas with successful child and maternal
mortality surveys.

Classification of Causes of Disease and Injury

Disease and injury causes of death and of burden of disease
were classified using the same tree structure as in the origi-
nal GBD study (Murray and Lopez 1996¢). The first level of
disaggregation comprises the following three broad cause
groups:

+ Group I: communicable, maternal, perinatal, and nutri-
tional conditions

+ Group II: noncommunicable diseases

+  Group III: injuries.

Each group was then divided into major cause subcate-
gories, for example, cardiovascular disease (CVD) and
malignant neoplasms (cancers) are two major cause subcat-
egories of Group II. Beyond this level, two further disaggre-
gation levels were used, resulting in a complete cause list
of 136 categories of specific diseases and injuries. Annex
table 3A.2 lists the GBD 2001 cause categories and their ICD
codes in terms of the ICD 9th revision (ICD-9) and 10th
revision (ICD-10) (WHO 1977, 1992).

Group I causes of death consist of the cluster of condi-
tions that typically decline at a faster pace than all-cause
mortality during the epidemiological transition. In high-
mortality populations, Group I dominates the cause of
death pattern, whereas in low-mortality populations,
Group I accounts for only a small proportion of deaths. The
major cause subcategories are closely based on the ICD
chapters with a few significant differences. Whereas the ICD
classifies chronic respiratory diseases and acute respiratory
infections into the same chapter, the GBD cause classifica-
tion includes acute respiratory infections in Group I and
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chronic respiratory diseases in Group II. Note also that the
Group I subcategory of “causes arising in the perinatal
period” relates to the causes included in the corresponding
ICD chapter, principally low birthweight, prematurity, birth
asphyxia, and birth trauma, but does not include all causes
of deaths occurring during the perinatal period, such as
infections, congenital malformations, and injuries. In addi-
tion, the GBD includes only deaths among children born
alive and does not estimate stillbirths (see chapter 6).

The development and successive revisions of the ICD
have facilitated the comparability of cause of death data
within and across countries. Although each revision has
produced some discontinuities in cause of death data, the
revision from ICD-9 to ICD-10 resulted in more substantial
changes than previous revisions. ICD-10 is considerably
more detailed than ICD-9, with almost twice the number of
codes, and includes both conceptual and classification revi-
sions as well as changes in the coding rules used to select the
underlying cause of death. Additional problems in compar-
ing data on causes of death across countries arise from vari-
ations in the accuracy of diagnoses of causes of death.

In most developed countries, medical practitioners certify
the underlying cause of death even though they may not
always have had prior contact with the deceased or access to
relevant medical records. In developing countries, a signifi-
cant proportion of deaths may occur without medical atten-
tion and such deaths may be registered without a medical
opinion about the cause of death. At the same time, select-
ing a single underlying cause of death is often problematic
for the elderly, who have often had several chronic diseases
that concurrently led to their death. This results in higher
levels of uncertainty about cause of death distributions in
the oldest age group. Finally, in both developing and devel-
oped countries, legal, societal, and other reasons may lead to
the underreporting of causes of death of a sensitive nature,
such as suicide or HIV/AIDS. For this reason, other sources
of information for specific causes such as HIV/AIDS, illicit
drug use, and war have been used where necessary to mod-
ify cause-specific estimates based on death registration data.

The GBD classification system does not include the ICD
category “symptoms, signs, and ill-defined conditions” as
one of the major causes of deaths. The GBD classification
scheme has reassigned deaths assigned to this ICD category,
as well as some other codes used for ill-defined conditions,
to specific causes of death. This is important from the per-
spective of generating useful information to compare cause
of death patterns or to inform health policy making, because
it allows unbiased comparisons of cause of death patterns
across countries or regions.

Deaths are categorically attributed to one underlying
cause using ICD rules and conventions. In some cases where
the ICD rules are ambiguous, the GBD 2001 follows the
conventions used by the GBD 1990 study (Murray and
Lopez 1996a). Note also that a number of causes of death act
as risk factors for other diseases. Total mortality attributable
to such causes may be substantially larger than the mortality
estimates for the cause in terms of ICD rules for underlying
causes. For example, the GBD 2001 estimates that 960,000
deaths were due to diabetes mellitus as an underlying cause,
but when deaths from CVD and renal failure attributable to
diabetes are included, the global total of attributable deaths
rises to almost 3 million (Roglic and others 2005). Other
causes for which important components of attributable
mortality are included elsewhere in the GBD cause list
include hepatitis B or C (mortality attributable to liver
cancer and renal failure), unipolar or bipolar depressive dis-
orders and schizophrenia (mortality attributable to suicide),
and blindness (mortality attributable to blindness whether
from infectious or noninfectious causes).

Countries with Complete or Incomplete Death
Registration Data

In the last decade, computerization of death registration
data at the country level and electronic transmission to
WHO have considerably improved the timeliness of infor-
mation. In addition, the number of countries submitting
their underlying cause of death data to WHO using ICD-10
increased from 4 in 1995 to 75 in 2003. Some 50 countries
are still reporting data using ICD-9 and only 1 country is
still using ICD-8 (Mathers and others 2005).

Several new features and changes from ICD-9 to ICD-10
have a major impact on the interpretation of statistical data,
and the implications of these changes have been taken into
account to a limited extent when making trend comparisons
and estimations for causes of death. ICD-10 is more
detailed, with about 10,000 codes compared with around
5,100 in ICD-9, and the rules for selecting the underlying
cause of death have been reevaluated and sometimes
changed. For example, ICD-10 considers pneumonia to be a
consequence of a much wider range of conditions than
ICD-9, and it therefore would be less likely to be selected as
the underlying cause. Modification of the death certificate
with the inclusion of an additional line in part 1 of the cer-
tificate (for diseases related to the chain of events leading
directly to death) as recommended by WHO may also have
had an impact on the selection of the underlying cause
of death.
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Accuracy in diagnosing causes of death still varies sub-
stantially across countries with death registration systems.
In addition, even in countries where medically qualified staff
assign causes of death, some degree of misattribution or
miscoding occurs during the process of coding underlying
causes of death, mainly because of incorrect or systematic
biases in diagnoses, incorrect or incomplete death certifi-
cates, misinterpretation of ICD rules for selecting underly-
ing causes, and variations in the use of categories for
unknown and ill-defined causes (Mathers and others 2005).

Death registration data containing usable information on
cause of death distributions were available for 107 countries,
mostly in the high-income group, Europe and Central Asia,
and Latin America and the Caribbean (table 3.2, annex table

3A.3). Where the latest available year was earlier than 2001,
death registration data from 1980 through the latest avail-
able year were analyzed as a basis for projecting recent
trends for specific causes, and these trend estimates were
used to project the cause distribution for 2001. When esti-
mating cause of death distributions for very small countries,
an average of the three last years of data was used to mini-
mize stochastic variation.

In the case of the few countries still reporting data using
the condensed ICD-9 Basic Tabulation List, algorithms
based on data from countries with more detailed coding
were applied to estimate deaths due to asthma as no Basic
Tabulation List code for asthma is available. Also, China and
some of the newly independent states of the former Soviet

Table 3.2 Availability of Data for Estimation of Causes of Death by Age and Sex

East Europe Middle
Asia and Latin East and Sub- High-
and Central America and North South Saharan income
Type of data Pacific Asia the Caribbean Africa Asia Africa countries Total
Number of countries
Death registration data 1 1 5 1 0 1 29 48
(coverage of 85% or mare)?
Death registration data 5 16 25 3 1 3 5 58
(coverage <85%) — adjusted
using cause-of-death models
Sample registration and 2 0 0 1 1 1 0 5
surveillance®
No data—cause-of-death models 14 0 2 10 6 42 3 77
used with detailed cause patterns
based on regional data
Epidemiological estimates for ¢ d ¢ ¢ ¢ ¢ e ¢
mortality due to specific causes
used where applicable
Percent of population
Death registration data 0.0 52.7 13.0 0.1 0.0 0.2 944 19.5
(coverage of 85% or more)?
Death registration data 56 47.3 84.2 50.0 1.4 8.6 53 17.1
(coverage <85%) — adjusted
using cause-of-death models
Sample registration and 73.3 0.0 0.0 1.7 74.5 1.4 0.0 39.1
surveillance®
No data—cause-of-death models 211 0.0 29 48.1 24.2 89.8 0.3 24.3
used with detailed cause patterns
based on regional data
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Source: Authors' compilation.

a. The threshold of coverage of 85 percent used for causes of death differs from that used for registration of deaths (95 percent) because the biases from underreporting of the fact of death are more

serious for assessing levels of all-cause mortality than for assessing the distribution of causes.

b. Includes countries with death registration or surveillance systems relying heavily on verbal autopsy methods for ascertaining causes of death.
¢. HIV/AIDS, tuberculosis, measles, pertussis, poliomyelitis, tetanus, acute lower respiratory infections, Chagas' disease, maternal conditions, perinatal conditions, cancers, drug use disorders,

rheumathoid arthritis, and war. See table 3.5 for details.
d. AIDS, drug use disorders, and war. See table 3.5 for details.
e. Drug use disorders and war. See table 3.5 for details.
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Union still use some special condensed ICD-9 cause of
death classifications, which were then mapped to the GBD
cause list. Missing values for some GBD conditions were
estimated with the use of algorithms. Similarly, algorithms
were also applied for countries reporting data using the con-
densed ICD-10 Mortality Tabulation List 1.

Deaths resulting from war are not systematically includ-
ed in the cause of death data. For example, in the United
States, the Department of Defense records deaths resulting
from war, and for security reasons they are not included in
the death registration system. Some death registration data
undercount deaths due to HIV/AIDS and drug use partly
because of miscoding and partly because of reluctance to
record these diagnoses. In some cases, adjustments for
deaths due to war, HIV/AIDS, and drug use have been made
using other sources of information as described later.

Cause of death data were carefully analyzed to take
incomplete coverage of VR into account and the likely dif-
ferences in cause of death patterns among the uncovered and
often poorer subpopulations. When the coverage of death
registration data was assessed as less than 85 percent, cause
of death modeling was used to adjust the proportions of
deaths occurring in Groups I, II, and III by age and sex.
Table 3.2 shows the regional distribution of the 58 countries
for which such adjustments were carried out. In total, useful
information on cause of death distributions was available for
37 percent of the world’s population, or 76 percent if China
and India’s sample registration and mortality surveillance
systems were included. Usable death registration informa-
tion was available for only four Sub-Saharan African coun-
tries: Mauritius, the Seychelles, South Africa, and Zimbabwe.
Death registration data are available for several other Sub-
Saharan African countries, but are largely restricted to
deaths in urban hospitals, with overall coverage being too
low to provide useful population-level information on cause
of death distributions (Rao, Bradshaw, and Mathers 2004).

Annex table 3A.3 summarizes the years of death registra-
tion data with information on underlying cause available for
each country, together with information on the methods
used to estimate cause of death distributions. As shown in
table 3.1, a total of 770 country-years of death registration
data were used in the analysis of causes of death for the GBD
2001.

Redistribution of lll-Defined Causes and “Garbage Codes”

Even in countries where medically qualified staff assign
causes there is substantial use of coding categories for un-
known and ill-defined causes. In addition to the ICD codes

for “symptoms, signs, and ill-defined conditions” (ICD-9
codes 780-799 and ICD-10 codes RO0—R99), a number of
other ICD codes do not represent useful underlying causes
from a policy perspective and their inappropriate overuse
compromises the usefulness of information on causes of
death. These garbage codes or ill-defined codes include
deaths from injuries where the intent was not determined
(ICD-9 codes E980-989 and ICD-10 codes Y10-Y34 and
Y872); CVD categories lacking diagnostic meaning, such as
cardiac arrest and heart failure (ICD-9 codes 427.1, 427 4,
427.5,428,429.0,429.1, 429.2,429.9, and 440.9; and ICD-10
codes 147.2, 149.0, 146, 150, 151.4, I51.5, 151.6, I51.9, and
170.9); and cancer deaths coded to categories for secondary
or unspecified sites (ICD-9 codes 195 and 199 and ICD-10
codes C76, C80, and C97). The percentage of deaths coded
as ill-defined causes varies from 4 percent in New Zealand to
more than 40 percent in Sri Lanka and Thailand.

Table 3.3 shows the distribution of deaths assigned to
ill-defined codes for the 105 WHO member states report-
ing data on death registrations since 1990 with at least
50 percent completeness or coverage. The median percent-
age of deaths coded to ill-defined causes was 12 percent;
the median percentage of symptoms, signs, and ill-defined
conditions was 4.0 percent; and the median of ill-defined
cardiovascular causes was 5.3 percent. In more than 15
high-income countries, more than 10 percent of deaths
were coded to these ill-defined conditions, not so much
because of overuse of codes for symptoms, signs, and ill-
defined conditions, but because of excessive use of garbage
codes for CVD, cancers, and injuries (Mathers and others
2005).

To produce unbiased estimates of cause-specific death
rates, and to maximize comparability across member states,
deaths coded to general ill-defined categories (ICD- 9, chap-
ter XVI; ICD-10, chapter XVIII) were redistributed pro rata
across all Group I and Group II causes, that is, all causes
excluding injuries. Correction algorithms were also applied
to resolve problems of miscoding for the cardiovascular,
cancer, and injury garbage codes.

Ill-Defined Cardiovascular Codes. Physicians may use a
number of cardiovascular codes in ICD-9 and ICD-10 to
assign deaths that are actually due to ischemic heart disease
(IHD). They may assign IHD deaths to ill-defined cardio-
vascular codes because of insufficient clinical information at
the time of death, local medical diagnostic practices, or
simply by error. These include codes for heart failure, ven-
tricular dysrhythmias, generalized atherosclerosis, and ill-
defined descriptions and complications of heart disease.
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Table 3.3 Distribution of Percentage of Total Deaths Assigned to Ill-Defined Codes for 105 WHO

Member States, Most Recent Available Year

Percentage of deaths assigned to ill-defined codes

llI-defined code group Median 25th percentile 75th percentile Maximum
Symptoms 40 2.1 8.7 440
Injury 05 02 1.3 518
Cancer 1.0 0.5 15 2.7
Cardiovascular disease 5.3 2.7 1.7 234
Total ill-defined 12.0 7.0 17.2 488

Source: Mathers and others 2005.

Note: Table includes those countries supplying data on death registration for most recent year since 1990 and with at least 50 percent completeness

or coverage.

a. These data exclude South Africa, where 93 percent of deaths from external causes were coded to ill-defined injuries.

Figure 3.2 illustrates the enormous variation across
countries in coding practice with respect to these ill-defined
cardiovascular codes. For each country, the fraction of car-
diovascular deaths (excluding stroke) assigned to the ill-
defined cardiovascular codes is plotted against the fraction
of cardiovascular deaths (excluding stroke) assigned to IHD
(ICD-9 codes 410-414 or ICD-10 codes I120-125). The
strong negative relationship between IHD mortality and
that from the ill-defined CVD codes (r> = 0.90) strongly
supports the hypothesis that the quality of CVD death cer-
tification varies substantially across countries. The upper
left portion of figure 3.2 shows countries where doctors
certified, on average, more ill-defined CVD than IHD
deaths, and these include France, Japan, Portugal, and Spain.
The bottom right corner of the figure shows those countries
where doctors assign, on average, a small proportion of ill-
defined CVD deaths. This second group includes Australia,
Canada, Finland, New Zealand, Norway, and the United
Kingdom (Scotland). We refer to these two groups of coun-
tries as the high ill-defined coding and low ill-defined
coding groups.

To correct for the likely underregistration of IHD in
countries such as France, Japan, and Spain in the original
GBD study, Murray and Lopez (1996a) developed an algo-
rithm based on the assumption that the cluster of countries
comprising Canada, Finland, New Zealand, and Norway,
where ill-defined coding was low, would define the standard
coding practice. For all other countries, the percentage of
cardiovascular deaths (excluding stroke) assigned to these
codes in excess of this standard percentage was then
assumed to be largely miscertified IHD. For the GBD 2001,
Lozano and others (2001) developed a revised method to
estimate the fraction of IHD deaths assigned to ill-defined
cardiovascular codes. This involved estimating age- and sex-
specific regression equations predicting observed IHD death
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Figure 3.2 Variation across Selected Countries in Coding for llI-
Defined CVD Causes, 1979-98

rates in terms of the ill-defined CVD death rates and the
smoking impact ratio for a cross-national data set of
372 country-years of death registration data for 26 countries
between 1979 and 1998. The smoking impact ratio, estimat-
ed from lung cancer mortality rates using the Peto-Lopez
method (Peto and others 1992), is a measure of the cumula-
tive effects of tobacco exposure as a risk factor for IHD.

Table 3.4 shows the resulting correction factors, that is,
the proportion of ill-defined CVD deaths reassigned to
THD. As expected, the extent of miscoding at every age, for
both males and females, was systematically higher in high
ill-defined coding countries, where the results suggest that
50 to 95 percent of ill-defined CVD codes should be reas-
signed to IHD.

With correction, the age standardized death rates
increased in all countries, but most notably in Japan (26 per-
cent for males and 24 percent for females), France (27 percent
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Table 3.4 Correction Factors Giving Proportion of lll-Defined CVD Deaths to Be Reassigned to IHD,

by Age and Sex

Males Females

Low ill-defined High ill-defined Low ill-defined High ill-defined

Age group coding countries coding countries coding countries coding countries
35-39 0.000 0.000 0.000 0.000
40-44 0.107 0.107 0.000 0.000
45-49 0.039 0.273 0.000 0.041
50-54 0.040 0.696 0.101 0.446
55-59 0.203 0.941 0.139 0.689
6064 0.160 0.754 0.119 0.660
65-69 0.253 0.827 0.251 0.615
70-74 0.264 0.732 0.202 0.469
75-79 0.233 0.576 0.170 0.358
80+ 0.030 0.242 0.060 0.198

Source: Lozano and others 2001.

for males and 35 percent for females), and Greece (32 percent
for males and 47 percent for females). Smaller increases were
apparent for Belgium, the Czech Republic, Hungary, Italy,
Portugal, and Spain (12 to 25 percent on average for males
and females), and only small changes were observed for
Austria, Germany, the Netherlands, and the United States
(about 5 percent). In other countries, including Australia,
Canada, Finland, Ireland, New Zealand, Norway, and the
United Kingdom (Northern Ireland and Scotland), no cor-
rections were suggested by this analysis.

Corrections for miscertification narrow the range in
death rates across countries from a fivefold to a fourfold
variation and also change the relative rankings of countries.
The analysis of THD miscertification is supported by the
dramatic increase of more than 25 percent in recorded
IHD mortality rates in Japan between 1994 and 1995 with
the change from ICD-9 to ICD-10, whereby physicians were
encouraged not to use heart failure as an underlying cause
of death. Prior to the introduction of ICD-10, corrected
rates were more than 80 percent higher in males and around
70 percent greater in females compared with what was
recorded in vital statistics.

Lozano and others (2001) compare the miscertification
levels estimated using their regression approach with those
observed in the WHO Monitoring Cardiovascular Disease
(MONICA) study sites. They find general agreement in
relation to the existence of significant miscertification in
each country, but less clear agreement on specific levels of
miscertification. This latter finding is difficult to interpret
given some difficulties in mapping the MONICA “possible
IHD category” to ICD categories and the fact that the study
sites may not be representative of national populations.

While the empirical results of applying the recoding
model are encouraging, and the GBD 2001 has used it to
reassign ill-defined CVD codes, two points are noteworthy.
First, the fraction of ill-defined cardiovascular deaths that
are due to IHD is assumed to be constant across countries
within each of the low and high ill-defined code groups.
Statistical models can only go so far in extracting truth from
poorly coded deaths data, and more precise country-specific
analyses really require recoding studies for samples of rele-
vant deaths, ideally involving autopsy or other clinical diag-
nostic information. Second, due to the nonstandard disease
classification used in Russia and other newly independent
states (175 categories based on ICD-9), the method cannot
be applied without further evidence from autopsies as to the
true cause of cardiovascular deaths. The single most impor-
tant cause of cardiovascular death in these countries is
“coronary atherosclerosis” (093 in the Soviet classification of
diseases), which in part reflects a disease process different
than what the term implies elsewhere (Chenet and others
1998; Zatonski 1998). The use of the code “sudden death” to
describe mortality often associated with binge drinking in
Russia and neighboring countries may also conceal cases of
IHD (Kauhanen and others 1997).

Ill-Defined Cancer Codes. In the GBD 1990 study, deaths
coded to ICD-9 195-199 (malignant neoplasm of other and
unspecified sites, including those whose point of origin can-
not be determined, secondary and unspecified neoplasm)
were redistributed pro rata across all malignant neoplasm
categories within each age and sex group, so that the category
“other malignant neoplasms” included only malignant neo-
plasms of other specified sites (Murray and Lopez 1996a).
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For the GBD 2001, the survival model developed for esti-
mating cancer deaths by site from cancer incidence data
(Mathers, Shibuya, and others 2002) was used to compare
predicted deaths from the survival model for the United
States with those reported in U.S. vital statistics. This com-
parison identified four sites that did not appear to have any
significant coding of cancer deaths to the garbage codes
ICD-9 195-199. The redistribution algorithm for cancer
garbage codes was therefore revised for the GBD 2001 to
redistribute cancer garbage code deaths pro rata across all
cancer sites except liver; pancreas; ovary; and trachea,
bronchus, and lung.

Intent of Injuries Undetermined. Deaths assigned to codes
for injuries undetermined whether accidentally or purpose-
fully inflicted (ICD-9 codes E980-989 and ICD-10 codes
Y10-Y34 and Y872) are those where the person certifying
the cause of death has not determined whether the injuries
were unintentional or intentional, for example, an outcome
of self-inflicted injury or assault. While there will remain a
residue of deaths for which insufficient information is avail-
able to determine intent, this should be a small fraction of
injury deaths if appropriate forensic and coronial investiga-
tions are carried out. Excluding South Africa, the proportion
of injury deaths assigned to these codes varies from less than
0.5 percent in most developed countries to just over 5 per-
cent (table 3.3). To reduce bias in estimating deaths due to
unintentional and intentional injuries, deaths coded as
undetermined intent were redistributed pro rata by age and
sex to the GBD categories for intentional and unintentional
injury.

Data Sources and Methods for Some Specific Countries

In some cases, either because of large population size, and
hence implications for global mortality estimates, or
because of recent national burden of disease research
involving one or more of the authors, more detailed meth-
ods to estimate mortality patterns were applied, as summa-
rized in the following subsections.

China. Cause-specific mortality data for China are avail-
able from two sources: the sample VR system administered
by the Ministry of Health and the Disease Surveillance Point
(DSP) system established by the Chinese Center for Disease
Control (see Yang and others 2005 for an overview of
the design and operational characteristics of these systems).
The VR system covers a population of 120 million people at
137 sample sites and captures around 700,000 deaths per

year. The DSP system has 145 surveillance points, covers a
population of around 11 million, and collects information
on around 50,000 deaths per year.

The Ministry of Health classifies sample sites for the DSP
system into an urban stratum and four socioeconomic stra-
ta for rural areas, based on an analysis of nine indicators for
rural counties from the 1990 national census. These indica-
tors include birth and mortality rates, dependency ratios,
literacy rates, and proportions of agricultural versus indus-
trial occupations in the overall workforce. The VR system’s
sample sites are classified into one urban and three rural
socioeconomic strata. Because the sample sites for the DSP
system are considered to be nationally representative, the
fraction of the national population in each socioeconomic
stratum was assumed to follow the same population distri-
bution as the DSP sites.

Data from the VR system for 2000 and a three-year aver-
age for the DSP system from 1997-9 were separately
appraised for their usability in estimating national-level,
cause-specific mortality for China. From the two systems,
a comparison of age-standardized mortality rates for specific
conditions was carried out for each socioeconomic stratum,
as shown in figure 3.3.

We found that the mortality rates of the DSP system
reflected the broad cause, group-specific mortality distribu-
tion more accurately, especially in rural areas. Also, the sam-
pling distribution of sites in the DSP system was more
nationally representative than that of the VR system. Thus, the
proportional distribution of broad cause group mortality
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Figure 3.3 Mortality Rates for Socioeconomic Strata, by Cause
Group, from China’s Two Mortality Data Systems
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for each stratum from the DSP data was applied to each stra-
tum-specific mortality envelope to derive the broad cause
group mortality in absolute numbers of deaths by age and sex.

The VR system’s data captured mortality at the level of
subgroup and specific cause more accurately, and because it
was based on a significantly larger sample of deaths, it
showed more plausible age patterns for specific causes.
Hence, the specific cause-proportionate mortality distribu-
tions from the VR system’s data were used for distributions
within broad cause groups.

Finally, we summed the mortality estimates by cause, age,
and sex from each stratum to obtain a national estimate of
cause-specific mortality that had not been corrected for
underregistration. We then inflated this cause-specific mor-
tality to the national all-cause mortality envelope from the
life table analysis to obtain the final national estimate of
cause-specific mortality for 2001. We adjusted these esti-
mates with information from WHO technical programs on
maternal, perinatal, and childhood-cluster conditions and
from epidemiological estimates for TB, HIV/AIDS, illicit
drug dependence and problem use, rheumatoid arthritis,
and war deaths.

India. For India, separate mortality recording systems for
rural and urban areas were used to estimate all-cause death
rates by age and sex for rural and urban areas and these were
added to obtain national all-cause death rates to construct
a national life table. The all-cause mortality envelope was
derived from a time series analysis of age-specific death rates
from the Sample Registration System after correcting them
for underregistration (88 percent completeness) (Mari Bhat
2002).

Cause patterns of mortality were based on the Medical
Certification of Cause of Death Database for urban areas of
India and the Annual Survey of Causes of Death for rural
areas of India. The all-cause mortality envelope was split
into separate envelopes for urban and rural populations
using a 70:30 ratio. Data on cause-specific mortality from
separate sources for rural and urban areas were used with
these mortality envelopes to build up independent estimates
for urban and rural areas, which were summed to obtain
national cause-specific mortality estimates.

For rural areas, the Andhra Pradesh burden of disease
study (Mahapatra 2002) analyzed data from the Annual
Survey of Causes of Death for 1996-8. The analysis includ-
ed the redistribution of ill-defined deaths to specific causes
based on a verbal autopsy retest survey conducted as part of
the field studies for the project. For urban areas, data from

the Medical Certification of Cause of Death system for 1996
were used. This system provides data on about 400,000
deaths annually coded to a national list of ICD-9 causes
groups that approximates the ICD-9 Basic Tabulation List.
These data were mapped onto the GBD classification and
inflated to the urban mortality envelope. The proportion of
urban deaths due to injuries was adjusted based on results
from a large-scale verbal autopsy study in the city of
Chennai, which detected that about 2.5 percent of deaths
certified as due to ill-defined medical causes were actually
due to injuries (Gajalakshmi and others 2002).

The summed national-level, cause-specific mortality
estimates were adjusted with information from WHO tech-
nical programs on maternal, perinatal, and childhood-
cluster conditions, as well as epidemiological estimates for
TB, HIV/AIDS, illicit drug dependence and problem use,
rheumatoid arthritis, and war deaths.

Egypt. Even though Lopez and others (2002) assessed
Egyptian death registration data for 2000 to be almost com-
plete, these data contained high proportions of deaths coded
to symptoms and ill-defined conditions, as well as to condi-
tions such as heart failure and cardiac arrest that were not
underlying causes of death. Hence, a model-based predic-
tion of the broad cause proportionate distribution by age
and sex was used and applied to the cause-specific mortality
structure from the country data after excluding a major pro-
portion of the ill-defined deaths.

Turkey. The national life table for Turkey was estimated
from separate urban and rural life tables. To estimate the
urban life table, reported deaths during 1991-9 in the 81
provincial and distinct urban centers were evaluated for com-
pleteness using established demographic methods. These
methods suggested that for more recent years, adult deaths
were about 80 percent complete for males and 78 percent
complete for females. These correction factors were used to
estimate the level of adult mortality ,54;5) in 1999 and the
rate was then projected forward to 2000. The resulting esti-
mates (0.190 for males and 0.106 for females) were similar to
the levels estimated from the 2002—3 nationally representa-
tive mortality survey carried out by the Ministry of Health
and Baskent University (Baskent University 2005). Together
with estimated child mortality values from the 1998 DHS
projected to 2000, a full life table was estimated for urban
Turkey, which is equivalent to about two-thirds of the nation-
al population. Death rates were projected to 2001 assuming
an annual rate of mortality decline of 1.25 percent. For rural
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areas, child mortality was first estimated from the DHS in the
same way as for urban areas. Adult mortality (,5q, ;) was esti-
mated from the WHO modified logit life table system (0.235
for males, 0.189 for females), values that were broadly similar
to national mortality survey data, although the relatively
small number of rural deaths in the survey, about 300, gave
rise to substantial uncertainty about the true levels of adult
mortality in rural areas. The urban and rural death rates were
then weighted by population size to obtain estimated nation-
al death rates, and hence the life table.

Data on causes of death were only available for urban
areas of Turkey. These data were systematically reviewed for
cause miscoding and adjusted based on clinical opinion and
evidence on a sample of deaths from urban hospitals in
Ismir and Ankara. In particular, most of the large propor-
tion of deaths coded to “other heart disease” were reassigned
to specific vascular pathologies based on this clinical evi-
dence. For rural areas, causes of death were estimated using
CodMod as described later. Adjusted proportions of Group I,
IT, and III deaths by age and sex were first estimated, and
then the same proportionate distribution of deaths by cause
as observed for urban areas was applied, after adjustment, to
estimate the detailed pattern of causes of death.

Islamic Republic of Iran. Data from the VR system in Iran
were compiled for 18 of the country’s 26 provinces for 2001.
The data were coded to a condensed list of 150 cause cate-
gories using ICD-10. Because the registration system only
covered part of the national population, a model-based pre-
diction was used to estimate the broad cause proportionate
mortality for the whole country. The results are shown in
figure 3.4. The model predicted a higher proportion of
Group I causes for both males and females in childhood and
a higher proportion of Group I causes for females ages 15 to
44, reflecting higher maternal mortality among the nonreg-
istered population than among the registered population.
The predicted distributions for the broad cause groups were
then applied to the specific-cause proportionate mortality
from the reported data and adjusted to the national mort-
ality envelope derived from the life table analysis.

Thailand. VR data were available for 2000 with an estimated
coverage of about 80 percent (Lopez and others 2002).
However, the proportion of ill-defined conditions was nearly
50 percent, because many deaths in Thailand occur at home
and the cause of death is often reported by lay persons.
To improve the usability of data from the VR system, the
Ministry of Public Health conducted a retest survey on a
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Figure 3.4 CodMod Estimation of Major Cause Group Proportional
Mortality for Islamic Republic of Iran, 2001

sample of about 33,000 deaths, using verbal autopsy methods,
to ascertain the true cause of death (Ministry of Public Health
2002). This included a sample of 12,000 deaths with ill-
defined causes. The study reallocated about 66 percent of
deaths with ill-defined causes to specific causes, including
reclassifying many deaths as caused by HIV/AIDS. The reallo-
cation algorithm for ill-defined causes from the verbal autop-
sy study was used to correct the high proportion of ill-defined
deaths from the VR data, and then the resultant cause-specific
proportionate mortality was inflated to the national mortality
envelope derived from the life table analysis.

Epidemiological Estimates of Mortality for Specific Causes

As outlined in table 3.2, specific epidemiological estimates
for some causes were also taken into account in analyzing
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Table 3.5 Numbers of Data Sets Contributing to Epidemiologically Based Estimates of Deaths Due to Specific Causes

East Europe Middle
Asia and Latin East and Sub- High-
and Central America and North South Saharan income
Cause Pacific Asia the Caribbean Africa Asia Africa countries Total
Tuberculosis? 24 27 34 16 8 39 31 179
HIV/AIDS? 14 26 27 13 5 37 29 150
Diarrheal diseases 0 15 8 21 24 0 73
Childhood-cluster diseases
Pertussis 14 33 64 14 8 45 124 302
Poliomyelitis 22 27 32 15 8 47 37 192
Diphtheria 12 25 2 14 8 46 8 115
Measles 22 18 32 12 8 47 22 127
Tetanus 48 23 27 40 32 79 34 289
Meningitis 23 18 30 12 4 27 43 157
Hepatitis B and C 40 27 47 43 18 67 113 355
Malaria 9 0 2 1 7 142 0 161
Tropical-cluster diseases
Trypanosomiasis 0 0 0 0 0 36 0 36
Chagas’ disease 0 0 31 0 0 0 0 31
Schistosomiasis 6 0 3 8 0 37 1 55
Lower respiratory infections 2 0 18 0 9 18 2 49
Maternal conditions (all causes) 6 0 9 5 4 20 1 45
Unsafe abortion 14 32 27 i 13 49 10 156
Perinatal causes 7 0 7 1 19 12 0 56
Malignant neoplasms 14 12 12 10 3 14 40 105
Drug use disorders 1 11 18 10 6 15 43 114
War 3 1 1 0 0 6 7 18
Total 296 280 438 243 181 807 545 2,765

Source: Authors’ calculations.

Note: The data sources include population-based epidemiological studies, disease registers, and surveillance and notification systems. Where possible, regional and global totals refer to numbers of
separate studies, or country-years of reported data from surveillance or notification systems. Refer to text for more information on data sources for specific causes.
a. Totals refer to numbers of countries for which data were available, not to total data sets or country-years.

causes of death for countries. Table 3.5 summarizes the
numbers of studies (population-based epidemiological
studies, disease registers, and notification systems) that con-
tributed to the estimation of mortality due to 21 specific
causes of death, including HIV/AIDS, malaria, and TB. As
the table shows, more than 2,700 data sets contributed to the
estimates for these 21 causes of death, with almost one-third
of these relating to Sub-Saharan Africa.

Tuberculosis. In 1997, WHO began a study to develop
country estimates of incidence, prevalence, and mortality
from TB (for a detailed description of data sources and
methods see Dye and others 1999). The study derived
estimates of incidence from case notifications adjusted
by estimated case detection rates, prevalence data on active
disease combined with estimates of average case durations,
or estimates of infection risk multiplied by a scalar factor
relating the incidence of smear-positive pulmonary TB to
annual risks of infection.

Since the original estimates for 1997 were completed,
revised and updated estimates have been prepared. Most
countries reporting to WHO have provided notification
data with interpretable trends and with no other evidence
for any significant change in the case detection rate. Trends
in notification rates were assumed to represent trends in
incidence rates for most countries except those with evi-
dence of changes in case detection rates. China carried out a
countrywide disease prevalence survey during 2000, and the
results were used to reevaluate incidence for 1999. For other
countries with evidence of changes in case detection rates,
the trend for one of eight groups of epidemiologically simi-
lar countries was assumed to apply (Corbett and others
2003). Annual reports on TB control have included further
details on surveillance methods, case notifications, and inci-
dence estimates by country (WHO 2003a).

Deaths due to all forms of TB (excluding HIV-infected
persons) were estimated for 2001. For countries with VR
data, these estimates were based on the most recently
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available VR data. For other countries, estimates were based
on the estimated TB incidence rates (excluding HIV-infect-
ed persons) multiplied by the estimated case fatality rates
and weighted for the proportion of cases treated and the
proportion smear-positive.

HIV/AIDS. The Joint United Nations Programme on
HIVAIDS and WHO have developed country-specific esti-
mates of HIV/AIDS mortality and revise them periodically
to account for new data and improved methods
(Schwartlander and others 1999; Walker and others 2003).
For the most recent round of estimates, they used two dif-
ferent types of models depending on the nature of the epi-
demic in a particular country. For generalized epidemics, in
which infection is spread primarily through heterosexual
contact, they used a simple epidemiological model to esti-
mate epidemic curves based on sentinel surveillance data
on HIV seroprevalence (UNAIDS Reference Group on
Estimates Model and Projections 2002). For countries with
epidemics concentrated in high-risk groups, they used
prevalence estimates derived from the estimated population
size and prevalence surveillance data in each high-risk cate-
gory, and then employed simple models to back-calculate
incidence and mortality based on these estimated preva-
lence trends (Stover and others 2002).

For countries with death registration data, HIV/AIDS
mortality estimates were generally based on the most
recently available VR data except where miscoding of
HIV/AIDS deaths was evident. In such cases, a time series
analysis of causes was carried out to identify and reassign
miscoded HIV/AIDS deaths. For other countries, estimates
were based on the Joint United Nations Programme on
HIV/AIDS and WHO estimates of HIV/AIDS mortality for
2001, or in some cases where these were not available, on the
estimated prevalence of HIV/AIDS in 2001 multiplied by
the average subregional mortality to prevalence ratio.

Diarrheal Diseases. For countries with usable death reg-
istration data, deaths due to diarrheal diseases were esti-
mated directly from that data. For other countries, a
regression model was used to estimate proportional mor-
tality from diarrhea for children under five (Boschi-Pinto
and others forthcoming). The regression model included
the logit of the proportional mortality from diarrheal dis-
eases in children from birth through four as a dependent
variable and gross domestic product (GDP) per capita in
international dollars, time, and region indicator variables
as explanatory variables. The regression data were drawn
from more than 60 community-based studies carried out

since 1980 with study durations of multiples of
12 months. This model was validated and supplemented
with vital statistics from developing countries where cov-
erage was high.

Vaccine-Preventable Childhood Diseases. Mortality for
measles was estimated using two approaches. In countries
where routine vaccine coverage was low (less than 80 per-
cent), incidence data were derived from a natural history
model using country-specific vaccine coverage and attack
rates from population-based studies (Crowcroft and others
2003). For countries with higher routine coverage and in the
elimination phase, case notification and country-specific
correction factors were used to estimate incidence. To obtain
mortality in countries where VR data were not available,
age- and region-specific case fatality rates from community-
based and outbreak studies were applied to incidence esti-
mates derived from both approaches.

Pertussis cases and deaths were based on a natural history
model using vaccine coverage and age-specific case fatality
rates from community based studies, where available
(Crowcroft and others 2003). The model is a revision of
Galezka and Robertson’s (2004) approach.

The incidence estimates for polio and diphtheria (Stein
2002b; Stein and Robertson 2002) were based on country-
specific reported cases of acute flaccid paralysis with
adjustments for underreporting and on country-specific
notifications of diphtheria cases with an assumed notifica-
tion efficiency of 20 percent, respectively. A case fatality rate
of 10 percent was assumed for diphtheria in countries with-
out high death registration coverage.

Acute Respiratory Infections. Community-based studies
with durations of one year or longer, published since 1980,
were used to estimate the proportional mortality from acute
respiratory infections in children under five in developing
countries (Williams and others 2002). The results con-
firmed earlier findings that the proportion of deaths attrib-
utable to acute respiratory infections diminishes as general
mortality diminishes. Much of the variability across studies
in the proportion of child deaths attributed to acute respi-
ratory infections was due to the use of verbal autopsies to
determine the cause of death. Data from seven studies that
compared verbal autopsies with hospital-based diagnoses
indicated that the percentage of deaths due to acute respira-
tory infections could be underestimated by up to 4 percent.
The modeled estimates were supplemented with vital statis-
tics from developing countries where coverage was high to
develop regional and global estimates.
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Malaria. Malaria mortality estimates for all regions except
Sub-Saharan Africa were derived from the cause of death
data sources described earlier. For Sub-Saharan Africa,
country-specific estimates of malaria mortality were based
on analyses by Snow and others (1999) and updated using
the most recent geographical distributions of risks from
the Mapping Malaria Risks in Africa International
Collaboration. Subsequent adjustments were made to the
estimated country-specific malaria deaths to ensure that
total mortality for Group I causes, particularly in the 0—4
year age group, and including estimates for other specific
causes such as TB, HIV/AIDS, and measles, added to the
total all-cause mortality envelopes for the relevant coun-
tries. Work is currently under way to refine and revise these
country-specific estimates of malaria mortality in collabo-
ration with other WHO programs and external expert
groups (Korenromp and others 2003; Rowe and others
2004).

Chagas’ Disease. Chagas’ disease estimates were obtained
from recent intensive surveillance activities in the Southern
Cone American countries and community-based studies
(Moncayo 2003; Moncayo, Guhl, and Stein 2002). These
estimates were supplemented with and validated against
vital statistics from Latin American countries where cover-
age was high.

Maternal Mortality. Mortality from maternal conditions
was estimated following a similar approach to earlier
analyses (Abdallah and Zehani 2000; Hill, AbouZahr, and
Wardlaw 2001), using the most recently available mortality
data for developing countries, together with improved esti-
mates of the impact of HIV/AIDS as a competing cause of
mortality (WHO, UNICEF, and UNFPA 2003). Depending
on the availability and quality of data on detailed causes of
maternal deaths, the methods used to estimate the propor-
tion of deaths of women of reproductive age that is due to
maternal causes (PMDF) varied and included vital records,
DHSs and other surveys, Reproductive Age Mortality Study
surveys, and epidemiological models. For countries without
death registration data, both nationally reported data and
specific criteria for a regression model were used to estimate
maternal mortality. The dependent variable in this model
was the logit of the PMDF after subtracting HIV/AIDS
deaths and the explanatory variables were the proportion of
deliveries with skilled birth attendance, the GDP per capita
in international dollars, and the general fertility rate plus
region dummy variables. The total number of deaths from
maternal causes for each country was estimated by multi-

plying the PMDEF by the overall mortality envelope for
women aged 15 to 49 after subtracting HIV/AIDS deaths.

Abortion-related mortality occurs mainly as a result of
unsafe induced abortion. It has been estimated using pub-
lished and unpublished reports for 131 countries together
with other information on legal and social contexts and
summed to give regional totals (WHO 2004a).

Perinatal Causes. The cause category “perinatal causes”
refers to the ICD cause group “conditions arising in the peri-
natal period” (ICD chapter 16, P-codes). Deaths from these
causes, primarily low birthweight, prematurity, and birth
trauma or asphyxia, may occur at any age, and can include
some maternal or placental causes, such as multiple preg-
nancy. Deaths from these causes should not be confused
with deaths that occur during the perinatal period, which
include stillbirths and neonatal deaths from other causes
such as tetanus and congenital malformations. However,
acknowledging that nearly all deaths due to perinatal causes
occur during the neonatal period, we first estimated the
envelope of neonatal mortality for every country (for details
of the method see Murray and Lopez 1998). The analysis has
been updated using recent death registration data and DHS
data. Work is currently under way in collaboration with
other WHO programs and external expert groups to refine
and revise these country-specific estimates of mortality due
to perinatal causes (Lawn, Cousens, and Zupan 2005).

Cancer. For countries without good VR data to estimate the
site-specific distribution of cancer mortality, a site-specific
model for relative interval survival was developed and
applied to cancer incidence estimates by site (Mathers,
Shibuya, and others 2002; Shibuya and others 2002). This
age-period-cohort model of cancer survival was based on
data from the Surveillance, Epidemiology, and End Results
program of the National Cancer Institute (Ries and others
2002). The model was further adjusted by site for each
country based on observed correlations in regional and
country survival probabilities and level of economic devel-
opment (GDP per capita in international dollars) (Mathers,
Shibuya, and others 2002). Combined with available inci-
dence data from the International Agency for Research on
Cancer (Ferlay and others 2001), cancer death distributions
were estimated and the model estimates were validated
against available VR data from countries other than the
United States.

Drug Use Disorders. This category includes dependence
on and nondependent problem use of both licit and illicit
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drugs, excluding tobacco and alcohol (see table 3A.2).
Estimating mortality directly attributable to drug use disor-
ders, such as death from overdose, is difficult because of
variations in the quality and quantity of mortality data. For
some regions with a substantial prevalence of illicit drug
use, available data sources do not record any deaths as due
to drug dependence. As a result, it is necessary to make indi-
rect estimates based on estimates of the prevalence of illicit
drug use and of case fatality rates, on the assumption that
almost all mortality directly attributable to drug use disor-
ders is associated with illicit drugs. However, making even
indirect estimates is difficult because the use of these drugs
is illegal, stigmatized, and hidden.

The comparative risk assessment work carried out for
the World Health Report 2002 (WHO 2002d) included
estimating the prevalence of illicit drug dependence and
direct mortality based on available data (Degenhardt and
others 2003; Ezzati and others 2002). Data on the preva-
lence of problematic illicit drug use were derived from a
range of sources, including a formal literature search of all
studies that estimated the prevalence of problematic drug
use, the United Nations Drug Control Program, and the
European Monitoring Centre for Drugs and Drug
Addiction (2002).

A search was also conducted for cohort studies of drug
users that had estimated mortality due to individual causes
of death (overdose, suicide, and trauma) and to all causes of
death (updating previous systematic reviews). Data on the
number of years of follow up were extracted from each
study and a weighted average annual mortality rate was
calculated for each cause of death and for their sum.

The total regional deaths due directly to illicit drug use
were then distributed among countries in each region in
proportion to estimated prevalences of drug dependence
and problem use. For developed countries with good VR
data, evidence suggests that deaths due to drug use disorders
are underrecorded (European Monitoring Centre for Drugs
and Drug Addiction 2002; Single and others 2002). For these
countries, mortality figures were adjusted for age groups in
which the estimated deaths derived from the comparative
risk assessment analysis exceeded the number of deaths
recorded on the assumption that these additional deaths
were originally miscoded as due to accidental poisoning or
ill-defined causes.

War Deaths. Country-specific estimates of war deaths and
corresponding uncertainty ranges were obtained from a
variety of published and unpublished databases. The Armed
Conflict Report (Project Ploughshares 2001, 2002), a report

that supplies several databases with mortality estimates (see,
for example, Center for Research on the Epidemiology of
Disasters 2001), was the primary source used for time trend
and mortality estimates. This report was a preferred source
of information, because it includes war deaths by country
and year, a departure from the typical practice of supplying
estimates by conflict and across years. The report’s data were
checked against historical and current estimates by other
research groups, such as those of the Uppsala Conflict Data
Project (Gleditsch and others 2002) and the Center for
International Development and Conflict Management at
the University of Maryland (Marshall and Gurr 2003).

These data sets rely on press reports of eyewitness
accounts and official announcements of combatants, which
are, unfortunately, the main and often only possible method
of estimating casualties in armed conflicts. Murray, King,
and others (2002) summarize the issues involved in estimat-
ing war deaths and emphasize the considerable uncertainty
in the GBD 2000 and GBD 2001 estimates. Many of the
available data sources on conflict deaths only count deaths
in conflicts that involve the armed forces of at least one state
or one or more armed factions seeking to gain control of all
or part of the state, and in which more than a certain num-
ber of people have been killed, for instance, more than 1,000
total or more than 25 per year. Some sources count only
battlefield deaths and deaths that occur concurrently
with conflict.

In contrast, the GBD 2001 estimated deaths occurring in
2001 in which the underlying cause (following ICD conven-
tions) was an injury due to operations of war or civil insur-
rection, whether or not that injury occurred during the time
of war or following the cessation of hostilities, which in
some cases occurred many years earlier than 2001. The GBD
2001 estimates included injury deaths resulting from all civil
insurrection, whether or not the state was involved. They
also included deaths due to terrorism carried out by organ-
ized groups. The GBD 2001 estimates of war deaths did not
include deaths from other causes, such as starvation, infec-
tious disease epidemics, or lack of medical intervention for
chronic diseases, that may be counterfactually attributable
to war or civil conflict.

Deaths due to landmines and unexploded ordnance were
estimated separately by country. The primary sources for
these data were the Landmine Monitor Report of the
International Campaign to Ban Landmines (Human Rights
Watch 2001) and Handicap International’s annual report on
landmine victims (Handicap International 2001).

Whereas total injury deaths for most countries were
derived either from death registration data or from cause of
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death models, war deaths were treated as “outside the enve-
lope,” and for countries for which life tables were estimated
from data for earlier years not affected by war, war deaths
were added to the total deaths estimated from the life tables.

Cause of Death Modeling for Countries with Poor Data

Although epidemiological studies and other data sources
described in the previous section allow the estimation of
deaths due to certain causes in populations without death
registration data, they do not cover many important causes
of death in these populations, such as CVD or injuries. To
address these information gaps, models for estimating
broad cause of death patterns can serve as the starting point
for indirect methods of estimating attributable mortality for
a comprehensive list of causes.

Preston (1976) was the first to develop indirect methods
for estimating cause of death structure. Preston modeled the
relationship between total mortality and cause-specific mor-
tality for 12 broad groups of causes using historical VR data
for the industrial countries and a few developing countries.
In particular, Preston postulated that cause-specific mortal-
ity was a linear function of total mortality. The GBD 1990
study (Murray and Lopez 1996a) used cause of death mod-
els to estimate mortality for the three major cause groups
(Groups I, II, ITI) as a function of mortality from all causes,
based on regression analysis of observations on recent mor-
tality patterns from 67 countries. The log of cause-specific
mortality was postulated to be a linear function of the log of
total mortality, and poorly coded deaths were redistributed
before estimating the regression equations.

The cause of death model used in the GBD 1990 has been
substantially revised and enhanced for estimating deaths by
broad cause group in regions with limited information on
mortality. The statistical model has been improved by
adapting models for compositional data that were previously
developed in other areas, and a substantially larger data set
of 1,613 country-years of observations was used for analysis.
Income per capita has been added to the model as an
explanatory variable in addition to the level of all-cause
mortality (Salomon and Murray 2002a).

This section provides an overview of the new model,
CodMod, developed by Salomon and Murray for the GBD
2001, and describes its application for estimating (a) broad
cause patterns for populations where no cause of death
information is available, and (b) broad cause of death pat-
terns when incomplete death registration data are available.
The estimation of broad cause of death patterns is critical to
avoid overemphasizing or underemphasizing specific causes

due to biases in the data sets available to estimate national
mortality patterns, for example, if data are derived from
urban hospital statistics.

Statistical Methods and Data. The statistical basis for
cause of death models has also been enhanced by the adap-
tation of models for compositional data that were pre-
viously developed in other areas (Katz and King 1999).
These models take account of the key features of this type of
data, namely, that the fraction of deaths attributable to each
cause is bounded by 0 and 1 and that all the fractions must
sum to unity. Violations of both constraints were possible
with the regression models used in the GBD 1990; an addi-
tional normalization step was undertaken to impose these
constraints. The new model explicitly ensures both these
constraints using a seemingly unrelated regression model
(for a full description of this model and its application to
analysis of the epidemiological transition, see Salomon and
Murray 2002a).

In addition to revising the statistical model used in the
previous study, Salomon and Murray also considered addi-
tional covariates beyond all-cause mortality. The objective
was to identify variables likely to have a strong relationship
to cause-specific mortality, but also variables for which esti-
mates would be available in all countries, because one of the
goals of the exercise was to use the model to predict broad
patterns of mortality for countries without VR data. The
variables that were selected based on these criteria were all-
cause mortality, as before, plus income per capita in inter-
national dollars. Both variables were included in logged
form, because this formulation tended to provide a better fit
than the linear form.

Perhaps most important, the new cause of death model
incorporated a more extensive database on mortality by age,
sex, and cause than previous efforts, with substantially more
representation of middle-income countries. Increasing
the range of observed cause of death patterns should
improve the validity of extrapolations from countries with
registration systems to data-poor settings.

Separate models were estimated for each sex and the fol-
lowing age groups: younger than 1 month, 1-11 months, 1-4
years, 5-9 years, 10-14 years, and so on by five-year age
groups up to 80-84 years and 85 years and older. For the
two youngest age groups, a smaller number of observations
were available because some countries for some periods
reported only on the age range from birth to 11 months. A
total of 586 country-years of observations were available for
the first two age groups and 1,613 country-years of observa-
tions for each of the other 18 age groups. The regression

66 | Global Burden of Disease and Risk Factors | Colin D. Mathers, Alan D. Lopez, and Christopher J. L. Murray



results provided insights into the relationships between cause
of death patterns, all-cause mortality levels, and increases in
income per capita (Salomon and Murray 2002a).

Salomon and Murray also used Monte Carlo simulation
techniques to estimate the probability distributions of the
predicted cause of death components given a particular set of
values for all-cause mortality and GDP per capita (Salomon
and Murray 2001a). The results from this approach were use-
ful in estimating cause of death patterns for residual areas in
countries where VR covers only part of the population and in
defining regional cause of death patterns.

Application of CodMod for Countries without Good
Registration Data. As with the GBD 1990, one of the use-
ful applications of cause of death models is to examine pat-
terns of deviation from the expected cause composition
across countries or regions based on the probability distri-
bution for a predicted cause of death pattern. In other
words, the models permit comparison of the observed pat-
tern with the pattern that would be predicted conditional on
the levels of all-cause mortality and income per capita asso-
ciated with that observation.

Given some assumptions about the stability of this pat-
tern of deviation over short time intervals within a country
or across countries in the same mortality stratum, it is pos-
sible to use the observed cause of death pattern in a refer-
ence population to estimate the cause of death pattern for
some other population while taking into account differences
in the explanatory variables. Some examples of applications
would be

+ estimating the cause of death pattern in nonregistration
areas for a country in which part of the population is cov-
ered by a VR system,

+ forecasting the cause of death pattern for a country where
the most recent VR data are for several years in the past,
and

+ estimating the cause of death pattern for a country for
which information is not available but is available for
other countries in the same region.

All these applications are based on the assumption that
patterns of deviation from the cause compositions predicted
by the model will have some stability across time and place,
for example, if young adults in Canada tend to have a low
proportion of Group I deaths and a high proportion of
Group II deaths in one year given the levels of all-cause mor-
tality and income in that year, a reasonable assumption
would be that the next year’s composition will be similarly

low in Group I and high in Group II given that year’s total
income and mortality. This hypothesis builds on the notion
that all-cause mortality and income per capita explain only
some of the variation in cause of death patterns, while the
other sources of this variation are unmeasured but are
assumed to be relatively stable. In other words, the cause of
death pattern in Canada differs from what we would predict
based only on total mortality and income because other fac-
tors influence the pattern. We assume that these other factors
will change gradually over time, which would imply that the
deviation from the prediction should also move gradually.

Using similar arguments, Salomon and Murray (2001a)
suggested that it may be possible to use patterns of deviation
from one country to predict cause of death patterns in
another country in the same demographic region. They
demonstrated an example of this for mortality data from
Chile and Mexico for women aged 35 to 39 for 1965-94.
They estimated the percentiles at which the observed cause
fractions for the two countries fell in the probability distri-
bution of predicted fractions produced by the Monte Carlo
simulations conditional on the mortality and income levels
in those years for each country and found similarities in the
deviation patterns. Overall, this example suggested that
deviation patterns in groups of similar countries may be
similar, allowing predictions of cause of death patterns in
countries where registration data are not available but for
which neighboring countries do have data.

The application of this method has been formalized in a
simple spreadsheet program called CodMod (Salomon and
Murray 2001a). The program incorporates the regression
models described earlier and uses Monte Carlo simulation
methods to generate probability distributions around pre-
dicted cause of death patterns conditional on values for all-
cause mortality and income per capita. CodMod allows two
main operations: (a) analysis of deviations in observed
cause of death patterns given levels of mortality and income,
and (b) predictions of cause of death patterns conditional
on a reference pattern of deviation and levels of mortality
and income.

Thus, for example, if the VR system covers only
one region in a country, CodMod may be used to examine
the pattern of deviation in that region from the predicted
cause of death pattern at local income and total mortality
levels. We assume that a similar pattern of deviation will
hold in the nonregistration areas of the country, then we can
use information on total mortality levels and income in the
nonregistration areas to predict cause of death patterns in
these areas. The GBD 2001 used CodMod for countries with
incomplete death registration data to adjust for biases in
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cause composition. Annex table 3A.3 lists countries for
which such adjustments were carried out.

CodMod was also used to develop regional patterns of
deviation from predicted cause compositions, which were
then used to estimate mortality by broad causes for countries
for which no registration data were available. Annex
table 3A.3 summarizes details of these regional models. In
the case of the Sub-Saharan Africa region, where good
VR data were available for only three countries, a regional
pattern of specific causes of deaths was based on VR data
from urban and rural South Africa. For the Middle East
and North Africa, a similar pattern was built for the Gulf
states based on the four latest years of data from Bahrain
and Kuwait. For other countries in that region, regional
models were based on weighted death rates using Egyptian
and Iranian VR data. The weights used were determined by
the income levels of the individual countries and overall
death rates. For the Pacific islands, a regional pattern was
based on data available from islands reporting death regis-
tration data.

Whereas the original GBD study used a more detailed
cause of death model for 12 causes of death to estimate
deaths below the broad group level for countries without
death registration data, the increased availability of death
registration data in most regions has enabled us to use
detailed proportional cause distributions within Groups I,
I1, and I1I based on death registration data from within each
region (see annex table 3A.3 for more details). Specific caus-
es were further adjusted on the basis of epidemiological evi-
dence from registries, verbal autopsy studies, disease surveil-
lance systems, and analyses from WHO technical programs
as described earlier.

GLOBAL AND REGIONAL MORTALITY IN 2001

Slightly more than 56 million people died in 2001, 10.5
million, or nearly 20 percent, of whom were children
younger than five. Of these child deaths, 99 percent occurred
in low- and middle-income countries. Those age 70 and
over accounted for 70 percent of deaths in high-income
countries, compared with 30 percent in other countries.
Thus, a key point is the comparatively large number of
deaths among the young and the middle-aged in low- and
middle-income countries. In these countries, 30 percent of
all deaths occur at ages 15 to 59, compared with 15 percent
in high-income countries. The causes of death at these ages,
as well as in childhood, are thus important in assessing
public health priorities.

This section provides an overview of global and regional
causes of death in 2001. Note that as described earlier, the
results reported here are tabulated by underlying disease
cause or external cause of injury. Total attributable deaths
for some diseases that increase the risk of other diseases or
injuries will be substantially larger than the estimates of
direct deaths given here. Chapter 4 estimates deaths attrib-
utable to 26 global risk factors. The tables in annex 3B pro-
vide detailed tabulations of deaths by cause and sex for
regions, for low- and middle-income countries, for high-
income countries, and for the world.

Distribution of Deaths by Major Cause Group

Worldwide, one death in every three is from a Group I cause.
This proportion remains almost unchanged from 1990 with
one big difference: whereas HIV/AIDS accounted for only
2 percent of Group I deaths in 1990, it accounted for 44 per-
cent of Group I deaths in 2001. Excluding HIV/AIDS,
Group I deaths fell from 33 percent of total deaths in 1990
to less than 20 percent in 2001. Virtually all the Group I
deaths are in low- and middle-income countries. Just under
10 percent are from Group IIT causes (injuries) and almost
60 percent of deaths are from Group II causes (noncommu-
nicable diseases). Figure 3.5 shows the proportional distri-
bution of these major cause groups for low- and middle-
income countries and high-income countries.

Group I causes remain the leading cause of child deaths
in all regions, although they are now responsible for fewer
child deaths than Group II and Group III combined in high-
income countries (figure 3.6). In contrast, Group II causes
are now responsible for more than 50 percent of deaths
in adults ages 15 to 59 in all regions except South Asia and

Low- and Middle-Income Countries High-Income Countries

Group Il Group Il Group |
10% 6% 7%

Group |
36%

Group Il
54%

Source: Authors’ calculations.

Figure 3.5 Proportional Distribution of Total Deaths by Broad Cause
Group, 2001
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Figure 3.6 Death Rates by Broad Cause Group, Region, and Broad
Age Group, 2001

Sub-Saharan Africa, where Group I causes, including
HIV/AIDS, remain responsible for 33 and 67 percent of
deaths, respectively. For adults ages 15 to 59, death rates
from Group II causes are higher for all low- and middle-
income regions than for high-income countries, and in
Europe and Central Asia are almost double the rate for the
high-income countries. These results show that premature
mortality from noncommunicable diseases is higher in pop-

ulations with high mortality and low incomes than in the
high-income countries.

Leading Causes of Death

Table 3.6 shows the top 10 disease and injury causes of death
in 2001 for low- and middle-income countries and for high-
income countries. IHD and cerebrovascular disease (stroke)
were the leading causes of death in both groups of countries
in 2001, responsible for 12 million deaths globally, or almost
one-quarter of the global total. Only 1.4 million of the
7.1 million who died of IHD were in the high-income coun-
tries. Stroke killed 5.4 million, of whom less than 1.0 million
were in high-income countries.

Whereas lung cancer, predominantly due to tobacco
smoking, remains the third leading cause of death in high-
income countries, reflecting high levels of smoking in previ-
ous years, the increasing prevalence of smoking in low- and
middle-income countries has not yet driven lung cancer into
the top 10 causes of death for these countries. HIV/AIDS is
the fourth leading cause of death in low- and middle-income
countries,and HIV/AIDS death rates are projected to contin-
ue to rise, albeit at a slower pace, despite recent increased
efforts to improve access to antiretroviral drugs.

Lower respiratory infections, conditions arising during
the perinatal period, and diarrheal diseases remain among
the top 10 causes of death in low- and middle-income coun-
tries. In 2001, these three causes of death together account-
ed for nearly 60 percent of child deaths globally.

Table 3.7 shows the 10 leading causes of death in low-
and middle-income countries by sex in 2001. Leading causes
of death are generally similar for males and females,
although road traffic accidents appear in the top 10 only for
males and diabetes appears only for females.

Leading Causes of Death in Children. Infectious and par-
asitic diseases remain the major killers of children in the
developing world. Although notable success has been
achieved in certain areas, for example, polio, communicable
diseases still account for 7 out of the top 10 causes and are
responsible for about 60 percent of all child deaths. Overall,
the 10 leading causes in low- and middle-income countries
represent 80 percent of all child deaths in those countries,
and also worldwide (table 3.8).

Many Latin American and some Asian and Middle
Eastern countries have shifted somewhat toward the cause
of death pattern observed in developed countries. In these
countries, conditions arising during the perinatal period,
including birth asphyxia, birth trauma, and low birthweight,
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Table 3.6 The 10 Leading Causes of Death, by Broad Income Group, 2001

Low- and middle-income countries

High-income countries

Percentage Percentage

Deaths of total Deaths of total

Cause (millions) deaths Cause (millions) deaths
1 Ischemic heart disease 5.70 118 1 Ischemic heart disease 1.36 17.3
2 Cerebrovascular disease 461 95 2 Cerebrovascular disease 0.78 99
3 Lower respiratory infections 3.41 7.0 3 Trachea, branchus, and lung cancers 0.46 58
4 HIV/AIDS 2.55 53 4 Lower respiratory infections 0.34 44
5 Perinatal conditions 2.49 5.1 5 Chronic obstructive pulmonary disease 0.30 3.8
6 Chronic obstructive pulmonary disease 2.38 49 6 Colon and rectal cancers 0.26 3.3
7 Diarrheal diseases 1.78 37 7 Alzheimer's and other dementias 0.21 2.6
8 Tuberculosis 1.59 33 8 Diabetes mellitus 0.20 2.6
9 Malaria 1.21 2.5 9 Breast cancer 0.16 2.0
10 Road traffic accidents 1.07 22 10 Stomach cancer 0.15 1.9

Source: Authors' calculations.
Table 3.7 The 10 Leading Causes of Death, by Sex, in Low- and Middle-Income Countries, 2001
Males Females
Percentage Percentage

Deaths of total Deaths of total

Cause (millions) deaths Cause (millions) deaths
1 Ischemic heart disease 3.01 11.8 1 Ischemic heart disease 2.69 11.8
2 Cerebrovascular disease 2.17 8.5 2 Cerebrovascular disease 244 10.7
3 Lower respiratory infections 1.72 6.7 3 Lower respiratory infections 1.68 74
4 Perinatal conditions 1.38 54 4 HIV/AIDS 1.18 52
5 HIV/AIDS 1.38 54 5 Chronic obstructive pulmonary disease 117 5.1
6 Chronic obstructive pulmonary disease 1.21 47 6 Perinatal conditions 1.1 49
7 Tuberculosis 1.04 4.1 7 Diarrheal diseases 0.85 37
8 Diarrheal diseases 0.93 3.6 8 Malaria 0.63 2.8
9 Road traffic accidents 0.78 31 9 Tuberculosis 0.55 24
10 Malaria 0.58 2.3 10 Diabetes mellitus 0.42 1.8

Source: Authors' calculations.

Table 3.8 The 10 Leading Causes of Death in Children Ages 0-14, by Broad Income Group, 2001

Low- and middle-income countries

High-income countries

Deaths Percentage of Deaths Percentage of

Cause (millions) total deaths Cause (millions) total deaths
1 Perinatal conditions 249 20.7 1 Perinatal conditions 0.03 339
2 Lower respiratory infections 2.04 17.0 2 Congenital anomalies 0.02 20.0
3 Diarrheal diseases 1.61 134 3 Road traffic accidents 0.01 59
4 Malaria 1.10 9.2 4 Lower respiratory infections 0.00 25
5 Measles 0.74 6.2 5 Endocrine disorders 0.00 24
6 HIV/AIDS 0.44 37 6 Drownings 0.00 24
7 Congenital anomalies 0.44 3.7 7 Leukemia 0.00 1.9
8 Whooping cough 0.30 2.5 8 Violence 0.00 1.8
9 Tetanus 0.22 19 9 Fires 0.00 1.2
10 Road traffic accidents 0.18 15 10 Meningitis 0.00 1.2

Source: Authors” calculations.

70 | Global Burden of Disease and Risk Factors | Colin D. Mathers, Alan D. Lopez, and Christopher J. L. Murray



have replaced infectious diseases as the leading cause of
death and are now responsible for 21 to 34 percent of
deaths. Such a shift in the cause of death pattern has not
occurred in Sub-Saharan Africa, where perinatal conditions
rank in fourth place and malaria, lower respiratory infec-
tions, and diarrheal diseases continue to be the leading
causes of death in children, accounting for 53 percent of all
deaths.

About 90 percent of all HIV/AIDS and malaria deaths in
children in developing countries occur in Sub-Saharan
Africa, which accounts for 23 percent of the world’s births
and 42 percent of the world’s child deaths. The immense
surge of HIV/AIDS mortality in children in recent years
means that HIV/AIDS is now responsible for 332,000 child
deaths annually in Sub-Saharan Africa and nearly 8 percent
of all child deaths in the region.

Some progress has been made against diarrheal diseases
and measles in low- and middle-income countries. While
the incidence of diarrheal diseases is thought to have
remained stable, mortality from diarrheal diseases has fallen
from 2.5 million deaths in 1990 to about 1.6 million deaths
in 2001, and now accounts for 13 percent of all deaths of
children under age 15. Deaths from measles have declined
modestly, although more than half a million children under
five still died from this disease in 2001. Malaria causes more
than a million child deaths per year or nearly 11 percent of
all deaths of children under five.

Leading Causes of Death in Adults

Table 3.9 shows the leading causes of deaths among adults
ages 15 to 59 worldwide in 2001. Despite a global trend of
declining communicable disease burden in adults,
HIV/AIDS has become the leading cause of mortality and

the single most important contributor to the burden of dis-
ease among adults in this age group.

Nearly 80 percent of the 2.1 million adult deaths from
HIV/AIDS in 2001 occurred in Sub-Saharan Africa. In this
region, HIV/AIDS is the leading cause of death, resulting in
more than 6,000 deaths every day and accounting for almost
one in five deaths for all ages and one in two deaths of adults
ages 15 to 59. HIV/AIDS has reversed mortality trends
among adults in the region, and in many countries, life
expectancies have declined since 1990.

The 4.5 million adult injury deaths in 2001 were heavily
concentrated among young adults, particularly men. In the
15 to 59 age group, road traffic accidents and suicide were
among the 10 leading causes of death in high-income and
low- and middle-income countries, and violence (homi-
cide) was also among the 10 leading causes in low- and
middle-income countries. Among adults ages 15 to 44
worldwide, road traffic accidents were the leading cause of
death for men after HIV/AIDS, followed by TB and vio-
lence. Suicide was the third leading cause of death for
women in this age group, after HIV/AIDS and TB, with road
traffic accidents in fifth place.

The risk of death rises rapidly with age among adults age
60 and over in all regions. Globally, 60-year-olds have a 55
percent chance of dying before their 70th birthday. Regional
variations in the risk of death are smaller at older ages than
at younger ages, ranging from around 40 percent in the
developed countries of Western Europe to 60 percent in
most developing regions and 70 percent in Sub-Saharan
Africa. Historical data from countries such as Australia and
Sweden show that life expectancy at age 60 changed slowly
during the first six to seven decades of the 20th century, but
started to increase substantially since around 1970. Life

Table 3.9 The 10 Leading Causes of Death in Adults Ages 15-59, by Broad Income Group, 2001

Low- and middle-income countries

High-income countries

Deaths Percentage of Deaths Percentage of

Cause (millions) total deaths Cause (millions) total deaths
1 HIV/AIDS 2.05 14.1 1 Ischemic heart disease 0.13 10.8
2 Ischemic heart disease 1.18 8.1 2 Self-inflicted injuries 0.09 7.2
3 Tuberculosis 1.03 7.1 3 Road traffic accidents 0.08 6.9
4 Road traffic accidents 0.73 5.0 4 Trachea, bronchus, and lung cancers 0.08 6.8
5 Cerebrovascular disease 0.7 49 5 Cerebrovascular disease 0.05 44
6 Self-inflicted injuries 0.58 40 6 Cirrhosis of the liver 0.05 44
7 Violence 0.45 3.1 7 Breast cancer 0.05 40
8 Lower respiratory infections 0.33 2.3 8 Colon and rectal cancers 0.04 3.1
9 Cirrhosis of the liver 0.32 2.2 9 Diabetes mellitus 0.03 2.1
10 Chronic obstructive pulmonary disease 0.32 2.2 10 Stomach cancer 0.02 2.0

Source: Authors' calculations.
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Table 3.10 The 10 Leading Causes of Death in Low- and Middle-Income Countries, by Region, 2001

Percentage of

East Asia and Pacific total deaths

Percentage of

Europe and Central Asia total deaths

1 Cerebrovascular disease 14.6
2 Chronic obstructive pulmonary disease 10.8
3 Ischemic heart disease 8.8
4 Lower respiratory infections 4.2
5 Tuberculosis 41
6 Perinatal conditions 3.8
7 Stomach cancer 3.4
8 Trachea, bronchus, and lung cancers 30
9 Liver cancer 29
10 Road traffic accidents 2.8

1 Ischemic heart disease 29.7
2 Cerebrovascular disease 18.2
3 Trachea, bronchus, and lung cancers 2.9
4 Chronic obstructive pulmonary disease 2.3
5 Self-inflicted injuries 2.1
6 Hypertensive heart disease 19
7 Poisonings 19
8 Lower respiratory infections 18
9 Cirrhosis of the liver 1.8
10 Stomach cancer 1.8

Percentage of

Latin America and the Caribbean total deaths

Percentage of

Middle East and North Africa total deaths

1 Ischemic heart disease 10.9 1 Ischemic heart disease 16.9
2 Cerebrovascular disease 8.2 2 Cerebrovascular disease 6.8
3 Perinatal conditions 5.0 3 Lower respiratory infections 5.6
4 Diabetes mellitus 5.0 4 Perinatal conditions 55
5 Lower respiratory infections 48 5 Road traffic accidents 5.1
6 Violence 40 6 Hypertensive heart disease 39
7 Chronic obstructive pulmonary disease 3.0 7 Diarrheal diseases 39
8 Road traffic accidents 2.7 8 Congenital anomalies 24
9 Hypertensive heart disease 2.1 9 Nephritis and nephrosis 2.2
10 HIV/AIDS 2.5 10 Chronic obstructive pulmonary disease 2.1
Percentage of Percentage of
South Asia total deaths Sub-Saharan Africa total deaths
1 Ischemic heart disease 13.6 1 HIV/AIDS 19.0
2 Lower respiratory infections 104 2 Malaria 10.1
3 Perinatal conditions 8.0 3 Lower respiratory infections 10.0
4 Cerebrovascular disease 6.8 4 Diarrheal diseases 6.6
5 Diarrheal diseases 5.1 5 Perinatal conditions 53
6 Tuberculosis 45 6 Measles 41
7 Chronic obstructive pulmonary disease 43 7 Cerebrovascular disease 33
8 HIV/AIDS 2.0 8 Ischemic heart disease 32
9 Road traffic accidents 1.8 9 Tuberculosis 29
10 Self-inflicted injuries 1.7 10 Road traffic accidents 1.8

Source: Authors' calculations.

expectancy at age 60 has now reached 25 years in Japan. In
Eastern Europe from 1990 onward, Hungary and Poland
started to experience similar improvements in mortality for
older people, but Russia has not, and is actually experiencing
a worsening trend.

Regional Variations in Causes of Death

The tables in annex 3B show total deaths by age, sex, and
cause for each of the regions and the world. The 10 leading
causes of mortality differ greatly among low-income and
middle-income countries (table 3.10) and between them
and high-income countries (table 3.6). IHD and cerebrovas-
cular disease are among the top four causes of death in all

low- and middle-income regions except Sub-Saharan
Africa, where they are eighth and seventh, respectively.
Cerebrovascular disease is the leading cause of death in East
Asia and the Pacific, unlike in most other regions, where
IHD causes more deaths than cerebrovascular disease. In
Sub-Saharan Africa, 6 of the top 10 causes are communica-
ble diseases, with HIV/AIDS being the leading cause of
death, followed by malaria and lower respiratory infections.

South Asia (mainly India) and Latin America and the
Caribbean are the only two other low- and middle-income
regions where HIV/AIDS is one of the top 10 causes of
death. Lower respiratory infections, primarily pneumonia,
are the third leading cause of death, especially among
children under five, who account for 60 percent of these
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Figure 3.7 Leading Causes of Premature Death (YLL) and of Deaths, Worldwide, 2001

deaths. Chronic obstructive pulmonary disease kills more
people (1.4 million) in the East Asia and Pacific region, pri-
marily China, than anywhere else in the world, with 50 per-
cent of global mortality from the disease occurring there.

Europe and Central Asia differs from all other low- and
middle-income regions in the size of the CVD epidemic
(with almost 50 percent of deaths due to CVD), followed by
trachea, bronchus, and lung cancers in third place. Self-
inflicted injuries (suicide) are the fifth leading cause of
death in this region. South Asia is the only other region
where suicide is in the top 10 causes of death. Latin America
and the Caribbean is distinguished as the only region where
violence falls in the top 10 causes of death, responsible for 1
in 25 deaths. In all low- and middle-income regions apart
from Europe and Central Asia, road traffic accidents are
included among the top 10 causes of death, reaching fifth
position in the Middle East and North Africa, where they are
responsible for 1 in 20 deaths.

Years of Life Lost Due to Premature Death

In contrast to crude numbers of deaths, a time-based meas-
ure such as YLL allows us to identify those causes that account
for premature deaths by giving greater weight to deaths at
younger ages. Thus, while noncommunicable diseases
accounted for nearly 60 percent of deaths globally in 2001,
they accounted for only 40 percent of YLL, whereas injuries
accounted for 12 percent of YLL and 9 percent of deaths.
Figure 3.7 compares the 10 leading causes of YLL and 10
leading causes of death for 2001. YLL give relatively greater

importance to HIV/AIDS, perinatal conditions, and diar-
rheal diseases, whereas counts of deaths give relatively
greater importance to IHD, stroke, and chronic obstructive
pulmonary disease.

ESTIMATING INCIDENCE, PREVALENCE, AND YLD:
METHODS AND DATA

This section provides an overview of the methods, software
tools, and data sources used to calculate YLD for the GBD
2001 together with a short description of the disease models,
assumptions, and data sources for important cause groups.
Estimating YLD is the most complex and time-consuming
component of burden of disease analysis, because it requires
systematic assessments of the available evidence on inci-
dence, prevalence, duration, and severity of a wide range of
conditions. The GBD study has developed various methods
to reconcile often fragmented and partial estimates available
from different studies. A specific software tool, DisMod,
described later, has been developed to assist in the analysis
of epidemiological data and the preparation of internally
consistent estimates.

Assessing YLD

YLD are essentially calculated as follows (ignoring the com-
plications of discounting):

YLD =IX DXL,
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where I is the number of incident cases in the reference
period, Dis the disability weight (in the range 0 to 1), and Lis
theaverage duration of disability measured in years. With dis-
counting at rate r, the formula for calculating YLD becomes

YLD = I X D X [1—exp(—rL)]/r.

To prepare consistent and unbiased estimates of YLD by
cause, it is important to ensure that the disability weight
and the population incidence and prevalence data relate to
the same case definitions. The data required to estimate
YLD are incidence, disability duration, age of onset, and
distribution by severity class, all of which must be disaggre-
gated by age and sex. These in turn require estimates of inci-
dence, remission, and case fatality rates or relative risks by
age and sex.

For some conditions, numbers of incident cases were avail-
able directly from disease registers or epidemiological studies,
but for most conditions, only prevalence data were available.
In these cases, the DisMod II software program was used to
model incidence and duration from estimates of prevalence,
remission, case fatality rates, and background mortality.

The sources of data and methods used for each of the
major disease and injury groups are summarized in later
subsections. Given the large number of categories analyzed
and the paucity of epidemiological information for many of
them, many of the disease models were necessarily simple
and approximate. For most disease and injury groups, rele-
vant experts were consulted during the development and
revision of YLD estimates.

The disability weights used for the GBD 2001 are still
largely based on the GBD 1990 disability weights and are
summarized in annex tables 3A.6 to 3A.8. For certain condi-
tions for which weights were not available from the original
GBD study, provisional weights were used from Mathers, Vos,
and Stevenson (1999) and Stouthard and others (1997).

As discussed earlier, the disability weights used in DALY
calculations quantify societal preferences for different health
states. These weights do not represent the lived experience of
any disability or health state or imply any societal value of
the person in a disability or health state. Thus, for example,
disability weights of 0.57 for paraplegia and 0.43 for blind-
ness quantify a social judgment that a year with blindness
represents less loss of health than a year with paraplegia. It
also means that, on average, a person who lives three years
with paraplegia followed by death is considered to experi-
ence more equivalent healthy years than a person who
has one year of good health followed by death (3 years X
[1 — 0.57] = 1.3 “healthy” years is greater than 1 year of
good health).

Ensuring Internal Consistency Using DisMod

Estimating prevalence and incidence is usually much harder
than estimating mortality. Data collection, when done, is
often limited in terms of both time and geographical area
and problems of case definition abound. Not surprisingly,
data are frequently incomplete, and when available, their
validity may be in doubt. In particular, given differences in
the way the data for incidence, prevalence, and mortality are
collected, it is almost inevitable that observations are inter-
nally inconsistent. For example, when a cohort study misses
more incident cases than deaths, the observed incidence will
be too small to account for the observed mortality.

To address such issues, the GBD studies have exploited
two kinds of knowledge. First, disease characteristics, such
as remission, case fatality rates, and duration, may be rela-
tively constant across countries and known from studies in
some populations, from clinical studies, or from expert
knowledge. Supplementing observed data with expert
knowledge may help to overcome a lack of data. Second,
because the various epidemiological variables are causally
linked by a disease process, a disease model that explicitly
describes these causal pathways allows us to infer missing
data if existing data are sufficient to do so.

DisMod was developed for the original GBD study to
help model the parameters needed for YLD calculations, to
incorporate expert knowledge, and to check the consistency
of different epidemiological estimates and ensure that the
estimates used were internally consistent. Figure 3.8 shows
the underlying model used by DisMod.

Based on experience with the DisMod software tool in
the original GBD study, a new version, DisMod II, was
developed with a number of additional features (Barendregt
and others 2003). Unlike DisMod I, which used finite differ-
ence methods to “solve” the disease model, DisMod II
implements an exact solution to the underlying differential
equations. As well as calculating solutions when the three

Deaths from
other causes

Cause-specific
deaths

Figure 3.8 Disease Model Underlying DisMod
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without disease All other
mortality rate

Remission
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Incidence
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Source: Barendregt and others 2003.
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hazard rates (for incidence, remission, and mortality) are
provided as inputs, DisMod II allows other combinations of
inputs, such as prevalence, remission, and case fatality rates.
In these cases, DisMod uses a goal-seeking algorithm to fit
hazards such that the model reproduces the available input
variables. DisMod II also has a range of advanced features,
including the ability to undertake sensitivity analysis and
uncertainty analysis, to give different weights to the various
inputs, and to smooth inputs and specify age patterns for
outputs. (The software may be downloaded from the WHO
Web site at http://www.who.int/evidence/dismod.)

DisMod II was extensively used in the analyses for the
GBD 2001 for four main purposes:

* to estimate a set of incidence rates by age from observed
prevalences for a condition, given estimates of remission
rates and cause-specific mortality risk derived from pop-
ulation data or epidemiological studies;

+ to check whether available data for a condition are con-
sistent with each other, for example, when separate esti-
mates of incidence and prevalence were available for a
condition;

+ to calculate the average duration of incident cases, needed
to calculate YLD for a condition;

+  to extrapolate estimates in GBD age categories from epi-
demiological data for different age categories.

Whereas different assumptions regarding remission and
case fatality rates affect the age distribution of incident cases
and YLD estimates, total YLD are relatively insensitive to
these assumptions if matched to a fixed prevalence distribu-
tion. This is because YLD estimates are proportional to inci-
dence multiplied by duration, which approximately equals
the prevalence of the condition. In other words, for most
conditions the combination of incidence, case fatality, and
remission rates (and thus derived durations) used in the
YLD calculations makes relatively little difference to total
YLD across age groups assuming the same prevalence fig-
ures are used as the basis. The effect of discounting compli-
cates this, however, with low incidence and long duration
conditions being more discounted than high incidence but
short duration conditions.

Figure 3.9 illustrates the use of DisMod II to calculate the
incidence of diabetes mellitus in males in Sub-Saharan
Africa given estimates of the age-specific prevalence of cases,
the relative risk of mortality for those with diabetes com-
pared with those without diabetes (Roglic and others 2005),
and the assumption that remission rates are zero.

- 6.0 - 10.0

% O Incidence - 9.0

= 507 [— Prevalence — L 80

o

S 401 ] S

g / - 60 5

-— o

o 3.0 - 50 &

o =

e - 40 S

© | jd

5 20 - 30

= L

S 10- 20

E - 1.0
0.0 0.0

0-4 5-14 15-29 30-44 45-59 60-69 70-79 80+

Age group

Source: Authors’ calculations.

Figure 3.9 Input Prevalences and Incidence Rates Estimated Using
DisMod Il, for Diabetes Mellitus Cases in Males, Sub-Saharan Africa

YLD Estimates for Regions in 2001

The GBD 2001 estimated incidence, prevalence, and YLD
for 17 epidemiological regions based on the 6 WHO regions
subdivided by 5 mortality strata. The five mortality strata
were defined in terms of quintiles of the distribution of
child and adult mortality for males in 1999 (WHO 2002d,
pp- 233-5). These regions are defined in annex table 3A.4.

The Disease Control Priorities Project followed the World
Bank approach in treating all high-income countries as one
region even though they are not geographically contiguous,
and then dividing the rest of the world into six geographic
regions that together are referred to aslow- and middle-income
countries. These regions are defined in annex table 3A.1.

To estimate YLD by cause, age, sex, and region for 2001,
incidence and prevalence rates were imputed from the 17 epi-
demiological subregions to the country level using cause-spe-
cific methods documented by Mathers, Murray, and Salomon
(2003). Absolute incidence and prevalence numbers by age
and sex were then added for all countries in each region to
provide regional estimates for 2001. Because Version 3 esti-
mates for 2000 had been prepared so that they were consistent
with those for 2002, estimates for 2001 were imputed by aver-
aging the Version 3 estimated cause-, age-, sex-, and country-
specific rates for mortality, incidence, and prevalence for 2000
and 2002 and applying them to population data for 2001.

Overview of Data Sources

A wide range of data sources were used to analyze incidence,
prevalence, and YLD for the GBD 2001. These included

* Disease registers. Disease registers record new cases of dis-
ease based on reports by physicians and laboratories.
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Registers are common for infectious diseases, for instance,
TB; cancer; congenital anomalies; for some relatively rare
diseases, such as cystic fibrosis or thallassaemia; and some-
times for conditions such as diabetes, schizophrenia, and
epilepsy.

 Population surveys. Interview surveys, such as the Natio-
nal Health Interview Survey in the United States, can
provide self-reported information on disabilities, impair-
ments, and diseases; however, self-reported data are gen-
erally not comparable across countries (Murray, Tandon,
and others 2002; Sadana and others 2002). In addition,
attributing impairment to the underlying causes is often
difficult and frequently considerable differences are
apparent between lay self-reporting of disease causes
and actual underlying disease causes in terms of defined
GBD disease categories. In general, the results of health
examination surveys have contributed more to YLD
calculations than self-reported interview surveys. The
Composite International Diagnostic Interview (CIDI)
and Diagnostic Interview Schedule (DIS) questionnaires
used for mental health surveys are examples of standard
questionnaires based on self-reporting that have under-
gone validity testing and have been used in assessing YLD
for mental disorders for the GBD 2001.

+  Epidemiological studies. Some of the most useful sources
of information for the GBD 2001 were population-based
epidemiological studies. In particular, longitudinal stud-
ies of the natural history of a disease have provided a
wealth of information about incidence, average duration,
levels of severity, remission, and case fatality rates. Such
studies are rare because they are costly to undertake. In
addition, as they are often conducted in a particular
region or town, judgment is needed when extrapolating
results to the entire population.

*  Health facility data. In most cases, routine data on con-
sultations by diagnosis were not found to be a great deal
of use in estimating YLD. Unless coverage of the health
system is virtually total, facilities-based data will be
based on biased samples that do not reflect the preva-
lence or severity distributions of conditions in the com-
munity. Likewise, hospital deaths are unlikely to be use-
ful because of the same problems of selection bias.
Examples of conditions that were estimated from hospi-
tal data with national or quasi-national population
coverage include perinatal and maternal conditions,
meningitis, stroke, myocardial infarction, some sequelae
identifiable from data on surgical interventions, and
injuries.

The following sections provide an overview of data
sources and methods for various specific causes and refer-
ences to more detailed documentation. For some condi-
tions, WHO programs maintain up-to-date databases based
on diseases registers, population surveys, and epidemiologi-
cal studies. These have been used where available. Many of
the epidemiological reviews underlying the GBD 2001 esti-
mates of YLD have been documented and published in
draft form on the WHO Web site (http://www.who.int/
evidence/bod) and in peer-reviewed publications.

While it is difficult to quantify the exact numbers of data
sources used for the YLD estimates for the GBD 2001,
table 3.11 provides an approximate count by region. This
table counts the number of data sources (registers, notifica-
tions, health facility and other official data sets, and epidemi-
ological studies) for each of the causes included in the GBD
2001. For some causes, the only counts available were of
the number of countries in each region for which country-
specific data were used. In some cases, an exact recount of
studies by region was not feasible, and an approximate
regional breakdown was estimated from prior counts accord-
ing to 17 subdivisions of the 6 WHO regions used in WHO
documentation of GBD analyses and data sources (Mathers,
Lopez, and others 2003). In addition, it was not always possi-
ble to be consistent in the counting of studies carried out
across multiple countries or multiple years. Finally, note that
there is huge variability in the information content across
studies or data sets, and that small epidemiological studies
are counted equally in table 3.11 with national hospital inpa-
tient data on injuries for an entire population-year. Thus the
countsin table 3.11 should be treated as reasonably indicative
of the empirical bases underlying the GBD 2001 without
overinterpreting differences between causes or regions.

That said, it is striking that of the more than 8,000 data
sets estimated to have been used for the GBD 2001 estima-
tion of YLD, nearly 6,600 relate to Group I causes and only
18 to Group III causes. Furthermore, one-quarter of the
data sets relate to populations in Sub-Saharan Africa and
around one-fifth to populations in high-income countries.
While this predominance of data relating to Group I condi-
tions and to Sub-Saharan Africa is not entirely surprising,
the paucity of data for some of the leading noncommunica-
ble diseases is more surprising. For example, for several of
the leading causes of burden among mental disorders, one
or no usable population-based studies were found for some
regions, and for IHD, few studies of the incidence or preva-
lence of angina pectoris or acute myocardial infarction were
found outside high-income countries.
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Table 3.11 Numbers of Country Data Sources Contributing to the Estimation of YLD, by Region and Cause

East Europe Latin Middle
Asia and America East and Sub- High-
and Central and the North South Saharan income
GBD cause category Pacific Asia Caribbean Africa Asia Africa countries Total?
I. Communicable, maternal,
perinatal, and nutritional
conditions
Tuberculosis® 24 27 34 16 8 39 31 179
Sexually transmitted diseases 143 318 148 45 99 406 297 1,456
excluding HIV/AIDS®
HIV/AIDSP 14 26 27 13 5 37 29 150
Diarrheal diseases 155 0 27 55 29 91 0 357
Childhood-cluster diseases?
Pertussis 14 33 64 14 8 45 124 302
Poliomyelitis 22 27 32 15 8 47 37 192
Diphtheria 12 25 2 14 8 46 8 115
Measles 22 18 32 12 8 47 22 127
Tetanus 48 23 27 40 32 79 34 289
Meningitis 23 18 30 12 4 27 43 157
Hepatitis B 4 4 6 6 10 11 28 69
Hepatitis C® 36 23 41 37 8 56 85 286
Malaria 9 0 2 1 7 98 0 117
Tropical-cluster diseases
Trypanosomiasis® 0 0 0 0 0 36 0 36
Chagas’ disease 0 0 31 0 0 0 0 31
Schistosomiasis 6 0 3 8 0 37 1 55
Leishmaniasis 3 7 15 13 4 20 4 66
Lymphatic filariasis® 29 0 8 5 5 40 2 89
Onchacerciasis 0 0 6 0 0 26 0 32
Leprosy? 32 10 8 14 8 45 3 120
Dengued 91 0 170 0 4 2 15 282
Japanese encephalitis” 10 1 0 0 3 0 4 18
Trachoma " 0 4 5 4 19 0 43
Intestinal nematode infections 29 0 23 13 10 53 6 134
Lower respiratory infections 15 0 15 12 30 18 5 95
Otitis media 4 0 0 2 2 7 9 24
Maternal conditions
Maternal hemorrhage 3 0 2 0 1 13 9 28
Maternal sepsis 2 0 3 0 1 14 11 31
Hypertensive disorders of 1 0 1 0 2 12 2 18
pregnancy
Obstructed labor 2 0 2 0 1 14 2 21
Abortion 32 10 " 13 49 156 27 32
Perinatal conditions
Low birthweight" 28 27 33 15 7 41 33 184
Birth asphyxia and birth trauma 7 0 7 1 19 12 0 56
Nutritional deficiencies
Protein-energy malnutrition! 61 28 116 37 30 132 15 419
lodine deficiency 17 13 13 17 12 44 20 136
Vitamin A deficiency 10 2 12 4 4 29 8 67
Iron-deficiency anemia 14 1 1 15 5 33 0 69
Il. Noncommunicable diseases
Malignant neoplasms
Incidence 1 8 1 10 2 14 25 81
Survival 3 4 1 0 1 0 15 24

(Continues on the following page.)
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Table 3.11 Continued

East Europe Latin Middle
Asia and America East and Sub- High-
and Central and the North South Saharan income
GBD cause category Pacific Asia Caribbean Africa Asia Africa countries Total?
Diabetes mellitus — type 1/ 22 12 17 5 1 2 41 100
Diabetes mellitus — type 2 6 4 5 8 3 6 8 40
Neuropsychiatric conditions
Unipolar depressive disorders 5 5 6 3 4 6 27 56
Bipolar affective disorder 2 1 1 1 2 0 14 21
Schizophrenia 4 3 3 1 3 6 25 45
Epilepsy 1 1 6 1 4 8 7 28
Alcohol use disorders 24 43 39 13 5 34 56 214
Alzheimer's and other dementias 10 3 3 0 4 3 87 110
Parkinson’s disease* 2 1 1 0 1 1 7 13
Multiple sclerosis 4 24 3 5 1 1 116 154
Drug use disorders 1 1 18 10 6 15 43 114
Post-traumatic stress disorder 1 0 1 0 0 0 6 6
Obsessive-compulsive disorder 2 0 3 0 1 0 14 20
Panic disorder 2 0 3 1 0 2 22 30
Insomnia (primary) 2 2 5 1 1 1 9 21
Migraine 6 2 5 2 0 1 " 43
Mental retardation attributable 10 12 21 4 14 9 23 93
to lead exposure
Sense organ diseases
Vision disorders? 11 3 4 5 4 19 9 55
Hearing loss, adult onset 5 0 1 1 5 1 12 25
Cardiovascular diseases 0 0 0 0 0 0 0 0
Rheumatic heart disease 15 0 12 9 15 26 7 84
Ischemic heart disease 3 " 0 2 4 1 58 79
Cerebrovascular disease 4 8 1 5 0 6 28 52
Other cardiovascular diseases 0 0 0 0 0 0 5 5
Respiratory diseases
Chronic obstructive pulmonary disease 24 10 10 4 16 8 32 104
Asthma 17 14 20 12 6 7 74 149
Musculoskeletal diseases
Rheumatoid arthritis 4 1 4 4 2 5 9 29
Osteoarthritis 1 1 1 0 2 1 9 15
Congenital malformations 3 42 29 6 9 6 5 100
Oral conditions 22 24 32 15 7 35 27 162
IIl. Injuries 3 1 1 0 0 6 1 18
Total' 1,155 914 1,239 590 522 1,955 1,735 8,096

Source: Authors” compilation.

Note: The data sources include population-based epidemiological studies, disease registers, and surveillance and notification systems, but exclude death registration data (see tables 3.1 and 3.2).
Where possible, regional and global totals refer to numbers of separate studies, or country-years of reported data from surveillance or notification systems. For some causes, regional subtotals for the
Disease Control Priorities Project regions were estimated from subtotals for WHO regions and subregions. See text for more information on data sources for specific causes.

a. Global totals may include global review studies not counted in regional subtotals.

b. Totals refer to numbers of countries for which data were available, not to total data sets or country-years.

c. Regional subtotals were estimated from the current distribution of studies in the WHO sexually transmitted infection (STI) surveillance database.

d. Regional subtotals were estimated from numbers of studies by WHO region, rather than by re-accessing original databases.

e. Country-years of data available for 133 countries.

f. Approximate estimate from current WHO database; original extraction from surveillance data sources is not available.

g. Country-years of surveillance reports (approximate, minimum estimate for Latin America and the Caribbean).

h. Estimate based on final published literature review.

i. Regional distribution of the 419 national studies used is assumed to be similar to that of the current 442 national studies in the WHO malnutrition database.

j. Total of 100 population-based registries in 50 countries.

Approximate minimum estimate. Several global reviews were used; studies were not separately counted.

. Actual numbers of studies used exceed the minimums shown here, based on summed table entries for specific causes regardless of whether counts were of data sets or of countries.

— =~
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Assuming that for causes in table 3.11 where the counts
relate to countries rather than to data sets there are, on aver-
age, two data sets per country; then overall, approximately
8,700 data sets contributed to the estimation of YLD. Not
counting again studies that also contributed to the estima-
tion of cause-specific mortality rates, an additional 1,370
data sets were used to estimate YLL. In total, the GBD 2001
has drawn on more than 10,000 data sets or studies, making
it almost certainly the largest synthesis and analysis of global
population health data carried out to date.

Communicable Diseases and Maternal, Perinatal,
and Nutritional Conditions

This section gives an overview of data sources and methods
for specific Group I causes and references to more detailed
documentation.

Tuberculosis. Estimates of incidence and deaths due to TB
(excluding HIV-infected persons) for countries in 2001
formed the basis of estimates of TB prevalence in 2001. The
methods and data used to estimate incidence and mortality
for each country were described earlier. For countries with
VR data for TB deaths, incidence estimates have been
revised to be consistent with estimated deaths, estimated
case fatality rates for treated and untreated cases, and pro-
portion of incident cases treated.

Estimated prevalence of all forms of TB (excluding HIV-
infected persons) for 2001 was calculated by multiplying
estimated incidence by estimated duration. Country-specific
estimates of duration were weighted for the proportion of
cases treated and that were smear-positive.

Sexually Transmitted Infections Other Than HIV/AIDS.
More than 300 community-based and prenatal care-based
prevalence and incidence studies of pregnant women were
used to generate region-specific estimates of the prevalence
of syphilis, chlamydia, and gonorrhea. The methodology is
described in detail elsewhere (Gerbase and others 1998;
WHO 2001¢) and was used to update estimates to 2001.

HIV/AIDS. The Joint United Nations Programme on
HIV/AIDS and WHO have developed country-specific esti-
mates of HIV/AIDS for most countries and revise them
periodically to account for new data and improved methods
(Salomon and Murray 2001b; Schwartlander and others
1999; Walker and others 2003). For the most recent round of
estimates, they used two different types of models, one for

generalized epidemics and one for epidemics concentrated
in high-risk groups.

For a few countries where prevalence estimates for HIV
seropositive cases were not directly available, they were
derived by scaling regional prevalence estimates according to
the ratio of country-specific HIV/AIDS mortality to regional
HIV/AIDS mortality. Because different countries may be in
different phases of the epidemic, the relationship between
prevalence and mortality may vary across countries.

Diarrheal Diseases. To estimate the incidence of diarrheal
diseases in children under five in developing and developed
countries, 357 community-based studies and population
surveys were used (Bern 2004; Murray and Lopez 1996d).
Point prevalences were estimated assuming an average dura-
tion of six days per episode. Work is currently in progress to
update these estimates with more recent evidence from
community-based studies.

Vaccine-Preventable Childhood Diseases and Meningitis.
The methods used to estimate incidence for childhood-cluster
diseases were summarized earlier. The incidence of meningitis
due to Haemophilus influenzae type b together with the inci-
dence of meningitis due to Streptococcus pneumoniae and
Neisseria meningitides, was updated from the 1990 estimates
using information from the WHO Vaccines and Biologicals
Program derived from country notifications of cases and
deaths, from WHO surveillance centers and, where relevant,
from immunization coverage data (WHO 2001b).

Hepatitis B and C. Available data on the prevalence of
chronic hepatitis B and hepatitis C infection were used
together with disease models to estimate regional incidence
and mortality rates (Global Burden of Hepatitis C Working
Group 2004; Lavanchy 2004; WHO 2002a, 2002b).

Malaria. Malaria prevalence was based on regional preva-
lence rates for acute symptomatic episodes estimated by
Murray and Lopez (1996d). Country-specific estimates of
malaria prevalence were derived by adjusting subregional
prevalence by the ratio of country to subregional malaria
mortality. Work is currently under way in collaboration with
other WHO programs and external expert groups to refine
and revise these country-specific estimates of malaria preva-
lence (Korenromp 2005).

Schistosomiasis. The CEGET/WHO Atlas of the Global
Distribution of Schistosomiasis (Doumenge and others 1987)
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and population-based prevalence studies were used to esti-
mate country-specific prevalence rates. Prevalence estimates
were based on regional prevalence rates for schistosomiasis
infection (Murray and Lopez 1996d) applied to updated
estimates of country-specific populations at risk in 2001
(van der Werf and de Vlas 2001).

Lymphatic Filariasis. Estimates for lymphatic filariasis
were developed for six of the eight regions defined for the
GBD 1990 study (Murray and Lopez 1996d). The estab-
lished market economies and formerly socialist economies
of Europe were exclud