ganizations would provide the basic munici-
pal grid information, the core of the effort.
Information volunteers and public safety
agencies would update the system once a
disaster strikes.

Unlike the 911 system, the 711 system
would not be a one-way, top-down commu-

nications system, but rather a genuine in-
teractive and horizontal communications
medium connecting affected citizens, their
loved ones, and rescue efforts. The technol-
ogy is available and affordable; the user base
is strong and growing; and the time is here
and now.

Evidence-Based Health
Policy—Lessons from the Global
Burden of Disease Study

Christopher J. L. Murray and Alan D. Lopez

It is both extraordinary and unfortunate
that at the end of the 20th century, the
international public health community
does not routinely quantify or project the
health problems of populations. There are
no standardized compilations of comparable
information on the extent of morbidity,
disability, or death in different populations
of the world. Information at a global or
regional level on behaviors and exposures
that are important risk factors for death
and disability is also extremely limited.
Although the demographic community
routinely publishes projections of fertility
and population, future trends have been
projected for only a very limited number
of causes of death [such as the human
immunodeficiency virus (HIV)] in select-
ed populations.

All too often, health statistics are provid-
ed to decision-makers, the scientific commu-
nity, and the public by advocates. These
advocates, although well intentioned, have
specific agendas, and the information they
provide is often filtered or biased. Health
problems without vocal advocates are fre-
quently ignored until someone or some
group “discovers” or “rediscovers” a problem
or when policy neglect leads to crises in
which the public demands action. The redis-
covery of the global tuberculosis problem is a
classic example (I). Poor information on a
health problem is often interpreted in policy
debates to mean that a problem is unimpor-
tant, which generates a self-perpetuating
phenomenon. In this environment, it is
hardly surprising that a number of health
programs at international organizations em-
ploy their own media consultants or full-

C. J. L. Murray is an associate professor at the Burden of
Disease Unit of the Harvard School of Public Health, 9
Bow Street, Cambridge, MA 02138, USA. A. D. Lopez is
a scientist at the World Health Organization, Geneva CH-
1211, Switzerland. The authors alone are responsible for
the views expressed here.
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time “advocacy officers.” Public health pol-
icy formulation desperately needs indepen-
dent, objective information on the magni-
tude of health problems and their likely
trends, based on standard units of measure-
ment and comparable methods. (In this case,
we are defining health problems broadly to
include diseases, injuries, and exposures to
important risk factors.)

" The Global Burden of
Disease Study

A major effort to foster an independent,
evidence-based approach to public health
policy formulation is the Global Burden of
Disease Study (GBD). This study was initi-
ated in 1992 at the request of the World
Bank; over the past 4.5 years, the work has
been undertaken with the full collaboration
and participation of the World Health Or-
ganization (WHQO) (2). Final results are
now available. The study had four specific
objectives: (i) to develop internally consis-
tent estimates of mortality from 107 major
causes of death, disaggregated by age and
sex, for the world and eight geographic
regions; (ii) to develop internally consistent
estimates of the incidence, prevalence, du-
ration, and case-fatality for 483 disabling
sequelae resulting from the above causes,
disaggregated by age, sex, and region; (iii)
to estimate the fraction of mortality and
disability attributable to 10 major risk fac-
tors, disaggregated by age, sex, and region;
and (iv) to develop projection scenarios of
mortality and disability, disaggregated by
cause, age, sex, and region. The study is
based on the collaboration of over 100 sci-
entists from more than 20 countries (3).
Just under 50.5 million individuals died
in 1990 worldwide, and the results of med-
ical certification of the cause of death were
obtained for 13.8 million of these individ-
uals (4). Even in cases where medically
SCIENCE e
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certified causes of death are available, a
series of analyses has been undertaken to
adjust for miscoding of cardiovascular, inju-
ry, and other deaths. In some cases, these
corrections for miscoding substantially alter
the estimated death rates (for example, after
correcting for coding of cardiovascular
deaths in Japan that had been assigned to
various ill-defined categories, the death rate
from ischemic heart disease increased by a
factor of 2.8). To ascertain the causes of
death for the remaining 70 percent of
deaths in the world, a variety of methods -
and sources has been used, including sample
registration systems in China and rural In-
dia; small population laboratory studies in
sub-Saharan Africa and Asia; estimates
based on epidemiologic studies of the inci-
dence, prevalence, and case-fatality rates of
particular diseases; and, as a last resort,
models relating cause-specific mortality for
an age-sex group to mortality from all caus-
es in that age group.

For each disease and its sequelae, epide-
miological estimates based on a metasyn-
thesis of published and unpublished studies
have been developed. For example, esti-
mates of incidence, prevalence, and dura-
tion for five sequelae of diabetes were de-
veloped: diabetes itself, retinopathy, neu-
ropathy, amputation, and diabetic foot. In-
ternally consistent estimates of incidence,
prevalence, case-fatality, remission, and
mortality rates and of duration were devel-
oped with the aid of computer models (5).

To foster comparisons across conditions
and risk factors, a composite measure of the
burden of each health problem has been
developed: the Disability-Adjusted Life
Year (DALY) (6). DALYs from a condition
are the sum of years of life lost because of
premature mortality and years of life lived
with disability, adjusted for the severity of
disability. Time lived with various short-,
medium-, and long-term disabilities is
weighted by a severity weight that is based
on the measurement of social preferences
for time lived in various health states (7).

Selected Findings of the GBD

Diseases and injuries in the GBD were di-
vided into three clusters: Group I, consist-
ing of communicable diseases, maternal
causes, conditions arising in the perinatal
period, and nutritional deficiencies; Group
II, encompassing the noncommunicable
diseases; and Group III, comprising all in-
juries, whether intentional or unintentional
(Table 1). Group [ causes of death consist of
the cluster of conditions whose prevalence
declines at a faster rate than mean mortality
rates [most developed and a number of de-
veloping countries have undergone demo-
graphic and “epidemiological transitions” to



lower fertility and mortality rates during
this century (8)]. As a result, in low-mor-
tality populations, these causes account for
only a small proportion of deaths (and,
conversely, dominate the cause-of-death
pattern in high-mortality populations). The
noncommunicable diseases listed together
in Group II are the most important health
problems in populations that have under-
gone or almost completed the epidemiolog-
ical transition. Injuries are classified sepa-
rately in Group III.

Globally, one-third of deaths arise from
one of the diseases in Group I (Table 1).
One death in 10 is caused by an injury, and
just slightly more than 1 death in 2 is
attributable to Group II, the noncommuni-
cable diseases. Because of differences in
population age-structure, mortality rates,
and epidemiologic patterns, there is a dra-
matic difference in the distribution of
deaths between established market econo-
mies (EMEs) and the formerly socialist
economies of Europe (FSEs) and the devel-
oping regions. For the developing regions as
a whole, Group I conditions account for 4
out of every 10 deaths, Group II conditions
for 1 death in 2, and injuries (Group III) for
1 death in 10. For countries in EMEs and
ESEs, only 1 death in 16 is due to Group 1
diseases, whereas Group Il accounts for over
85% of all deaths. Variation in the extent of
the demographic and epidemiological tran-
sitions in the developing regions is evident
from Table 1. In sub-Saharan Africa, Group
[ diseases account for 65% of all deaths,

Table 1. Distribution of deaths (in thousands) by
broad-cause group and region in 1990. These
regions and their abbreviations are as follows:
established market economies (EMEs), the for-

whereas in China these diseases account for
only 16% of deaths.

The three leading causes of DALYs in
1990 were lower respiratory infections, di-
arrheal diseases, and conditions arising dur-
ing the perinatal period (low birthweight
and birth asphyxia or birth trauma) (Table
2). Tuberculosis, measles, and congenital
anomalies are also among the 10 leading
causes of DALYs worldwide. Perhaps more
surprisingly, unipolar major depression,
ischemic heart disease, and cerebrovascular
disease are ranked fourth, fifth, and sixth,
respectively. Road traffic accidents are also
among the 10 leading causes of DALYs on
the global list, accounting for 2.4% of all
DALYs. Switching to a perspective that
captures the effects of nonfatal health out-
comes emphasizes the role of a number of
neuropsychiatric conditions as contributors
to the burden of disease. For example, alco-
hol dependence ranks 20th as a cause of
global DALYs, bipolar disorder ranks 22nd,
and schizophrenia ranks 26th.

To guide current investment decisions
(including investments in health research,
human resource development, and physical
infrastructure), three different mortality and
disability scenarios have been projected from
1990 to 2020 (4). The projection model is
based on the observed relation between
cause-specific mortality and socioeconomic
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variables, including income per capita, aver-
age years of schooling, time, and tobacco use.
Three sets of projections of these indepen-
dent variables form the basis of the baseline,
pessimistic, and optimistic scenarios present-
ed in the GBD. The range defined by the
pessimistic and optimistic projections is not
a formal confidence interval but does pro-
vide some qualitative sense of the uncertain-
ty associated with the projections of different
conditions. From 1990 to 2020, the baseline
projection scenario suggests that the follow-
ing causes will rise in the rankings: ischemic
heart disease, unipolar major depression, ce-
rebrovascular disease, chronic obstructive
pulmonary disease, HIV, war, violence, sui-
cide, and lung cancer. These changes are
largely due to demographic shifts and trends
in age-specific mortality rates in a large part
caused by the epidemic of tobacco-related
diseases (9). Major declines in relative rank
are expected for lower respiratory infections,
diarrheal diseases, measles, malaria, anemia,
and protein-energy malnutrition. In the pes-
simistic scenario, major Group | conditions
such as lower respiratory infections and diar-
rheal diseases remain much larger causes in
absolute terms but nonetheless still fall sub-
stantially in the relative rankings.

Some diseases or injuries occur without
prior exposure to health hazards. Many cases,
however, are attributable to one or more risk

Table 2. The 17 leading causes of DALYs in the world in 1990 and 2020, plus those ranked 19th, 28th,
and 338rd, according to the baseline scenario. The projections are based on a simple model that has
been developed relating cause-specific mortality rates to income per capita, average years of schooling,
time (serving as a proxy for technology change), and tobacco use. Cause-of-death data from 47
countries for the period 1950 to 1990 have been used to fit log-log regression equations. The projec-
tions from the former WHO Global Programme on AIDS were used for HIV. DALYs were projected with
the use of simple relational models between death and disability.

2020 baseline

merly socialist economies of Europe (FSEs), Lat- 1990 ;
in America and the Caribbean (LAC), China scenario
(CHN), India (IND), other Asia and islands (OAl), Disease or injury
Middle Eastern Crescent (which includes North Percent of Percent of
Africa, the Middle East, Pakistan, and the Cen- Rank total Rank total
tral Asian Republics of the former Soviet Union) DALYs DALYs
(MEC), and sub-Saharan Africa (SSA). The crite- L iratory infections 1 8.2 6 3.1
ria used to define these regions included the D(i);ﬂr/rehrerz:lelscgg:a(;gsm ect 5 9 5 o7
level of socioeconomic development, epidemio- - o ) ) ) ) '
logic homogeﬁeity, and geographic contiguity. 82?%};?”;:}2?'32 drgg;%r:he perinatal period i g; 1; g?
“ngelqped” includes EMEs anq FSEs; “devel- Ischpemic helar’[ dis%ase 5 3'4 1 5'9
oping” includes the other six regions. Cerebrovascular disease 6 2.8 4 4.4
Tuberculosis 7 2.8 7 3.1
Region  Group | Group Il Group Il Total Mueaslelsj 8 26 25 1.1
Road traffic accidents 9 2.5 3 5.1
EMEs 453 6,223 445 7121 Congenital anomalies 10 2.4 13 2.2
FSEs 214 3,188 389 3791 \\aria 11 23 24 11
IND 4,775 3,788 808 9,371 : ; ; ' '
CHN 1405 6460 1020 8885 E:”rsmc obstructive pulmonary disease :Ilg ?; 13 ;1;
o 2190 2188 959 531 Iron-deficiency anemia 14 1.8 39 0.5
' ' ' ’ Protein-energy malnutrition 15 1.5 37 0.6
LAC 943 1,676 389 3,009 War 16 15 8 30
MEC 1,945 2,166 452 4,553 go infiicted injuries 17 1.4 14 1.9
World 17,241 28,141 5,084 50,467  violence 19 1.3 12 2.3
Developing 16,573 18,730 4,251 39,554 HIV 28 0.8 10 2.6
Developed 667 9,411 834 10,912  Trachea, bronchus, and lung cancers 33 ‘ 0.6 15 1.8
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factors. Mortality and disability attributable
to 10 major risk factors have been estimated
in the GBD and are summarized in Table 3.
Exposures that underlie the major infections
of young children, such as malnutrition and
poor water, sanitation, and hygiene, cause an
estimated 20 to 25% of the total disease and
injury burden. Their control remains a pri-
ority for global public health. Various expo-
sures such as tobacco use, alcohol use, and
occupation each account for approximately
3% of the burden, which is similar to that of
measles, tuberculosis, and malaria. If these
risk factor estimates of burden are correct,
they would suggest that the prevention of
occupation, tobacco, and alcohol-related ill-
ness and death are urgent priorities for public
health policy. The estimates for alcohol al-
low for probable cardioprotective effects and
indicate a higher percentage contribution to
DALYs (3.5%) than deaths (1.5%), reflect-
ing the importance of disability caused by
alcohol and the much younger age distribu-
tion of deaths caused by alcohol than those
from ischemic heart disease deaths avoided
by its use. To many, it may be surprising that
the global burden of disease attributable to
physical inactivity is nearly equal to the
burden of hypertension—for both, the bur-
den attributable in EMEs is much higher
than elsewhere (4.8 and 3.9%, respectively).

Figure 1 illustrates the projected trends
in burden from diarrheal diseases, HIV, and
tobacco in the baseline scenario. In this
scenario, the dramatic rise of HIV as a cause
of mortality and disability is clear. HIV,
which in 1990 ranked 28th as a cause of
burden, would become one of the 10 lead-
ing causes of DALYs early in the next de-
cade, after which its incidence is projected
to decline worldwide. The magnitude of the
HIV epidemic is clearly highly uncertain,
depending not only on current epidemio-
logic trends but on the individual, commu-
nity, and government response to the epi-

demic in different countries. In the pessi-
mistic scenario, the projected burden of
HIV is 51 million DALYs, and in the opti-
mistic scenario it is 23 million DALYs.
Because of expected economic growth and
aging populations in many regions, Group [
conditions such as diarrhea are expected to
decline in importance as causes of burden.
In the pessimistic scenario, the burden of
diarrhea will remain much higher, 70 mil-
lion DALYs in 2020. The most dramatic
feature of Fig. 1 is the unprecedented rise in
the burden attributable to tobacco. This
trend is a robust prediction because most of
the tobacco-related mortality and disability
in 2020 is due to smoking prevalence today.
By 2020, tobacco is projected to account for
9% of the burden expected to occur in that
year and is expected to be the leading cause
of DALYs. Of the projected 8.4 million
tobacco-related deaths, 6.0 million are pro-
jected to be in developing regions overall,
including 2.2 million in China, 1.5 million
in India, and 0.8 million in the Middle
Eastern Crescent.

Policy Implications

A number of conclusions emerge from the
results of the GBD. First, because of expect-
ed economic growth and demographic
change, the epidemiological transition is
well under way in developing regions. Al-
though a number of infectious and parasitic
diseases, such as tuberculosis and malaria,
are likely to remain major health challeng-
es, many developing regions are already
faced with the problems of responding to a
large burden of noncommunicable condi-
tions and injuries. These combined demo-
graphic and epidemiological trends will in-
creasingly shift the focus of policy debate
and research to the adult health agenda. Yet
research on policies targeting the health of
adults in developing countries is extremely

Table 3. The global burden of disease and injury attributable to selected risk factorsin 1990 (72). Burden
attributable to occupation has been estimated largely on the basis of occupational injury and disease
registries maintained in some countries. For the other risk factors, the attributable burden has been
estimated by analysis of relative risks from cohort studies in developed countries and by various types
of measures of the prevalence of exposure in each age-sex group in each region.

Percent Percent
Risk factor I(Df ?gh; of total E)XA :‘ gf) of total
deaths DALYs
Malnutrition 5881 1.7 219.6 15.9
Poor water supply, sanitation, and hygiene 2668 5.3 93.4 6.8
Unsafe sex 1095 2.2 48.7 3.5
Tobacco use 3038 6.0 36.2 2.6
Alcohol use 774 1.5 47.7 3.5
Occupation 1129 2.2 37.9 2.7
Hypertension 2918 5.8 19.1 1.4
Physical inactivity 1991 3.9 13.7 1.0
lllicit drug use 100 0.2 8.5 0.6
Air pollution 568 1.1 7.3 0.5
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limited (10). Some studies have examined
the cost-effectiveness of various interven-
tion options, but much more information
on the cost-effectiveness of available pre-
ventive, rehabilitative, and curative inter-
ventions is required (11). Studies of inter-
ventions aimed at risk factor modification,
treatment, and prevention of mental health
conditions, as well as prevention, treat-
ment, and rehabilitation of injuries are ma-
jor priorities.

Three specific conclusions are worth
emphasizing. When the burden of nonfatal
health outcomes is included, our perception
of priorities changes. The importance of
disabling conditions is perhaps best illus-
trated by unipolar major depression, which
ranks as the fourth most important cause of
burden in 1990 and is likely to rise to
second in 2020. The rise in unipolar major
depression and other neuropsychiatric con-
ditions as causes of burden is entirely due to
demographic changes, as the age-specific
rates of these conditions are projected to
remain constant. Injuries, both intentional
and unintentional, are also expected to be-
come increasingly important causes of bur-
den because of the dramatic growth expect-
ed to occur in the young adult population
who have the greatest risk of injuries, even
though age-specific death and disability
rates from injuries may be declining. Final-
ly, the extraordinary epidemic of tobacco-
related mortality and disability (over 8 mil-
lion deaths in 2020 due to tobacco) emerges
as the most alarming trend over the next
three decades.

Evidence-based health policy formula-
tion would require regular updates of global
and regional information (perhaps every 3
to 5 years) and equivalent information at
the national and subnational levels. Efforts
to address the latter are under way; more
than 30 countries, including the United
States, are applying the approach outlined
in the GBD to national health problem
assessment. Planning for future global and
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Fig. 1. DALYs attributable to diarrhea, HIV, and
tobacco from 1990 to 2020, according to the
baseline projection scenario. See the text for op-
timistic and pessimistic scenario projections for
HIV and diarrhea.



regional assessments has not begun. A num-
ber of factors would be important ingredients
for successtul future iterations: an environ-
ment where the objective analysis of health
problems can be fostered; widespread partic-
ipation of epidemiologists and public health
experts from many institutions and coun-
tries; sufficient time and resources to embark
on the detailed analyses that are often re-
quired to develop internally consistent epi-
demiological profiles of health problems; and
close links to the research community so
that methodological developments and re-
finements continue and are incorporated in
a timely fashion. The unique collaboration
of the World Bank and WHO was critical to
the success of the GBD. Similar collabora-
tion and leadership will surely be needed if
the health policy debates of the future are to
be routinely and effectively informed by the
available evidence on health problems and
possibilities for intervention.
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