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Abstract
The Global Burden of Disease (GBD) is a compass that navigates researchers and clinicians in discovering the latest
knowledge and the current status of health for populations and countries worldwide. The GBD helps to present various
methods in evaluating health-related quality of life and assess the health burden, economic burden, years of life lost, and
healthy life-years lost from each disease. Beforehand, the details and development status of the dataset need to be identified,
and the advantages and disadvantages of each research methodology should be analyzed. The aim of this paper is to help
readers comprehend the above basic knowledge of GBD above a certain level. This paper also exemplifies some recent
studies to help readers who yearn to understand in detail the latest research using GBD.
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1. Introduction
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to the commission of the World Bank. The 1993 GBD study soon became a role model that

The history of Global Burden of Disease (GBD) began in the early 1990s with the first
landmark study: “World Development Report 1993: Investing in Health”.[1] This was able due
systematically measured the world's health problems, analyzing various diseases and
aftereffects in representative regions and age groups. Ideas and data of GBD have inspired
clinical doctors and researchers to continue expanding their research.[2] GBD 2019, the latest
edition, is the global standard and provides independent estimates of 204 countries, territories,
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and populations around the world free of charge. Many additional factors, including mortality,
life expectancy estimates, disease lists, and risk factors, haven been continuously added and
have contributed in improving the analytical methods[2]. GBD has grown into an international
consortium of 5,500 researchers, currently measuring disability and death from various causes
worldwide. This article aims to help researchers understand GBD and promote its use by
explaining the history, present, and examples of GBD (Fig. 1).

2. History of GBD
2.1. Researchers and publications
“World Development Report 1993: Investing in Health” is the first GBD study authored by
Dr. Christopher Murray, director of the Institute for Health Metrics and Evaluation (IHME)[1].
The GBD 1990 study had a great impact on worldwide health policies and agenda settings. In
particular, the study generated global interest in hidden or neglected health issues such as the
burden of road injuries. The academic paper has been cited more than 11,000 times[3].
Since 1998, GBD standards regarding GBD work were made by the World Health Organization
(WHO). The year 2010 saw significant progress in GBD research, with “Global Burden of
Diseases, Injuries, and Risk Factors Study 2010” (GBD 2010), publishing new values for the
entire time-series data from 1990 to 2010 and seven serial papers in The Lancet in December
2012.[4] In addition to researchers from Harvard University and the World Health Organization,
a community of almost 5,000 experts across the world in statistics and epidemiology gathered.

Fig. 1. A Global Burden of Disease Study at The World Health Organization: research methods
for the most comprehensive global study of disease and underlying health policies.
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The GBD also began to be funded by the Bill & Melinda Gates Foundation[2].
In the GBD study 2013, IHME, the coordination center for GBD contributors' international
networks, reflected the work of about 1,000 researchers in more than 100 countries. The results
and related research were published in a broader range of journals[5]. The GBD 2015 reflected
the work of nearly 2,000 researchers in more than 120 countries[6]. In 2016, starting from 133
countries and 3 regions, 2,518 collaborators participated[7], and it soon expanded to 3,676
collaborators from 146 countries and regions in the GBD 2017[8]. Finally, in the GBD 2019,
the project increased to more than 5,000 collaborators in 152 countries and regions. This latest
GBD, GBD 2019, was published in the Lancet[2, 9].

2.2. Diseases and territories covered
Until the GBD study 1990, 107 diseases and 483 non-fatal complications were researched
through a dataset which covered 8 regions and 5 age groups[3]. Moreover, the GBD 2010
distributed a dataset of estimates for 291 diseases and injuries, 67 risk factors, 1,160 aftereffects
in21 regions, 20 age groups, and 187 countries[4].
In the GBD 2013 study, 188 countries including more than 300 illnesses and injuries, 79
risk factors, and 2,300 aftereffects were covered, with many landmark studies conducted on
smoking[5]. Researchers expanded the GBD to 315 diseases and injuries and 79 risk factors for
195 countries in 2015[6]. The total of locations became 774 in 2016[7], including 333 diseases
and injuries, 84 risk factors, and 23 age groups[8]. The GBD 2016 study included research on
alcohol, gun accidents, etc[10].
In the GBD 2017, the dataset found a significant increase in temporal coverage. Estimates
of mortality and life expectancy were increased compared to 1950, and a total of 359 new
causes of disease and injury were added to the list of fatal and non-fatal causes[8]. Contemporarily,
GBD also added one new risk, bullying victimization, and 80 new risk-result pairs[8]. The
latest GBD, GBD 2019, contained the most extensive data[2, 9]. Estimated mortality and life
expectancy values have been even more increased to the most detailed level to a total of 990
locations, with new causes added to the list of fatal and non-fatal causes resulting in 369
illnesses and injuries[2, 9].

2.3. Methodological advances
Compared to the early GBD, many methodological advances have been made in the modern
GBD. The most representative of those advancements is the development of the Disease
Burden Unit (DBU)[4]. WHO created the DBU which was able to generate GBD estimates in
2000, 2001, and 2002, and published estimates in the annual World Health Report[11].
The annual update to the entire series of GBD estimates began since GBD 2015[6]. These
more frequent updates, containing the most useful and timely picture of population health, were
provided to policymakers, donors, and other decision-makers. The 2015 update also introduced
the Socio-demographic Index (SDI), a summary measure that extended the methodologies,
datasets, and tools used in previous GBDs and identified where countries or other regions are in
the development spectrum[6]. SDI, expressed through a scale from 0 to 1, is the composite
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mean of per capita income, average education level, and fertility ranking in all areas of the
GBD study[6].
GBD 2017 was the first to provide independent estimates of 195 countries, territories, and
populations worldwide using a standardized and replicable approach, as well as comprehensive
updates on fertility rates. Through GBD 2017, reviewing many Sustainable Development Goal
indicators and generating forecasts up to 2030 using prediction methods became possible[8, 12,
13]. Such development enabled researchers to assess the rate of change required to achieve
Sustainable Development Goals.
Published in The Lancet in October 2020, GBD 2019 issued a comprehensive update on
fertility rates[14]. The total fertility rate is a new summary measure update representing the
average number of children a woman would deliver over her lifetime.

3. Latest dataset and methods of GBD
3.1. GBD 2019 schema
The fundamental aspect of the GBD data schema is the age, sex, country, and year of the
diseases. Most important estimates can be derived from these core variables. In addition, GBD
2019 demographic data include population; the analogized rate of population change (2010 to
2019), total facility rate and live births (1950, 1980, and 2019), and net productive rate[2, 9].
More detailed data are provided on deaths. They include under-five mortality rate, change
in under-five mortality rate (2010 to 2019), probability of death between ages 15 and 60 years
and life expectancy at birth (by sex), healthy life expectancy, the total number of deaths, the
total number of deaths among children under 5 years, and observed and expected life
expectancy[14].
In addition, life habits and important causes of disease like alcohol consumption and daily
smoking are included[10]. There are also the current status variable and previous status variable
of alcohol and smoking, with the amount of consumption. Variables that indicate accidents and
injuries (i.e., from firearms) can also be extracted from the dataset. Examples of these are
explained in the final part of this article.
The GBD dataset includes a variety of diseases which are classified by level. The three
diseases with the highest level (i.e., level 1) of GBD are (i) communicable, maternal, neonatal,
and nutritional diseases; (ii) non-communicable diseases; and(iii) injuries. These are again
classified as level 2 diseases as shown in the following table (Table 1).
Level 2 diseases are subdivided into all diseases, including 169 levels 3 and 165 level 4
diseases. These 351 causes and diseases can be matched with ICD-10 codes, and these
matching tables are published by Wang et al., 2019[14].
Cause of death is obtained from vital registration, verbal autopsy, and cancer registration
data. Particularly in cases of cancer data, pathology-based cancer registries with defined
populations and hospital-based cancer registries exist.

3.2. GBD 2019 methodologies
The age-standardized rate is an operation to standardize mortality or the burden of death[15, 16].
https://doi.org/10.54724/lc.2022.e8
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Table 1. Level 1 and 2 GBD diseases

GBD diseases

Level

Communicable, maternal, neonatal, and nutritional diseases

1

HIV/AIDS and sexually transmitted infections

2

Respiratory infections and tuberculosis

2

Enteric infections

2

Neglected tropical diseases and malaria

2

Other infectious diseases

2

Maternal and neonatal disorders

2

Nutritional deficiencies

2

Non-communicable diseases

1

Neoplasms

2

Cardiovascular diseases

2

Chronic respiratory diseases

2

Digestive diseases

2

Neurological disorders

2

Mental disorders

2

Substance use disorders

2

Diabetes and kidney diseases

2

Skin and subcutaneous diseases

2

Sense organ diseases

2

Musculoskeletal disorders

2

Other non-communicable diseases

2

Injuries

1

Transport injuries

2

Unintentional injuries

2

Self-harm and interpersonal violence

2

GBD: Global Burden of Disease.
The age-based distribution is a very important factor in the number of deaths or patients in a
particular population. In most cases, the group with a large number of elderly people has a high
mortality and prevalence of disease per population. Therefore, it is necessary to regularize these
values by standardizing them as groups with the same age distribution. Using the standard
population suggested by the WHO, the age-standardized rate can be computed based on
https://doi.org/10.54724/lc.2022.e8
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adjusted age distribution differences in the population. This operation can be done by applying
the observed age-specific mortality and prevalence for each population.
Mortality-to-incidence ratio is calculated by dividing the mortality rate for the year by the
incidence rate. This is an indicator used to identify inequality in cancer prognosis. Mortality-toincidence ratio is a higher-level comparative measure of a crude survival estimate than relative
survival. Because of its simplicity, high-quality incidence and mortality data are available in
most countries, so survival can be compared internationally[17].
Spatiotemporal Gaussian Process Regression (ST-GPR) is a time series model primarily
used to estimate risk factor exposure. This smooths the value for each risk factor. Through this,
interpolating non-linear trends are possible and only meaningful signals are extracted from
noise.[2, 9]
The Healthcare Access and Quality (HAQ) Index measures the access and quality of
medical benefits by the use of amenable mortality[18]. Deaths from avoidable causes in the
presence of adequate medical care are calculated. HAQ Index approximates the national levels
of personal health-care access and quality and is used as covariates in GBD.
The Cause of Death Ensemble model (CODEm)is an integrated cause of death modeling
environment[19]. It enables trend estimation by exploring various possible models. In this
process, a covariate selection algorithm is used, and this combination is executed through four
model classes, including the spatial-temporal Gaussian process regression (ST-GPR). The
algorithm proposes possible models by generating many plausible combinations of covariates.
Finally, it combines with an ensemble with optimal non-sample validity.
Disability-Adjusted Life Year (DALY) is the number of years lost due to ill-health,
disability, or early death. As a measure of overall disease burden, DALY can be calculated
comparing the sum of the years of life lost (YLL) and the years lost due to disability (YLD)[20].
YLL is a product of the number of deaths (due to the specific condition) and standard life
expectancy at age of deaths. YLD represents the loss of each full year of healthy life due to
disability or ill-health. This can be calculated by the product of three terms: incident cases in
the population, the weight of disability due to the specific condition, and the average year of the
case until death (or remission).

4. Examples of GBD 2019 Study
One of our team’s latest examples using GBD 2019 was carried out using the sudden infant
death syndrome (SIDS) variable[2]. This article analyzed the global disease burden of SIDS
and its trends from 1990 to 2019. The result was compared to the burden of SIDS according to
the SDI. In this article, we collected epidemiological data from 204 countries from 1990 to
2019 using GBD, including vital statistics and civil registrations. Through this, estimates of
SIDS were modeled in terms of disease burden and mortality. Mortality rates per 100,000
population, crude mortality, and DALYs were also calculated. The results showed significant
reduction in the SIDS burden in regions from 1990 to 2019, and SDI levels were important
factors the reduction.
Another critical study is a landmark study on smoking[21], measuring tobacco use from
https://doi.org/10.54724/lc.2022.e8
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nationally representative sources. The article used the average relationship between different
definitions to impute survey data which does not include daily tobacco smoking. ST-GPR was
used to estimate age-sex-country-year observations. Cigarette consumption was utilized to
estimate daily cigarettes per smoker. The research drew principle and conclusive outcomes of
anti-smoking campaigns: daily smoking reduction since 1980 for all genders; net increase in the
number of smokers due to population growth; net deaths, years of life lost, and disabilityadjusted life-years due to tobacco.
Alcohol has also been addressed by GBD researchers[10]. This article used individual and
population-level alcohol consumption. Estimates were calculated in terms of current drinking,
abstention, alcohol-attributable deaths, and DALYs. The research standardized daily alcohol
consumption as 10g of pure ethyl alcohol. Alcohol sales estimates were adjusted using tourist
and unrecorded consumption. This research found the important conclusion that the risk of
cancers and all-cause mortality has no threshold from alcohol. In other words, risks
immediately increase according to consumption, and the only safe dose of alcohol is zero,
which contrasts with the conventional view that small amounts of alcohol do not have negative
effects on people’s health.
The final research example is global mortality from firearms[22]. Researchers used
deidentified aggregated data to generate estimates. These include location-years of vital
registration data and rates of death. Revised proxy measures were used to evaluate the firearm
injury deaths from firearms accessibility (or availability). The proxy used isa combination of
per capita gun ownership and the proportion of suicides by firearm. In this article, crucial
understandings of global variation in firearm mortality rates were derived, which will support
future intervention and prevention policies. Also, the researchers were able to estimate the
specific value of firearm injury deaths that happened worldwide in 2016, approximately 0.2
million.

5. Conclusion
GBD research greatly contributes to helping people understand important diseases in
various countries. Many researchers have cooperated around the world through the longstanding effort with their precious time and even now continue to make progress in GBD
collaboration. By applying the datasets, methodologies, and examples covered in this article,
readers will be able to conduct their own GBD research and derive more policy, medical, and
clinical implications.

Capsule Summary
The Global Burden of Disease is the most comprehensive international collaborate research to
measure epidemiological levels and global trends. We summarized the substantial improvements in
statistical methods and dataset of Global Burden of the Disease study adopted by the World Health
Organization.
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