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1. 如未特殊注明，下述幻灯引用的数据均来自全球
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（ http://vizhub.healthdata.org/gbd-compare/ ），在

此对此项目组表示衷心感谢！
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1. The Global Burden of Disease (GBD) : a 

critical resource for informed policymaking



The History of GBD

In early 1990s, the World Bank commissioned the original 

GBD study and featured it in the landmark World 

Development Report 1993: Investing in Health. 

This GBD study served as the most comprehensive effort up 

to that point to systematically measure the world’s health 

problems, generating estimates for 107 diseases and 483 

sequelae (nonfatal health consequences related to a 

disease). It covered eight regions and five age groups with 

estimates through 1990.



The Global Burden of Disease

The Global Burden of Disease (GBD) approach 

endeavors to measure disability and death from a 

multitude of causes worldwide.

It has grown over the past two decades years into 

an international consortium of more than 3,600 

researchers, and its estimates are being updated 

annually.



The Global Burden of Disease

A critical resource for informed policymaking.

The Global Burden of Disease (GBD) provides a 

tool to quantify health loss from hundreds of 

diseases, injuries, and risk factors, so that health 

systems can be improved and disparities can be 

eliminated.



The Global Burden of Disease

Collected and analyzed by a consortium of more than 

3,600 researchers in more than 145 countries, the data 

capture premature death and disability from more than 

350 diseases and injuries in 195 countries, by age and 

sex, from 1990 to the present, allowing comparisons 

over time, across age groups, and among populations.

The flexible design of the GBD machinery allows for 

regular updates as new data and epidemiological studies 

are made available.  



GBD 2017

Published in November 2018

GBD 2017 incorporates major data additions and 

improvements, and methodological refinements. 

Mortality and life expectancy estimates have 

been extended back to 1950, and new causes 

have been added to the fatal and non-fatal cause 

lists, for a total of 359 diseases and injuries



2. GBD 2017 comparative risk 

assessment (CRA) 



Background

The GBD 2017 comparative risk assessment (CRA) is a 

comprehensive approach to risk factor quantification that 

offers a useful tool for synthesising evidence on risks and 

risk–outcome associations.

To update the GBD CRA to incorporate improved methods, 

new risks and risk–outcome pairs, and new data on risk 

exposure levels and risk–outcome associations.

GBD 2017 Risk Factor Collaborators. Global, regional, and national comparative risk assessment of 84 behavioural, 

environmental and occupational, and metabolic risks or clusters of risks for 195 countries and territories, 1990-2017: a 

systematic analysis for the Global Burden of Disease Study 2017[J]. The Lancet, 2018, 392(10159):1923-1994.



Methods

Four components

a. the estimate of the burden metric being assessed for the 

cause (ie, number of deaths, years of life lost [YLLs]...)

b. the exposure levels for the risk factor

c. the counterfactual level of risk factor exposure or theoretical 

minimum risk exposure level (TMREL); 

d. the relative risk of the outcome relative to the TMREL.



Methods

attributable DALYs = total DALYs * PAF

(1) PAF for the risk–outcome pair for each age, sex, location, and year.

(2) The same logic applies to estimating attributable deaths, YLLs, and YLDs.

population attributable fraction (PAF) is the proportion by which the 

outcome would be reduced in a given population and in a given year if 

the exposure to a risk factor in the past were reduced to the 

counterfactual level of the TMREL.



Methods

Step 1: Effect size estimation

Collate relative risk data：

Criteria for inclusion of risk-outcome pairs——The World

Cancer Research Fund grading system

Convincing evidence

Probable evidence

Possible evidence

Insufficient evidence

Causal criteria



Methods

Step 1: Effect size estimation

Determine relative risks：

Available data sources for determining relative risks varied 

across risks. 

Details on how relative risks were calculated for each risk

Appendix Section 4: Risk-specific estimates. 



Methods

Step 2: Exposure estimation

Collate exposure data

Citations for all data sources used for risk factor estimation in    

GBD 2017 through a web-tool (http://ghdx.healthdata.org/)

Systematic reviews 

the published literature

other sources such as survey data and satellite data. 



Methods

Step 2: Exposure estimation

Estimate exposure

two modelling approaches: Bayesian meta-regression model

(DisMod-MR 2.1) and spatiotemporal Gaussian process 

regression model (ST-GPR) 

to pool data from different sources, control and adjust for bias 

in data, and incorporate other types of information such as 

country-level covariates.



Methods

Step 3: TMREL

the use of the best available epidemiological evidence from 

published and unpublished relative risks by level of exposure.

the lowest observed level of exposure from cohorts.

select a single level of risk exposure that minimises risk from all 

causes of DALYs combined to establish the TMREL.



Methods

Step 4: Estimate PAFs

for a continuous risk factor:

Where PAFjoasgt is the population attributable fraction for cause o due to risk 

factor j for age group a, sex s, location g, and year t. RRjoasg(χ) is the relative 

risk as a function of exposure level χ for risk factor j for cause o, age group a, 

sex s, location g with the lowest level of observed exposure as l and the 

highest as u; Pjasgt(χ) is the distribution of exposure at χ for age group a, sex 

s, location g, and year t; TMRELjas is the TMREL for risk factor j, age group a, 

and sex s.



Methods

Step 4: Estimate PAFs

for dichotomous and polytomous risk factors:

Where PAFjoasgt is the population attributable fraction for cause o due to risk 

factor j for age group a, sex s, location g, and year t. RRjoasg(χ) is the relative 

risk as a function of exposure level χ for risk factor j for cause o, age group a, 

sex s, location g on a plausible range of exposure levels from l to u; Pjasgt(χ)

is the proportion of population in risk group (prevalence), for age group a, 

sex s, location g, and year t; TMRELjas is the TMREL for risk factor j, age 

group a, and sex s.



Methods

Step 4: Estimate PAFs

aggregating PAFs across multiple risks:

where J is a set of risk factors for the aggregation; PAFjoasgt is the 

PAF for risk j for age group a, sex s, location g, and year t; and MFjio

is the mediation factor for risk j mediated through i for cause o.



Methods

Step 5: Summary exposure values (SEV)

The metric is a risk-weighted prevalence of an exposure, and it offers an 

easily comparable single-number summary of exposure to each risk.

SEVs range from 0% to 100%

0%           no risk exposure in a population 

100%        an entire population is exposed to the maximum 

possible level for that risk



Methods

Step 6: Estimate attributable burden

Estimates of attributable burden as DALYs for risk-outcome pairs:

where ABjasgt is the attributable burden for risk factor j for age group a, 

sex s, location g, and year t; DALYjoasgt is total DALYs for cause o (of w

relevant outcomes for risk factor j) for age group a, sex s, location g, and 

year t; PAFjoasgt is the population attributable fraction for cause o due to 

risk factor j for age group a, sex s, location g, and year t. 



Methods

decomposed temporal changes in DALYs into six main component 

drivers of change:

population growth

changes in population age structures

changes in exposure to environmental and occupational risks

changes in exposure to behavioural risks

changes in exposure to metabolic risks

changes due to all other factors, approximated as the risk-deleted death 

and DALY rates.



Methods

Step 1: Derivation of expected SEVs

(1) examined the relationship between SDI and SEV:  a separate 

generalised additive model with a Loess smoother on SDI.

(2) estimated expected age and sex proportions of the population by SDI 

to calculate age and sex aggregates of expected exposure.

The Socio-demographic Index (SDI): a composite indicator of 

development status strongly correlated with health outcomes.



Methods

Step 2: Calculating attributable burden

calculated the joint adjusted expected PAF for all risks for a cause 

using mediation factors. 

using expected YLLs, deaths, and YLDs to generate expected 

burden for a given SDI.

where ABrascd is the expected attributable burden; DALYascd is expected 

total; PAFascrd is the expected PAF.



Main findings

1. Deaths attributable to risk factors: 34·1 million (33·3–35·0) ;

61·0% (59·6–62·4) 

DALYs attributable to risk factors: 1·21 billion (1·14–1·28) ; 

48·3% (46·3–50·2)

2. The five leading risks in 2017: high systolic blood pressure, 

smoking

high fasting plasma glucose

high body-mass index

short gestation (短妊娠期) for birthweight



Main findings

Figure 1: Leading 15 Level 4 risk factors by attributable DALYs at the global 

level, 1990, 2007, and 2017, for both sexes (A), females (B), and males (C)



Findings

3. risk-attributable DALYs: declined by 4.9% (3.3–6.5), 2007-

2017. 

In the absence of demographic changes (ie, population growth 

and ageing), changes in risk exposure and risk-deleted DALYs 

would have led to a 23.5% decline in DALYs during that period.

Conversely, in the absence of changes in risk exposure and risk-

deleted DALYs, demographic changes would have led to an 

18.6% increase in DALYs during that period.



Main findings

Figure 2: Percentage change in risk-attributable DALYs at the global level in 2007–17, due to 

population growth, population ageing, changes in exposure to Level 1 risk factors, and 

changes in risk-deleted DALY rates, for both sexes



Main findings

4. the leading Level 4 risk factor for age-standardised DALY rates was 

high SBP in four super-regions: 

（1）central Europe, eastern Europe, and central Asia

（2）north Africa and Middle East

（3）south Asia

（4）southeast Asia, east Asia, and Oceania



Main findings

5. The leading risk factor 

high-income super-region            smoking

Latin America and Caribbean            high BMI,

sub-Saharan Africa           unsafe sex

6. O/E ratios for unsafe sex in sub-Saharan Africa were notably 

high, and those for alcohol use in north Africa and the Middle 

East were notably low.



3. Health-related Sustainable 

Development Goals (SDGs)



Background

Efforts to establish the 2015 baseline and monitor early 

implementation of the UN Sustainable Development Goals (SDGs) 

highlight both great potential for and threats to improving health by 

2030.

measured progress on 41 of 52 health-related SDG indicators

estimated the health-related SDG index for 195 countries and territories for the 

period 1990–2017

projected indicators to 2030

analysed global attainment

来源：GBD 2017 SDG Collaborators. Measuring progress from 1990 to 2017 and projecting attainment to 2030 of the 

health-related Sustainable Development Goals for 195 countries and territories: a systematic analysis for the Global 

Burden of Disease Study 2017[J]. The Lancet, 2018, 392(10159):2091-2138.



Methods

Measured progress on 41 health-related SDG indicators,1990- 2017

an increase of four indicators since GBD 2016

health worker density

sexual violence by non-intimate partners

population census status 

prevalence of physical and sexual violence

improved the measurement of several previously reported

indicators. 



Methods

constructed national-level estimates, and examined indicator-

level differences by sex and Socio-demographic Index (SDI) 

did subnational assessments of performance for selected 

countries. 



Methods

used weighted averages of indicator-specific and country-

specific annualised rates of change from 1990 to 2017 to 

inform future estimates.

calculating the annual change in each location and year from 

1990 to 2017 in logit or natural-log space.

computed weighted annualised rates of change



Methods

weights         0:  annual rates of change over time were more 

equally weighted across years; 

weights         higher values:  recent years were more heavily 

weighted than were earlier years. 

These weights were selected through out-of-sample predictive

validity tests



Methods

transformed the value for each indicator on a scale of 0–100, with 

0 as the 2·5th percentile and 100 as the 97·5th percentile of 1000 

draws calculated from 1990 to 2030

calculated the geometric mean of scaled health-related SDG 

indicators by target

took the geometric mean across all health-related SDG targets to 

produce the overall health-related SDG index.



Methods

Method 1

used our indicator projections to 2030 at the draw level (1000 draws in 

total), calculating at each draw whether or not a country would attain a 

target. 

The total probability of attainment = the number of draws (in which the 

country would attain the target) / the total number of draws.

We also calculated the mean estimate in 2030 (the average of 1000 draws)

used that estimate to assess whether or not a country would attain a target. 



Methods

Method 2 : 

Using 2015 global averages of indicators with defined SDG targets, calculated the 

global annualised rates of change required from 2015 to 2030 to meet these 

targets

identified in what percentiles the required global annualised rates of change fell in 

the distribution of country-level rates of change from 1990 to 2015

took the mean of these global percentile values across indicators

applied the past rate of change at this mean global percentile to all health-related 

SDG indicators, irrespective of target definition

to estimate the equivalent 2030 global average value and percentage change from 

2015 to 2030 for each indicator



Main findings

1. The global median health-related SDG index in 2017 was 

59·4 (IQR 35·4–67·3), ranging from a low of 11·6 (95% 

uncertainty interval 9·6–14·0) to a high of 84·9 (83·1–

86·7). 

2. SDG index values in countries assessed at the 

subnational level varied substantially, particularly in China 

and India, although scores in Japan and the UK were 

more homogeneous.



Main findings

Figure 3: Health-related SDG index for selected subnational locations, 2017 



Main findings

4. Most countries were projected to have a higher health-related 

SDG index in 2030 than in 2017. 

most countries with at least 95% probability of target attainment:

Under-5 mortality

neonatal mortality

maternal mortality ratio

malaria



Main findings

Other indicators, including NCD mortality and suicide 

mortality, had no countries projected to meet corresponding 

SDG targets,  but showed some probability of attainment by 

2030.

For some indicators, including child malnutrition, several 

infectious diseases, and most violence measures, the 

annualised rates of change required to meet SDG targets far 

exceeded the pace of progress achieved by any country in 

the recent past.



4. Healthcare Access and Quality 

(HAQ) Index



Background

National levels of personal health-care access and quality 

can be approximated by measuring mortality rates from 

causes that should not be fatal in the presence of effective 

medical care (i.e., amenable mortality).

Previous analyses only focused on high-income countries 

and faced several methodological challenges. 

Healthcare Access and Quality Index based on mortality from causes amenable to personal health care in 195 countries and territories, 

1990–2015: a novel analysis from the Global Burden of Disease Study 2015[J]. The Lancet, 2017, 390(10091):231-266. 



Background

The goal of this analysis is to use the highly standardized 

cause of death and risk factor estimates generated through 

the Global Burden of Diseases, Injuries, and Risk Factors 

Study (GBD) to improve and expand the quantification of 

personal health-care access and quality for 195 countries 

and territories from 1990 to 2015.



Methods

1. Mapping the Nolte and McKee amenable cause list to the 

GBD cause list

Drawing from Nolte and McKee’s list of 33 causes

amenable to personal health care and mapping these conditions to the GBD causes 

list based on corresponding ICD codes.

2. Age-standardized risk-standardized death rates

Removing the joint effects of national environmental and behavioral risks and 

added back the global levels of risk exposure as estimated for GBD 2015, in 

order to isolate the effects of personal health-care access and quality. 



Methods

 where mjascy is the death rate from cause j in age a, sex s, 

location c, and year y; mrjascy is the risk-standardized death rate; 

JPAFjascy is the joint population attributable fraction (PAF) for 

cause j, in age a, sex s, country c, and year y for all behavioral 

and environmental risks included in GBD; and JPAFjasgy is the 

joint PAF for cause j, in age a, sex s, and year y at the global 

level. 

 GBD provides joint PAF estimation for multiple risks combined, 

which takes into account the mediation of different risks 

through each other. 



Methods

3. Construction of the Healthcare Access and Quality (HAQ) 

Index based on age-standardized risk standardized death

Using principal component analysis to create a single, interpretable 

summary measure the HAQ Index on a scale of 0 to 100.

The HAQ Index showed strong convergence validity as compared with 

other health-system indicators.



Methods

4. Quantifying  maximum  levels of the HAQ Index across 

the development spectrum.

Producing  a frontier based on the relationship between the HAQ 

Index and SDI. 

Socio-demographic Index (SDI), a measure of overall development 

consisting of income per capita, average years of education, and 

total fertility rates. 



Main findings



Main findings



Main findings



5. 如何看待GBD估算方法及

结果？



针对GBD估算结果不成熟的看法

a. GBD为全球学者和决策人员提供了一个免费使用的数

据来源，很多程度上推进疾病负担估算方法学及循证

决策的进展，特别是在绝大多数中低收入国家。

b. 受很多国家缺乏高质量数据的影响，GBD课题组不得

不基于大量的假设采用模型估算全球疾病负担，这造

成某些估算结果的真实性存在争议。



实例1：Hu G, 

Mamady K. 

Alcohol-related 

road traffic injury 

and Global 

Burden of 

Disease 2010. 

Lancet. 2013 Sep 

28;382(9898): 

1092-3.



实例2：Wu Y, 

Cheng X, Ning P, 

Cheng P, 

Schwebel DC, Hu

G.  Comparing 

U.S. Injury Death

Estimates from 

GBD 2015 and 

CDC WONDER. Int

J Environ Res 

Public Health. 2018 

Jan 7;15(1). pii: 

E87. doi: 

10.3390/ijerph1501

0087.



实例2：Wu Y, 

Cheng X, Ning P, 

Cheng P, 

Schwebel DC, Hu

G.  Comparing 

U.S. Injury Death

Estimates from 

GBD 2015 and 

CDC WONDER. Int

J Environ Res 

Public Health. 2018 

Jan 7;15(1). pii: 

E87. doi: 

10.3390/ijerph1501

0087.



个人不成熟看法

c. 基于高质量数据的简单模型估算结果>>基于复杂

模型估算的结果，但现实中需要做出平衡。

d. 需要全球同行共同努力来推进疾病负担估算方法

的优化和估算结果的真实性，包括：方法学研究、

数据采集方法革新、数据质量评估及矫正…
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