CHALMERS

UNIVERSITY OF TECHNOLOGY

Global, regional, and national comparative risk assessment of 84
behavioural, environmental and occupational, and metabolic risks or

Downloaded from: https://research.chalmers.se, 2026-04-06 09:12 UTC

Citation for the original published paper (version of record):

Stanaway, J., Afshin, A., Gakidou, E. et al (2018). 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. The Lancet,
392(10159): 1923-1994. http://dx.doi.org/10.1016/S0140-6736(18)32225-6

N.B. When citing this work, cite the original published paper.

research.chalmers.se offers the possibility of retrieving research publications produced at Chalmers University of Technology. It
covers all kind of research output: articles, dissertations, conference papers, reports etc. since 2004. research.chalmers.se is
administrated and maintained by Chalmers Library

(article starts on next page)



Global Health Metrics

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

GBD 2017 Risk Factor Collaborators*

Summary

Background The Global Burden of Diseases, Injuries, and Risk Factors Study (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. With each annual GBD study, we 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.

Methods We used the CRA framework developed for previous iterations of GBD to estimate levels and trends in
exposure, attributable deaths, and attributable disability-adjusted life-years (DALYs), by age group, sex, year, and
location for 84 behavioural, environmental and occupational, and metabolic risks or groups of risks from 1990 to
2017. This study included 476 risk—outcome pairs that met the GBD study criteria for convincing or probable evidence
of causation. We extracted relative risk and exposure estimates from 46749 randomised controlled trials, cohort
studies, household surveys, census data, satellite data, and other sources. We used statistical models to pool data,
adjust for bias, and incorporate covariates. Using the counterfactual scenario of theoretical minimum risk exposure
level (TMREL), we estimated the portion of deaths and DALYs that could be attributed to a given risk. We explored the
relationship between development and risk exposure by modelling the relationship between the Socio-demographic
Index (SDI) and risk-weighted exposure prevalence and estimated expected levels of exposure and risk-attributable
burden by SDI. Finally, we explored temporal changes in risk-attributable DALYs by decomposing those changes into
six main component drivers of change as follows: (1) population growth; (2) changes in population age structures;
(3) changes in exposure to environmental and occupational risks; (4) changes in exposure to behavioural risks;
(5) changes in exposure to metabolic risks; and (6) changes due to all other factors, approximated as the risk-deleted
death and DALY rates, where the risk-deleted rate is the rate that would be observed had we reduced the exposure
levels to the TMREL for all risk factors included in GBD 2017.

Findings In 2017, 34-1 million (95% uncertainty interval [UI] 33-3-35-0) deaths and 1-21 billion (1-14-1-28) DALYs
were attributable to GBD risk factors. Globally, 61-0% (59-6-62-4) of deaths and 48-3% (46-3-50-2) of DALYs were
attributed to the GBD 2017 risk factors. When ranked by risk-attributable DALYs, high systolic blood pressure (SBP)
was the leading risk factor, accounting for 10-4 million (9-39-11-5) deaths and 218 million (198-237) DALYs,
followed by smoking (7-10 million [6-83-7-37] deaths and 182 million [173-193] DALYs), high fasting plasma
glucose (6-53 million [5-23-8 - 23] deaths and 171 million [144-201] DALYs), high body-mass index (BMI; 4- 72 million
[2-99-6-70] deaths and 148 million [98 - 6-202] DALYs), and short gestation for birthweight (1-43 million [1-36-1-51]
deaths and 139 million [131-147] DALYs). In total, risk-attributable DALYs declined by 4-9% (3-3-6-5) between 2007
and 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. The ratios of observed risk exposure levels to exposure levels expected based on SDI
(O/E ratios) increased globally for unsafe drinking water and household air pollution between 1990 and 2017. This
result suggests that development is occurring more rapidly than are changes in the underlying risk structure in a
population. Conversely, nearly universal declines in O/E ratios for smoking and alcohol use indicate that, for a given
SDI, exposure to these risks is declining. In 2017, the leading Level 4 risk factor for age-standardised DALY rates was
high SBP in four super-regions: central Europe, eastern Europe, and central Asia; north Africa and Middle East;
south Asia; and southeast Asia, east Asia, and Oceania. The leading risk factor in the high-income super-region was
smoking, in Latin America and Caribbean was high BMI, and in sub-Saharan Africa was unsafe sex. 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.
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Interpretation By quantifying levels and trends in exposures to risk factors and the resulting disease burden, this
assessment offers insight into where past policy and programme efforts might have been successful and highlights
current priorities for public health action. Decreases in behavioural, environmental, and occupational risks have
largely offset the effects of population growth and ageing, in relation to trends in absolute burden. Conversely, the
combination of increasing metabolic risks and population ageing will probably continue to drive the increasing
trends in non-communicable diseases at the global level, which presents both a public health challenge and
opportunity. We see considerable spatiotemporal heterogeneity in levels of risk exposure and risk-attributable burden.
Although levels of development underlie some of this heterogeneity, O/E ratios show risks for which countries are
overperforming or underperforming relative to their level of development. As such, these ratios provide a
benchmarking tool to help to focus local decision making. Our findings reinforce the importance of both risk exposure
monitoring and epidemiological research to assess causal connections between risks and health outcomes, and they
highlight the usefulness of the GBD study in synthesising data to draw comprehensive and robust conclusions that
help to inform good policy and strategic health planning.

Funding Bill & Melinda Gates Foundation and Bloomberg Philanthropies.

Copyright © 2018 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction

The environmental, behavioural, and metabolic risks
that drive injury and disease are the mechanisms by
which public health efforts can most efficiently and
effectively prevent health loss. Effecting population
health improvements, therefore, requires understanding

Research in context

Evidence before the study

Population-level estimates of individual risks have been
produced periodically by both WHO and UNICEF, whereas
independent scientific publications provide risk estimates that
are limited in the number of risks assessed and population size
evaluated. Since 2010, the Global Burden of Diseases, Injuries,
and Risk Factors Study (GBD) has produced comprehensive
assessments of risk factor burden by age, sex, cause, and location.
The previous iteration of this study, GBD 2016, assessed

84 behavioural, environmental and occupational, and metabolic
risks between 1990 and 2016, with major updates in the
assessment of second-hand smoke, alcohol use, and diet.

The GBD study remains the only peer-reviewed, comprehensive,
and annual assessment of risk factor burden by age, sex, cause,
location, and year that complies with the Guidelines for Accurate
and Transparent Health Estimates Reporting.

Added value of this study

GBD 2017 expands the scope of GBD 2016 with the estimation
of one new risk factor—bullying victimisation—and 80 new
risk-outcome pairs, with a total of 476 risk-outcome pairs.
GBD 2017 incorporates 46 749 sources. We have expanded our
estimation locations with the addition of subnational locations
for Ethiopia, Iran, Norway, and Russia, and estimates for Maori
and non-Maori populations in New Zealand. We implemented
broad improvements to methods to better estimate risk factor
exposures and relative risks. Notably, we have moved from
total cholesterol to low-density lipoprotein cholesterol,
implemented continuous measures of exposure for smoking,
and updated the ambient particulate matter pollution model

of not only the injuries and diseases that drive
health burdens, but also the risks that drive injury and
disease. Through a constantly evolving collection of
cohort studies, randomised trials, and case-control
studies, decades of epidemiological research have worked
to quantify the nature and magnitude of associations

with new ground measurement data from almost 4000 sites.
We expanded upon our decomposition analyses to investigate
the drivers of risk-attributable burden and the changes in
burden by country, and to decompose risk-attributable changes
between broad categories of risks, thus providing deeper
insight into changing patterns of risk-attributable burden and
their underlying causes. We broadened our analyses of
geographical and temporal trends in risk exposure and burden
by estimating expected risk-weighted prevalence of exposures
based on Socio-demographic Index. We explored the observed
relationship between development status and risk exposure
across all locations and years, and for the first time we described
spatiotemporal patterns in the ratio of observed-to-expected
levels of risk exposure.

Implications of all the available evidence

Decomposing trends by their underlying drivers reveals
improvements in risk-deleted burden (ie, burden not
attributed to risks in the GBD analysis), and broadly,
improvements in exposure to environmental and behavioural
risks. Conversely, increasing exposure to metabolic risks is
driving increases in burden, indicating a crucial need for risk
mitigation policies in this area. By quantifying the relationship
between development and risk exposure, we highlight which
risks appear sensitive to development and, of those, which are
likely to improve or worsen with development. This analysis
highlights areas where countries are either overperforming or
underperforming relative to their economic peers and provides
insight into areas where risk-modification strategies might be
the best targets to improve health.
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between risk exposures and outcomes in studied pop-
ulations. Moving beyond individual studies of individual
populations, this raw evidence can be synthesised to
draw the comprehensive and robust conclusions that are
necessary to inform good public health policy. The Global
Burden of Diseases, Injuries, and Risk Factors Study
(GBD) comparative risk assessment (CRA) is a com-
prehensive and comparable approach to risk factor
quantification that offers a useful tool for synthesising
evidence on risks and risk—outcome associations. With
each annual GBD, we update the GBD CRA to incor-
porate new data on risk-outcome pairs, risk exposure
levels, and risk—outcome associations.

Previous GBD studies have assessed the relationship
between development, as measured by the Socio-demo-
graphic Index (SDI), and both the magnitude and
composition of disease burden.™* The results of those
analyses highlighted the dramatic declines in com-
municable, maternal, neonatal, and nutritional diseases
(CMNNDs) that have generally occurred with increases
in socioeconomic development as well as the subsequent
increases in life expectancy and absolute burden of non-
communicable diseases (NCDs)—a pattern referred to as
the epidemiological transition. Previous GBD analyses
also estimated the expected burden for each cause in
every location and year, based on that location’s SDI. The
comparison of observed burden to the burden expected
based on SDI offered insight into the relative performance
of countries at similar levels of development. Here, we
extend those methods to analyse epidemiological
transition with regards to risk exposure and risk-
attributable burden. This analysis allows the identification
of risks that are positively associated with development,
negatively associated with development, or independent
of development status. By estimating the levels of risk
exposure and risk-attributable burden on the basis of
SDI, and comparing these expectations to observed
levels, it is possible to identify locations that either
underperform or overperform compared with similarly
developed countries.

The GBD 2017 CRA includes 84 risk factors and
476 associated risk—outcome pairs. We expanded the
scope of GBD 2016 with the inclusion of 80 new outcomes
for existing risks and one new risk factor: bullying
victimisation. The study provides estimates of exposure
and attributable deaths and disability-adjusted life-years
(DALYs) for 195 countries and territories for 1990 through
2017, including new subnational estimates for Ethiopia,
Iran, New Zealand, Norway, and Russia. We explored
changes in risk-attributable DALYs by decomposing
those changes into six main component drivers of
change, explored the relationship between risk exposure
and SDI, and estimated the ratio of observed-to-expected
levels of exposure and risk-attributable burden by SDI.
As with previous iterations of GBD, the GBD 2017 CRA
results presented here supersede all previously published
GBD CRA estimates.

www.thelancet.com Vol 392 November 10,2018

Key messages

+ The Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2017 expands on
GBD 2016 with the estimation of one new risk factor—bullying victimisation—and
80 new risk-outcome pairs, making a total of 476 risk-outcome pairs. The study further
investigates the drivers of changes in risk-attributable burden and explores the

relationship between development and risk exposure.

+ In2017,34-1 million (95% uncertainty interval [Ul] 33-3-35-0) deaths and 1-21 billion
(1-14-1-28) disability-adjusted life-years (DALYs) were attributable to risk factors
included in GBD 2017. All included risks combined contributed to 61-0% (59-6-62-4)

of deaths and 48-3% (46-3-50-2) of DALYs worldwide.

+ The five leading risks in 2017 were high systolic blood pressure, smoking, high fasting
plasma glucose, high body-mass index, and short gestation for birthweight.

« DALY-based ranks for all metabolic risks increased between 1990 and 2017 for both

males and females. Consequently, four of the five leading risks were behavioural risks
in 1990, whereas three of the five leading risks were metabolic risks in 2017.

+ Between 2007 and 2017, the absolute number of risk-attributable DALYs declined by
3:44% (95% Ul 2:47-4-40). During that period, exposures to behavioural,
environmental, and occupational risks declined (improved), but these gains were
somewhat offset by increases in exposure to metabolic risks, population growth,

and population ageing.

+  Socioeconomic development was strongly associated with exposure levels for many
risks. Among the leading risks, unsafe water, household air pollution, and child
wasting show pronounced decreasing trends with development. Conversely, smoking,
alcohol use, drug use, and high low-density lipoprotein cholesterol all show a

pronounced increasing trend with development.

Methods

Overview

The CRA conceptual framework was developed by
Murray and Lopez,® who established a causal web of
hierarchically organised risks that contribute to health
outcomes and facilitate the quantification of risks at any
level in the framework. In GBD 2017, as in previous
GBDs, we assessed a set of behavioural, environmental
or occupational, and metabolic risks that were organised
into five hierarchical levels (appendix 1 section 5). At
Level 0, GBD 2017 reports estimates for all risk factors
combined. Nested within Level 0, Level 1 includes three
risk categories: environmental and occupational, meta-
bolic, and behavioural risk factors. This hierarchical
structure continues, with each subsequent level
including more detailed risks factors that are nested
within the broader category above it. There are 19 risks at
Level 2, 39 risks at Level 3, and 22 risks at Level 4, for a
total of 84 risks or risk groups, where all risks (Level 0) is
included as a risk group. Although we have added
bullying as a new risk factor, the total number of risk
factors remains unchanged from GBD 2016 because of
the merging of two risk factors: we previously estimated
second-hand smoke and occupational exposure to
second-hand smoke as two separate risks but have
incorporated the two exposures into one second-hand
smoke Level 3 risk for GBD 2017 Each risk factor is
associated with an outcome or outcomes, and each
combination of risk and outcome included in the GBD is

See Online for appendix 1
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results-tool

See Online for appendix 2

referred to as a risk—outcome pair. Risk—outcome pairs
were included on the basis of evidence rules (appendix 1
section 5). To date, we have not quantified the con-
tribution of distal social, cultural, and economic risk
factors; however, our analysis of the relationship between
risk exposures and sociodemographic development,
measured with SDI, offers insights into the relationship
between economic context and risk factors.

This analysis largely follows the CRA methods used in
GBD 2016.* Given the scope of the analysis, we offer a
high-level overview of the study methods and analytical
logic, detailing areas of notable change and innovation
since GBD 2016 and include risk-specific details in
appendix 1 (section 4). This study complies with the
Guidelines for Accurate and Transparent Health
Estimates Reporting statement® (appendix 1 section 5).

Geographical units of analysis and years for estimation
For GBD 2017, we have estimated risk factor exposure
and attributable burden by age, sex, cause, and location
from 1990 to 2017. GBD locations are arranged in a nested
hierarchy: 195 countries and territories are within
21 regions and these 21 regions are within seven super-
regions. Each year, GBD includes subnational analyses for
a few new countries and continues to provide subnational
estimates for countries that were added in previous cycles.
Subnational estimation in GBD 2017 includes five new
countries (Ethiopia, Iran, New Zealand, Norway, Russia)
and countries previously estimated at subnational levels
(GBD 2013: China, Mexico, and the UK [regional level];
GBD 2015: Brazil, India, Japan, Kenya, South Africa,
Sweden, and the USA; GBD 2016: Indonesia and the UK
[local government authority level]). All analyses are at the
first level of administrative organisation within each
country except for New Zealand (by Maori ethnicity),
Sweden (by Stockholm and non-Stockholm), and the UK
(by local government authorities). All subnational
estimates for these countries were incorporated into
model development and evaluation as part of GBD 2017
To meet data use requirements, in this publication we
present all subnational estimates excluding those pending
publication (Brazil, India, Japan, Kenya, Mexico, Sweden,
the UK, and the USA; appendix 2). Subnational estimates
for countries with populations larger than 200 million
(measured using the most recent year of published
estimates) that have not yet been published elsewhere
are presented wherever estimates are illustrated with
maps but are not included in data tables.

Attributable burden estimation

Four components were used for the calculations to
estimate the attributable burden for a given risk-
outcome pair: (1) the estimate of the burden metric
being assessed for the cause (ie, number of deaths,
years of life lost [YLLs], years lived with disability
[YLDs], or DALYs); (2) the exposure levels for the risk
factor; (3) the counterfactual level of risk factor exposure

or theoretical minimum risk exposure level (TMREL);
and (4) the relative risk of the outcome relative to the
TMREL. For a given risk-outcome pair, we estimated
attributable DALYs as total DALYs for the outcome
multiplied by the population attributable fraction (PAF)
for the risk—outcome pair for each age, sex, location,
and year. The same logic applies to estimating
attributable deaths, YLLs, and YLDs. The 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. The PAF for each
individual risk—outcome pair is estimated independently
and incorporates all burden for the outcome that is
attributable to the risk, whether directly or indirectly.
For example, the burden of ischaemic heart disease
attributable to high body-mass index (BMI) includes
the burden resulting from the direct effect of BMI on
ischaemic heart disease risk, as well as the burden
through the effects of BMI on ischaemic heart disease
that are mediated through other risks (eg, high systolic
blood pressure [SBP] and high low-density lipoprotein
[LDL] cholesterol). When aggregating PAFs across
multiple risks we used a mediation adjustment
to compute the excess attenuated risk for each of
205 mediation-risk-cause sets (appendix 1 section 5).

Estimation process

Information about the data sources, estimation methods,
computational tools, and statistical analyses used to
derive our estimates are provided in appendix 1
(sections 1-4). The analytical steps for estimating the
burden attributable to single or clusters of risk—outcome
pairs are summarised in the appendix 1 (section 2).
Table 1 provides definitions of exposure for each risk
factor and the TMREL used. Although the approach taken
is largely similar to GBD 2016, we have implemented
improvements to methods and incorporated new data
sources. Appendix 1 (section 4) details each analytical step
Dby risk. Citation information for the data sources used for
relative risks is provided in an online source tool.

We report all point estimates with 95% uncertainty
intervals (Uls). To ensure that Uls capture uncertainty
from all relevant sources (uncertainty in exposures,
relative risks, TMRELs, and burden estimates) we
propagate uncertainty through the estimation chain
using posterior simulation using 1000 draws, from which
we derive the lower and upper bounds of the UI based on
the 2-5th and 97-5th percentiles. Where reported, esti-
mates of percentage change were computed on the basis
of the point estimates for the timepoints being compared.

Summary exposure values

For each risk, we produced a summary measure of
exposure, called the summary exposure value (SEV). The
metric is a risk-weighted prevalence of an exposure, and
it offers an easily comparable single-number summary

www.thelancet.com Vol 392 November 10,2018
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Risk factors Exposure definition Theoretical minimum risk exposure  Data representativeness index
level
Before 2007 2007-17 Total
0 All 100-0% 100-0% 100-0%
1 Environmental and occupational risks 100-0% 100-0% 100-0%
2 Unsafe water, sanitation, and 80-3% 63-7% 82:4%
handwashing
3 Unsafe water source Proportion of individuals with access to different Allindividuals have access to water 782% 611% 79-8%
water sources (unimproved, improved except piped,  from a piped water supply that is also
or piped water supply) and reported use of boiled or filtered before drinking
household water treatment methods (boiling or
filtering, chlorinating or solar filtering, or no
treatment)
3 Unsafe sanitation Proportion of individuals with access to different All individuals have access to toilets 757% 54-9% 78-8%
sanitation facilities (unimproved, improved except  with sewer connection
sewer, or sewer connection)
3 No access to handwashing facility Proportion of individuals with access to Allindividuals have access to 13:5% 347% 39-4%
handwashing facility with soap, water, and wash handwashing facility with soap, water,
station and wash station
2 Air pollution 100-0% 100-0% 100-0%
3 Particulate matter pollution 82:9% 88:6% 96-4%
4 Ambient particulate matter pollution  Annual average daily exposure to outdoor air Joint theoretical minimum risk 17-1% 57-0% 58-:0%
concentrations of particulate matter with an exposure level for both household and
aerodynamic diameter of <25 um (PM, ), ambient particulate matter pollution is
measured in pg/m? a uniform distribution between 2-4 and
5-9 pg/m?, with burden attributed
proportionally between household and
particulate matter pollution on the
basis of source of PM, ; exposure in
excess of theoretical minimum risk
exposure level
4 Household air pollution from solid Individual exposure to PM, due to use of solid See ambient particulate matter 82:9% 63-4% 85-5%
fuels cooking fuel pollution
3 Ambient ozone pollution Seasonal (6-month period with highest ozone) Uniform distribution between 29-1and ~ 100-0% 100-0% 100-0%
8-h daily maximum ozone concentrations, 35.7 ppb
measured in ppb
2 Other environmental risks 47-2% 30-1% 48-7%
3 Residential radon Average daily exposure to indoor air radon levels 10 Bg/m?, corresponding to the 36-8% 8-8% 36-8%
measured in becquerels (radon disintegrations outdoor concentration of radon
per second) per cubic metre (Bg/m?®)
3 Lead exposure Blood lead levels in ug/dL of blood, bone lead levels 2 pg/dL, corresponding to lead levels in 35-8% 26-9% 40-9%
in pg/g of bone pre-industrial humans as natural
sources of lead prevent the feasibility of
Zero exposure
2 Occupational risks 100-0% 100-0% 100-0%
3 Occupational carcinogens 100-0% 100-0% 100-0%
4 Occupational exposure to asbestos Proportion of the population with cumulative No occupational exposure to ashestos ~ 100-0% 100-0% 100-0%
lifetime exposure to occupational ashestos
4 Occupational exposure to arsenic Proportion of the population ever exposed to No occupational exposure to arsenic 100-0% 100-0% 100-0%
arsenic at work or through their occupation
4 Occupational exposure to benzene Proportion of the population ever exposed to No occupational exposure to benzene 100-0% 100-0% 100-0%
benzene at work or through their occupation
4 Occupational exposure to beryllium Proportion of the population ever exposed to No occupational exposure to beryllium ~ 100-0% 100-0% 100-0%
beryllium at work or through their occupation
4 Occupational exposure to cadmium Proportion of the population ever exposed to No occupational exposure to cadmium ~ 100-0% 100-0% 100-0%
cadmium at work or through their occupation
4 Occupational exposure to chromium Proportion of the population ever exposed to No occupational exposure to chromium ~ 100-0% 100-0% 100-0%
chromium at work or through their occupation
4 Occupational exposure to diesel engine  Proportion of the population ever exposed to diesel  No occupational exposure to diesel 100-0% 100-0% 100-0%
exhaust engine exhaust at work or through their occupation  engine exhaust
4 Occupational exposure to Proportion of the population ever exposed to No occupational exposure to 100-0% 100-0% 100-0%
formaldehyde formaldehyde at work or through their occupation  formaldehyde

(Table 1 continues on next page)
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Risk factors Exposure definition Theoretical minimum risk exposure  Data representativeness index
level
Before 2007  2007-17 Total
(Continued from previous page)
4 Occupational exposure to nickel Proportion of the population ever exposed to nickel ~ No occupational exposure to nickel 100-0% 100-0% 100-0%
at work or through their occupation
4 Occupational exposure to polycyclic Proportion of the population ever exposed to No occupational exposure to polycyclic ~ 100-0% 100-0% 100-0%
aromatic hydrocarbons polycyclic aromatic hydrocarbons at work or aromatic hydrocarbons
through their occupation
4 Occupational exposure to silica Proportion of the population ever exposed tosilica ~ No occupational exposure to silica 100-0% 100-0% 100-0%
at work or through their occupation
4 Occupational exposure to sulphuric Proportion of the population ever exposed to No occupational exposure to sulphuric 100-0% 100-0% 100-0%
acid sulphuric acid at work or through their occupation  acid
4 Occupational exposure to Proportion of the population ever exposed to No occupational exposure to 100-0% 100-0% 100-0%
trichloroethylene trichloroethylene at work or through their trichloroethylene
occupation
3 Occupational asthmagens Proportion of the population currently exposed to Background asthmagen exposures 881% 82:9% 91-2%
asthmagens at work or through their occupation
3 Occupational particulate matter, gases, Proportion of the population ever exposed to No occupational exposure to 86-5% 81.9% 89-6%
and fumes particulates, gases, or fumes at work or through particulates, gases, or fumes
their occupation
3 Occupational noise Proportion of the population ever exposed to noise  Background noise exposure 86:5% 81.0% 89:6%
greater than 85 decibels at work or through their
occupation
3 Occupational injuries Proportion of the population at risk to injuries The rate of injury deaths per 100 000 881% 82:9% 92:2%
related to work or through their occupation person-years is zero
3 Occupational ergonomic factors Proportion of the population who are exposed to All individuals have the ergonomic 84-5% 81.9% 89-6%
ergonomic risk factors for low back pain at work or  factors of clerical and related workers
through their occupation
1 Behavioural risks 100-0% 100-0% 100-0%
2 Child and maternal malnutrition 98-5% 97-4% 98-5%
3 Suboptimal breastfeeding 751% 60-6% 83-4%
4 Non-exclusive breastfeeding Proportion of children younger than 6 months who  All children are exclusively breastfed for 751% 60-6% 83-4%
receive predominant, partial, or no breastfeeding first 6 months of life
4 Discontinued breastfeeding Proportion of children aged 6-23 months who do All children continue to receive breast 751% 60-6% 83-4%
not receive any breast milk milk until 2 years of age
3 Child growth failure 76:2% 653% 772%
4 Child underweight Proportion of children =3 SDs, 2-3 SDs, and 1-2 SDs  All children are <1 SD below the WHO 751% 63-7% 76:7%
lower than the WHO 2006 standard weight-for-age 2006 standard weight-for-age curve
curve
4 Child wasting Proportion of children =3 SDs, 2-3 SDs, and 1-2 SDs  All children are <1 SD below the WHO 751% 65-3% 772%
lower than the WHO 2006 standard 2006 standard weight-for-height curve
weight-for-length curve
4 Child stunting Proportion of children =3 SDs, 2-3 SDs, and 1-2 SDs  All children are <1 SD below the WHO 751% 64-8% 77-2%
lower than the WHO 2006 standard height-for-age 2006 standard height-for-age curve
curve
3 Low birthweight and short gestation 757% 782% 86-0%
4 Low birthweight for gestation Proportion of births occurring in 2-week gestational =~ 500-g birthweight category with lowest ~ 75-7% 782% 86-0%
age categories from [0-24) weeks to [40-42) weeks,  risk within each gestational age
for each 500-g birthweight category starting from  category
[0-500) g to [4000-4500) g*
4 Short gestation for birthweight Proportion of births occurring in 500-g birthweight ~ 2-week gestational age category with 757% 78-2% 86-0%
categories from [0-500) g to [4000-4500) g, lowest risk within each birthweight
for each 2-week gestational age category starting category
from [0-24) weeks to [40-42) weeks*
3 Iron deficiency Peripheral blood haemoglobin concentrationing/L  Counterfactual haemoglobin 751% 782% 86-0%
for all iron-responsive causes concentration in the absence of iron
deficiency in g/L for all iron-responsive
causes
3 Vitamin A deficiency Proportion of children aged 0-5 years with serum No childhood vitamin A deficiency 63-7% 43-5% 64-8%

retinol concentration <0-7 pmol/L

(Table 1 continues on next page)
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Risk factors

Exposure definition

Theoretical minimum risk exposure
level

Data representativeness index

Before 2007 2007-17 Total
(Continued from previous page)
3 Zinc deficiency Proportion of the population with inadequate zinc ~ No inadequate zinc intake 92:2% 92:2% 92:2%
intake versus loss
2 Tobacco 99-0% 99-0% 100-0%
3 Smoking Prevalence of current use of any smoked tobacco Allindividuals are lifelong non-smokers ~ 98-5% 98-5% 99-5%
product and prevalence of former use of any smoked
tobacco product; among current smokers, cigarette
equivalents smoked per smoker per day and
cumulative pack-years of exposure; among former
smokers, number of years since quitting
3 Chewing tobacco Current use of any chewing tobacco product All individuals are lifelong non-users of 332% 70-5% 73-6%
chewing tobacco products
3 Second-hand smoke Average daily exposure to air particulate matter No second-hand smoke exposure 80-3% 73:1% 88-1%
from second-hand smoke with an aerodynamic
diameter smaller than 2:5 ug, measured in pg/m?’,
among non-smokers
2 Alcohol use Average daily alcohol consumption of pure Estimated distribution 0-10gperday ~ 52-3% 33-2% 59-6%
alcohol (measured in g per day) in current
drinkers who had consumed alcohol during the
past 12 months
2 Drug use Proportion of the population dependent upon No drug use 17-6% 30-1% 39-4%
opioids, cannabis, cocaine, or amphetamines;
proportion of the population who have ever
injected drugs
2 Dietary risks 100-0% 100-0% 100-0%
3 Diet low in fruits Average daily consumption of fruits (fresh, frozen, Consumption of fruit 200-300 g 68-9% 383% 78-8%
cooked, canned, or dried, excluding fruit juicesand  per day
salted or pickled fruits)
3 Diet low in vegetables Average daily consumption of vegetables (fresh, Consumption of vegetables 100-0% 100-0% 100-0%
frozen, cooked, canned, or dried, excluding lequmes  290-430 g per day
and salted or pickled vegetables, juices, nuts and
seeds, and starchy vegetables such as potatoes or
corn)
3 Diet low in legumes Average daily consumption of legumes (fresh, Consumption of legumes 50-70 g 100-0% 100-0% 100-0%
frozen, cooked, canned, or dried legumes) per day
3 Diet low in whole grains Average daily consumption of whole grains (bran, Consumption of whole grains 58-6% 28-0% 68-9%
germ, and endosperm in their natural proportion) 100-150 g per day
from breakfast cereals, bread, rice, pasta, biscuits,
muffins, tortillas, pancakes, and other sources
3 Diet low in nuts and seeds Average daily consumption of nut and seed foods Consumption of nuts and seeds 100-0% 100-0% 100-0%
16-25 g per day
3 Diet low in milk Average daily consumption of milk, including Consumption of milk 350-520 g 100-0% 100-0% 100-0%
non-fat, low-fat, and full-fat milk, excluding soy per day
milk and other plant derivatives
3 Diet high in red meat Average daily consumption of red meat (beef, pork, ~ Consumption of red meat 18-27 g 100-0% 100-0% 100-0%
lamb, and goat but excluding poultry, fish, eggs, and  per day
all processed meats)
3 Diet high in processed meat Average daily consumption of meat preserved by Consumption of processed meat 0-4g ~ 100-0% 100-0% 100-0%
smoking, curing, salting, or addition of chemical per day
preservatives
3 Diet high in sugar-sweetened beverages  Average daily consumption of beverages with Consumption of sugar-sweetened 13-0% 16-1% 26-9%
=50 kcal per 226-8 g serving, including carbonated  beverages 0-5 g per day
beverages, sodas, energy drinks, fruit drinks,
but excluding 100% fruit and vegetable juices
3 Diet low in fibre Average daily intake of fibre from all sources Consumption of fibre 19-28 g perday ~ 100-0% 100-0% 100-0%
including fruits, vegetables, grains, legumes, and
pulses
3 Diet low in calcium Average daily intake of calcium from all sources, Consumption of calcium 1.0-1-5g 100-0% 100-0% 100-0%

including milk, yogurt, and cheese

per day

(Table 1 continues on next page)
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Risk factors Exposure definition Theoretical minimum risk exposure  Data representativeness index
level
Before 2007  2007-17 Total
(Continued from previous page)
3 Diet low in seafood omega 3 fatty acids ~ Average daily intake of eicosapentaenoic acid and Consumption of seafood omega 3 fatty  100-0% 100-0% 100-0%
docosahexaenoic acid acids 200-300 mg per day
3 Diet low in polyunsaturated fatty acids Average daily intake of omega 6 fatty acids fromall  Consumption of polyunsaturated fatty 611% 311% 67-9%
sources, mainly liquid vegetable oils, including acids as 9-13% of total daily energy
soybean oil, corn oil, and safflower oil
3 Diet high in trans fatty acids Average daily intake of trans fat from all sources, Consumption of trans fatty acids as 35-8% 36-8% 36-8%
mainly partially hydrogenated vegetable oils and 0-1% of total daily energy
ruminant products
3 Diet high in sodium 24-h urinary sodium measured in g per day 24-h urinary sodium 1-5 g per day 13-5% 17-6% 21-8%
2 Intimate partner violence Proportion of the population who have ever No intimate partner violence 65-8% 70-5% 84:5%
experienced one or more acts of physical or sexval
violence by a present or former intimate partner
since age 15 years
2 Childhood maltreatment 44-6% 62-2% 70-5%
3 Childhood sexual abuse Proportion of the population ever having had the No childhood sexual abuse 311% 207% 38:9%
experience of intercourse or other contact abuse
(ie, fondling and other sexual touching) when aged
15 years or younger, and the perpetrator or partner
was more than 5 years older than the victim
3 Bullying victimisation Proportion of population attending school who No bullying victimisation 26:4% 52:3% 58-6%
have been exposed to bullying victimisation within
the past year
2 Unsafe sex Proportion of the population with exposure to No exposure to disease-causing 18-7% 49-2% 50-3%
sexual encounters that convey the risk of disease  pathogen through sex
2 Low physical activity Average weekly physical activity at work, home,  All adults experience 51-3% 32:1% 67-4%
transport-related and recreational measured by ~ 3000-4500 MET min per week
MET min per week
1 Metabolic risks 100-0% 100-0% 100-0%
2 High fasting plasma glucose Serum fasting plasma glucose measured in 4-8-5-4 mmol/L 50-3% 50-3% 67-9%
mmol/L
2 High low-density lipoprotein Serum low-density lipoprotein, measured in 0-7-1-3 mmol/L 49-7% 48-2% 71-5%
cholesterol mmol/L
2 High systolic blood pressure Systolic blood pressure, measured in mm Hg 110-115 mm Hg 61-1% 64-8% 81-4%
2 High body-mass index Body-mass index, measured in kg/m? 20-25 kg/m* 100-0% 100-0% 100-0%
2 Low bone mineral density Standardised mean bone mineral density values ~ 99th percentile of NHANES 23-8% 10-4% 25.9%
measured by dual x-ray absorptiometry at the 1988-2014 by age and sex
femoral neck in g/cm?
2 Impaired kidney function Proportion of the population with ACR >30 mg/g  GFR >60 mL/min/1.73 m* and ACR 16-1% 28:5% 311%
or GFR <60 mL/min/1.73 m’, excluding end-stage <30 mg/g
renal disease
The data representativeness index is calculated as the percentage of locations for which we have data in a given time period. ACR=albumin-to-creatine ratio. GBD=Global Burden of Diseases, Injuries, and Risk
Factors Study. GFR=glomerular filtration rate. MET=metabolic equivalent. NHANES=National Health and Nutrition Examination Survey. PM, .=particulate matter with an aerodynamic diameter smaller than
2.5 pm, measured in pm/m?’. ppb=parts per billion. *In numbered intervals, square brackets indicate included endpoints and round brackets indicate excluded endpoints.
Table 1: GBD 2017 risk factor hierarchy and accompanying exposure definitions, theoretical minimum risk exposure level, and data representativeness index for each risk factor,
pre-2007, 2007-17, and total (across all years)

1930

of exposure to each risk. SEVs range from 0% to 100%,
where 0% reflects no risk exposure in a population and
100% indicates that an entire population is exposed to the
maximum possible level for that risk. We show estimates
of SEVs for each risk factor (table 2; appendix 2) and
provide details on how SEVs are computed for categorical
and continuous risks in the appendix 1 (section 2).

Updates to spatiotemporal Gaussian process regression
Spatiotemporal Gaussian process regression has been
used in previous versions of GBD to estimate exposure

for many risks, typically those with rich age-sex-specific
data. It synthesises noisy data by borrowing strength
across space, time, and age to best estimate the underlying
trends for a given risk. With sufficient data, spatiotemporal
Gaussian process regression is a fast and flexible
modelling strategy for fitting non-linear temporal trends.
Although methods were detailed for previous iterations of
GBD,” we have implemented several improvements for
GBD 2017. First, we have added a space-time interaction
weight, which flexibly adjusts the spatial weight of
datapoints as an inverse function of data density over
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time. Second, we refined our method for calculating
model uncertainty to ensure that modelling Cls aligned
better with observed data variance and were more resilient
to parameter changes. Finally, we improved raking, a
post-processing step that ensures internal consistency
between nested locations (subnationals) and their parents.
Specifically, we implemented an option to rake in logit
space, ensuring that raked estimates of prevalence data
are naturally constrained between 0 and 1. More details
are given in appendix 1 (section 2).

Drivers of trends in DALYs

We decomposed temporal changes in DALYs into six main
component drivers of change: (1) population growth;
(2) changes in population age structures; (3) changes in
exposure to environmental and occupational risks;
(4) changes in exposure to behavioural risks, (5) changes
in exposure to metabolic risks; and (6) changes due to all
other factors, approximated as the risk-deleted death and
DALY rates. The risk-deleted rate is the death or DALY
rate that would be observed had we removed all risk
factors included in GBD 2017 In other words, the risk-
deleted rate is the rate that would be observed had we
reduced exposure levels to the TMREL for all risk factors
included in GBD 2017 Changes in risk-deleted rates might
reflect changes in risks or risk—outcome pairs that are not
included in our analysis, or changes in other factors like
improved treatments. We used methods developed by
Das Gupta’ and adapted in GBD 2016 to ensure that
decomposition results are linear aggregates over time or
risk. We did a decomposition analysis for the 10-year
period of 2007-17, for individual risks and the all-risk
aggregate, accounting for risk mediation at the Level 4 risk
and cause level. The contribution of changes in exposure
to the individual risks was scaled to the all-risk effect. The
contribution of risk exposures at higher cause and risk
aggregates (eg, all-cause attributable to Level 1 GBD risks),
or for all ages and both sexes combined, were calculated as
the linear aggregate of the effect of individual risks for
each cause, age, and sex.

Epidemiological transition

SDI is a composite indicator of development status that
was originally constructed for GBD 2015, and is derived
from components that correlate strongly with health
outcomes. It is the geometric mean for indices of the
total fertility rate among women younger than 25 years,
mean education for those aged 15 years or older, and lag-
distributed income per capita. The resulting metric
ranges from 0 to 1, with higher values corresponding to
higher levels of development. SDI estimation methods
and estimates are detailed in appendix 1 (section 2). We
examined the relationship between SDI and SEV to
understand the relationship between development status
and risk factor exposure levels. For each risk factor, we fita
separate generalised additive model with a Loess smoother
on SDI for each combination of age group and sex. Inputs
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to this model were age-sex-specific SEVs for all Level 4
risks in the GBD risk hierarchy, for all national GBD
locations and years between 1990 and 2017 Using an
analogous modelling framework, we estimated the
expected age and sex structure by SDI and used these
expected age and sex proportions to calculate age and sex
aggregates of expected exposure. For each risk—outcome
pair, we used the expected SEVs to calculate expected
PAFs. Because the SEVs for a given risk are not cause
specific, the expected PAF estimates were then corrected
using cause-specific correction factors that were derived by
calibrating expected PAFs against empirical PAFs. To
estimate expected risk-attributable burden, we drew from
the CRA methods, first calculating the joint adjusted
expected PAF for all risks for a cause using mediation
factors (appendix 1 section 2). We then drew from the
methods for observed risk-attributable burden calculation,
using expected YLLs, deaths, and YLDs (appendix 1
section 2) to generate expected burden for a given SDI.

New risks and risks with substantial changes in the
estimation methods compared with GBD 2016
Bullying victimisation is a new risk factor for GBD 2017.
We estimate two outcomes for bullying in the GBD
analysis: anxiety disorders and major depressive
disorder. Bullying is commonly conceptualised as the
intentional and repeated harm of a less powerful
individual by peers and defined in the GBD as bullying
victimisation of children and adolescents attending
school by peers. This does not mean that bullying
occurs exclusively at school and includes bullying that
might occur to and from school as well as cyberbullying.
We developed inclusion criteria that were robust
while adaptable to the heterogeneity in largely non-
health literature. Prevalence data were sourced from
multicountry survey series including the Global School-
based Student Health Survey and the Health Behavior in
School-aged Children survey, as well as peer-reviewed
studies, and were available for 153 GBD locations,
covering all seven GBD super-regions. To reflect the
exposure data and the definition of bullying victimisation
in GBD, we adjusted prevalence estimates for the
proportion of young people attending school using
data published by the UN Educational, Scientific, and
Culture Organization. Because the effect of bullying on
depressive and anxiety disorders has been reported to
wane over time and because prevalence estimates were
from surveys of young people reporting current bullying
victimisation rather than estimates of past exposure at
the time the outcomes occur (ie, retrospective estimates),
we developed a cohort method in which the prevalence
of bullying victimisation exposure was tracked for the
cohort of interest and relative risks varied with time
between exposure to bullying and the point of estimation.
In GBD 2017, the modelling process for air pollution,
including ambient, household, and ozone exposure
sources, was substantially improved. We adjusted the
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Risk Bothsexes  Males Females
Percentage 1990 2007 2017 Percentage Percentage Percentage 1990 2007 2017 Percentage Percentage Percentage
change, change, change, change, change, change, change,
1990-2017 1990-2007 2007-17 1990-2017 1990-2007 2007-17 1990-2017

1 Environmental and occupational risks

2 Unsafe water, sanitation, and handwashing

3 Unsafe water -21-24% 43-22 36-07 3357 -16-53% -6:93% -2232% 4246 35-94 33.87 -1535% -5.76% -20-23%
source (2526 to (4116to (3372to  (30-81to (-19-34to (-973to  (-2629to  (40-42to (33-62to (31-09 (-1819to  (-8:53to (-24-28to

-17-26)* 44.81)  37:87) 3560)  -13:99)* -3-91)* -18:32)* 44-03) 37:70) to -12-85)* 2.77)* -16-19)*
3588)

3 Unsafe -47-80% 5810 40-88 29-88 -29-64% -26-92% -48-58% 57-19 40-82 30-28 -28-62% -25-81% -47-04%

sanitation (-52-10to (53-42to (36:53to (2566  (-3319to (-31-82to (-52:90to  (52:49to (36:45to (2602  (-32:16to  (-30:56to  (-51-30to
-43-25)* 64-54)  46:98) t03537) -26-07)* -21.86)*  -44-00)* 63-65) 46:95) to -25-19)* -20-97)* -42-56)*
35:86)

3 No access to -12:72% 37:81 34-52 3251 -8:72% -5-82% -14-04% 3733 3458 33-05 -7:37% -4-43% -11-47%
handwashing (-16-05to (36-77to (3341to (3136to (-11-64to (-835to  (-17-38to (36:35to (33:52to (31-93to (-10-17to  (-6:89to (-14-82 to
facility -9:07)* 38.82)  35-60) 3363)  -5:64)* -311)* -10-35)* 38-30) 35:62)  3414)  -435)* -1.78)* -7-86)*

2 Air pollution

3 Particulate matter pollution

4 Ambient 41-21% 30-08 3991 41.90 32-71% 4-97% 39-:30% 26-83 3613 38:48 34-66% 6-50% 43-41%
particulate (32:15to0 (23-45t0 (31.90to (33-87  (25-60to  (-059to  (29-87to  (21.00to (2860 (3087  (2756to  (0-68to (33-87to0
matter 51.99)* 38:60)  50-67) to 40-41)* 10-91) 50-14)* 34-70) t046:32) to 42.79)* 13-17)* 55.06)*
pollution 5275) 49-05)

4 Household air  -45-83% 45-57 31.57 23:90 -30-73% -24-30% -47-56% 46-00 3313 25.67 -27-98% -22-50% -44-19%
pollution from  (-49-75 to (3919to (2636to (1950  (-34-45to  (-28:40to (-51.58to (39-75to (27-85to0 (2104  (-3153to  (-26-61to  (-4830to
solid fuels -41-46)* 5422)  39:05)  t03022) -26:65)*  -19:95)*  -42.78)* 54.60)  40-66) to -2427)*  -1830)*  -39.43)*

32.02)

3 Ambient ozone 3:02% 4172 41-88 42-89 0-38% 2:42% 2-81% 41-25 41-50 4258 0-62% 2:60% 3-24%

pollution (230to (18-06 (18-13to (1889  (0-16to (1-77to (222to (17-72to  (17-88to (1865  (0-41to (1-88to (2-40to
4-82)* to5111) 51-37) t05232) 0-61)* 414)* 4-43) 50.99)  5127) to 0-91)* 436)* 5.22)*
52:26)

2 Other environmental risks

3 Residential -0-23% 2373 23.64 23.68 -0-40% 0-18% -0-22% 2372 23.64 23-66 -0-33% 0-10% -0-23
radon (-5-56 to (14-82to (1479to  (1472to (3-44to  (-1.97to  (-527to0 (14-85t0 (14-80  (1475to (357to  (-229to  (-572to

543) 33-91) 33-99) 3419)  275) 232) 515) 33-65) t033:92) 3415)  3-21) 2:38) 5-66)

3 Lead exposure -27-66% 15-65 13.94 1114  -10-93% -2012% -28-85% 956 879 7-15 -811% -18-67% -25.26
(-33:58to0 (1146t0 (997to  (754to (-13-35to  (-2435to  (-34-39to  (5:94to  (534to (410to (-10-42to  (-2343to  (-31-19to
-22.08)* 19-44)  17-65) 1468)  -8-81)* -1616)*  -23.60)* 13-25)  1241)  1063) -6.13)* -14-24)*  -19-60)*

2 Occupational risks

3 Occupational carcinogens

4 Occupational -13-76% 2:67 2:47 236 -7-69% -4-24% -11-61% 0-98 0-79 0-74 -18-62% -6-58% -23:97%
exposure to (-2671to (233to  (238to  (228to (-15-84to (-8:89to  (-22.98to  (0-76to  (0-73to  (0-70to (-30-99to  (-13:-55to  (-40-00to
asbestos 2:19) 3-05) 2-60) 2:45) 3-65) -0-25)* 2:54) 1-25) 0-88) 0-79) -2:32)* -0-85)* -3.78)*

4 Occupational 512% 0-32 0-33 0-34 2:14% 2:96% 5-16% 0-29 0-30 031 3-10% 2-08% 5-25%
exposure to (-0-36to (0-09to (0-10to  (0-10to  (-1:61to (0-27to (-0-22to (0-08to  (0-09to (0-10to (-1.78to (-1-89to (-1-93to
arsenic 2519) 0-61) 0-60) 0-61) 13-84) 8-66)* 22.82) 0-57) 0-57) 0-57) 1837) 9-22) 27-75)

4 Occupational 26-04% 0-54 0-60 0-65 11-09% 7-85% 19-81% 0-51 0-60 0-68 1818% 12:38% 32-80%
exposure to (18:96 to (026to  (031to  (035to (7-19to (5-67to (13-79to (022to  (028to  (034to (13:55to (8:91to (2414 to
benzene 41-92)* 111) 1.20) 1.27) 19-40)* 11.95)* 33-14) 110) 126) 137) 28-19)* 18-81)* 51.85)*

4 Occupational 16-89% 0-06 0-07 0-07 8:52% 4-84% 13-77% 0-05 0-06 0-07 13-36% 6-40% 20-61%
exposure to (14-86 to (0-06to  (0-07to  (0-07to (6:79to (3:52to (1132 to (0-05to  (0-06to (0-06to (10-83to  (4-63to (17-00to
beryllium 18-95)* 0-06) 0-07) 0-07) 10:34)* 6-14)* 16-13)* 0-06) 0-06) 0-07) 16-02)* 817)* 23:99)*

4 Occupational 19-99% 0-13 0-14 0-15 10-87% 6-98% 18-60% 0-11 0-13 014 13:74% 6-97% 21-67%
exposureto  (16:30to (012to  (014to  (0-14to  (7-77to (425t0  (1462to  (011to (012to (013to (8-91to (2:93to (1526 to
cadmium 23-69)* 0-13) 014) 0-15) 14-21)* 9-51)* 23-00)* 0-11) 0-13) 0-14) 18-80)* 11.70)* 28:32)*

4 Occupational 27:30% 0-27 0-31 034 14.76% 9-57% 25.75% 023 0-28 0-30 17-53% 9-97% 29-25%
exposure to (23-48to (026to  (030to  (0-33to  (1161to  (6:88toc  (21.56t0 (023to (026to  (029to (12:32to  (572to (2217to
chromium 31.27)* 0-27) 0-32) 0-35) 1816)* 12:06)* 30-31)* 0-24) 0-29) 0-32) 22.84)* 14-.97)* 36-37)*

4 Occupational 35.56% 151 1.83 2.07 21.61% 13-01% 37-44% 0-94 112 1.25 19-06% 11-94% 33-27%
exposure to (3242 to (148to (1-80to  (2:03to (18-81to  (10-71to  (33:50to (0:92to  (1-09to  (1-22to (15:56to (8-84to (2817to
diesel engine  38.55)* 1.54) 1.87) 2:11) 24-46)* 15:21)* 41-49)* 0-97) 115) 1.29) 22:55)* 15-03)* 38.41)*

exhaust

(Table 2 continues on next page)
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Risk Bothsexes  Males Females
Percentage 1990 2007 2017 Percentage Percentage Percentage 1990 2007 2017 Percentage Percentage Percentage
change, change, change, change, change, change, change,
1990-2017 1990-2007 2007-17 1990-2017 1990-2007 2007-17 1990-2017

(Continued from previous page)

4 Occupational 21.55% 0-59 0-66 0-71 12:38% 8-08% 21-45% 0-49 0-55 0-60 12-83% 7-96% 21-81%
exposureto  (17-49to (057to  (0-63to  (0-68to (8:98to (506t  (16:98to  (0-47to  (0-53to  (0-57to (7-23to (3:51to (14-97to
formaldehyde ~ 25.59)* 0-60) 0-68) 0.74) 1613)* 10-93)* 26-18)* 0-51) 0-58) 063) 18.52)* 12.96)* 28.83)*

4 Occupational 1.54% 0-35 0-35 036 0-75% 2:38% 3:15% 0-28 0-28 0-28 -0-34% 0-17% -0-17%
exposure to (-5-26 to (0-08to  (0-09to  (0-10to (-3-92to (-0-40to  (-3-54to (0-06to  (0-07to  (0-07to  (-5-50to (-3-46to (-770to
nickel 19.70) 1-10) 1.08) 1.08) 11.90) 8.20) 2018) 0-90) 0-85) 084)  14-23) 8.49) 2071)

4 Occupational 27-66% 0-55 0-64 0-70 14-82% 9-71% 25-97% 0-48 0-56 0-62 17-49% 10-47% 29-79%
exposureto  (23-85to (054t0  (0-62to  (0-68to (11.95t0  (723to  (21.96t0  (0-47to  (0-54to (0-59to (12.50to  (6-20to (23-18to
polycyclic 31:43)* 0-56) 0-65) 0-72) 18.02)* 12-04)* 30-35)* 0-49) 0-59) 0-65) 22.50)* 15-11)* 36:31)*
aromatic
hydrocarbons

4 Occupational 2:21% 371 3.86 4-05 4-01% 4-82% 9-02% 250 2:36 232 -5-37% -2-:09% -7-35%
exposureto  (-2:51to (152to  (170to  (1-85t0 (032to (221to  (3-50to (1:00to  (1:01to (101to (-914to  (-524to  (-12:39to
silica 12-86) 9-28) 9:29) 956) 11.54)* 8.77)* 21.16)* 631) 5.64) 5:48) 2:24) 2:77) 2:21)

4 Occupational 6-40% 0-65 0-68 0-69 415% 2-25% 6-50% 058 0-61 0-61 526% 1-15% 6-47%
exposure to (0-16to (039to  (0-42to  (0-44to (0-1lto (-0-37to (0-25to (034to  (038to  (0-39to (0-24to (-2:49to (-0-62to
sulphuricacid ~ 15-05)* 1:34) 1:36) 1:35) 10-25)* 5-61) 15-14)* 1.20) 1.23) 1.22) 12:06)* 606) 1638)

4 Occupational 30-29% 0-16 018 0-20 16-76% 10-21% 28-67% 0-13 016 017 19-59% 10-72% 32:42%
exposure to (27-26 to (015to  (0-18to  (0-20to (14-28to  (8-22to (25-25to (0-13to  (0-15to  (0-17to  (15-55to (7-41to (26-78 to
trichloro- 33.55)* 016) 0-19) 0-21) 19.65)* 12:23)* 32:40)* 013) 0-16) 018) 23.76)* 14-55)* 38.05)*
ethylene

3 Occupational -4-99% 1613 15-59 1539 -333% -1.27% -4-55% 8:50 826 8:04 -2:78% -2:68% -5-38%
asthmagens (-9-49to (13-44to (13-03to (12-87to (-727to  (-4-61to  (-9-66to0 (678to  (670to (659to (-920to  (-759to  (-12:99to

-0-40)* 19-43)  1878) 1838)  0:67) 1.74) 0-49) 10-63) 1020)  974) 3:95) 2.70) 2.95)

3 Occupational 1-85% 845 8:50 848 0-55% -0-24% 0-31% 5-00 5-22 520 4-35% -0-28% 4-06%
particulate (-0-08to (6-44to  (6:55t0  (6:57to (-0-73to (-120to  (-1-86to (3-80to  (401to (402to (2:46to (-1-60to (128to
matter, gases, 3-94) 11-42) 11-39) 11-31) 2-07) 0-80) 2:66) 6-73) 6-96) 6-95) 6-58)* 1-19) 7-34)*
and fumes

3 Occupational 6:30% 8-60 8-80 891 2:27% 1-28% 3-58% 521 558 574 7-15% 2:91% 10-28%
noise (5:01to (824t0  (844to  (8:55t0 (1-35to (0-69t0  (2-16to (496t0  (534to  (550to  (5-65to (1-94to (7-99to

7-56)* 9-12) 9:31) 9-42) 332)* 1.87)* 519)* 5:53) 5:92) 6-10) 8-90)* 3-84)* 12.79)*

3 Occupational
injuriest

3 Occupational -14-08% 17-09 1591 1471 -6-90% -7-54% -13-92% 11-25 10-54 9:65 -6-28% -8:42% -14-17%
ergonomic (-1825t0  (1592to (1473to (1350to (-1117to  (-10-64to (-1871to  (10-41to (970to (875to (-1278to  (-13-25t0  (-21-15to0
factors -9-86)* 1844)  17:38) 16-15)  -2-80)* -4-41) -9.08)* 1222)  1150)  1074)  0-55) -3.44)* -6-81)*

1 Behavioural risks

2 Child and maternal malnutrition

3 Suboptimal breastfeeding

4 Non-exclusive  -10-89% 0-44 0-40 039 -7-10% -4-20% -11-01% 0-43 0-41 0-39 -6-81% -4-25% -10-77%
breastfeeding  (-13-64to (0-30to  (028to  (0-27to  (-899to  (-6-88to  (-13-78to (0-30to  (0-28to  (0-27to  (-8-62to (-6-87to (-13-48 to

~7-53)* 0-62) 057) 0-53) -5-22)* -1.09)* -7-61)* 0-62) 057) 0-54) -4-99)* -120)* ~7-43)*

4 Discontinued -1-40% 116 1-08 114 -6-72% 5:92% -1.20% 116 1.07 114 -7-27% 6-11% -1-61%
breastfeeding  (-3-55to (113to  (1.07to  (113to (-855to  (4-43to (-3-41to (114to  (106to (112to (-9-03to (4-67to (-371to

0-89) 118) 1.09) 1.16) -4-80)* 7-42)* 112) 118) 1.09) 1-15) -5-45)* 7-53)* 0-62)

3 Child growth
failure

4 Child -44-35% 1-65 122 094  -26:04% -23-14% -43-15% 1.60 114 087 -2837% -2416% -45-67%
underweight  (-48-14to (148to (1.06to  (0-80to (-29-95to (-2536to (-47-32to (142to  (0-99to (0-73to  (-32:92to  (-2633to  (-50-14to

-41.23)* 1.79) 136) 1.06) -22:70)* -21-61)*  -39-79)* 1.76) 1.29) 0-99) -24-87)* -22:44)* -42:24)*

4 Child wasting -22:51% 0-57 0-50 0-45 -11-87% -11-30% -21-82% 0-52 0-46 0-40 -11-72% -1318% -23-36%

(-2573to (0-48to  (0-42to (037to  (-1636to  (-1324to  (-2623to (0-44to  (0-37to  (0-33to  (-16:12to  (-15:04to  (-27-37to
-19-67)* 0-65) 0-58) 0-52) -8:34)* -9-44)*  -1821)* 0-59) 0-53) 0-46)  -829) -1142)*  -19.99)*
4 Child stunting  -36-16% 275 235 1.81 -14-29% -22:97% -33-97% 270 224 166  -16:94% -26-01% -38-54%
(-41-11to (1-89to  (1-64to  (127to (-18:93to (-26:72to (-39-71to  (1-89to  (155t0 (117to (-22:01to (-30-13to  (-44-24to
-32:42)* 3.06) 2:60) 2-05) -9:98)* -20-02)* -29-38)* 3-01) 2-50) 1-91) -12.76)* -22:76)* -33.98)*

(Table 2 continues on next page)
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Global Health Metrics

Risk Bothsexes  Males Females
Percentage 1990 2007 2017 Percentage Percentage Percentage 1990 2007 2017 Percentage Percentage Percentage
change, change, change, change, change, change, change,
1990-2017 1990-2007 2007-17 1990-2017 1990-2007 2007-17 1990-2017
(Continued from previous page)
3 Low birthweight and short gestation
4 Short 25-26% 0-00 0-01 0-01 18-60% 7-38% 27-35% 0-00 0-00 0-00 16-51% 5:10% 22-45%
gestationfor (2138t (0-00to  (0-00to  (0-00to (14-85t0  (3-85t0  (21-83to (0-00to  (0-00to  (0-00to (13-09to (243 to (17-29to
birthweight ~ 29.51)* 0-01) 0-01) 0:01) 22.55)* 10-34)* 32.59)* 0-00) 001) 0-01) 19.73)* 7:72)* 27-17)*
4 Low 5-92% 0-01 0-01 0-01 2-67% 3-46% 6-22% 0-01 0-01 0-01 2:28% 3-25% 5-60%
birthweight (112to (0-00to  (0-00to  (0-00to (-2-39to (0-62to (-0-73to (0-00to  (0-00to  (0-00to (-1-86to (0-71to (-0-11to
for gestation ~ 11-21)* 0-01) 0.01) 0.01) 8.23) 7-00)* 14-61) 0-01) 0.01) 0-01) 7-30) 5.60)* 11.72)
3 Iron deficiencyt -23-44% 12:69 10-78 970 -15:03% -10-04% -23.56%
(-27-96 to (1050t0  (8:67to (768to (-18-63to  (-12:97to  (-28-07to0
-19-44)* 1530)  1327)  1217)  -1198)*  -7:26)* -19:59)*
3 Vitamin A -14-93% 2:56 2:41 217 -5-88% -10-08% -15-37% 2:49 236 213 -5-35% -9-63% -14-46%
deficiency (-17-56 to (221to  (208to  (1-85to (-7-27to (-12-43to  (-1817to (2115to  (2:03to  (1-82to  (-6-77to (-12-19to  (-17-36to
-12:48)* 2.95) 2.79) 2:54) -4-57)* -7-74)* -12.89)* 2-88) 2:73) 2.50) -4-01)* -7-27)* -11.81)*
3 Zinc deficiency -30-29% 0-92 0-76 0-64 -17-99% -14-85% -30-17% 0-93 076 064 -1832% -14-81% -30-42%
(-35-62to (028to  (0-24to (0-19to  (-23:55to  (-22:51to  (-36-78to (0-27to (0-24to  (020to (-23-86to  (-22.91to  (-37-34to
-24.00)* 1.77) 1.45) 1:26) -8-44)* -8:70)* -21.56)* 1.76) 1.45) 129) -9-54)* -8.51)* -22:61)*
2 Tobacco
3 Smoking -27-01% 1128 9-86 870 -12-55% -11-77% -22-84% 3:03 214 1.76 -29-41% -17-69% -41-90%
(-29-04to (9-.97to  (874to (772to  (-1517to  (-13-43to  (-25-22to (2:69to  (1-87to  (1-52to (-32:09to (-1936to  (-44-51to
-25-04)* 12:66)  11.12) 979)  -9:96)* -10-01)*  -20-48)* 3-42) 2:45) 2:02)  -2670)*  -1615)*  -39.26)*
3 Chewing tobacco 2:29% 3.87 3-84 375 -0-70% -238% -3-07% 2:26 2:51 2.51 10-97% 0-01% 10-99%
(-7-00to (350t0  (3-62to  (349to (-1025t0 (-8:94to  (-1375to  (1-99to (229to (226t0 (3-08to  (-914to  (-5-66to
12-86) 4-28) 4-07) 3.99) 10-88) 5.11) 9-32) 2.56) 2.76) 278) 26-36) 1078) 29-80)
3 Second-hand -21-43% 3772 31-63 30-28 -16-14% -4-29% -19-73% 55-74 46-24 4306 -17-04% -6-87% -22:74%
smoke (-2356t0  (36:74t0 (30-95t0 (2949  (-18-81to (-612to  (22:82to  (54-84to (45-64to (4234  (-18-84t0 (-7-86to  (-24-68to0
-19-30)* 38.70) 32:28) to31:03) -13-41)* -2:50)* -16-64)* 56-65) 46:83)  t04373) -1522)* -578)* -20-68)*
2 Alcohol use 5-06% 14-70 15.60 16-23 6-16% 4-04% 10-45% 5-20 4-77 4-65 -827% -2-55% -10-62%
(-3-78to0 (10-85 (11-66to (1208 (1-44to  (-329to  (0-63to (328to  (3-02to (2:96to (-11-62to (-7-82to  (-17-02to
16-70) to 19-90)  to 12.04)*  1212) 22.45)* 8.08) 7-43) 716)  -4-80)* 3.98) -2.18)*
19-08) 20-62)
2 Drug use 6-12% 0-80 0-81 0-86 1.62% 6-46% 8-19% 041 0-40 0-42 -2:11% 4-62% 2:42%
(-131to (0-66to (0-68to (0-72to (-2-63to  (2-56to (0-33to (0-34to (0-34to (0-35to (-6-24to  (1-89to (-3-92to
12.81) 0-98)  0.97) 1.04)  543) 10-64)*  15.62)* 0-52) 0-50) 052)  1.44) 7-45)* 8.46)
2 Dietary risks
3 Diet low in fruits  -16-58% 4115 3776 3472 -8-23% -8:07% -15-64% 38.99 35-35 3214 -9-33% -9:08% -17-57%
(-2093t0  (35:95to (3237to  (2905to (-10-79to  (-1070to  (-19-96to  (33-82to (29-94to (2664 (-1216t0  (-12.00to  (-22-33to
-13:20)* 43-87) 40-96) 3830)  -6:35) -607)* -12:32)* 42-00) 3889) to -7-13)* -6.77)* -13-68)*
36-06)
3 Diet low in -25-60% 35-04 29:42 2563 -16:03% -12-88% -26-84% 36-41 3117 2751 -14-40% -11.75% -24-46%
vegetables (31.95t0  (31.55t0 (2521to (2120to (-21-.02to  (-17-07to  (-33-90to  (3312to (2696  (23-05to (-18:99to (-15:63to  (-30:99to
-20-57)* 3818) 33-30) 29.72) -12-12)* -9-52)* -21.22)* 39:35) t034-90) 31.60) -10-80)* -8.63)* -19-15)*
3 Diet low in -6-18% 21.06 2113 19-88 0-34% -5:93% -5-61% 2479 24.52 2317 -1.09% -5-51% -6-54%
legumes (-9-08to (17-40to (18:06to (16:89  (-3-84to  (-8:59to  (-10-07to (2135t0  (21-44to (2020  (-4-01to (-737to (-9-76 to
-2-69)* 24-33) 23-93) t022:61) 5-80) -3-70)* 0-10) 27:99) 27-34) to 2:82) -3:55)* -2:67)"
25.82)
3 Diet low in -1.99% 3923 3921 38.46 -0-04% -1.93% -1.97% 40-16 40-10 3936 -0-14% -1-84% -1.99%
whole grains (-2:77to (3680  (36:79to  (35:92to (-0-73to (-2-80to  (-2:99to (37-90to  (37-80to (3695  (-0-76to (-2-63to (-2.91to
-131)* t04129) 4128)  4064)  0.65) -1.24)* -1.09)* 42.09) 4205 to 0-52) -116)* -1-16)*
41-44)
3 Dietlowinnuts ~ -8:05% 50-92 4871 4666  -434% -419% -835% 51.05 49.00 4709 -4.02% -3:91% -7:77%
and seeds (-9-80to (50-10to (47-51to  (45-03to (-5-29to (-531to  (-10-24to  (5027to (47-85to (4546  (-4-92to (-5-02to (-9-62 to
-6-60)* 51-59) 49-73) 48:05)  -3-53)* -3-27)* -676)* 5171) 4997) to -327)* -3-08)* -630)*
48-40)
3 Dietlowinmik  -0-17% 4553 4556 4535 007%  -0-47%  -0-41% 4557 4569 4557 026%  -024% 0-01%
(-0-45to (43-68to (4372to  (43-45to (-0-23to  (-0-77to  (-0-81to (4374t0  (43-88 (4377  (0-01to (-0-52 to (-036to
0-10) 47.09)  4713) 46:95)  032) -0-21)* -0-05)* 4713)  to4721) to4711) 0-53) -0-00)* 0-35)

(Table 2 continues on next page)
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Risk Bothsexes  Males Females
Percentage 1990 2007 2017 Percentage Percentage Percentage 1990 2007 2017 Percentage Percentage Percentage
change, change, change, change, change, change, change,
1990-2017 1990-2007 2007-17 1990-2017 1990-2007 2007-17 1990-2017

(Continued from previous page)

3 Diet high in red 24-36% 11.92 13-20 1511 10-73% 14-51% 26-80% 5-69 5-50 6-81 -336% 23-71% 19-55%
meat (1239to (1057to (10-85to (1267  (-126to  (418to  (13-02to (455t0  (377to  (468to (-1875to  (7-41to (-0-62to

37:31)* 13-60) 15-28) to17-16) 23.05) 25-74)* 42:06)* 6-96) 7-28) 8.84) 13.13) 42-85)* 43-50)

3 Diet high in -9-26% 514 5-04 470 -1-86% -6-86% -8-60% 367 3-56 331 -3-07% -7:01% -9-87%

processed meat  (-17-94 to (422to  (416to  (3:59to (-7-74to (-14-14to0  (-18:72to (272to  (272to  (237to  (-9:76to (-15-25to0  (-20-20to
-1.01)" 6-43) 6-49) 630) 341 -112)* 0-86) 4-89) 488)  478)  322) -0:53) -0-10)*

3 Diet high in 17-14% 5-40 5.78 658 7-07% 13-84% 21-88% 426 4-32 474 1-48% 9-71% 11-34%
sugar-sweetened (8:34to (278to  (298to  (3:37to (-0-77to (7:17to (10-56 to (219to  (224to (2443to (-8-10to (2:50to (-1-05to
beverages 28.02)* 6-11) 6-46) 7:53) 16-86) 22.04)* 36.93)* 4-93) 4-90) 5.52) 12:66) 18.05)* 27.07)

3 Diet low in fibre -8-91% 3329 31-63 29-89 -4-98% -5-49% -10-20% 3743 36-00 34-51 -3-80% -4-15% -7-79%

(-11-91to (29-03to (2712to  (2525to (-7-48to  (-8:09to  (-14-35to (33-84to (3226to (3041  (-5-65to (-6-08to (-10-94 to
-6-62)* 36-82)  3534) 3384) 312)* -3:59)* ~7-24)* 4034) 39-08)  t037:81) -2:43)* -2:76)* -5-47)*

3 Diet low in -874% 40-27 3834 3624 -4-81% -5-47% -10-01% 41-68 40-22 38.52 -3-52% -4-21% -7-58%

calcium (-11-17to (37-48to (3516to (32:61to (-6-29to (-7-29to (-13-01to (39-09to (3739to (3536 (-4-57to (-5:56to (-9-83to
-6-88)* 42:55) 40-93) 3915)  371)" -4-14)* -7-83)* 43-76) 42:57)  to -2:67)* -3-23)* -5-91)*
4116)

3 Diet low in -677% 4402 4210 4058 -4-37% -3-62% -7-83% 44-84 43-42 4225 -317% -2:70% -5.78%
seafoodomega3 (-8-52to (4236to (40-09to (3822to (-5-47to (-482to  (-9-93to (43-28to  (4157to (4008  (-4-03to (-3:66to (-7-42to
fatty acids -5-29)* 45-64)  44.08)  4283)  -341)* -2:64)"  -6:06)" 4633)  4517) to -2-44)* -1.93) -439)*

44-25)

3 Diet low in -12:92% 3912 3530 33-81 -975% -423%  -1357% 39-10 35-61 3429 -8-93% -372% -12:31%
polyunsaturated  (-16-36 to (3671to (32:30to  (30:64 (-12.76to  (-5-79to (-17-22to (36-62to  (32:53to  (31-08to (-11-82to  (-5-16to (-15-97to
fatty acids -10-15)* 4143)  38:06)  t03677) -7-20) -2:96)* -10-52)* 4139)  3835)  3722)  -6:58)* -2:57)* -9:43)*

3 Diet highintrans -46-57% 426 2.85 226 -3308%  -20:61%  -46:87% 573 391 308 -3176% -21:33% -46-32%
fatty acids (-66-28 to (241to  (1-23to  (077to  (-49-65to (-37-67to (-6826to  (3-62to (1.96to (1-28to (-4568to (-3558to  (-64-75to

-32:85)* 6-95) 5-40) 4-67) -22:64)* -1232)* -32:36)* 8-61) 6-68) 5.71) -22.25)* -13-42)* -33:34)*

3 Diet high in -8-75% 1726 16-84 16-56 -2-42% -1.-66% -4-04% 16-88 1562 14-62 —7-47% -6-43% -13-42%

sodium (-16:90to  (1252to (11.76to (1168  (-10-60to (-6-07to  (-13-12to  (12:31to (1079to (9-86to (-16:41to (-11-89t0  (-23-48to
-3-84)* 22:33) 21.97) t021-75) 3-97) 2-60) 3-03) 21.94) 20-87) 19:92) -2:36)* -2-61)* -6-76)*

2 Intimate -4-50% 6-80 6-47 6-46 -4-82% -0-19% -4-99%

partner violence (-6-66 to (5-72to  (5-60to (549to (-8-10to  (-2:16to  (-7-15to
-2-42)* 7-88) 7-37) 7-42)  -1.03)* 1.54) -2.88)*

2 Childhood
maltreatment

3 Childhood sexual 5:52% 6-19 6-42 6-81 3:60% 6-16% 9-98% 679 6-53 6-87 -3-86% 5-25% 1.18%
abuse (4-00to (508to  (533to  (563to (1-22to (419to (8-09to (553to  (538to (559to (-576to (2:75to (-111to

7:07)* 7-61) 7-78) 833) 6-01)* 8.06)* 11.92)* 823) 7-84) 833) -1.92)* 7-94)* 342)

3 Bullying 3217% 592 711 7-56 20-06% 6-40% 27-74% 4-35 548 6-01 25-93% 9-74% 38.20%

victimisation (25-93to (259to  (3-19to  (3-40to (14-26to  (4-67to (21-09to (1-87to  (242to (2:66to (1970to  (7-97to (30-75to
41.72)* 11.93) 14-32) 1532)  27-46)* 8-45)* 37-84)* 8.68) 1072) 11-89)  34-55)* 11-82)* 48-42)*

2 Unsafe sext

2 Low physical 0-12% 0-40 0-40 0-40 0-28% 0-67% 0-96% 0-37 0-36 0-36 -1-29% 0-43% -0-87%
activity (-0-20to (0-18to (0-18to  (0-18to (-0-00to  (0-35to  (0-56to (016to (0-16to (0-16to (-2-01to  (0-20to  (-1-54to

038) 0-75) 0-75) 0-76) 0-55) 1.01)* 136)* 0-70) 0-69) 0-69) -0-52)* 0-69)* -0-18)*

1  Metabolic risks

2 High fasting 37-71% 193 2:44 2.72 26-67% 11-44% 4116% 176 219 235 24-51% 7-26% 33-55%
plasma glucose  (29-15to (146t0  (1-83to  (2:08to (20-02to  (4-82to (31-63to (134to  (1-63to  (179to (17-30to (-0-08 to (23-51to

48-42)* 2:50) 319) 3:50) 33-69)* 19-39)* 52:98)* 2:29) 2-89) 3-07) 31.74)* 15:53) 45.92)*

2 High -6-82% 11-22 10-32 10-23 -7-98% -0-86% -8.77% 11.72 11-05 11-18 -5:73% 1.15% -4-65%
low-density (-7-88to (9-83to  (8:93to (8-86to (-9-26to  (-1-28to  (-10-10to  (10-40  (9-71to (9-83to (-6-78to  (0-78to (-5-64to
lipoprotein -5.82)* 12-77) 11.89) 11.81) -6.78)* -0-46)* -7-52)* to13-25) 12.58) 12.72) -4-78)* 1.55)* -3.71)*
cholesterol

2 High systolic -1-37% 712 7-21 7:39 1.26% 2:54% 3-83% 718 6-81 6-77 -5-16% -0-56% -5-68%
blood pressure  (-3-03to (6-46to (6-53to  (6-67to (-0-66to  (0-95t0  (1-65to (6-64to (6-25to (6-19to (-7-15to  (-2-45to  (-8-11to

0-26) 7:78) 7-89) 812) 3-14) 4-22)" 6-05)* 775) 7:39) 7-33) -3-11)* 1.33) -3-31)*

2 High body-mass ~ 70-39% 5.70 8.15 9.95  43.04% 22.09%  74-63% 6-50 911  10-88  40-22% 19-41% 67-43%

index (57-13 to (4-04to (6-18to (776to (34-24to  (18-44to (59-63to  (4-75to (7-01to (8-54to (32:65t0  (15-97to  (54-96to
84-52)* 8.07) 1115)  13-28) 53-89)*  26:34)*  92.99)* 8.85) 11.99) 1417) 49-58)*  23-19)* 82.04)*

(Table 2 continues on next page)
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Global Health Metrics

Risk Bothsexes  Males Females
Percentage 1990 2007 2017 Percentage Percentage Percentage 1990 2007 2017 Percentage Percentage Percentage
change, change, change, change, change, change, change,
1990-2017 1990-2007 2007-17 1990-2017 1990-2007 2007-17 1990-2017
(Continued from previous page)
2 Low bone -2:17% 5-31 5-15 5-10 -2:94% -1-02% -3-93% 6-90 6-86 6-86 -0-63% 0-02% -0-61%
mineral density  (-3-46 to (4-53to  (4-42to (4-34to (-4-06to  (-2:37to  (-537to (6-05to (6-04to (5-94to (-1-75to (-1-65t0  (-2-19to
-0-97)* 6-08)  5.90) 5-87)  -179) 0-25) -2:55)* 7-85) 779)  7-87)  058) 1.75) 0-93)
2 Impaired kidney 1-48% 2.46 2:49 2:49 0-95% 0-31% 1-25% 2.93 2.94 2.99 0-25% 1-75% 2:00%
function (-1-94 to (1-13to  (1-14to (1-14to (-1-26to  (-1-42to  (-1-90to (1-40to (1-39to (1-42to (-2-44to (-0-01to (-1-47 to
4-14) 6-12) 6-17) 616)  3-10) 2:46) 3.81) 6-81) 6-86)  6:96)  2:56) 4-02) 4-69)
Data in parentheses are 95% uncertainty intervals. *Statistically significant increase or decrease (p<0-05). tEstimation methods for these risks precludes the estimation of summary exposure values.
Table 2: Global age-standardised summary exposure values for all risk factors, 1990, 2007, and 2017, with mean percentage change for 1990-2007, 2007-17, and 1990-2017
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risk hierarchy, retaining air pollution as a Level 2 risk,
adding particulate matter pollution at Level 3, and
moving both household air pollution due to exposure to
smoke from solid cooking fuels and ambient particulate
matter pollution to Level 4 of the hierarchy. Developed
for risk attribution for particulate matter pollution, the
integrated exposure response curves combine epidemio-
logical data from ambient, household, second-hand, and
active smoking sources to construct a risk curve for the
full exposure range. We updated the integrated exposure
responses to include studies on ambient air pollution
cohorts that were published after we completed our
literature review for GBD 2016, systematic reviews of all
active smoking cohorts, and a systematic review of
second-hand smoke and chronic obstructive pulmonary
disease (COPD). We also developed a strategy to map
cohort studies of household air pollution to exposure
levels of particulate matter less than 2-5 pm in diameter
(PM3;55) to incorporate them into the curves.

We did a systematic search of the scientific literature of
health outcomes resulting from long-term exposure to
ambient particulate matter pollution and, consequently,
included type 2 diabetes as a new outcome for both
ambient and household air pollution. Evidence suggests
that exposure to PM, 5 might be mechanistically linked
to type 2 diabetes through altered lung function, vascular
inflammation, and insulin sensitivity.®

We estimated ambient PM, 5 exposure by combining
satellite data with a chemical transport model and land
use information. We calibrated satellite measurements
to ground measurements using the Data Integration
Model for Air Quality (DIMAQ).” We made three
notable improvements as follows: (1) we expanded our
database of ground measurements from approximately
6000 to 9700 sites; (2) we made updates so the calibration
model varies smoothly over space and time in data-dense
regions; and (3) we improved uncertainty estimation by
sampling from the DIMAQ’s poster distribution in each
grid cell (appendix 1 section 4).

For previous GBDs, we have calculated relative risks
from the integrated exposure response curves to produce
PAFs and attributable burden for ambient particulate

matter and household air pollution using the same
TMREL for both risk factors. However, were a population
to reduce one of the component exposures (ie, either
household or ambient pollution), the other would
remain. To capture this, we used a proportional PAF
approach in which the integrated exposure response is
used to calculate a relative risk and PAF for exposure to
particulate matter from both ambient and household
sources, and these are then weighted by the proportion of
individuals exposed to each source (appendix 1 section 4).

In GBD 2016, we estimated the burden attributable to
low intake of polyunsaturated fatty acids, where low
intake was the result of polyunsaturated fatty acids being
replaced by saturated fats. Considering that it is equally
harmful to replace polyunsaturated fatty acids with either
saturated fat or carbohydrates,” we have redefined the
risk factor as low polyunsaturated fatty acids intake
where these were replaced by either saturated fatty acids
or carbohydrates. In this approach, the TMREL for poly-
unsaturated fatty acids does not account for saturated fat
intake.

For estimating consumption of whole grains, we
developed an approach to use UN Food and Agriculture
Organization (FAO) data, notably increasing our data
coverage across countries and through time. First, we
separately estimated total grain and refined grain avail-
ability, where availability includes domestic production,
adjusted for imports, exports, waste, and animal feed.
With whole grains and refined grains representing the
entirety of all grain available, we calculated the availability
of whole grains as the difference between total and
refined grains. Finally, we adjusted these estimates using
24-h dietary recall data to represent consumption.

In past cycles of GBD, given the strength of the causal
relationship between sugar-sweetened beverage intake
and BMI compared with the association between sugar-
sweetened beverages and disease endpoints, we
estimated the disease burden of high intake of sugar-
sweetened beverages through its effect on BMI. This
decision was based on the observation that evidence
supporting a causal relationship between sugar-
sweetened beverages and BMI was stronger than
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evidence for a direct causal relationship between sugar-
sweetened beverages and disease endpoints. In GBD
2017, we reassessed all existing evidence on causal
relationships between sugar-sweetened beverages and
disease endpoints, and found sufficient evidence for a
causal relationship between sugar-sweetened beverages
and ischaemic heart disease and type 2 diabetes. There-
fore, we have updated our approach and quantified the
burden of disease attributable to the direct effect of
sugar-sweetened beverages on disease endpoints.

We added four new outcomes for high BMI as follows:
type 2 diabetes, liver cancer due to non-alcoholic fatty
liver disease, subarachnoid haemorrhage, and intra-
cerebral haemorrhage. We applied the relative risk of
diabetes only to type 2 diabetes. Relative risks for the
association between high BMI and all liver cancers were
used for both liver cancer due to non-alcoholic fatty liver
and liver cancer due to other causes. Similarly, relative
risks for the association between high BMI and haemor-
rhagic stroke were used for both subarachnoid haemor-
rhage and intracerebral haemorrhage.

We added five additional outcomes for high fasting
plasma glucose (FPG) as follows: type 1 diabetes, type 2
diabetes, liver cancer due to non-alcoholic fatty liver
disease," subarachnoid haemorrhage, and intracerebral
haemorrhage.” Because an increased FPG concentration
is the hallmark of diabetes, we assumed the PAFs were
1-0 for FPG and both type 1 diabetes and type 2 diabetes.
Relative risks for the association between high FPG and
all liver cancers were used for liver cancer due to non-
alcoholic fatty liver and liver cancer due to other causes.
Similarly, relative risks for the association between high
FPG and haemorrhagic stroke were used for both
subarachnoid haemorrhage and intracerebral haemor-
rhage.

We made four important changes related to the
estimation of burden attributable to iron deficiency.
First, the definitions of the GBD cause “dietary iron
deficiency” and the risk factor “iron deficiency” are no
longer identical. The GBD cause name was changed
from “iron-deficiency anaemia” to “dietary iron
deficiency” to clarify the focus on inadequate intake and
exclusion of other causes that can manifest as absolute
or functional iron deficiency. Second, although the
GBD risk factor name remained “iron deficiency”, the
exposure estimates were expanded to include all iron
deficiency, irrespective of whether or not inadequate
dietary intake is the underlying cause (appendix 1
section 4). This change was based on review of the
Child Health Epidemiology Research Group (CHERG)
Iron Report,® whose component studies revealed no
distinction as to the aetiology of iron deficiency. Third,
on the basis of the studies included in the CHERG Iron
Report,” which only assessed overall maternal mortality
as an outcome, we added all subcauses of maternal
disorders as outcomes of iron deficiency (the risk),
leading to higher estimates of the burden attributable to
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iron deficiency among women of reproductive age.
Fourth, on the basis of the absence of evidence
supporting dietary iron deficiency as a primary cause of
death, dietary iron deficiency was removed from the
GBD 2017 cause of death analysis, resulting in zero
mortality burden and lower overall estimates of burden
for dietary iron deficiency (the cause). Dietary iron
deficiency (the cause) is expressed in terms of prevalence
and YLDs, but the exposure to iron deficiency (the risk)
remains expressed as the counterfactual haemoglobin
concentration that would be present in a given popu-
lation group in the absence of all causes of anaemia that
manifest as iron deficiency.

We made three major improvements to our analysis of
low birthweight for gestation and short gestation for
birthweight. First, we added individual-level linked birth
and death cohort data from nearly 25 million births in
Japan and Singapore to strengthen our analysis of the
joint mortality risk surface. Second, we drew on the
strong correlation between birthweight and gestational
age that we identified in our microdata analysis and used
birthweight data to inform exposure estimates of short
gestation. We also strengthened the link between non-
fatal and risk analyses to ensure estimates of preterm
birth were fully consistent throughout GBD 2017 The
addition of individual-level linked birth and death cohort
data resulted in higher estimates for low birthweight
prevalence, mostly in data-sparse locations, whereas
the consistency changes resulted in higher exposure
estimates for both low birthweight and for short
gestation, particularly in the late neonatal period. Third,
we corrected an error where the risk attributable to low
birthweight was mistakenly attributed to short gestation
and vice versa in GBD 2016. This correction has no effect
on the aggregate risk of low birthweight and short
gestation but is the chief driver of differences in each
individually.

We have moved from estimating total cholesterol
in GBD 2016 to estimating LDL cholesterol for GBD
2017. During the past two decades, substantially more
data have been collected on LDL cholesterol than total
cholesterol concentrations. The strong statistical rela-
tionship between total and LDL cholesterol also allows
us to model LDL cholesterol when other cholesterol
subfractions, such as high-density lipoprotein, are
reported, but LDL cholesterol concentrations are not."
The use of LDL cholesterol improves the policy rele-
vance of our estimates, because LDL cholesterol is the
key target of cholesterol-lowering medications and is
the most commonly used laboratory biomarker for
clinical decision making. We applied this change to the
full dataset, including data that were newly extracted for
GBD 2017 and data that had been extracted in previous
iterations of GBD.

To estimate smoking-attributable burden for GBD
2017, we transitioned from using 5-year lagged daily
smoking prevalence (ie, the prevalence of smoking
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Figure 1: Relationship between age-standardised summary exposure values and SDI for three of the top environmental and occupational, behavioural, and

metabolic risk factors by number of attributable DALYs globally

The three leading risks for each Level 1 risk group are shown, except alcohol (fourth leading behavioural risk), which was included for variety instead of short
gestation for birthweight. Each point corresponds to the age-standardised SEV in a country for males (blue), females (red), or both sexes (purple) for SEVs that are
not sex specific. Points depict all country-years, 1990-2017. Lines show the expected SEV by SDI for each sex. Note that the y-axis scales differ by risk to correspond to
the range of observed SEVs. DALYs=disability-adjusted life-years. SDI=Socio-demographic Index. SEV=summary exposure value.

5 years before the date for which estimates are being
produced) and the smoking impact ratio to using
continuous measures of exposure that incorporate
cumulative effects among daily, occasional, and former
smokers for 47 smoking-attributable health outcomes.
We continue to use S5-year lagged daily smoking
prevalence as the measure of exposure for ten outcomes.
We estimated exposure among current smokers for two
continuous indicators: cigarettes per smoker per day,
and pack-years. We estimated exposure among former
smokers using years since cessation. We estimated
non-linear dose-response curves using a Bayesian
meta-regression model for each of these continuous
exposures. For nine outcomes with significant differ-
ences in effect size by sex or age, we produced sex-
specific or age-specific risk curves (appendix 1 section 5).
We included all forms of smoked tobacco in our exposure
estimates and, given data limitations, assume that the
risk of non-cigarette smoked tobacco products is the

same as the risk of cigarettes; given the scarcity of data,
we do not include electronic cigarette or vaporiser use in
our exposure estimates.

We added two new outcomes for high SBP: subarachnoid
haemorrhage and calcific aortic valve disease. For both
outcomes, we estimated relative risks on the basis of data
from a pooled cohort study of 1-2 million participants.”
We know of no large cohort that has reported age-sex-
specific relative risks of either subarachnoid haemorrhage
or calcific aortic valve disease due to increased SBP, and
used proxy causes for each as follows: we estimated the
relative risks for subarachnoid haemorrhage on the basis
of all stroke and those for calcific aortic valve disease on the
basis of other cardiovascular disease. For each cause, we
estimated age-sex-specific relative risks associated with a
10 mm Hg increase in SBP using the DisMod meta-
regression tool (appendix 1 section 2).

We have improved the exposure-modelling framework
for unsafe water and sanitation. We estimate exposure
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levels for unsafe water and sanitation using ordinal
categories. For example, we estimate the prevalence of
exposure to three levels of unsafe water: piped, improved,
and unimproved drinking water. Previously, the preva-
lences of piped and improved water were modelled
independently, and we derived the prevalence of unim-
proved water as one minus the sum of piped and
improved water. For GBD 2017, we modelled the preva-
lence of piped water as before, but now explicitly model
the prevalence of improved and unimproved water
separately as proportions of the unpiped envelope. This
approach enables us to use the exposure category for
which we have the most data (ie, piped water access)
while also ensuring that the three exposure categories
sum to one. The modelling process for unsafe sanitation
was revised in an analogous way.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. All authors had full access to all
data in the study and had final responsibility for the
decision to submit for publication.

Results

Global exposure to risks

We observed diverse temporal trends for levels of exposure
to different risk factors between 1990 and 2017 (table 2).
During that time, SEVs for two risks increased by more
than 40%: SEVs for high BMI increased by 70-4% (95% UI
57-1-84-5) and SEVs for ambient particulate matter
pollution increased by 41-2% (32-1-52-0). Conversely,
SEVs for four risks decreased by more than 40%: SEVs for
child underweight decreased by 44-4% (41-2-48-1),
household air pollution by 45-8% (41-5-49-8), diet high
in trans fatty acids by 46-6% (32-8-66-3), and unsafe
sanitation by 47-8% (43-2-52-1).

SDI and SEVs were strongly associated for many risks
(figure 1; for all risks, see appendix 2). Unsafe water source,
unsafe sanitation, household air pollution, lead exposure,
child underweight, child wasting, child stunting, iron
deficiency, vitamin A deficiency, low calcium, and intimate
partner violence all show a pronounced decreasing trend
with increasing SDI. Conversely, discontinued breast-
feeding, smoking, alcohol use, drug use, high red meat
consumption, high processed meat consumption, high
sugar-sweetened beverage consumption, and high LDL
cholesterol all show a pronounced increasing trend
with increased SDI. Other risks show no clear association
with SDI, including ozone, radon, low whole grains,
and low fibre.

Global attributable burden for all risk factors combined

Globally, 61-0% (95% UI 59-6-62-4) of deaths and
48-3% (46-3-50-2) of DALYs were attributed to the risk
factors addressed in GBD 2017 (appendix 2). The largest
percentage of deaths attributable to risk factors were
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among NCDs at 64-8% (63-1-66-6), followed by
CMNNDs at 61:6% (59-0-64-4), and injuries at 24-4%
(22-2-26-5). For DALYs, the largest risk-attributable
proportion was among CMNNDs (64-0%, 61-8-66-0),
followed by NCDs (45-6%, 42-8-48-4), and injuries
(22-1%, 20-2-24-0). Risk-attributable DALYs declined
4-9% (3-3-6-5) and deaths declined 8-3% (6-9-9-5)
between 2007 and 2017 The numbers of risk-attributable
deaths and DALYs in 2007 and 2017 are provided for each
cause in table 3.

In 2017, NCDs had the largest risk-attributable burden,
with 26-6 million (95% UI 25-8-27.5) deaths and
706 million (659-756) DALYs attributable to all risk
factors combined (appendix 2). The five leading
NCD causes of absolute risk-attributable DALYs were
ischaemic heart disease, intracerebral haemorrhage,
type 2 diabetes, COPD, and ischaemic stroke. In 2017,
95-0% (95% UI 93-4-96-3), and 93-8% (91-3-95-9)
of ischaemic heart disease DALYs and deaths were
risk attributable, resulting in 162 million (158-166)
risk-attributable ischaemic heart disease DALYs, and
8-38 million (8-10-8-65) risk-attributable ischaemic
heart disease deaths. After ischaemic heart disease, intra-
cerebral haemorrhage had 57-9 million (55-2-60-6) risk-
attributable DALYs (89-8% [87-0-92- 3] of all intracerebral
haemorrhage DALYs), type 2 diabetes had 57-4 million
(45-0-71-9), COPD had 54-9 million (48-1-60-4; 67-3%
[60-8-72-8] of all COPD DALYs), and ischaemic stroke
had 47-8 million (43-4-52-3; 86-7% [82-7-90-8] of
ischaemic stroke DALYs). Because we estimated a PAF of
1-0 for high FPG and type 2 diabetes, 100% of type 2
diabetes DALYs and deaths were attributed to risk factors
addressed in GBD 2017.

Among CMNNDs, 6-40 million (6-00-7-00) deaths
and 446 million (419-475) DALYs were attributable to
risks. The five leading causes of absolute risk-attributable
DALYs among CMNNDs were lower respiratory infec-
tions, diarrhoeal diseases, neonatal preterm birth com-
plications, neonatal encephalopathy due to birth asphyxia
and trauma, and HIV/AIDS resulting in other diseases.
In 2017, 80-5% (95% Ul 77-4-83-4) and 64-0%
(59-9-68-1) of lower respiratory infection DALYs and
deaths were risk attributable, resulting in 76-9 million
(66-1-92-8) risk-attributable lower respiratory infection
DALYs and 1-64 million (1-51-1-77) risk-attributable
lower respiratory infection deaths. Diarrhoeal diseases
had 76-9 million (66-1-92-8) risk-attributable DALYs
(94-9% [89-8-97-7] of all diarrhoeal diseases DALYs),
neonatal preterm birth had 70-2 million (64-4-77-2;
100% of all neonatal preterm birth DALYs, since we
estimate a PAF of 1-0 for this risk factor), neonatal
encephalopathy due to birth asphyxia and trauma had
41-2 million (36-7-45-0; 72-9% [66-6-78 3] of neonatal
encephalopathy due to birth asphyxia and trauma
DALYs), and HIV/AIDS resulting in other diseases
had 32-6 million (29-1-36-3; 77-5% [75-6-79-2] of
HIV/AIDS resulting in other diseases DALYs).
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
0 All risk factors: all causes 31500 34100 8:3% -15-7% 1270000 1210000 -4-9% -19-9%
(30900 to (33300to (6-9t0 9-5)* (-16-6 to (1210000 to (1140000 to (-6-5t0-33)* (-21-3to
32200) 35000) -14-8)* 1340000) 1280000) -18.5)*
1 Environmental and 8150 8320 2:2% -20-1% 345000 308000 -10-7% -24-9%
occupational risks: all causes  (7590to 8810) (7690 to (-0-3t0 4-7) (-21-8to (319000 to (283000 to (-13-7to-7-5)* (-27-4to
9020) -18-2)* 370000) 333000) -22:3)*
2 Unsafe water, sanitation, 1990 1610 -18-8% -31-6% 120000 84400 -29-6% -36-0%
and handwashing: all causes (1610to 2570)  (1230to (-26-2to (-36-9to (103000 to (71800 to (-35-3to (-41-2to
2230) -10-1)* -25.0)* 138000) 102 000) -23-0)* -30-3)*
3 Unsafe water source: all 1500 1230 -18-0% -312% 90100 63900 -29-1% -357%
causes (938t0 2110) (736t01830)  (-26:9t0-8:0)* (-37-2t0-23-3)* (58500to (40800t083100) (-35:4t0-215)* (-41-3t0-29-0)*
113000)
Diarrhoeal diseases 1500 1230 -18-0% -312% 90100 63900 -29-1% -357%
(938 t0 2110) (736101830)  (-26:9t0-8:0)* (-37-2t0o-23:3)* (58500to0 (40800t083100)  (-35-4t0-21-5)* (-41-3t0-29:0)*
113000)
3 Unsafe sanitation: all causes 1110 774 -30-2% -412% 66500 41500 -37:6% -43-2%
(856 t0 1450) (566t01060) (-37-4t0-21-6)* (-46-4t0-34-2)* (55600to (34100t049700)  (-43-3t0-30-6)* (-48-4to-37-1)*
78100)
Diarrhoeal diseases 1110 774 -30-2% -412% 66500 41500 -37:6% -43-2%
(856 to 1450) (566t01060)  (-37-4t0-21-6)* (-46-4t0-34-2)* (55600to0 (34100t049700)  (-433t0-30-6)* (-48-4t0-37-1)*
78100)
3 No access to handwashing 892 707 -20-7% -32:5% 55300 38400 -30-5% -36-4%
facility: all causes (5280 1250) (416101020)  (-26-4t0-13-1)* (-36:9t0-26-9)* (33200t0 (22800t052100)  (-35:6t0-247)* (-41-0to-31-1)*
75300)
Lower respiratory 229 188 -17-9% -29-0% 14700 10300 -29-8% -35:0%
infections (14810 306) (122t0249)  (-21.9t0-13-6)* (-324t0-253)* (9630t019700) (6780t013800)  (-341t0-25:0)* (-39-0t0-30-4)*
Diarrhoeal diseases 663 520 -21.7% -337% 40500 28100 -30-7% -36-9%
(312 t0 1010) (240t0839)  (-29-6t0-12:0)* (-39-6t0-26-4)* (19500 to (13500t0 41500)  (-371t0-22:9)* (-42-8t0-29-5)*
59500)
2 Air pollution: all causes 4630 4900 5-8% -187% 158000 147000 -6-6% -23-5%
(4210t05040)  (4420to (3-0t0 8-8)* (-20-7to (142000 to (132000 to (-9-8t0-2:8)* (-26-0to
5390) -16.7)* 172000) 162000) -20-8)*
3 Particulate matter pollution: 4380 4580 4-6% -19-5% 154000 143000 -73% -23.9%
all causes (3960t04780)  (4130t05030) (1.7to7-5)* (-21-5t0-17-4)* (138000 to (129000 to (-10-8t0-3-4)* (-26-6to
168000) 156 000) -211)*
4 Ambient particulate matter 2420 2940 21-6% -7-8% 73600 83000 12-8% -9-3%
pollution: all causes (2080t02760)  (2500t03360) (162t026-8)*  (-11.7to-3-8)*  (63300to (71400t0 94300)  (5-6t020-2)* (-15-1to -3-0)*
83400)
Lower respiratory 420 433 2:9% -153% 22300 18500 -16-9% -24-3%
infections (33710 500) (343t0527)  (-88t0154)  (-243to-51)* (17700to (14400t023400)  (-29-4t0-0-9)* (-35:8t0-9-2)*
27200)
Tracheal, bronchus, and 205 265 29-3% -2:0% 4680 5860 251% -3:9%
lung cancer (143 to 270) (183t0351) (22:0t036-3)*  (-7-6t03-4) (3280t0 6150) (4050 to 7730) (17-8t0317)*  (-9-5t01-3)
Ischaemic heart disease 780 977 253% -5-8% 17800 21900 231% -4-2%
(6710 901) (839t01120)  (20-6t0302)*  (-9-2to-2:4)*  (15300to (18900t025400) (18-4t028:3)* (-7-8t0-0-5)*
20600)
Ischaemic stroke 147 184 24-6% -7-8% 3060 3950 28-9% -2:0%
(113t0183) (140t0228) (18-8t030:9)*  (-11-4t0-3-8)*  (2360t03780) (3040 to 4870) (22.7t035:4)*  (-62t02-4)
Intracerebral 194 226 17:0% -113% 4770 5520 15-8% -9-8%
haemorrhage (152 t0 238) (176 t0 280) (111t0232)*  (-152to-6-9)*  (3800t05850) (4340 to 6840) (9-5t022:2)* (-14-0to-5-2)*
Subarachnoid 29 35 22:1% -5-4% 877 1040 18-8% -5-0%
haemorrhage (22t036) (27to 44) (14-8t029-8)*  (-10-9t0 0-1) (686 to 1100) (809 to 1310) (122t025-9)*  (-10-3t00-2)
Chronic obstructive 519 633 22:1% -10-5% 12800 15700 23.5% -6-0%
pulmonary disease (34710 679) (416 to0 838) (13-7t029-8)*  (-16:5t0-4-8)* (8460t016700) (10300t020800) (16:1t030-7)* (-11-6to-0-5)*
Type 2 diabetes mellitus 122 184 50-7% 11-1% 7380 10500 41-9% 10-5%
(8210 149) (123t0227)  (44-8t056:0)* (6:8to151)*  (4720t09790)  (6700t013900)  (35-0t0487)*  (5:3t015-6)*

(Table 3 continues on next page)
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Household air pollution 1960 1640 -163% -34-2% 80100 59500 -25-8% -37-4%
from solid fuels: all causes (1700 to 2270) (1400t01930) (-20-2t0-11-9)* (-37:3t0-31-0)* (68300to (50800t0 68900) (-30-2t0-20-9)* (-41-1to-33-6)*
92400)
Lower respiratory 669 459 -31-4% -40-4% 43600 25900 -40-7% -44-9%
infections (536t0 797) (367t0552) (-36-6to (-44-9to (34500 to (20300t031300)  (-462t0-35:0)* (-50-1t0-39-6)*
-25-9)* -35-8)* 52000)
Tracheal, bronchus, and 94 85 -10-0% -31.5% 2280 1990 -12:7% -32:6%
lung cancer (69to 120) (60to 113) (-16-4t0-37)* (-36:4t0-26-7)* (1660t02890)  (1410to2640) (-18-7t0-6:9)* (-372t0-28.0)*
Ischaemic heart disease 435 410 -5-8% -282% 11100 10200 -82% -27:9%
(371t0512) (344t0490)  (-101t0-1.5)*  (-31-4t0-25-0)* (9400t013000) (8450t012100)  (-127t0-3-9)* (-31-4t0-24-5)*
Ischaemic stroke 88 81 -82% -313% 1980 1830 ~72% -29-0%
(69t0112) (6210 104) (-130t0-33)*  (-35:0t0-27-8)* (1540t02470)  (1390to 2330) (-12:4t0-2:6)* (-32:8t0-255)*
Intracerebral haemorrhage 156 132 -152% -35:3% 4080 3440 -15-5% -34-0%
(123t0 191) (102t0 165) (-19-5t0-10-9)* (-38:-5t0-32-1)* (3210t05010) (2660 to 4310) (-19-9to-11-2)* (-37-2t0-30:9)*
Subarachnoid haemorrhage 20 18 -9-2% -29-0% 664 591 -11-0% -28:4%
(16 t0 27) (14to 24) (-15-0t0-2-8)*  (-33-6t0-24-2)* (506 to 870) (443t0777) (-16-5to-51)*  (-32:7to-23:9)*
Chronic obstructive 421 362 -13-9% -36-3% 10800 9370 -13-0% -33:5%
pulmonary disease (296 t0 548) (2481t0482)  (-20-5t0-7-4)* (-41-1to-31-6)* (7740t013900) (6480 to 12400) (-19-0to-7-4)*  (-38-1to
-29-3)*
Type 2 diabetes mellitus 77 92 19-6% -10-6% 4360 4750 9-0% -14-6%
(5410 92) (63t0113) (12:6t027-1)*  (-15-8to-51)*  (2900t05780)  (3110to 6190) (26t0155)*  (-19-6t0-9-5)*
Cataract 1320 1440 92% -173%
(696t02010)  (732t02250) (4-6t0127)*  (-20-9t0-147)*
Ambient ozone pollution: all 392 472 20-4% -11-6% 6330 7370 16-4% -122%
causes (146 t0 638) (177t0768)  (159t0245)*  (-14-8t0-8-6)* (2370t010300) (2740t012000)  (12:0t020-6)*  (-15:6t0-9-1)*
Chronic obstructive 392 472 20-4% -11-6% 6330 7370 16-4% -12-2%
pulmonary disease (146 to 638) (177 t0 768) (15-9t024-5)*  (-14-8t0-8-6)* (2370t010300) (2740 to 12 000) (12:0t020-6)*  (-15-6to-9-1)*
Other environmental risks: 929 1140 23.0% -7:9% 23500 26400 12:3% -12-0%
all causes (646t01240)  (794t01530) (19-2t026-6)* (-10-4t0-53)* (16500to (18400t034800) (8-9t015-6)* (-14-4to
30600) -10-1)*
Residential radon: all causes 68 88 281% -2:9% 1570 1930 233% -5:2%
(3810107) (50t0139) (21-4t034-9)*  (-6:9t01-0) (859t02420) (1080 to 3020) (16-1t0302)*  (-93to-1.0)*
Tracheal, bronchus, and 68 88 281% -2:9% 1570 1930 233% -52%
lung cancer (3810107) (50t0 139) (21-4t034-9)*  (-6-9t01.0) (859t02420) (1080 t03020) (161t030-2)*  (-9-3to-1.0)*
Lead exposure: all causes 860 1050 22:6% -83% 21900 24400 11:5% -12:5%
(586 to 1160) (709t01430)  (187t026-4)*  (-10-8to-57)*  (15200to (16700t032800)  (7-8t014-8)*  (-15-0t0-10-5)*
28900)
Rheumatic heart disease 8 8 -2:9% -25-0% 255 219 -14-2% —31-1%
(5to15) (4t014) (-128t06:5)  (-31-6t0-18-8)* (14510 430) (1200 368) (-231t0-55)*  (-381to-25-4)*
Ischaemic heart disease 391 488 24-6% -6:9% 8350 9600 15-0% -11.5%
(256 to 547) (317 to 685) (20-7t0 28-4)* (-9-1to-4-6)* (5480t011500) (6210 to 13300) (11-6 to 18-1)* (-13-9to-9-5)*
Ischaemic stroke 110 139 25.8% -67% 2380 3000 26-2% -4-2%
(69to 159) (87t0200) (211to315)*  (-9-7to-3-3)* (1510t03340)  (1920to 4220) (21-7t030:6)*  (-7-4to-1.0)*
Intracerebral haemorrhage 191 205 7-:0% -19-4% 4420 4470 1.0% -222%
(125 to0 270) (132t0292)  (24t010-9)*  (-225t0-16-8)* (2920t06090) (2850 to 6300) (-4-0t0 5:0) (-26-0t0-19-2)*
Subarachnoid haemorrhage 23 26 14-8% -12:0% 655 693 5:9% -16-8%
(14t033) (1610 38) (6-1t0 25-2)* (-18-4to-4-4)*  (387t0964) (409 to 1040) (-1-6 t0 14-5) (-22-9to-10-5)*
Hypertensive heart disease 66 98 48-0% 9-2% 1310 1710 31.0% 0-2%
(25t0137) (33t0213) (227t063-0)*  (-8:9t019:8)  (620t02560) (725 t0 3480) (124t0455)*  (-14-0t010-2)
Non-rheumatic calcific 2 2 30-7% -5-4% 28 34 20:3% -8-8%
aortic valve disease (1to3) (1to 4) (227t037-8)*  (-102to-1-8)*  (16t045) (18to 54) (12-8t026-9)*  (-14-1to-4.7)*
Other cardiomyopathy 5 6 22:2% -8:2% 111 126 12-8% -11-8%
(3to7) (3t09) (146t028:8)*  (-13-4t0-37)*  (61to0176) (6810201) (49t019:9)*  (-18-1t0-6:7)*
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Atrial fibrillation and flutter 5 8 481% 52% 150 193 29.0% -2.9%
(3t08) (5to11) (4341053:0)*  (2:6t083)* (91to 218) (1180 283) (253t032:5)*  (-52t0-0-8)*
Aortic aneurysm 4 4 19:3% -10-3% 75 84 12:5% -13.5%
(2to5) (3t06) (137t024-8)*  (-142t0-6:6)*  (44t0113) (48t0127) (6-8t017-9)*  (-18-0t0-9-4)*
Peripheral vascular disease 1 1 54-1% 10-5% 19 25 312% -1-6%
(0to1) (0to2) (30-4t0747)*  (-6-0t025-2) (9to32) (12to 43) (21.0t042-9)*  (-9-1t0 6:8)
Endocarditis 1 2 30-2% -1-4% 36 42 171% ~7-4%
(1to2) (1t03) (19-4t036:6)*  (-8:7t02:6) (19t0 59) (2210 67) (59t024-4)*  (-16:0t0-2-3)*
Other cardiovascular and 11 13 19-1% -97% 347 383 10-2% -13-9%
circulatory diseases (7to16) (8to18) (123t0241)*  (-14-6t0o-63)* (208t0528) (227 to 580) (4-1to0 14-3)* (-19-1to-10-8)*
Idiopathic developmental 2670 2540 -4-8% -13-6%
intellectual disability (1070t0 4880) (1000 to 4700) (-91to-27)*  (-17-1to-11.7)*
Chronic kidney disease due 3 3 11-2% -12:6% 90 93 2-8% -17-6%
to type 1 diabetes mellitus ~ (1to 4) (2to5) (3-8to17-6)* (-18:6t0-8.0)*  (481t0150) (47 t0 159) (-5:5t09-8) (-24-1to-12.5)*
Chronic kidney disease due 13 18 34-6% 0-4% 303 380 25-4% -4-9%
to type 2 diabetes mellitus (8 to 20) (10to 27) (27-8t039-0)*  (-45t03-2) (179 to 458) (2180 578) (19-4t029-6)* (-9-2to-1-8)*
Chronic kidney disease due 12 17 38:2% 1-4% 255 320 25-6% -4-4%
to hypertension (7to19) (10to0 26) (31-8t041.9)*  (-3-2t03-9) (148t0382) (187t0 485) (19-9t029:3)*  (-8:6to-1.6)*
Chronic kidney disease due 6 7 25-9% -4-3% 160 177 10-7% -12:6%
to glomerulonephritis 3to9) (4t012) (203t030-2)*  (-8-2to-1.6)* (86t0260) (93t0294) (5-0to 15-2)* (-17-2to-9-1)*
Chronic kidney disease due 9 11 277% -33% 286 327 142% -11-0%
to other and unspecified (5to13) (6to17) (222t032-1)*  (-73to-0-6)* (161to 454) (18310 526) (9-1t0 18-3)* (-15-0to-8-0)*
causes
2 Occupational risks: all 1090 1160 6-5% -16-6% 59800 63700 67% -11-6%
causes (995 to 1190) (1050t01280) (3-5t09-4)* (-18-.7t0-14-7)* (52300to (54900t073200) (4-1to9-3)* (-13-7t0-9-4)*
68100)
3 Occupational carcinogens: all 271 334 233% -7-4% 5600 6750 20-6% -8-0%
causes (220t0 322) (271t0397) (19-1t027:1)*  (-10-5to-4-5)*  (4560t06710) (5490 to 8120) (16-5t024-5)*  (-11-3to-5-0)*
4 Occupational exposure to 194 232 19-6% -10-5% 3410 3930 15:3% -12-7%
asbestos: all causes (148 to0 243) (177 t0 289) (14-6t023-6)*  (-142to-7-5)*  (2570t04310) (2980 to 4950) (9-9t019-8)* (-16:7to-9-4)*
Larynx cancer 3 4 20-9% -9-6% 63 74 17-1% -11-6%
(2to5) (2to6) (13-4t027:0)*  (-150t0o-5-2)*  (35t0 95) (41t0112) (9-4t0231)* (-173t0-7-0)*
Tracheal, bronchus, and 161 191 18-5% -11-3% 2740 3120 14-0% -13-8%
lung cancer (115 to 208) (137t0247)  (135t022:6)*  (-15:0t0-83)*  (1910t03590) (21800 4110) (87t0184)*  (-17-8t0-10-6)*
Ovarian cancer 5 6 17-4% -14-0% 88 100 143% -143%
(3to8) (3t010) (9-6 to0 24-2)* (-19-6t0-9-1)*  (44t0138) (49 to 156) (6-4 10 21-4)* (-20-1t0-9-2)*
Mesothelioma 22 27 27-7% -3-6% 464 569 22:4% -6-0%
(21t023) (2710 28) (205t0337)*  (-8:8t007) (43410 512) (54210 598) (14-5t029-4)* (117 to-1-0)*
Asbestosis 3 3 233% -83% 58 69 192% -8:5%
(2t03) (2to 4) (152t033:9)*  (-14-1to-0-4)*  (41t070) (520 81) (11-8t030-4)*  (-14-1t00-3)
4 Occupational exposure to 7 9 33-8% 1.9% 189 245 29:5% -0-6%
arsenic: all causes (1to12) (2to 16) (27:3t0552)*  (-3-0t018:6) (43t0346) (6510 436) (23-2t049-0)*  (-5-5t015-1)
Tracheal, bronchus, and 7 9 33-8% 1-9% 189 245 29-5% -0-6%
lung cancer (1to12) (2to 16) (27:3t0552)*  (-3-0t018:6) (43t0346) (65 to 436) (232t049-0)*  (-5-5to15-1)
4 Occupational exposure to 2 2 18-6% 0-3% 73 84 15-4% -0-2%
benzene: all causes (1to3) (1to3) (13-:0t024-6)*  (-51to6-1) (23t0120) (26t0137) (10-1t021-2)*  (-5-2t05-2)
Leukaemia 2 2 18:6% 0-3% 73 84 15-4% -0-2%
(1to3) (1t03) (13-0t0246)*  (-51t06-1) (23t0120) (26t0137) (101t0212)*  (-52t05-2)
Acute lymphoid 0 0 29-4% 12:2% 14 18 263% 11-4%
leukaemia (0to0) (0to1) (17-7t039-6)*  (2:1to21:3)* (4to23) (5t029) (15-0t036-0)*  (1-4t020-1)*
Chronic lymphoid 0 0 27-9% 2:0% 3 4 31:4% 73%
leukaemia (0to 0) (0to0) (16-8t045-2)*  (-7-4t0171) (1to 4) (1to 6) (19-4t048-4)*  (-3-4t023-2)
Acute myeloid leukaemia 0 1 29-2% 8-6% 20 25 25-8% 82%
(0to1) (0to1) (202t0392)*  (0-4t017-8)* (7t033) (810 41) (16-6t035:6)*  (-0-3t017-2)

(Table 3 continues on next page)

1942

www.thelancet.com Vol 392 November 10,2018




Global Health Metrics

Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
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Chronic myeloid 0 0 7:0% -9-6% 6 7 5-6% -9.0%
leukaemia (0to 0) (0to0) (-1-1to 15-2) (-16-8to-2-3)* (2to10) (2to11) (-2-4t013-7) (-16-3to-1-9)*
Other leukaemia 1 1 82% -8:4% 30 31 41% -9:9%
(0to1) (0to1) (30t0147)*  (-131t0-2-8)*  (9t049) (10t0 52) (-10t010-4)  (-14-6 to-4-3)*
4 Occupational exposure to 0 0 45-4% 11-0% 5 8 401% 8-0%
beryllium: all causes (0to0) (0to0) (38:9t052-2)*  (6-5t015:6)* (5to 6) (6to9) (33:4t0473)* (3-5t012-8)*
Tracheal, bronchus, and 0 0 45-4% 11-0% 5 8 401% 8-0%
lung cancer (0to0) (0to0) (38:9t052-2)*  (6-5t015:6)* (5to 6) (6to9) (33:4t0473)* (3-5t012-8)*
4 Occupational exposure to 0 1 47-7% 12:7% 13 18 42-4% 9-7%
cadmium: all causes (0to1) (1to1) (40-1t056-0)*  (72t0187)* (11to 15) (15t0 22) (34-6t050-8)*  (43t015:6)*
Tracheal, bronchus, and 0 1 47-7% 127% 13 18 42-4% 97%
lung cancer (0to1) (1to1) (40-1t056-0)*  (7-2t0187)* (11to 15) (15t0 22) (346t050-8)*  (43t015:6)*
4 Occupational exposure to 1 1 493% 14-0% 27 38 44-1% 11.0%
chromium: all causes (1to1) (1to2) (42-0t056-6)*  (9-0t019-3)* (2410 30) (34t0 43) (36-8to51-2)*  (6:0to16-3)*
Tracheal, bronchus, and 1 1 49-3% 14-0% 27 38 441% 11-0%
lung cancer (1to1) (1to2) (42-0to56-6)*  (9-0t019-3)* (24t030) (3410 43) (36-8to51-2)*  (6-0to16-3)*
4 Occupational exposure to 12 18 48-9% 13:5% 344 494 43-9% 10-8%
diesel engine exhaust: all (11to 13) (16 t0 20) (41-6to55-4)*  (85t0181)* (304 t0 386) (434 t0 559) (36-8t050:5)*  (5-7to15-3)*
causes
Tracheal, bronchus, and 12 18 48-9% 13-5% 344 494 43-9% 10-8%
lung cancer (11to 13) (16 t0 20) (41-6t0554)*  (85t0181)* (304 t0 386) (43410 559) (36:8t050:5)*  (5-7to15-3)*
4 Occupational exposure to 1 1 20-6% 13% 40 46 161% -0-3%
formaldehyde: all causes (1to1) (1to1) (13-4t028-5)*  (-3:7to7-1) (33t0 48) (38to056) (9-4t0 23-6)* (-5-4t0 5-4)
Nasopharynx cancer 0 0 23:9% 2:1% 15 18 18-8% -0-1%
(0to1) (0to1) (10-4t039-0)*  (-7-0t011.9) (10to 21) (12t025) (54t0341)*  (-93t010-1)
Acute lymphoid leukaemia 0 0 317% 14-4% 5 6 27-8% 12:9%
(0t00) (0t00) (217t040-9)*  (61t022:0)*  (4to6) (5t08) (18:3t036:9)* (46 t0 20-5)*
Chronic lymphoid 0 0 413% 14-5% 1 1 45-0% 20-6%
leukaemia (0to0) (0to 0) (32:6to51-4)*  (73t022:2)* (1to1) (1to1) (340to57-3)*  (11-8t030-2)*
Acute myeloid leukaemia 0 0 32:0% 12:0% 6 8 27-8% 10:7%
(0t00) (0t00) (247t0384)*  (59t017-3)* (5t07) (6t09) (203t0342)*  (43t0163)*
Chronic myeloid 0 0 7-9% -83% 2 2 5-6% -87%
leukaemia (0to 0) (0to0) (27t013-8)* (-12-8to-3-4)* (2t02) (2to3) (0-2to 11-7)* (-13-6 to -3-5)*
Other leukaemia 0 0 5:9% -10-0% 11 11 13% -12:0%
(0t00) (0t00) (-13t0150)  (-156t0-2:6)* (9to14) (9to14) (-58t0101)  (-17-9to-47)*
4 Occupational exposure to 7 9 33:9% 2:0% 184 238 29-5% -0-5%
nickel: all causes (1t018) (1to23) (25-4t0552)*  (-4-5t018:6) (26t0 493) (36to 607) (212t049-1)*  (-6:9t015-0)
Tracheal, bronchus, and 7 9 33-9% 2:0% 184 238 29-5% -0-5%
lung cancer (1t018) (1to23) (25-4t0552)*  (-4-5t018:6) (26t0 493) (36 to 607) (212t049-1)*  (-6:9t015-0)
4 Occupational exposure to 3 5 48-9% 13-7% 94 134 43-7% 10-8%
polycyclic aromatic (3to4) (410 6) (41-4t056-4)*  (8-4t019-0)* (80t0 107) (114 to 156) (36-4t0o51-2)*  (5-8t016-0)*
hydrocarbons: all causes
Tracheal, bronchus, and 3 5 48-9% 13-7% 94 134 43-7% 10-8%
lung cancer (3to4) (4to6) (41-4t056-4)*  (8-4t019-0)* (80t0 107) (114 to 156) (36-4to51-2)*  (5-8t016-0)*
4 Occupational exposure to 47 60 27-2% -3-5% 1280 1590 24-6% -4-2%
silica: all causes (27to 69) (3410 88) (20-5t0337)*  (-8:7to15) (702 t0 1880) (87010 2330) (18-4t031-4)* (-9-0to1-3)
Tracheal, bronchus, and 37 49 312% 0-0% 1050 1330 271% -2:4%
lung cancer (17to58) (22t077) (24-3t041-4)*  (-53t07-9) (470t0 1630) (595 to 2080) (202t036:5)*  (-7:7to51)
Silicosis 10 11 12-0% -15-5% 230 261 13-2% -12-3%
(9to12) (10to 12) (1-2t022-8)* (-23:-6to-7-4)*  (205t0266) (233t0286) (12to24-1)* (-21-6 to -3-9)*
4 Occupational exposure to 3 4 25-5% -3-8% 101 124 22:5% -4-9%
sulphuric acid: all causes (1to 6) (2to7) (19-2t032:4)*  (-87to15) (43t0182) (53t0224) (16:1t029:5)*  (-10-0to 0-4)
Larynx cancer 3 4 25-5% -3-8% 101 124 22:5% -4-9%
(1to6) @to7) (192t0324)*  (-87t015) (43t0182) (53t0224) (161t0295)*  (-10-0t0 0-4)
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4 Occupational exposure to 0 0 51-9% 16-6% 1 2 48-8% 15-7%
trichloroethylene: all causes (0 to 0) (0to 0) (46-4t059-7)*  (12-4t022-5)* (0to2) (0to3) (43-2t056-4)*  (11-4to21.7)*
Kidney cancer 0 0 51.9% 16-6% 1 2 48-8% 157%
(0t00) (0t00) (46:410597)*  (12-4t022:5)*  (0to2) (0to3) (432t056:4)*  (11-4t0217)*
3 Occupational asthmagens: all 38 34 -9-4% -28-8% 1930 1910 -1-2% -18-6%
causes (21to 52) (2210 47) (-161t0 0-5) (-34-5t0-20-6)* (1460t02430) (1500 to 2410) (-6:9t0 6:9) (-23-9to-11-3)*
Asthma 38 34 -9-4% -28-8% 1930 1910 -1-2% -18-6%
(21t0 52) (22t0 47) (-161t00-5)  (-34-5t0-20-6)* (1460t02430)  (1500to 2410) (-6-9t0 6:9) (-23-9t0-11-3)*
3 Occupational particulate 432 488 13-0% -16-2% 10500 12100 14-4% -12-8%
matter, gases, and fumes: all (354 to 510) (397to 584) (9-2to 17-0)* (-18:7to-13:5)* (9050t012100) (10200t013900) (11-1to17-8)*  (-15-2to-10.5)*
causes
Chronic obstructive 425 481 131% -16-1% 10400 11900 14-6% -12.7%
pulmonary disease (347 to 503) (391to 577) (93to17:2)* (-18:7to-13-4)* (8870t011900) (10100t013700)  (11-2t018.0)*  (-15-1to-10-4)*
Coal worker 3 3 22% -26-6% 81 81 0-1% -23.0%
pneumoconiosis (3to4) (3to4) (-12-0t0 11-7) (-33-8t0-167)* (65t099) (69 to 100) (-8-8t012-9) (-29-8to-13-3)*
Other pneumoconiosis 3 4 8-8% -175% 90 97 7-6% -15-9%
(3to4) (3to4) (00t0254)*  (-241t0-5:0)*  (74t0110) (82t0117) (0-6t020-4)*  (-21-4t0-55)*
3 Occupational noise: all causes 4830 5980 237% 0-7%
(3300t0 6830) (4080 to 8430) (22-4t025.0)*  (-0-2t01-6)
Age-related and other 4830 5980 237% 0-7%
hearing loss (3300t0 6830) (4080 to 8430) (22:4t025:0)*  (-0-2t01:6)
3 Occupational injuries: all 348 304 -12-8% -24-5% 22700 21100 -7-0% -18:4%
causes (3270 370) (288t0323)  (-173t0-7-8)*  (-28-4t0-20-1)* (20800to (19200t023500)  (-11-8t0-1-4)* (-227t0-13-5)*
24800)
Pedestrian road injuries 71 58 -181% -29-6% 3840 3190 -16-8% -272%
(64to 81) (53t0 66) (-243t0-112)* (-35:0t0-237)* (3460t04350) (2880 to 3600) (-230t0-10:0)* (-32:6t0-213)*
Cyclist road injuries 10 10 -8-4% -21-8% 709 705 -0-6% -13-9%
(9t012) (8to011) (-17-8t02:2) (-29-8t0-12:6)* (600 to 821) (58810 832) (-9-2t0 8:1) (-21-4 t0-6-1)*
Motorcyclist road injuries 45 39 -13-8% -23:7% 2790 2470 -11-6% -21-4%
(3910 50) (3410 43) (-215t0-5-8)*  (-30-5t0-167)* (2460t03110) (2190 to 2740) (-18-6 to-4-4)*  (-27-4t0-14-8)*
Motor vehicle road injuries 68 62 -9.0% -20-0% 3860 3540 -81% -183%
(62t076) (580 68) (-13-3t0-3-9)*  (-23-9to-155)* (3540t04220) (3310 to 3860) (-12-4t0-3-4)* (-22-1to-14-1)*
Other road injuries 2 2 -17:5% -28:6% 162 170 4-9% -87%
(1to2) (1t02) (-245t019)  (-34-6t0-12:0)* (133t0196) (136 t0 211) (39t017:0)  (-16:3t0o1-4)
Other transport injuries 17 15 -13-5% -24-5% 1300 1200 -7-4% -18-4%
(15t0 20) (13t018) (-20:0t0-6-8)* (-30-2t0-18-6)* (1130t01500) (1020 to 1400) (-13-8to-11)*  (-24-2t0-12-8)*
Falls 37 36 -3-0% -19-0% 3390 3700 9-1% -6-6%
(32t0 41) (32t039) (-107t06:6)  (-255t0-11-0)* (2850t04090) (3030 to 4540) (26t016:4)*  (-12:2t0-05)*
Drowning 26 23 -13-9% -24-5% 1380 1170 -15-3% -24-2%
(25t028) (21t024) (-193t0-81)*  (-293t0-19-4)* (1290t01480) (1090 to 1260) (-20-6t0-9-6)*  (-29-0t0-19-1)*
Fire, heat, and hot 10 8 -14-2% -263% 898 878 -21% -14-2%
substances (8to11) (7t09) (-18:6to-5-3)*  (-30-0to-18-4)* (753 to 1060) (719 to 1070) (-7-5t04-2) (-18-9to-8-7)*
Poisoning by carbon 5 4 -14-8% -27-0% 230 197 -143% -252%
monoxide (4to5) (3to4) (-23.9to-4-5)*  (-34-9to-18-3)* (182t0257) (147t0 223) (-22-8to-4-4)* (-32:6t0-16-6)*
Poisoning by other means 4 4 -63% -19-4% 234 230 -1.6% -13-6%
(3to5) (3to4) (-16-3t0 5-4) (-28:0t0-9-4)* (183 t0265) (174 t0 266) (-9-8t09-1) (-20-8to -4-3)*
Unintentional firearm 4 3 -10-3% -20-9% 237 224 -53% -157%
injuries (to4) (3to4) (-16-0to-4-2)*  (-257t0-15:5)* (2100 270) (199 to 256) (-107t00-6)  (-20-5t0-10-5)*
Other exposure to 18 15 -17:5% -28-8% 1420 1390 -2:0% -14-8%
mechanical forces (15t0 19) (13t0 16) (-23-3t0-11.0)* (-33-7t0o-232)* (1220t01660) (1160 to1690) (-9-0to 5-4) (-20-7t0-8-4)*
Venomous animal contact 7 6 -19-2% -30-6% 430 368 -143% -24-6%
(4t0 8) (3to7) (-29-8t0-5:9)* (-39:7to-19:1)* (269t0524) (245 to 440) (-25-0t0-2:1)*  (-34-0t0-14-0)*
Non-venomous animal 1 1 -97% -23:1% 93 90 -3:4% -16-0%
contact (1to1) (1to1) (-18:5t0 1-3) (-30:6to-13-5)* (69 to 125) (68t0121) (-11-0to0 3-5) (-22-6 to-10-0)*

(Table 3 continues on next page)
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Pulmonary aspiration and 5 5 35% -12:2% 254 263 3-5% -10-2%
foreign body in airway (5to5) (5to 6) (-0-6t07-2) (-157t0-9-2)*  (241to271) (247 t0 281) (-0-5t0 7-5) (-13-6to-6-8)*
Foreign body in other body 1 1 -21% -15-4% 109 120 10:9% -3:4%
part (1to1) (1to1) (-8:5t0 4-0) (-20-8t0-10-2)* (85 t0 135) (920 150) (51t016:5)*  (-8-4t015)
Other unintentional 18 14 -233% -32:9% 1360 1200 -11-9% -22:7%
injuries (17t0 20) (13t016) (-292t0-16-8)*  (-38:0to-27-1)* (1200t01550) (1030 to 1430) (-184t0-5-0)* (-28-2t0-16-8)*
Occupational ergonomic 14200 15900 12:5% -5-0%
factors: all causes (10000 to (11200t021800)  (10-6to 14-5)*  (-6-3to-3:6)*
19400)
Low back pain 14200 15900 12:5% -5-0%
(10000 to (11200t021800)  (10-6t0145)*  (-6-3t0-3-6)*
19400)
Behavioural risks: all causes 23200 23800 2:7% -18-7% 1020000 913000 -10-1% -231%
(22600to0 (23100 to (1-2to 4-1)* (-19-9to (970000 to (863000 to0 (-11.9t0-8-4)* (-24-6to
23800) 24.600) -17:7)* 1060000) 961000) -21-6)*
Child and maternal 4650 3190 -31-4% -34-2% 455000 327000 -28-2% -31-5%
malnutrition: all causes (4450t0 4880) (3020to (-34-4to (-37-1to-31-5)* (430000 to (303000 to (-31-2to (-343to
3360) -28.6)* 482000) 352000) -253) -28.8)*
Suboptimal breastfeeding: all 270 169 -37-1% -39-4% 23800 15000 -36-8% -39-0%
causes (2000 338) (132t0210)  (-42:4t0-30-9)* (-44-4t0-33-4)* (17700 to (11700t018600)  (-42:0t0-30-6)* (-44-1t0-33-1)*
29900)
Non-exclusive 256 161 -37:1% -39-3% 22600 14200 -36-9% -39:0%
breastfeeding: all causes (191to0 324) (1240 201) (-424t0-30-8)* (-44-4t0-33-2)* (16800to (11000t017800)  (-42-1t0-30-6)* (-44-1t0-33-0)*
28500)
Lower respiratory 97 60 -381% -40-2% 8530 5280 -381% -40-2%
infections (52t0 150) (34t091) (-43-0t0-30-8)* (-44-9t0-33:1)* (4530t013100) (2940 to7960) (-43-0t0-30-8)* (-44-9t0-33-1)*
Diarrhoeal diseases 159 101 -36:5% -387% 14000 8970 -36-1% -38:4%
(1180 199) (77t0127) (-44-0t0-281)* (-45:9t0-30-6)* (10500 to (6850t011300)  (-43-5t0-27-8)* (-45-5t0-30-3)*
17600)
Discontinued 16 10 -36:7% -39-9% 1420 931 -347% -37-9%
breastfeeding: all causes (5t028) (4t018) (-46-5t0-252)* (-49-2t0-28-9)* (488 to2550) (322t01630) (-44-2t0-231)* (-47-0t0-26-9)*
Diarrhoeal diseases 16 10 -36:7% -39-9% 1420 931 -347% -37:9%
(5t028) (410 18) (-46:5t0-252)* (-49-2t0-28-9)* (488t02550)  (322t01630) (-44-2t0-231)* (-47-0t0-26-9)*
Child growth failure: all 1980 1190 -40-1% -43-6% 170000 100000 -40-9% -43-8%
causes (1800t02170)  (1060t01300) (-43-9t0-36:0)* (-47-2t0-39-8)* (155000 to (89800to (-447t0-37:0)* (-47-5t0-40-1)*
186 000) 110 000)
Child underweight: all 710 417 -413% -46-2% 58700 32400 -447% -47-9%
causes (60610 853) (365t0498)  (-457t0-361)* (-50-1to-41-6)* (49700to (28000t039500)  (-48:9t0-40-0)* (-51-8 to-43-5)*
71300)
Lower respiratory 181 93 -48-8% -51-2% 15700 8050 -48-8% -511%
infections (1210 310) (61t0169) (-535t0-441)* (556 t0-46-6)* (10500 to (5270t014700)  (-53-4to-44-1)* (-55-6t0-46-6)*
26900)
Diarrhoeal diseases 139 66 -53-0% -55:3% 12300 5860 -52:4% -547%
(113to 177) (52to0 83) (-59-3to-45-6)* (-613t0-48-2)* (10000 to (4670 to 7430) (-58-7t0-45-2)* (-60-7to-47-8)*
15600)
Measles 76 27 -64-9% -66-8% 6560 2300 -65-0% -66-8%
(16 to 199) (5to 75) (-72-1t0-59-0)* (-73-6to-61-2)* (1400t017200) (437 to 6480) (-72-1t0-59:0)* (-73-6to-61-2)*
Protein-energy 313 232 -26-1% -34-6% 24100 16200 -32:6% -372%
malnutrition (28810 339) (212t0254)  (-317t0-18-0)* (-39-4t0-27-5)* (21800 to (14500t018000)  (-38:3t0-24-7)* (-42-5t0-29:7)*
26 400)
Child wasting: all causes 1770 1080 -39-1% -42-8% 152000 91000 -40-1% -431%
(1480 t0 2020) (891t01220)  (-43-1to-35-0)* (-46-6to (127000 to (7540010104 000) (-44-2to (-47-1t0-39-2)*
-38.9)* 173000) -36-0)*
Lower respiratory 700 426 -39-2% -41:9% 60900 37000 391% ~41-8%
infections (481t0 841) (281t0523) (-44-2t0-34-6)* (-46-7t0-37:5)* (41800 to (24500t045500)  (-44-1to-34-5)* (-46-6t0-37-4)*
73100)
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Diarrhoeal diseases 680 389 -42-8% -45-5% 60300 35100 -41-8% -44-6%
(534t0788) (288t0452)  (-50-5t0-33-8)* (-52:9t0-36:9)* (47200 to (2600010 40800)  (-49-6t0-331)* (-52:0t0-36-3)*
69700)
Measles 76 30 -60-2% -62:3% 6610 2630 -60-2% -622%
(11to 246) (4t0108) (-68-0t0-53-9)* (-69-6t0-56-4)* (942t021400) (322t0 9370) (-68-0t0-53-9)* (-69-6to-56-4)*
Protein-energy 313 232 -26-1% -34-6% 24100 16200 -32:6% -372%
malnutrition (2880 339) (212t0254)  (-317t0-180)* (-39-4t0-27-5)* (21800to (14500t018000)  (-38:3t0-247)* (-42-5t0-29-7)*
26 400)
4 Child stunting: all causes 458 221 -51-8% -54-2% 40000 19400 -51-5% -53-9%
(237t0754) (103 to 395) (-57-8t0-46-0) (-59-9t0-485)* (20700to (9070 t0 34600) (-573t0-458) (-59-5t0-48-3)*
65700)
Lower respiratory 229 119 -48-0% -50-4% 19900 10300 -47-9% -50-3%
infections (30t0 505) (13 t0 285) (-58-0t0-42:3)* (-59-9t0-44-9)* (2600t043900) (1120t024800)  (-57-9t0-42-2)* (-59-t0-44-8)
Diarrhoeal diseases 174 81 -533% -55-5% 15400 7310 -52:5% -54-8%
(69t0303) (30t0149) (-611t0-447)* (-63-0to-47-4)* (6100t026700) (2720t013400)  (-60-3t0-44-2)* (-62-3t0-46-9)*
Measles 56 20 -63-5% -65-4% 4810 1760 -63:5% -65-4%
(6t0158) (2to 61) (-72-0t0-57-8)* (-73:-5t0-60-1)* (513t013700) (168 to5310) (-72-0t0-57-8)* (-73-5t0-60-1)*
3 Low birthweight and short 2490 1880 -24-4% -26:4% 229000 178000 -221% -24-7%
gestation: all causes (2400 to 2570) (1790t01970) (-27-4t0-21-2)* (-29-4t0-23-3)* (221000to (169000 to (-253t0-187)* (-27-6to-21-5)*
237000) 187000)
4 Short gestation for 1890 1430 -24-2% -26-3% 176000 139000 -213% -24-0%
birthweight: all causes (1820t0 1970) (1360t0 1510) (-27-4t0-21-0)* (-29-4to-23-1)* (170000 to (131000 to (-24-4t0-17-6)* (-27-0t0-20-6)*
184000) 147000)
Lower respiratory 186 129 -307% -32:6% 16300 11300 -307% -32:6%
infections (172 t0 200) (117 to 142) (-36:5t0-23-8)* (-38-3t0-25-9)* (15100to (10300t012400)  (-36:5t0-23-8)* (-38-3t0-25:9)*
17 600)
Upper respiratory 0 0 -38-4% -40-2% 10 6 -38-4% -40-2%
infections (0t00) (0t00) (-483t0-217)* (-49-8to (5t013) (4t09) (-483t0-217)* (-49-8t0-23-9)*
-23:9)*
Otitis media 0 0 -51-6% -53:0% 3 2 -51-6% -53:0%
(0t00) (0t00) (-70-5t0-223)* (-71-3t0-24:5)* (1to1l) (1to 6) (-70.5t0-223)* (713 t0-24-5)*
Diarrhoeal diseases 48 31 -351% -37:0% 4180 2710 -351% -37:0%
(43t053) (27 to 35) (-43-6t0-25:9)* (-452t0-28.0)* (3790t04620)  (2410t03040) (-43-6t0-259)* (-45-2t0-28.0)*
Pneumococcal 2 2 -20-4% -22:6% 187 149 -20-4% -22:6%
meningitis (2t03) (1to2) (-31:4t0-6:9)*  (-333t0-9-4)*  (148t0224) (11810 183) (314t0-6-8)* (-333t0-9-4)
H influenzae type B 4 3 -40-9% -42-6% 382 225 -40-9% -42-6%
meningitis (4to5) (2to3) (-48-8t0-31:0)* (-50-2t0-33-0)* (309t0462) (176 t0 277) (-48-8t0-31-0)* (-50-2t0-33-0)*
Meningococcal infection 2 2 -34-6% -36:5% 211 138 -34-6% -36:4%
(2to3) (1to2) (-42-8t0-24-4)* (-44-4t0-26-5)" (17510 246) (109 to 167) (-42-8t0-24-4)* (-44-4t0-26-5)*
Other meningitis 7 6 -11-8% -14-2% 573 505 -11-8% -14-2%
(5t0 8) (5t07) (-22:6t025)  (-24-8t0-0-3)*  (475t0 664) (413t0592) (-22:6t025)  (-24-8t0-0-3)*
Encephalitis 1 1 -16-0% -18-4% 95 80 -16-0% -18-4%
(1to1) (1to1) (332t0-17)*  (351to-44)* (85t0107) (6710 89) (-332t0-17)*  (-351t0-4-4)*
Neonatal preterm birth 879 649 -262% -281% 87700 70200 -19-9% -233%
(830t0 991) (605t0721)  (-313t0-21.5)* (-332t0-23-6)* (82100to (64400t077200)  (-253t0-14-4)* (-28-4t0-18:3)*
97300)
Neonatal encephalopathy 351 281 -20-0% -221% 30800 24700 -20-0% -22:1%
dueto birth asphyxiaand (314 to 379) (248 t0309) (-26-6to-12-4)* (-28-5t0-14-7)* (27600to (21800t027200)  (-26-6t0-12-4)* (-28.5t0-14-7)*
trauma 33300)
Neonatal sepsis and 120 111 -81% -10-6% 10600 9710 -81% -10-6%
other neonatal infections (106 to 157) (97 to 144) (-17-1t0 2-0) (-19:3t0-0-8)*  (9280t013800) (8540 to 12700) (-17-1t0 2.0) (-19:3to-0-8)*
Haemolytic disease and 44 28 -36-3% -38.0% 3840 2450 -36-3% -38-0%
other neonatal jaundice (38 to 50) (241t032) (-447t0-262)* (-46-2t0-28-2)* (3340t04380)  (2140t02810) (-447t0-262)* (-46-2t0-28-2)*
Other neonatal disorders 242 188 -22:3% -24-4% 21300 16500 -223% -24-4%
(210 t0 266) (160t0207)  (-289t0-13-9)* (-30-8t0-16-1)* (18400to (14000t018200)  (-28:9t0-13-9)* (-30-8t0-16-1)*
23400)
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Sudden infant death 3 2 -20-9% -232% 262 208 -20-9% -232%
syndrome (1to5) (1to4) (-312to-4-0)* (-33-2t0-6-8)*  (103t0 467) (98t0351) (-31-2t0-4-0)* (-33-2t0-6-8)*
4 Low birthweight for 1480 1100 -257% -27-6% 140000 110000 -21-8% =247%
gestation: all causes (1410 to 1570) (1040t01160) (-28-9t0-222)* (-30-8to-24-3)* (134000 to (103000 to (-25-4t0-17-9)* (-28-0to-21.0)*
148000) 117000)
Lower respiratory 95 63 -339% -35:6% 8350 5520 -33-8% -35-6%
infections (86t0 105) (56to71) (-40-6t0-26-4)* (-42-2t0-28-3)* (7530t09270)  (4880to 6260) (-40-6 to (-422t0-28-3)*
_26.4)*
Upper respiratory 0 0 -45-8% -47-3% 5 3 -45-8% -47-3%
infections (0to 0) (0to0) (-54-9t0-30-6)* (-56-1t0-32:5)* (3to7) (2to 4) (-54-9to (-56-1t0-32-5)*
-30-6)*
Otitis media 0 0 -48-9% -50-3% 2 1 -48-9% -50-3%
(0to0) (0to0) (-68-4t0-16-0)* (-69:3t0-18-4)* (0to7) (0to 4) (-68-4to (-693to
-16-0)* -18-4)*
Diarrhoeal diseases 18 11 -37-4% -391% 1610 1010 -37-4% -391%
(16 to 21) (10t0 13) (-461t0-28-8)* (-47-5t0-30-7)* (1400t01830)  (878to 1150) (-46-1to (-47-5t0-30-7)*
-28.8)*
Pneumococcal 1 1 -28:4% -30-4% 100 72 -28:4% -30-4%
meningitis (1to1) (1to1) (-39-6t0-14-4)* (-413t0-16-7)* (76t0124) (56 to 89) (-39:6to (-413t0-16-7)*
-14-4)*
Hinfluenzae type B 2 1 -46-5% -48-0% 177 95 -46-5% -48-0%
meningitis (2t03) (1to1) (-53-9t0-37:0)* (-552t0-38-7)* (134t0227) (71t0118) (-53-9t0-37-0)* (-55-2t0-387)*
Meningococcal infection 1 1 -37-6% -39-2% 104 65 -37-6% -392%
(1to1) (1to1) (-46-6 to (-48-0to (81t0126) (50 to 80) (-46-6to (-48-0t0-28.6)*
-26.6)* -28.6)* -26-6)*
Other meningitis 3 3 -16-0% -18-3% 286 240 -16-0% -183%
(3to4) (2t03) (-27-6t0-23)*  (-29-5t0-5:0)* (229 to 340) (191t0 284) (-27-6t0-23)*  (-29-5t0-5-0)*
Encephalitis 0 0 -16-7% -19-0% 38 31 -16-7% -19-0%
(0t00) (0to0) (-322t0-3-4)*  (-341to-6-0)" (33t044) (27t036) (-322t0-34)" (-341to-6:0)*
Neonatal preterm birth 879 649 -262% -28:1% 87700 70200 -19-9% -233%
(830t0 991) (605t0721)  (-313t0-21.5)* (-33-2t0-23-6)* (82100 to0 (64400t077200)  (-253to-14-4)* (-28-4t0-183)*
97300)
Neonatal 249 188 -24-6% -26:6% 21900 16500 -24-6% -26-6%
encephalopathy due to (221to0 271) (166 t0 207) (-30-7to-17-7)* (-32:5t0-19-8)* (19400to (14600t018200) (-30-7to-177)* (-32:5t0-19-8)*
birth asphyxia and 23800)
trauma
Neonatal sepsis and 64 57 -10-8% -132% 5620 5010 -10-8% -132%
other neonatal infections (55 to 90) (49to 80) (-20-3t0 0-0)* (-22-4t0-2-7)*  (4830t07910) (4320to 6990) (-20:3t0 0-0)*  (-22-4to-2-7)*
Haemolytic disease and 21 13 -357% -37-4% 1810 1160 -357% -37-4%
other neonatal jaundice  (18to24) (12to 15) (-44-1t0-26-2)* (-45-6t0-28-2)* (1570t02080) (1010 to 1330) (-44-1t0-26-2)* (-45-6t0-282)*
Other neonatal disorders 141 109 -22-8% -24-8% 12 400 9560 -22-8% -24-8%
(121t0 156) (92t0121) (-297t0-13-9)* (-31.5t0-162)* (10600 to (8060t010600)  (-29-7to (315 t0-16-2)*
13700) -13-9)*
Sudden infant death 1 1 -22:7% -24-9% 68 52 -22:7% -24-9%
syndrome (0Oto1) (0to1) (-336t0-7:6)* (-35:5t0-10-3)* (32t0127) (27t093) (-33-6to-7-6)* (-35:5t0-10-3)*
3 Iron deficiency: all causes 89 60 -32:6% -38:5% 37100 33700 -93% -17-6%
(36t0133) (2410 91) (-37-0t0-28-4)* (-42:5t0-34-6)* (25800to (23200t047200)  (-13-2t0-53)*  (-21-1to-14-1)*
51300)
Maternal haemorrhage 28 12 -56-9% -60-7% 1650 702 -57-4% -60-9%
(12to 44) (5t019) (-64-0t0-48:6)* (-673t0-532)* (670t02570)  (281t01100) (-64-6t0 (-67-6 to-53-1)*
-48-7)*
Maternal sepsis and other 11 7 -367% -42-1% 634 397 -37-4% -423%
pregnancy related infections (4 to 17) (3to11) (-49-0t0-23-8)* (-53-2t0-30-3)* (265 to 1010) (156 to 635) (-49-4t0-24-1)* (-53-3t0-30-0)*
Maternal hypertensive 10 9 -16-0% -22:6% 659 550 -16-6% -227%
disorders (4t016) (3to14) (-32:6t021) (-37-9to-5-8)* (262 to 1050) (212t0 863) (-32-7t0 0-5) (-37-6to-6-9)*
Maternal obstructed labour 6 4 -26-8% -33.5% 461 343 -25-6% -32:1%
and uterine rupture (2to 10) (2to7) (-44-8to-51)* (-49-6t0-13-6)* (188t0761) (139to 561) (-40-2t0-10-8)* (-45-2t0-18-5)*
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(Continued from previous page)
Maternal abortive outcome 6 5 -17-0% 24-7% 374 304 -187% -25-5%
(3t010) (2t09) (-329t00:5)  (-38:9t0-8:9)*  (152t0 602) (1180 484) (-35:0t0-0-3)*  (-40-1t0-9-0)*
Ectopic pregnancy 4 3 -21.9% -28-4% 263 203 -23.0% -29:0%
(2to9) (1to 6) (-51-6t020-4) (-55-1t0 10-5) (92t0541) (75t0378) (-51-4t019:5) (-55-2t0 9-9)
Indirect maternal deaths 12 10 -14-5% -21.9% 714 598 -16-2% -23-0%
(5t020) (4t017) (-28-4t0-0-6)* (-347t0-9-5)* (287 t0 1150) (2330 956) (-30-5t0-1-9)* (-363to
-103)*
Late maternal deaths 1 1 -133% -20-7% 65 56 -14-3% -212%
(0to2) (0to2) (-19:-6to-7:3)*  (-26-2to-152)* (26t0104) (21t092) (-20-4t0-83)* (-26-6t0-157)*
Maternal deaths 1 0 -30-3% -37-8% 38 25 -32:8% -39-7%
aggravated by HIV/AIDS (0to1) (0to1) (-37-6t0-22.8)* (-443to-311)* (15t063) (9to 44) (-39:9to (-46-2t0-33-2)*
-25.6)*
Other maternal disorders 9 8 -18-8% -25-8% 577 470 -18-6% -252%
(4t015) (3to12) (-35-7t02-8) (-41-4t0-6-0)*  (227t0936) (184t0736) (-36-0t02-5) (-40-9to-5-8)*
Dietary iron deficiency 31700 30000 -5:2% -14-3%
(21400 to (20300t043600)  (-8-4t0-1.9)*  (-17-2to-11-4)*
45200)
3 Vitamin A deficiency: all 437 233 -46-8% -49-2% 48500 29000 -40-2% -43-3%
causes (339 to 550) (179 t0 294) (-51-4t0-42:0)* (-53-7to-44-6)* (38700to (23000t035600)  (-44-7t0o-35-8)* (-47-6t0-39-0)*
59900)
Lower respiratory 94 53 -43-4% -45-9% 8130 4600 -43-4% -45-8%
infections (36 t0 161) (20t0 92) (-47-6t0-39:3)* (-49-8t0-41-9)* (3110t014000) (1750 to 8000) (-47-610-39:3)* (-49-8t0-41-9)*
Diarrhoeal diseases 263 146 -44-5% -471% 23300 13100 -437% -46-3%
(217 t0 308) (120t0173)  (-51-0t0-37-1)* (-53:3t0-40-0)* (19300to (10800t015500)  (-50-1t0-365)* (-52-4t0-39-4)*
27300)
Measles 81 34 -58-0% -60-2% 6980 2930 -58-0% -60-2%
(27t0181) (11t078) (-63-3t0-53-0)* (-65-2to-55-4)* (2310to15700) (961 to 6750) (-632t0-53:0)* (-65-1t0-55-4)*
Vitamin A deficiency 10000 8310 -173% -223%
(6650t014500) (5400t012200)  (-20-8t0-13-6)* (-257t0-18-8)*
3 Zinc deficiency: all causes 60 29 -52:3% -552% 5290 2580 -512% -54-2%
(3to0157) (1to77) (-61-6t0-417)* (-64-0t0-453)* (398t013600) (235to 6750) (-602t0-36-4)* (-62-6to-40-2)*
Lower respiratory 24 12 -49-3% -572% 2100 1070 -49-2% -522%
infections (0to 98) (0to52) (-58-1to 0) (-60-4to 0) (3to 8430) (2to0 4460) (-57-9to-21-2)* (-60-4t0-26-0)*
Diarrhoeal diseases 36 16 -54-4% -52-3% 3190 1510 -52:6% -55-4%
(0t0102) (0t0 48) (-63-4t0 0) (-65-6t0 0) (132t08890) (113 to 4270) (-61.0t0-12-4)* (-63-3t0-17:7)*
2 Tobacco: all causes 7280 8100 113% -15-9% 200000 213000 6-8% -16-8%
(7010t07560)  (7790to (91t013-4)*  (-17-6to (188000 to (201000 to (4-6t09-0)*  (-18:5t0
8420) -14-4)* 212000) 227000) -15-2)*
3 Smoking: all causes 6380 7100 11-2% -16-2% 169000 182000 8-2% -16-4%
(6170 to 6590) (6830t07370) (8-8to13-5)* (-18-0to-14-4)* (160000 to (173000 to (6-0t010-3)* (-181to-14-7)*
177000) 193000)
Drug-susceptible 200 156 -22:1% -387% 6740 5210 -22:7% -37-5%
tuberculosis (163 t0 234) (124t0188) (29-6t0-14-5)* (-44-6t0-32-8)* (5450t07860) (4140 to 6290) (-29-7t0-153)* (-43-1t0o-317)*
Multidrug-resistant 26 20 -26-0% -41-4% 887 636 -283% -41.7%
tuberculosis without (20to 34) (11t032) (-54-4t016:5)  (-63-9to-7-6)*  (671to1130) (368t01030) (-54-8t010:7)  (-63-2t0-9-8)*
extensive drug resistance
Extensively drug-resistant 3 3 -2-6% -21-8% 110 103 -6-5% -231%
tuberculosis (2to 4) (2to4) (-261t027-8)  (-40-8t02'5) (83t0 140) (74t0138) (-28-6t020:6) (-41-4to-1-0)*
Lower respiratory 241 265 9-9% -17-6% 5200 5410 4-0% -18:9%
infections (18010 301) (194t0338)  (52t013-8)*  (-21:0t0-14-8)* (395010 6410) (4020 to 6820) (-0-6 t07-9) (-22:5t0-15-9)*
Lip and oral cavity cancer 48 59 22:2% -7-2% 1270 1500 17-9% -91%
(4010 56) (48t0 69) (15-8t027-9)*  (-12:0to-2-8)*  (1030t01500) (1190 to 1780) (113t023:6)*  (-14-1to-4-6)*
Nasopharynx cancer 15 18 19:7% -8-2% 427 492 153% -10-0%
(11to19) (13t023) (13-9t0 26-5)* (-12:5to0-3-0)* (303 to 541) (350to0 627) (9-3t022-3)* (-14-5to-4-9)*
Other pharynx cancer 39 51 29-9% -11% 1060 1330 25.7% -3:2%
(32t0 45) (41t059) (18-4t039-8)*  (-9:9t0 6-5) (867t01220) (1050 to 1580) (14-41t035:6)*  (-12:0t0 4-5)

(Table 3 continues on next page)
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Oesophageal cancer 151 170 131% -14-4% 3520 3810 83% -171%
(137t0 164) (156 t0 186) (8-4t018.0)* (-17-9t0-10-6)* (3170t03850)  (3470to0 4170) (3-8t012:8)* (-20-5t0-13-6)*
Stomach cancer 147 155 5-1% -20-6% 3220 3270 1-6% -22:4%
(120t0 174) (126t0183)  (0-8t010:0)*  (-237t0-17-0)* (2570t03850)  (2640t0 3890) (-2:6t0 65) (-25:6t0-18-8)*
Colon and rectum cancer 101 119 182% -113% 2190 2540 16-0% -11.8%
(6810 134) (79 t0 160) (13-6t022:6)*  (-14-9t0-7-8)*  (1420t02870) (1620 to03390) (112t0202)*  (-15:5t0-8:5)*
Liver cancer due to 53 64 207% -7:1% 1520 1760 16-0% -9-6%
hepatitis B (28t078) (35t0 92) (95t0387)*  (-151t059) (742 t0 2250) (933 to 2560) (52t0341)*  (-17-0t0 4-0)
Liver cancer due to 33 41 25:9% -5-4% 712 880 23.5% -62%
hepatitis C (19to 46) (23t058) (192t0341)*  (-10-1to 0-4) (388t01020)  (491t01260) (170t0317)*  (-10-7t0o-0-5)*
Liver cancer due to alcohol 20 26 26-0% -41% 484 595 231% -5-4%
use (11t030) (14t038) (19-6t033-8)* (-8:8t01-2) (266 t0 712) (319 to 888) (16-4t0311)*  (-9:9t00-1)
Liver cancer due to non- 8 11 39-6% 53% 179 244 361% 41%
alcoholic steatohepatitis (4t012) (6to16) (30:-5t051-3)*  (-1:3t013-7) (96 t0 261) (12810 353) (26-8t047:9)* (-2:4t0127)
Liver cancer due to other 8 10 29-8% -0-7% 205 255 24-2% -3:4%
causes (4to11) (5to14) (18-6t0 45-9)*  (-8-6t010-5) (104 to 304) (135to 370) (13-2t0 41-5)*  (-10-8t0 8-2)
Pancreatic cancer 75 94 24-9% -63% 1570 1910 21-6% -7-6%
(67 to 83) (83t0105) (211t0 28-4)* (-93to-3-6)* (1380 to 1750) (1670to 2140) (17-7t0 24-9)* (-10-5to-5-1)*
Larynx cancer 67 77 14-9% -12-7% 1730 1930 113% -14-5%
(59t073) (6810 84) (114t018-:0)*  (-154t0-10-3)* (1540t01900) (1700 to 2130) (7-6t014:6)*  (-17-4t0-12:0)*
Tracheal, bronchus, and 965 1190 233% -6:9% 21000 25100 193% -9-1%
lung cancer (94010 992) (1150t01230)  (19-9t026-4)*  (-9-4to-4-6)* (20400 to (24100t026100)  (15-8t022:4)*  (-11.7t0-6-8)*
21700)
Breast cancer 16 17 52% -20-4% 447 451 0-8% -22:0%
(12t021) (12t022) (1-9to 8-4)* (-231t0-177)* (317t0582) (320t0593) (-2:5t03-8) (-249t0-19.5)*
Cervical cancer 27 27 -0-5% -232% 807 766 -5:0% -24-8%
(14to 43) (14to0 43) (-61t0 4-5) (-27-6t0-19-0)* (443t01260) (414 to1190) (-10-0to-0-4)*  (-28-9t0-20-7)*
Prostate cancer 22 25 15-7% -13-9% 414 475 14-7% -13-6%
(10to 34) (10to 40) (71t023-3)* (-20-1t0-8-4)*  (188to 640) (206 to 750) (6-6t022-6)* (-19-8to-7-6)*
Kidney cancer 21 26 19:7% -9-8% 482 554 15-0% -12:3%
(15t027) (18t034) (14-8t024:6)*  (-13-5t0-6:0)* (33610 623) (378t0721) (103t019-7)*  (-16:1t0-8-6)*
Bladder cancer 56 66 19-5% -10-8% 1130 1320 16:9% -112%
(420 67) (50to 81) (161t023:2)*  (-13-4t0o-7-9)* (869t01350)  (1010to1590) (134t020-2)*  (-14-0t0-87)*
Acute lymphoid leukaemia 5 7 257% -27% 149 179 20-1% -4-9%
(3t08) (4t010) (162t0333)*  (-9-5t02:5) (78t0232) (9510 279) (111t028:0)*  (-11-8t00-3)
Chronic lymphoid 8 9 11-5% -17-4% 168 187 113% -16-0%
leukaemia (5to12) (6to13) (6:3t017-8)* (-21-4t0-12-6)* (103 to234) (116 to 261) (5-0to0 18-2)* (-21-0to-10-3)*
Acute myeloid leukaemia 18 21 18-8% -9-6% 412 471 14-4% -11-3%
(11to 25) (13t0 30) (13-7t0 23-2)* (-13-7t0-6-0)*  (248t0595) (275t0 704) (9-2t018:7)* (-16-0to-7-2)*
Chronic myeloid leukaemia 5 5 -6-1% -28-8% 116 104 -10-4% -30-3%
3to7) (3to7) (-10-0to-2-2)*  (-322t0-25:6)* (67to174) (58to 157) (-14-4t0-6-6)* (-34-3t0-27-0)*
Other leukaemia 24 26 9:-5% -16-9% 565 588 4-2% -19-0%
(15t034) (16t038) (40t016-8)*  (-20-6t0-11.5)* (327t0 830) (346 t0 862) (-13t0131)  (-22-8t0-13-1)*
Ischaemic heart disease 1500 1620 7-8% -17-8% 38400 40600 5:6% -18-0%
(1440t01570)  (1540t01690) (4-6t0111)*  (-202to-153)* (36800to (387000 42500)  (2-4t0 9-0)* (-20-4t0-15-3)*
40200)
Ischaemic stroke 295 335 13-4% -14-7% 7540 9000 19:3% -9-0%
(276 t0317) (313t0361) (8:6t017-8)* (-18-2to-11-4)* (6910to 8260)  (8170to 9920) (147t023-8)*  (-12-5to-5-6)*
Intracerebral haemorrhage 470 481 2:3% -21.9% 12400 12600 1-5% -212%
(43910 500) (450t0514) (2210 6.9) (-25-4t0-18-5)* (11600 to (11800t013600)  (-2-8t05-8) (-24-6t0-17-8)*
13300)
Subarachnoid haemorrhage 67 71 6:2% -17-4% 2190 2270 3:5% -17-9%
(60t077) (63to 81) (-14t0145)  (233to-111)* (1950t02510) (2020 to 2560) (-32t0107)  (-23-2to-12:4)*
Atrial fibrillation and flutter 10 12 272% -6-4% 414 502 212% -7-5%
(6t013) (8t016) (22:5t032-3)* (-9-8to-2:9)* (262t0591) (315t0 718) (17-8t0 24-7)* (-9:9to-5-2)*
(Table 3 continues on next page)
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Aortic aneurysm 51 56 10-4% -16-3% 1160 1270 9:5% -15-4%
(47t056) (51t0 62) (6-:0t0153)*  (-19-6t0-12-6)* (1080t01270) (1160 to 1400) (49t0147)*  (-18.9to-11-4)*
Peripheral vascular disease 13 17 31-6% -2:2% 376 471 25-1% -57%
(8to21) (11to29) (9-2to0 47-5)* (-19:0t0 9-8) (240t0 553) (298 to 716) (9-1t0 37-0)* (-17-8t03-3)
Chronic obstructive 1130 1230 9-5% -19-1% 26100 28200 7-8% -18-4%
pulmonary disease (1030to 1230) (1120t0 1350)  (6-4 to 13-0)* (-213to-16-7)* (23300to (25100t031100)  (47to11-1)* (-20-7t0-16-0)*
28700)
Asthma 69 59 -15-5% -35-8% 2340 2130 -9-0% -287%
(34t0108) (29t0 90) (-23-9t0-3-8)*  (-422t0-27-0)* (1220t03350) (1100 to 3080) (-16-4 to 0-5) (-34-7t0-20-9)*
Peptic ulcer disease 51 46 -10-1% -31-5% 1370 1200 -11.9% -30-9%
(4410 58) (39t0 54) (-155t0-3-9)*  (-35-6t0-267)* (1180t01540) (1020 to 1400) (-17-0t0-6-8)*  (-35:0t0-26-8)*
Gallbladder and biliary 5 6 151% -13-6% 106 116 9-6% -14-9%
diseases (4to 6) (4to7) (9-7t022:7)* (-17-6to-7-9)*  (78t0136) (84to151) (41t016-8)* (-19-0to-9-4)*
Alzheimer’s disease and 249 318 27-6% -9.5% 3800 4650 22:4% -10-0%
other dementias (158 t0 338) (198 to 434) (21-8t032:5)*  (-13-4t0-6-0)*  (2410t05110) (2900 to 6310) (172t0267)*  (-13-6to-6-6)*
Parkinson’s disease -24 -29 20-0% -10-4% -481 -567 17-9% -10-5%
(-38to-12) (-46t0-14)  (105t0282)*  (-173to-4-4)* (-750t0-239)  (-890to-281) (91t026:2)*  (-17-1to-4-3)*
Multiple sclerosis 2 3 12:1% -11-4% 132 143 8:2% -12:0%
(2t03) (2t03) (-16t0192)  (-21.9t0-57)*  (101to165) (107 to 179) (03t014:5)*  (-18-3t0-6-8)*
Type 2 diabetes mellitus 65 83 27-3% -4-6% 4710 5680 20-6% -5-6%
(53t078) (6710 100) (226t0322)*  (-81t0-0-9)*  (3450t06160)  (4140t07530) (152t026-2)*  (-9-6 to-1-4)*
Cataract 534 610 143% -13-0%
(3620 747) (408 to 860) (8-7t019-5)* (-17-1t0-8-9)*
Age-related macular 48 56 17-0% -12:7%
degeneration (20to 79) (2410 95) (9:3t023-4)* (-18-4t0-8-0)*
Rheumatoid arthritis 3 4 10-4% -16-8% 245 285 16-4% -9:0%
(1to 6) (1t 6) (2410202)*  (-228t0-93)*  (72to 443) (8210 519) (100t021-8)*  (-13-9t0-4-8)*
Low back pain 9350 10100 81% -12-6%
(6160t013000) (6700t014100)  (54t0107)*  (-147to-10-9)*
Pedestrian road injuries 4 4 0-9% -22:2% 126 126 -0-4% -211%
(3to5) (3to5) (-83t07-2) (-29-4t0-172)* (91t0167) (90t0169) (7710 5:0) (-27-0t0-16-9)*
Cyclist road injuries 1 1 13-2% -12:0% 25 29 16-8% -81%
(0to1) (0to1) (34t0235)*  (-197t0-43)* (17t034) (20t0 40) (100t0237)*  (-13-2t0-2.7)*
Motorcyclist road injuries 1 1 6:7% -14-0% 71 76 6-9% -13-3%
(1to2) (1to2) (-7-3t016-4) (-25:5t0-6-2)*  (48t0 96) (51to 105) (-2:7t013-7) (-21-1to-7-9)*
Motor vehicle road injuries 3 3 -1.9% -22:5% 105 103 -2:0% -212%
(2to 4) (2to3) (-9-8t027) (-28-8t0-18-8)* (71to143) (69 to 140) (-7-4t017) (-25-7t0-18:3)*
Other road injuries 0 0 -27% -24-9% 8 10 26-6% -1-8%
(0t00) (0t00) (-12:4t016:6)  (-325t0-10-6)* (6t012) (7to15) (191t0342)*  (-7:3t04-0)
Other transport injuries 1 1 33% -19:5% 71 77 8:6% -14-5%
(1to2) (1to2) (23t010-4)  (-23-9to-14-1)* (52t094) (55t0104) (43t0132)*  (-17.7to-11-1)*
Falls 15 19 23:6% -10-5% 508 630 23:9% -6:4%
(11t020) (13t0 25) (151t034-6)*  (-16:9t0-2-4)*  (365t0 694) (443 to 870) (192t0292)*  (-9-9to-2:5)*
Other exposure to 1 1 1-6% -213% 64 71 123% -11-7%
mechanical forces (1to1) (1to1) (-3-8t067) (-25-2to-17-5)*  (45to 88) (50t0102) (7:5t0 16-4)* (-15-1t0-8-9)*
Non-venomous animal 0 0 -0-4% -23.6% 5 5 53% -18-4%
contact (0to0) (0to0) (-11.7t0 15-6) (-32:3to-11-3)* (3to7) (3to 8) (-0-8t012-3) (-23-0to-12-9)*
Assault by other means 0 0 -81% -27-5% 17 16 -2:0% -222%
(0t00) (0t00) (-152t0-0-8)*  (-331t0-21-8)* (12t023) (12t022) (-6-9t0 2:5) (-25:9t0-187)*
3 Chewing tobacco: all causes 59 76 29-5% -1-6% 1490 1890 26-6% -1.9%
(48t070) (62t091) (22:0t038:3)*  (-73t05-2) (1220t01790)  (1530t02270) (19-5t0351)*  (-7:-5t04-8)
Lip and oral cavity cancer 31 44 413% 81% 853 1160 36-0% 6-3%
(241038) (35t054) (31-8t051:6)*  (0-9t016:0)*  (661t01050) (892 to 1440) (262t046:3)*  (-13to14-4)

(Table 3 continues on next page)
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Oesophageal cancer 27 32 16-0% -12-4% 641 731 14-0% -12-6%
(20t0 36) (22to 41) (6-0to 27-2)* (-20-2to-4-0)*  (455t0 833) (507 to 948) (5-2t024-4)* (-19-5to-5-1)*
3 Second-hand smoke: all 1110 1220 10-2% -15:9% 36600 36300 -0-9% -20-0%
causes (88810 1370) (9841t01500) (6:9t013:5)*  (-18-2t0-13-6)* (28600 to (2860010 45100)  (-5-6 to 4-5) (-23-0t0-16.5)*
46000)
Lower respiratory 208 179 -13-6% -27-8% 11900 7960 -332% -39-0%
infections (123t0302) (107t0261)  (-16:3t0-10-5)* (-30-0t0-254)* (6940t017400) (4630t011600)  (-36-4to (-42:0t0 -357)*
-29.8)*
Otitis media 0 0 -60-5% -62:4% 127 119 -61% ~11-6%
(0t0 0) (0to0) (-72:8to0 (-741t0-431)* (69 t0209) (63t0199) (-10-8t0-2:6)* (-15-9t0-8-2)*
-40-3)*
Tracheal, bronchus, and 78 100 28-3% -2:5% 1830 2240 227% -5.5%
lung cancer (44 t0117) (57to 149) (22.5t033-8)*  (-6-7t0 1.6) (1050t02750)  (1300to 3360) (17-6t028-1)*  (-9-4to-1.4)*
Breast cancer 12 15 21-2% -5-4% 404 478 18:5% -4-9%
(3t021) (410 26) (143t026:9)*  (-10-6t0-1.0)*  (98to 688) (118 to 829) (11-6t024-6)*  (<10-4t0-0-2)*
Ischaemic heart disease 330 382 16-0% -12:1% 7890 8850 122% -12:4%
(2690 399) (311t0463)  (128t019:3)*  (-141t0-10-0)* (6440t09490) (7180t010700)  (9-2t0153)*  (-14-5t0-10-2)*
Ischaemic stroke 65 74 14-6% -14-6% 1430 1670 17-4% -10-3%
(4810 85) (55t0 98) (9-6t020-4)*  (-17-4t0-11-3)* (1070t01850) (1250 to 2190) (11.9t022:6)*  (-13-8t0-6-9)*
Intracerebral haemorrhage 96 102 5-9% -19-4% 2460 2550 3-8% -18:9%
(73t0124) (76 t0132) (11t010:9)*  (224to-161)* (1840t03160) (1880 to3290) (-0-9t0 8:5) (219 to-15-8)*
Subarachnoid haemorrhage 14 16 10-9% -13-4% 467 500 7-1% -14-0%
(11t019) (12t021) (55t016-9)*  (-17-1t0-92)* (3370 616) (360 t0 656) (22t0126)*  (-172t0-103)*
Chronic obstructive 244 266 9-0% -20-0% 6230 6910 10-8% -15:3%
pulmonary disease (126 t0363) (136 to 405) (3-5t0 14-6)* (-23:9to-15-8)* (3190t09260) (3540 to 10400) (6:3t015-2)* (-18-8to-12.0)*
Type 2 diabetes mellitus 61 86 41-1% 5:3% 3890 5040 29:3% 13%
(23t092) (33t0131) (37-5t0 45:0)*  (2:7to 8-1)* (1390t0 6340)  (1810to 8230) (251t033-8)*  (-2:0t04-8)
2 Alcohol use: all causes 2560 2840 11-0% -11.7% 102000 108000 5-5% -13-1%
(2230t02910)  (2440to (32t019-1)*  (-18-1to-4-8)* (92400to (96200to (0-5t010-7)*  (-172t0-8-7)*
3250) 114 000) 120000)
Drug-susceptible 338 287 -15-0% -32:0% 12600 10500 -16-6% -30-9%
tuberculosis (247 to 415) (209 t0 361) (-22-8t0-7-7)*  (-381t0-25:9)* (9340t015400) (7730t013100) (-239t0-9:9)* (-37-0t0-25-3)*
Multidrug-resistant 45 38 -16-0% -32:5% 1650 1330 -19-2% -33:0%
tuberculosis without (32to 60) (20to 64) (-50-5t031-4)  (-60-3t05-5) (1170 to 2170) (697 to 2260) (-51-4t024:6)  (-59-7t03:5)
extensive drug resistance
Extensively drug-resistant 5 5 6-1% -13-8% 178 178 -0-4% -16:9%
tuberculosis (3to6) (3to7) (-202t0432)  (352t016-2)  (128t0225) (124 t0 254) (-24-4t032:7)  (-36-8t0107)
Lower respiratory 96 114 19-1% -8:2% 2630 2840 8-0% -132%
infections (36t0154) (3910 186) (-0-6t031-4) (-20-9t0 2-8) (1310 to 3830) (1380 to 4230) (-5-2t018-0) (-22:7to-5-2)*
Lip and oral cavity cancer 59 78 32:8% 21% 1710 2200 28-6% 11%
(510 66) (66 t0 89) (251t040-2)*  (-3-8t07-8) (1490t01910) (1900 to 2490) (20-6t035:9)*  (-5:3t0 6:8)
Nasopharynx cancer 25 32 25.7% -22% 790 956 211% -3-6%
(21t029) (26 t037) (177t0343)*  (-84t04-:3) (662 to 900) (801t01100) (131t0297)*  (-9:7t03-1)
Other pharynx cancer 38 52 38:0% 6-1% 1110 1490 34-2% 4-9%
(31t0 44) (4210 62) (253t049:5)*  (-37t014-9) (912t01290)  (1190t0 1770) (21-6t0453)*  (-5:0t013-5)
Oesophageal cancer 120 139 15-6% -12:1% 2980 3310 10-9% -14.7%
(97t0143) (110t0166)  (7:8t0245)*  (-182t0-53)* (2430t03510)  (2650to 3910) (39t0187)*  (-202t0-8-:6)
Colon and rectum cancer 103 126 22:3% -7-9% 2410 2900 20-5% 7-2%
(83t0124) (98 to 155) (140t031:0)*  (-141to-13)*  (1970t02870) (2290 to 3500) (122t029:3)*  (-13-6t0-0-4)*
Liver cancer due to alcohol 98 129 317% 0-6% 2400 3080 27-9% -0-5%
use (87t0112) (115t0147)  (26-8t0373)*  (-3-0t04-8) (2100t02790) (2680 to 3590) (225t0340)*  (-4-4t0 4-0)
Larynx cancer 32 38 17-6% -10-2% 886 1010 14-4% -11-5%
(21t0 40) (2510 48) (113t024-4)*  (-151to-4-8)*  (594t01100) (683 t01270) (8:5t020-8)*  (-16:1t0-6-6)*
Breast cancer 54 59 97% -16-3% 1560 1670 7-:0% -15:9%
(4610 62) (4910 69) (43t0141)*  (204t0-13-0)* (1320t01790) (1390 to 1940) (20t0113)*  (<19:9to-12:3)*

(Table 3 continues on next page)
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Ischaemic heart disease -129 -112 -13-4% -387% 384 343 -189.5% -111-5%
(-342t078) (364t0123)  (-1925t0327:3) (-304-3t0136-6) (-4880t04100) (-4690 to 5200) (-502-2 to (-487-6 to
832:6) 473-6)
Ischaemic stroke 74 102 383% 9-2% 2070 2870 382% 72%
(11to 143) (28t0181) (-16t01547)  (-32:8t0220-5) (771t03370) (1210to 4520) (11-8t0 88-8)*  (-14-3t053-9)
Intracerebral haemorrhage 399 462 157% -12:1% 9910 11200 133% -11-9%
(29210 503) (338t0592)  (30t0312)*  (-21-8t0-03)* (7550t012200) (8440t014000)  (2-4t0272)*  (-20-5t0-1.0)*
Hypertensive heart disease 93 134 43-9% 6:5% 2000 2680 34-3% 3:3%
(63t0120) (84t0179) (21-8t061.4)*  (-9-2t019-1) (1410t02570) (1760 to 3520) (15-8t049-2)*  (-10-9t0 14-9)
Alcoholic cardiomyopathy 119 89 -25-3% -40-5% 4230 2990 -29-4% -42-2%
(91t0125) (81t0 96) (-29:5t0-83)*  (-437t0-27:6)" (3190t04450)  (2720to3210) (-335t0-11-1)* (-45-6t0-275)"
Atrial fibrillation and flutter 20 28 40-1% -1-0% 567 740 30-4% -2:3%
(15t0 26) (2010 36) (289t051:6)*  (-87t07-1) (40810 738) (536 to 966) (21-0t0412)*  (-9-6t05-6)
Cirrhosis and other chronic 284 332 16-9% -8-8% 9000 10200 13-1% -9:3%
liver diseases due to alcohol (260 to 309) (303t0373) (11-2t0 23-7)* (-13-2to-3-4)*  (8290t09790)  (9310t011300) (8-1t0 18-9)* (-13-4to-4-8)*
use
Pancreatitis 31 36 17-6% -6-2% 1150 1300 13:0% -6-9%
(24t038) (290 45) (75t027-4)*  (-142t01:8) (929t01390) (1050 to 1590) (34t0221)*  (-14-8t00-6)
Epilepsy 23 25 8-4% -9-6% 2050 2240 9-0% -63%
(17t029) (19t032) (21t016:0)*  (-15:0t0-2:9)*  (1460t02760) (1550 to 3100) (0-4t017-7)*  (-137t01-2)
Alcohol use disorders 180 185 2:7% -16-5% 16 600 17500 5-0% -10-2%
(163t0 184) (167t0193)  (-22t077) (-20-4t0-12-4)* (13600to (14100t021600)  (2-4t0 7-4)* (127 to-8-1)*
20400)
Type 2 diabetes mellitus -4 -3 -41-1% -52:3% 240 363 512% 41-4%
(2410 15) (-28t023) (-486-6 to (3652 to (-1140t01620) (1460 to 2260) (-291-8to (-236-8to0
3180) 347-8) 254-2) 207-0)
Pedestrian road injuries 42 40 -4-4% -19-7% 2000 1880 -6-0% -17-6%
(2510 59) (23t056) (-132t064)  (-26:9t0o-10-7)* (1180t02820)  (1120t0 2630) (-137t042)  (-243t0-8-9)
Cyclist road injuries 6 6 9-5% -7-6% 365 404 10-6% -4-3%
(3t08) (3t09) (-10t022:8)  (-162t03-4) (221t0528) (246 t0 573) (25t021:6)*  (-112t05-1)
Motorcyclist road injuries 23 24 2:5% -9.0% 1450 1480 1.9% -8:6%
(14t033) (14t034) (-85t0145)  (-187t014) (887t02050) (896 to 2070) (-71t012.7) (-16-5t0 0-8)
Motor vehicle road injuries 43 40 -6-6% -18-6% 2380 2190 -82% -18-0%
(25t0 60) (24t056) (-11-6t0-0-8)*  (-23-0t0-13-6)* (1430t03320) (1340 to3030) (-12:6t0-2:6)*  (-21-9t0-13-0)*
Other road injuries 1 1 -8-8% -22-4% 81 85 5-4% -8:7%
(1to2) (1to1) (-16:0t073)  (-28:6t0-88)* (47t0117) (51t0124) (261016:8)  (-15-4t0o1-1)
Other transport injuries 8 8 -3-8% -17-1% 565 577 21% -10-2%
(5to12) (5to11) (-10-1to 4-0) (-22:7t0-10-5)* (33810 803) (34510 823) (-41t09-7) (-15-5t0-3-7)*
Falls 38 48 25-9% -37% 2540 2990 17-9% -4-6%
(17t0 62) (220 80) (163t0392)*  (-111t0 6-8) (1150t0 4230) (1370 t0 4980) (11-8t027:0)*  (-9-4t03-1)
Drowning 17 16 -23% -18-0% 732 669 -8-6% -20-5%
(7t028) (7t027) (-840 6-8) (-23-0t0-10-3)* (322 t0 1220) (2840 1100) (-142t002)  (-25-2t0-13-5)*
Fire, heat, and hot 8 7 -11-6% -28-9% 464 440 -51% -20-4%
substances (4t013) (3to12) (-17-9t0-5-0)*  (-33-6t0-23-9)* (202t0766) (192t0 743) (-11-8t0 2-0) (-25:9to-14-4)*
Poisoning by carbon 4 3 -21-4% -351% 177 132 -253% -36-6%
monoxide (2to7) (1t0 6) (311t0-113)* (-42:9t0-26-8)* (7710283) (59 t0 215) (-334t0-16:5)*  (-43-4t0-29-4)*
Poisoning by other means 2 2 12:4% -7-6% 106 116 9-5% -71%
(1to3) (1to 4) (-2:0t031-6) (-19:3t0 7-9) (48t0176) (53t0197) (0-6 t0 23-0)* (-14-4to 4-1)
Unintentional firearm 2 2 -9.0% -22-8% 111 105 -57% -181%
injuries (1to3) (1to3) (-14-8t0-27)*  (-28:0t0-17-6)* (50t0192) (47t0179) (-11-0t00-1)  (-23-0t0-13-3)*
Venomous animal contact 3 3 14-0% -6-8% 140 157 11-7% -5-6%
(1to5) (1to 6) (-11t0 35-6) (-19-3t010:9) (56 t0 246) (63t0285) (-0-8t029:8) (-15-9t0 9-1)
Non-venomous animal 1 1 2-6% -16-9% 42 45 6-9% -111%
contact (0to1) (0to1) (-7-3t016-5) (-25-0to-5:5)*  (18t070) (20t077) (-0-2t016:8) (-16-9to-3-1)*

(Table 3 continues on next page)
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Environmental heat and 7 5 -23-9% -383% 354 297 -16-1% -30-2%
cold exposure (3to12) (2to9) (-32:6t0-15-9)* (-45-0t0-31-8)* (154t0572) (130t0 498) (-23-2t0-8-3)*  (-36-1t0-23-6)*
Exposure to forces of 1 1 4-6% -111% 42 57 34-9% 17-5%
nature (0to1) (0to1) (-7-6t0 25-0) (-21-6t0 5-9) (19t072) (24 t0 100) (21-8t050-6)*  (6:5t031-1)*
Other unintentional 9 8 -82% -22:1% 670 683 1.9% -14-0%
injuries (4t014) (3to13) (-16:0t04-6)  (-28-5t0-11-6)* (28710 1120) (297 to 1130) (-47t0106)  (-19-3to-6-8)*
Self-harm by firearm 16 17 57% -11-8% 691 709 2:6% -113%
(9t023) (9t025) (-6:8t0181)  (-22:0t0o-15)*  (389to 995) (399 to 1020) (-89t014:5)  (-213t0o-1.0)*
Self-harm by other 157 161 2-8% -14-3% 6730 6700 -0-4% -14-5%
specified means (96t0 214) (99 to 225) (-4-7 t0 11.0) (20-6to-72)*  (4120t09190)  (4150to 9310) (-7-7t07-8) (-20:.9to-77)*
Assault by firearm 34 36 6-6% -52% 1840 1940 5-2% -5-0%
(22t0 46) (2310 49) (-0-6t0 13-3) (-117t01-1) (1220t02510)  (1270t0 2650) (21t011-8)  (-11-8to1-1)
Assault by sharp object 20 18 -14-4% -25-6% 1100 944 -14-4% -24-4%
(13t029) (11to24) ((201t0-8-4)*  (-30-7t0-20-3)* (702 to 1550) (598 t0 1310) (-19-5t0-8:9)*  (-29-2t0-19.5)*
Sexual violence 114 131 15-0% 1.5%
(50 to 200) (58 t0 228) (67t0264)*  (-5-8t010-6)
Assault by other means 21 22 41% -11:0% 1260 1340 6:9% -7-5%
(14t029) (14t031) (-3-5t0111) (-17-6to-4-6)* (792 t0 1770) (854 t0 1880) (-0-4t012:9)  (-141t0-2:2)*
2 Drug use: all causes 459 585 27-6% 41% 34900 41700 19-2% 32%
(416 to 501) (535t0635)  (24-0to31-4)* (1-2to7-0)* (29800 to (35300t048200) (16-8t021.6)* (0-9to5-4)*
40400)
HIV/AIDS and drug- 14 8 -42-6% -50-7% 700 412 -411% -48-8%
susceptible tuberculosis (9to020) (5to12) (-47-6t0-37-9)* (-55-2t0-46-9)* (455t0993) (276 t0 582) (-459t0-36-2)* (-53-0to-44-7)*
co-infection
HIV/AIDS and multidrug- 2 1 -44-0% -51-8% 113 63 -43-9% -51-2%
resistant tuberculosis (1to 4) (1to2) (-58-8t0-223)* (-64-5t0-33-4)* (68t0176) (36t0103) (-58-6t0-23:6)* (-63-9t0o-33.7)*
without extensive drug
resistance co-infection
HIV/AIDS and extensively 0 0 41% -9:6% 14 14 3:5% -9:4%
drug-resistant tuberculosis ~ (0to 0) (0to0) (-19-4t0335) (-303t016:0)  (8t022) (8t023) (-20:2t0332)  (-30-0t016-4)
co-infection
HIV/AIDS resulting in other 71 56 -20-7% -31-5% 3630 2880 -20-8% -30-9%
diseases (5810 88) (46 t070) (-265t0-113)* (-36-4t0-23-4)* (2920t04520) (2340 to3630) (-26:0t0-11-4)* (-35:5t0-22-8)*
Acute hepatitis B 1 1 26:1% 0-8% 19 23 17-8% -3-0%
(0to1) (0to1) (13-9t0416)*  (-8-8t013-1) (14t025) (17t030) (63t0313)*  (-122t07-9)
Acute hepatitis C 0 1 19-9% -6-3% 15 17 13-2% -7-6%
(0to1) (0to1) (22t0418)*  (-203t010-9)  (8t029) (9t033) (-24t0332)  (-19:6t07-1)
Liver cancer due to 3 4 44-0% 13-2% 85 112 32:2% 5-8%
hepatitis B (2t03) (3to5) (352t0552)*  (6-4t021-4)* (680 104) (90t0138) (235t0421)*  (-11t013.9)
Liver cancer due to 84 127 51-0% 14-6% 2040 2930 43-9% 10:9%
hepatitis C (7210 97) (110t0144)  (441t059-6)* (9-4t021-4)*  (1760t02320) (2560 to3310) (37-8t051:0)*  (6-2t016:5)*
Cirrhosis and other chronic 3 4 25.6% 0-3% 103 121 17-4% -3:9%
liver diseases due to (2to4) (3to4) (17-6t035-0)*  (-6-4t0 8-0) (82t0131) (96 to 152) (9-7t025.7)* (-10-2t03-1)
hepatitis B
Cirrhosis and other chronic 137 175 28-4% 17% 4730 5800 22:5% -0-6%
liver diseases due to (115to 160) (150 to 204) (223t035-0)*  (-31to7-2) (3970t05520) (4920 to 6760) (17:0t0285)*  (-4-8t04-2)
hepatitis C
Opioid use disorders 62 110 77-0% 49-4% 16 400 21500 30-8% 153%
(5810 65) (106t0114)  (68-8t0885)* (425t0592)*  (12400to (16300t027100)  (27-5t034-4)* (12-4t0183)*
20800)
Cocaine use disorders 5 7 42-2% 19-6% 833 992 19-0% 4-9%
(5t06) (7t0 8) (301t0583)*  (92t033:0)*  (620t01090)  (747to1290) (155t024-2)*  (1.9t09-3)*
Amphetamine use 4 5 27:2% 8:6% 1120 1180 5:5% -2:5%
disorders (3to4) (3to5) (0-8to 41-0)* (-14-0t020:6)  (7081t0 1670) (757 to 1740) (1-5t0 9:4)* (-6-2t0 0-4)
Cannabis use disorders 496 518 4-4% -37%
(31410 727) (32910 766) (220 6-6)* (57 to-1-8)*
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Other drug use disorders 34 45 352% 11-3% 2560 3010 17-5% 3.5%
(32t037) (4310 48) (22:8t0461)*  (12t019-9)* (2130t03090) (2550 to 3540) (10-9t024-0)*  (-2-2t0 8.9)
Self-harm by firearm 5 6 24:2% 82% 232 277 19-3% 67%
(3to7) (3t09) (16-4t031:8)*  (1.5t014-7)* (137t0378) (165 to 441) (11-8t027:0)*  (0-1to13-5)*
Self-harm by other 35 36 31% -10-0% 1820 1820 0-1% -10-7%
specified means (19 to 60) (19 to 64) (-1-8to7-1) (-14-0to-6-6)*  (1010t03100)  (980to 3180) (-4-7t0 41) (-14-6 to-7-3)*
2 Dietary risks: all causes 9160 10900 18-9% -112% 219000 255000 16-4% -9-9%
(8510t09810)  (10100to (17-0t020-7)*  (-12-6t0-9-8)* (203000to0 (234000 to (14-6t018-1)* (-11-3t0-8-6)*
11700) 235000) 274000)
3 Diet low in fruits: all causes 2220 2420 9-0% -17-4% 60200 64800 77% -15.7%
(1410t03180)  (1480t03530) (45t0123)*  (-20-6t0-151)* (38600 to (40600t092000) (32to111)*  (-19-0to-13-1)*
84000)
Lip and oral cavity cancer 10 12 253% -37% 269 325 21.0% -4:7%
(0to21) (010 26) (17-0to (-10-0to (0t0582) (0t0709) (122to (-11-5 to 879-6)
1318-4)* 1002-4) 1198-1)*
Nasopharynx cancer 4 4 12:9% -12:1% 118 128 8:6% -13-5%
(0t08) (0t010) (51t010083)* (-181t0739:6) (0to259) (0t0284) (1:0t0 946:6)*  (-19-3t0712:2)
Other pharynx cancer 6 7 28-4% -13% 163 204 24-8% -23%
(0to13) (0t 16) (150t0 42:0)*  (-11-5t0 9-0) (0t0373) (0t0 458) (119t0383)*  (-123t08:1)
Oesophageal cancer 82 83 17% -22:9% 1900 1860 -1.8% -24-4%
(18 t0 146) (18t0152) (-51to 6-4) (-27-9t0-19-4)* (430t03400) (399 to 3390) (-8-4t02:8) (-29-4t0-21-0)*
Larynx cancer 7 8 11-4% -14-9% 183 199 8:4% -16-0%
(010 15) (0t017) (52t0218-8)*  (-19-5t0127-1)  (0to 403) (0t0 436) (23t0189:4)*  (-20-5t0 104-4)
Tracheal, bronchus, and 152 185 21-8% -7-6% 3470 4050 16-6% -10-2%
lung cancer (641t0261) (77 t0 320) (16-2t025-8)*  (-11-8to-4-6)* (1460t05920) (1680 to 6950) (10-.9t020-6)*  (-14-4to-7-1)*
Ischaemic heart disease 822 916 11-4% -16-1% 19500 20800 7:0% -16:2%
(280t0 1440) (306t01650)  (7-5to 14-5)* (-18-8t0-14-0)* (6770t033700) (7110t036600)  (2:9t010:0)*  (-19-1to-13-9)*
Ischaemic stroke 376 406 81% -18-8% 9860 11200 13-6% -12-4%
(195to 573) (206 to 631) (2-9to 11.9)* (-22-6t0-16-1)* (5310t014600) (5800 to 16900) (7-8t018-1)* (-16:7to-9-1)*
Intracerebral haemorrhage 615 624 1-4% -223% 16700 16 800 0-4% -21-2%
(33810 933) (331t0 972) (-3-8t05-2) (-26-2t0-19:5)* (9480t024800) (9210 to 25400) (-4-6t0 4:0) (-24-8t0-18.5)*
Subarachnoid haemorrhage 92 99 7-5% -15-8% 3160 3330 52% -151%
(50t0 138) (53t0152) (12t0134)*  (20:4t0-11-2)* (1770t04650) (1820 to 5020) (-02t0105)  (-19-3to-11.0)*
Type 2 diabetes mellitus 60 80 321% -0-6% 4880 5900 21.0% -3:5%
(12t0 112) (15t0 151) (271t036:2)*  (-4-2t02-4) (928t09240)  (1090t011300)  (151t0261)*  (-7-9t00-4)
3 Diet low in vegetables: all 1390 1460 53% -207% 33600 34200 1-8% -20-4%
causes (715 to 2240) (732t02400)  (-0-8t09-7) (-25-2t0-17-7)* (17900 to (17700t055700)  (-4-0t0 6-1) (-24-8t0-17-3)*
53300)
Ischaemic heart disease 947 1020 82% -19-1% 21400 22100 32% -19-5%
(3700 1660) (396t01830) (3-0t012:0)*  (-23-0t0-163)* (8520t037400) (8730t039400)  (-2:2t07-2) (-23-5t0-16-4)*
Ischaemic stroke 150 154 31% -22:6% 3920 4170 6:2% -17-9%
(3610 280) (36t0297) (33t0841) (-27-4t0-19-0)* (970t07330) (1010 to 8090) (-0-9t012:0)  (-23-3t0-13-6)*
Intracerebral haemorrhage 252 243 -3-6% -261% 6910 6550 -5:2% -25-4%
(71t0 474) (66 to 469) (-10-4to14)  (-31-2to-22-4)* (1970t012900) (1800t012500)  (-11-5t0-0-5)* (-30-3to-21-9)*
Subarachnoid haemorrhage 39 11 33% -18-8% 1360 1380 1.0% -18-4%
(11to73) (11t078) (-32t09:3) (-23-8t0-14-2)* (381t02530) (371t 2580) (-4-9t0 6-4) (-22:9to-14-1)*
3 Diet low in legumes: all 481 535 11-2% -17-3% 10600 11000 3:3% -19-3%
causes (192to 819) (214 to 909) (9-2t013-0)* (-18-8t0-16-0)* (4280t018000) (4390 to 18700) (0-9to5:5)* (-211to-17-6)*
Ischaemic heart disease 481 535 11-2% -17-3% 10600 11000 33% -193%
(192to 819) (214t0909)  (9-2t013-0)*  (-18-8t0-16-0)* (4280t018000) (4390t018700)  (0-9t05:5)* (-211t0-17-6)*
3 Diet low in whole grains: all 2630 3070 167% -12:2% 71500 82500 15-5% -97%
causes (1820t03490)  (2110t04120) (14-6t0185)*  (-13-6t0-10-8)* (51300to (59000 to (132t017:6)*  (-11-4to-8-1)*
93800) 109 000)
Ischaemic heart disease 1510 1780 18:4% -11-5% 34300 39100 13-9% -11-2%
(890to0 2170) (1050t0 2570) (16-4t020-2)* (-12.9t0-10-2)* (20600 to (23300t055700)  (11.9t0159)* (-12-8t0o-97)*
48800)

(Table 3 continues on next page)
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Ischaemic stroke 363 418 151% -13.6% 9870 12000 21-3% -6-4%
(241to0 501) (276 to 580) (12-5t0 17-6)* (-15-5t0-11-8)* (6680t013500) (8050 to 16400) (18-0t024-4)*  (-9-0to-4-0)*
Intracerebral haemorrhage 550 597 8-5% -16:9% 14900 16000 7-0% -16-0%
(3680 745) (401t0813)  (5:5t011-2)* (-19-2t0-14-9)* (10100 to (10800t021400)  (4-1to 9-7)* (-183to
20100) -14-0)*
Subarachnoid haemorrhage 86 98 13-6% -11-1% 2960 3280 11-0% -10-7%
(58t0118) (66 t0134) (82t0191)*  (-153to-7-0)*  (2010t03950) (2240 to 4410) (6-5t015-6)*  (-14-3to—7-1)*
Type 2 diabetes mellitus 122 169 38-4% 37% 9400 12200 29-7% 2-8%
(69t0186) (95t0 259) (351to41-4)*  (1-4t059)* (4980t015100) (6400t019400)  (25:6t033-9)*  (-0-4t0 6:0)
3 Diet low in nuts and seeds: all 1740 2060 187% -112% 43300 49900 15-2% -10-0%
causes (1130t02410)  (1330t02880) (16-6t020-6)* (-127t0-9-9)*  (28800to (3310010 68000)  (12:9t017:3)*  (-11-8t0-8-3)*
58800)
Ischaemic heart disease 1660 1960 17-8% -11-9% 37600 42600 132% -11-8%
(1070t02330)  (1230t02750) (157t0197)*  (-13-4t0-10-6)* (24500to (27300t058700)  (10-9t0152)*  (-13-4t0-10-3)*
51800)
Type 2 diabetes mellitus 74 103 38:4% 3:9% 5700 7310 282% 1.8%
(36 t0 116) (50t0 160) (35-4t0413)*  (1-8to6-1)* (2640t09390) (3410 t0 12100) (241t032:4)*  (-1-4t0 4-9)
3 Diet low in milk: all causes 96 126 30-6% -1.9% 2140 2720 27-0% -2:0%
(34t0171) (45 to 220) (26:0t034-8)*  (-52t012) (757 to 3770) (965 to 4730) (21:-9t031:5)*  (-6-0t01-4)
Colon and rectum cancer 96 126 30-6% -1.9% 2140 2720 27-0% -2:0%
(3410 171) (45 to 220) (26:0t034-8)*  (-52t01-2) (757 t0 3770) (965 to 4730) (21:9t0315)*  (-6:0t01-4)
3 Diet high in red meat: all 17 25 47-5% 11-2% 880 1310 492% 17-8%
causes (7t028) (11to 40) (36-9t059-6)*  (3-0t020-4)* (352t0 1520) (508 to 2250) (36:7t063-8)*  (7:9t029-5)*
Colon and rectum cancer 11 16 457% 9-8% 262 378 44-3% 11-2%
(3t020) (41029) (343t058-4)*  (14t019:6)*  (63t0472) (89t0 678) (327t057:6)*  (2-6t021-2)*
Type 2 diabetes mellitus 6 9 50-8% 13-6% 618 934 51-2% 20-8%
(1to11) (1to17) (403t062:8)*  (5-8t023-1)* (77 t0 1200) (113 t0 1830) (37-6t0 66-6)*  (10-1to32:9)*
3 Diet high in processed meat: 125 130 43% -22:3% 3360 3570 6-1% -17-9%
all causes (2410 239) (26 t0 265) (-50t0132)  (-28:9t0-15-6)* (1050t06120) (1260 to 6770) (-44t019-4)  (-25:9t0-6-9)*
Colon and rectum cancer 9 11 13-8% -14-9% 205 227 10-6% -15-4%
(5to15) (5t018) (6-4t020-3)* (-20-4to-10-1)* (107 to 330) (114 to 373) (3:0t016-9)*  (-21-1to-10-5)*
Ischaemic heart disease 105 107 2:0% -24-0% 2320 2270 -2:2% -24-5%
(5t0213) (5t0230) (-9-8t0102)  (-325t0-18:0)* (120t04650)  (111to 4860) (-138t063)  (-33-3t0-17-8)*
Type 2 diabetes mellitus 10 12 18-6% -11-3% 838 1070 28-0% 0-2%
(5to17) (6to21) (6-0t029:7)* (-20-6t0-2-9)* (404 to 1430) (490 to 1900) (16-3t037:0)* (-8:9t07:6)
3 Diet high in sugar-sweetened 105 137 30-4% -2:5% 3350 4450 32:8% 47%
beverages: all causes (13 to 206) (20t0264) (232t052-7)*  (-8-2t014-4) (981to 5910) (1490 to 7700) (24-7t054-4)*  (-1-8t023'1)
Ischaemic heart disease 92 117 27-4% -47% 2270 2810 237% -2:9%
(0t0189) (0t0242) (0t034-2) (-10-2to 1-1) (0to 4620) (0t0 5700) (0t030-2) (-7-8t0 2:4)
Type 2 diabetes mellitus 14 21 50-5% 12:5% 1080 1650 52.0% 211%
(7t020) (11t030) (39-9t062:8)*  (4-6t0217)* (570to 1670) (852 t0 2520) (43210 62:5)*  (14:0t029-3)*
3 Diet low in fibre: all causes 737 873 18:6% -11-2% 17700 19900 12:6% -11-4%
(433to0 1110) (510t0 1330) (15-9t0 20-7)* (-13-2t0-9-6)*  (10400to (11600t030400)  (9-5t015-0)* (-13-7t0-9-6)*
26500)
Colon and rectum cancer 84 106 26-0% -5-8% 1800 2200 222% -5-8%
(44t0131) (54t0167) (217t029-8)*  (-8:9t0-3:0)*  (926t02800) (1140 to 3470) (17-21026-4)*  (-9-5t0-27)*
Ischaemic heart disease 653 768 17-6% -11.9% 15900 17700 11.5% -12:0%
(3680 1010) (429t01210)  (149t019:8)*  (-13-9to-10-4)* (9030t024400) (9940t027700)  (83t0140)*  (-14-3t0-10-1)*
3 Diet low in calcium: all causes 145 185 27-4% -4-5% 3150 3890 23-7% -47%
(91t0205) (116t0262)  (225t0312)*  (-8:0to-1-8)*  (1990t04420) (2450 to 5480) (181t027:9)*  (-8-9t0-1.5)*
Colon and rectum cancer 145 185 27-4% -4-5% 3150 3890 237% -47%
(91t0205) (116t0262)  (225t0312)*  (-8:0to-1-8)*  (1990t04420) (2450 to 5480) (181t027:9)*  (-8:9to-1.5)*
3 Diet low in seafood omega 3 1220 1440 18-4% -10-8% 28200 32400 14-9% -10-3%
fatty acids: all causes (565 to 2000) (667t02380) (16-3t020-2)*  (-12-4t0-9-5)* (13300to (15200t052700)  (12-8to17-0)*  (-12-0to-8-8)*
45600)

(Table 3 continues on next page)

www.thelancet.com Vol 392 November 10,2018

1955




Global Health Metrics

Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Ischaemic heart disease 1220 1440 18-4% -10-8% 28200 32400 14-9% -10-3%
(565 to 2000) (667t02380) (16:3t020-2)*  (-124t0-95)*  (13300to0 (15200t052700)  (12:8t017:0)*  (-12:0t0-8-8)*
45600)
3 Diet low in polyunsaturated 676 799 183% -11-3% 15700 17900 13-7% -11-0%
fatty acids: all causes (288't0 1110) (343t01310)  (157t020-8)*  (-13-1t0-9:5)*  (6740t025500) (7770to29000) (113t016-2)*  (-12-8t0-9-1)*
Ischaemic heart disease 676 799 18-3% -11:3% 15700 17900 137% -11-0%
(288 t0 1110) (343 to 1310) (157 t0 20-8)* (-13-1to-9-5)* (6740t025500) (7770to29000) (113t0 16-2)* (-12-8to-9-1)*
3 Diet high in trans fatty acids: 250 258 32% -231% 6050 6160 1.9% -20-3%
all causes (93to0 519) (80to 577) (-140t010-5)  (-36:5to-17-4)* (2180t012800) (1870 to 13800) (-14-3t0 8:6) (-33-2to-15-0)*
Ischaemic heart disease 250 258 32% -231% 6050 6160 1.9% -20-3%
(93t0519) (80t0577) (-14-0t010:5)  (-36-5t0-17-4)* (2180t012800) (1870t013800)  (-143t08-6)  (-33-2to-15-0)*
3 Diet high in sodium: all 2520 3200 26-6% -5-4% 57400 70400 22-7% -5:9%
causes (1070t0 4370)  (1420t05450) (21-5t0383)*  (-9-4to 4-4) (26500t0 (33600t0118000) (18:0t0322)*  (-9-4t017)
97000)
Stomach cancer 295 327 10:9% -15-8% 6950 7350 5-8% -18:2%
(158 to 460) (175t0506)  (31t019:9)*  (-20-4t0-9-2)* (3880t010500) (4120t011100)  (-21t014:9)  (-23-3to-12:0)*
Rheumatic heart disease 19 18 -0-8% -23:9% 583 554 -5-0% -24:3%
(7to37) (7to37) (-10-5t0 6-8) (-30:6t0-18-7)* (240to01130) (222 t0 1100) (-13-4to1-2) (-30-6t0-19:9)*
Ischaemic heart disease 963 1250 29-8% -3-8% 20000 25000 253% -4-2%
(336 t0 1870) (472102350)  (24-0t047-4)*  (-81t010-4)  (7450t037200) (10300t045300) (20-2t040-6)* (-8-2t07-9)
Ischaemic stroke 318 421 32:5% -2:1% 7270 10300 41-2% 67%
(120 t0 582) (179t0744)  (245t0525)*  (-82t0136)  (3110t012300) (4840t016700)  (31-8t061-4)*  (-0-3t022-5)
Intracerebral haemorrhage 547 629 14-9% -13-4% 13000 14500 11.5% -14-2%
(26110 912) (305t01040) (8:8t0231)*  (-17-8t0-67)*  (6660to (7450t023300)  (5-8t018:6)*  (-18-4t0-8-4)*
20900)
Subarachnoid haemorrhage 66 82 24-0% -5-6% 1900 2240 181% -7-8%
(280 116) (36 t0143) (137t037:3)*  (-13-3t0 4-6) (8370 3310) (1020 to 3850) (85t029:0)*  (-152t00-3)
Hypertensive heart disease 147 236 60-1% 17-7% 3000 4380 463% 11-4%
(43t0330) (67t0512) (26:0t091-2)*  (-7-0t0 41.5) (1060t0 6130) (1590 to 8810) (205t071:3)* (-850 30-6)
Non-rheumatic calcific 4 6 39-4% 0-3% 81 107 32:1% -0-4%
aortic valve disease (1to 10) (1to14) (29:6t048-8)*  (-53t07-3) (22t0172) (290 225) (24210 40-3)*  (-5:5t06-2)
Other cardiomyopathy 12 15 29-8% -32% 292 366 25-6% -2:2%
(3t024) (41032) (213t0357)*  (-8:0t0o1:5) (8310 611) (100 to 774) (167t031-4)*  (-8-8t02:5)
Atrial fibrillation and flutter 15 22 51.5% 7-7% 446 628 40-9% 5-8%
(41030) (7t0 45) (453t067:2)*  (3-2t0211)* (165 to 848) (24410 1170) (359t0532)*  (1-9t0162)*
Aortic aneurysm 11 14 27-8% -4-4% 225 280 24-5% -4-6%
(3t022) (5t028) (21-8t040-3)*  (-87t05-6) (75 to 447) (98t0552) (17-8t037:2)*  (-9-6t05:3)
Peripheral vascular disease 2 3 60-6% 15-8% 64 91 42:4% 6:5%
(0to5) (1t 8) (34710937)*  (-24t042:0) (18t0139) (26t0195) (290t057:9)*  (-3-2t018:2)
Endocarditis 4 6 36-0% 2:2% 103 132 283% 0-6%
(1t09) (2t012) (257t0432)*  (-47t08.0) (31t0212) (40t0272) (18-6t035:5)*  (-67t05:6)
Other cardiovascular and 23 30 271% -4-3% 832 1020 232% -4-3%
circulatory diseases (7t0 48) (9to 60) (21.5t0 41-6)* (-83t071) (275t0 1680) (350 to 2040) (18-7t031.0)*  (-7-6t01.7)
Chronic kidney disease due 6 8 19:7% -5-8% 231 262 132% -9.0%
to type 1 diabetes mellitus ~ (2to 13) (3to16) (7-3t026-9)* (-14-3to-1-4)*  (88t0467) (95to 552) (0-6to 21-0)* (-18-4to-3-8)*
Chronic kidney disease due 31 44 42:0% 5-3% 743 1000 35-0% 2:2%
to type 2 diabetes mellitus ~ (11to 62) (16 to 89) (344t049-7)*  (0-1to11.4)* (282 t0 1460) (383t01990) (27-8t041-0)*  (-2:9t0 6-7)
Chronic kidney disease due 29 42 46:1% 6-9% 619 847 36-9% 3-8%
to hypertension (10to 58) (15to0 84) (38:9t056-9)*  (1.7to16-3)* (223t01230) (318 to 1650) (30-2t0 45-0)*  (-0-8t010-4)
Chronic kidney disease due 13 17 34-2% 17% 372 460 237% -2:6%
to glomerulonephritis (4t027) (5to036) (27-5t042:0)*  (-27t08:4) (126 to 756) (156 to 946) (16-5t030-2)* (-7:6t017)
Chronic kidney disease due 19 25 36-3% 2:7% 664 837 261% -2:1%
to other and unspecified (6t038) (8t052) (29-0t0 44-6)*  (-2:3t09:0) (240to 1340) (304 to 1700) (19-5t032:5)*  (-6:6t02-3)

causes

(Table 3 continues on next page)
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
2 Intimate partner violence: 151 71 -53-2% -59-:3% 10300 6700 -35-0% -43-0%
all causes (95t0217) (49t097) (-56-6 to (-62-4to (7270 to (5150 to 8580) (-41-8to (-49-0to
-47-9)* -54-6)* 14.000) -25-1)* -34-3)*
HIV/AIDS and drug- 27 10 -63-0% -683% 1280 500 -61-0% -66:1%
susceptible tuberculosis (13to 44) (5t0 16) (-66-7t0-58-0)* (-71-7to-64-1)* (615t02110) (248 to 802) (-65-0t0-55-5)* (-69-6to-612)*
co-infection
HIV/AIDS and multidrug- 3 1 -59-6% -65-4% 127 53 -58-0% -63-4%
resistant tuberculosis (1to5) (0to2) (-73:0to-42-6)* (-76:9to-51.0)* (50t0230) (23t0 94) (-717t0-39-8)* (-75-4t0-47-8)*
without extensive drug
resistance co-infection
HIV/AIDS and extensively 0 0 -19-2% -307% 2 2 -187% -29-3%
drug-resistant tuberculosis (0 to 0) (0to0) (-39-7t04-2) (-48-4t0-10-4)* (1to4) (1to3) (-39-5t04-3) (-47-3t0-9-1)*
co-infection
HIV/AIDS resulting in other 96 37 -613% -66-5% 4890 1990 -59:2% -64-3%
diseases (51t0148) (20t0 58) (-64-4t0-582)* (-69-3t0-63-8)* (2580t07620) (1050 to 3100) (-62:4t0-56-0)* (-67-2to-61.5)*
Maternal abortive outcome 3 3 -9-2% -18-4% 162 144 -10-7% -19-1%
(2to 4) (2to 4) (-25:8t0114)  (-32.9t007) (99 to 241) (90t0212) (-268t09-4)  (-33-6t0-0-1)*
Major depressive disorder 1760 2000 137% -2:9%
(1080t02660) (1240 to 3030) (102t017-8)*  (-49to-1.0)*
Assault by firearm 5 5 -4-8% -157% 270 251 -7:1% -15-9%
(410 6) (410 6) (-9-7t0 3-0) (-201t0-8-8)* (209 to 328) (203t0309) (-117t01:0)  (-20-2to-8-5)*
Assault by sharp object 7 5 -17-2% -27-5% 368 302 -18:0% -26-8%
(5t08) (410 6) (-211t0-10-6)* (-30-8t0-21-8)* (291to 421) (24410352) (-221t0-10-6)* (-30-6t0-20-4)*
Sexual violence 712 787 10-7% -0-8%
(469t01040)  (520t0 1150) (52t016:0)*  (-5-3t03-5)
Assault by other means 11 10 -11-9% -22-6% 733 669 -8-7% -19-0%
(8t013) (8t012) (-16-6 to-4-4)*  (-26:7t0-162)* (576to 871) (561 to 806) (-13-4t0-0-9)*  (-22:9t0-12-2)*
2 Childhood maltreatment: 7 8 6-6% -12-6% 4670 5210 11-6% 1.7%
all causes (6to10) (6to 10) (-0-6t0 13.9) (-18-5t0-6-9)* (328010 6460) (3660 to 7220) (9-9to13-5)*  (0-3to3-0)*
3 Childhood sexual abuse: all 7 8 6:6% -12:6% 2380 2700 13-3% —2:4%
causes (6to0 10) (6to10) (-0-6t013-9) (-18:-5t0-6-9)*  (1670t03230) (1900 to 3690) (112t015-6)*  (-4-3to-0-7)*
Major depressive disorder 1620 1860 14-9% -1-0%
(1080t02300) (1250 to 2640) (128t017:2)*  (-2:9t00-8)
Alcohol use disorders 7 8 6-6% -12-6% 760 836 10-0% -5-2%
(60 10) (6t010) (-0-6t013:9)  (-185t0-6:9)* (528t01050) (583 to 1170) (6-2t013-6)*  (-87t0-22)*
3 Bullying victimisation: all 2340 2570 9-9% 6-3%
causes (1380t03660) (1540 to 3970) (81to 12:5)* (4-5t0 8-8)*
Major depressive disorder 1110 1210 9-5% 6-0%
(624t01800) (689 to 1940) (6:9t012:6)*  (3-3t0 9-0)*
Anxiety disorders 1230 1360 102% 6-6%
(732t01950) (81510 2130) (81t012:6)*  (4-6t09-0)*
2 Unsafe sex: all causes 1750 1030 -41-2% -49-8% 86100 50200 -41.7% -49-2%
(1680t01830) (980t01080) (-43-2to (-51-4to (81700to (47100t053400) (-43-8to (-51-0to
-39:2)* -48-1)* 90600) -39-4)* -47-2)*
HIV/AIDS and drug- 330 153 -53-6% -59-9% 16000 7900 -50-7% -56-6%
susceptible tuberculosis (223 to 440) (108 t0 202) (-56-9t0-49-1)* (-62-8to-56-2)* (10700 to (5640 to 10300) (-54-5t0-45-7)* (-60-0to-52-2)*
co-infection 21400)
HIV/AIDS and multidrug- 35 17 -51-2% -57-9% 1690 865 -48-8% -54-9%
resistant tuberculosis (20to 55) (10to0 26) (-66-3t0-31.0)* (-70-9t0-40-6)* (952 to 2650) (513 to 1310) (-64-4to (-68-6t0-36-8)*
without extensive drug -281)*
resistance co-infection
HIV/AIDS and extensively 1 1 -87% -213% 43 40 -8-8% -20-1%
drug-resistant tuberculosis  (1to 1) (0to1) (-29-5t016-7)  (-39-4t00-4) (26 to 65) (24to 59) (-28:7t0167)  (-37-6t02:0)

co-infection
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(Continued from previous page)
HIV/AIDS resulting in other 1160 590 -49-0% -55-7% 59800 31700 -471% -53-4%
diseases (1020 to 1290) (526 to 656) (-51-5t0-46-2)* (-58-0t0-53-3)* (52700to (28300t035400) (-49-9to (-55-9to-50-9)*
67100) -44.2)*
Syphilis 2 2 2:9% -17-6% 124 132 71% -11-2%
(1to2) (1to2) (-11-3t018:4)  (-28-9to-5-0)* (101to151) (108t0162) (-0-1to14-1) (-17-2to -5-6)*
Chlamydial infection 1 1 2:5% -152% 329 355 81% -3:0%
(1to1) (1to1) (-44t0113)  (-21:0t0-84)* (205t 555) (219 to 606) (51t010-6)*  (-5:9t0-0-8)*
Gonococcal infection 3 3 37% -15-0% 290 303 4-5% -6-1%
(2to3) (2to3) (-3-4t012:5) (-20-8t0-8-2)*  (206t0437) (216 t0 4638) (0-1to0 8-6)* (-10-7 to-2-1)*
Trichomoniasis 209 243 16-0% 2:2%
(8410 454) (98t0524) (142t0177)*  (11t03-2)
Genital herpes 207 247 19-8% 1-5%
(6810 492) (80t0 594) (181t021:0)*  (0-8t02:3)*
Other sexually transmitted 2 2 0-2% -15-9% 385 416 81% -2-6%
infections (1t02) (1t02) (-6-410 8-4) (-21-6t0-9:5)*  (257t0 604) (276 t0 659) (59t010-1)*  (-5:0t0-0-7)*
Cervical cancer 219 260 18-8% ~7-2% 7000 8060 152% -7-0%
(204 to 231) (24110 269) (12.9t022-8)* (-11-6 to-4-0)* (6500 to 7340) (7530 to 8400) (9-5t019-2)* (-11-6 to -3-8)*
2 Low physical activity: all 1030 1260 22-0% -10-8% 19700 23700 20-1% -8-9%
causes (557t01640)  (681t02010) (20-4t023-7)* (-12-1t0-9-5)* (10500 to (12500t037300) (18-0t022-1)* (-10-7t0-7-2)*
31300)
Colon and rectum cancer 26 33 273% -52% 525 652 241% -51%
(3to 61) (4t077) (238t0313)*  (-7-9to-1.8)*  (70t01230) (89 to 1540) (201t0285)*  (-82t0-12)*
Breast cancer 7 9 25:9% -4-4% 205 253 23-4% -32%
(0to17) (0to21) (20-8t030:5)*  (-81t0-05)* (410 470) (5t0575) (17-7t028:5)*  (75t013)
Ischaemic heart disease 730 889 21-8% -10-9% 13200 15400 17-0% -111%
(346 t01220) (416101480) (201t0233)*  (-121t0-9:6)*  (6020t021900) (7120t025700)  (152t0187)*  (-12:5t0-9:7)*
Ischaemic stroke 246 295 20-1% -13-0% 4410 5460 23-8% ~7-4%
(86t0 456) (103 to 547) (17-9t022-4)*  (-14-7to-11-2)* (1520t08280)  (1870to 10200) (207t027-1)*  (-9-8to-4-7)*
Type 2 diabetes mellitus 26 36 42-5% 53% 1380 1870 35-8% 52%
(610 48) (810 69) (39-8t0452)*  (3-3t07:2)* (300t02710)  (410t03660) (32110 40-0)*  (2:4t0 8:3)*
1 Metabolic risks: all causes 14100 17600 25.0% -73% 346000 423000 22:2% -5-4%
(12900 to (16100to (23:3t026:6)* (-8-5t0-6-1)*  (317000to (386000 to (20-7t023-9)* (-6-6to-4-1)*
15100) 18900) 376 000) 462000)
2 High fasting plasma 5140 6530 27-1% -6-0% 136 000 171000 25-5% -3:2%
glucose: all causes (4150t0 6490)  (5230t0 (22:5t0317)*  (-9-4t0-2-9)*  (115000t0 (144000 to (21-8t029-5)*  (-6-1t0 0-0)
8230) 160 000) 201000)
Drug-susceptible 125 118 -61% -26-6% 4060 3740 -8:0% -26-0%
tuberculosis (80to0 176) (73t0166) (-14-1t0 2-4) (-32:6t0-20-1)* (2680t05580) (2400 to 5200) (-15-6to 0-1) (-31:9to-19-6)*
Multidrug-resistant 14 14 -4-3% -24-9% 464 428 -7-8% -25.7%
tuberculosis without (9t022) (7to 25) (-43-5t050-2)  (-55-9to17-7) (285t0 672) (210to 757) (-44-8t0 44-5)  (-557t016-6)
extensive drug resistance
Extensively drug-resistant 1 1 21-5% -3:6% 40 46 14-3% -7-0%
tuberculosis (1to2) (1to2) (-122t068:0)  (-30-3t033-2) (24to0 58) (26t073) (-16:3t056-9)  (-31:9t027-2)
Colon and rectum cancer 60 80 32:6% -1.7% 1130 1470 29-8% -1-8%
(15t0 129) (19t0172) (255t041-0)*  (-7-0t0 4-5) (269t02450) (352 t0 3200) (22:410382)*  (-73t04-5)
Liver cancer due to non- 4 5 44-0% 8-0% 74 105 40-8% 72%
alcoholic steatohepatitis (1to 8) (1to12) (35:8to52:6)*  (1-8t014-7)* (18t0163) (25t0 230) (33:1t049-3)*  (1-2t013-9)*
Liver cancer due to other 3 4 26-5% -3.9% 81 99 22:4% -5-3%
causes (1to7) (1to09) (18-8t034-8)*  (-9-7t02:4) (19to 174) (2410 217) (152t030-7)*  (-10-8to1.1)
Pancreatic cancer 27 39 46-3% 8-8% 502 717 42:9% 8-0%
(6to57) (9to 84) (38-6to 55:0)* (3-1to 15-1)* (115to0 1090) (163 to 1570) (35-3to51-4)*  (2-4to14-5)*
Tracheal, bronchus, and 119 154 29-6% -2:5% 2420 3050 26-4% -4-1%
lung cancer (2710 257) (3410 336) (23-0t036:9)*  (-7-6t02:8) (5440 5270) (67410 6710) (19-8t033:6)*  (-9-1t01-3)
Breast cancer 33 44 352% 13% 805 1070 335% 2:8%
(6to73) (9to 99) (27-9t0 43-9)* (-4-2t07-6) (153 to 1800) (205 to 2430) (25-4t0 42-4)* (3210 95)

(Table 3 continues on next page)
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Global Health Metrics

Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Ovarian cancer 10 14 381% 31% 222 307 38.6% 5-6%
(2t023) (3t032) (313t0463)*  (-1.9t09-3) (430 521) (61t0718) (316 t046:9)*  (03t011-8)*
Bladder cancer 14 19 34-8% -0-8% 246 320 301% -2:2%
(3t031) (410 42) (28:0t0 42:5)* (5710 5:0) (50t0 538) (6510 697) (23-8t037-6)*  (-6-9t03-4)
Ischaemic heart disease 1820 2270 24-9% -8:7% 32500 39800 22-7% -72%
(1070 to0 2930) (1340t03570) (18-6to31.5)* (-12-8to-4-2)*  (20800to (25900t0 60000) (17-6t0287)*  (-11-3to-2.5)*
49400)
Ischaemic stroke 504 594 17-8% -13-8% 9580 11800 23:0% ~7-7%
(243t01010) (301t01210)  (11-0t0252)*  (-18-0t0-9:1)* (5110t016800) (6500t020100)  (16-2to31-1)*  (-12-8to-1-4)*
Intracerebral haemorrhage 529 591 11-7% -16-3% 11300 12700 12:9% -13:9%
(3290 813) (368t0878)  (51t018:4)*  (-213to-114)* (7280t016500) (8210t018000)  (6:0t0191)*  (-19-4t0-8-6)*
Subarachnoid haemorrhage 72 88 23-0% -7-0% 1850 2280 231% -4-6%
(46 t0107) (57 t0 129) (163t030-4)*  (-12:3to-13)*  (1190t02730) (1460 to 3230) (16:-5t0303)* (9710 0-9)
Peripheral vascular disease 12 19 61-8% 15-9% 278 402 44-8% 7-9%
(710 20) (11to34) (34-4t0841)*  (-3-4t031-8) (188 t0 409) (269 to 605) (28:0t0602)*  (-47t0193)
Alzheimer's disease and 164 249 52:0% 4-6% 2060 2940 42-8% 2:5%
other dementias (37t0353) (58t0532) (442t060-8)*  (-0:9t011-0) (462 to 4440) (681to 6340) (357t050-9)*  (-2:6t08:4)
Type 1 diabetes mellitus 300 346 15-1% -11-0% 9370 10400 11-4% -9-8%
(276 t0326) (319t0371)  (10-5t019-0)*  (-14-6t0-7-8)* (8720t010100) (9790t011100)  (7-9t014:5)*  (-12-8t0-7-2)*
Type 2 diabetes mellitus 716 1020 43-0% 5-9% 42900 57400 34-0% 51%
(686 t0748) (9861t01070)  (40-4t0458)*  (4-1to 8:0)* (33400to0 (45000t071900)  (303t038:1)*  (2:3t0 81)*
53700)
Chronic kidney disease due 63 77 232% -1.2% 2440 2890 18-2% -2-6%
to type 1 diabetes mellitus ~ (51to 76) (62t0 95) (19-0to27-4)*  (-4-0t01-2) (2010t02950) (2370 to 3500) (14-3t0223)*  (-51to-0-3)*
Chronic kidney disease due 248 349 40-5% 42% 6050 8120 343% 2:3%
totype 2 diabetes mellitus (219 to 282) (307t0396)  (36-4t043-6)*  (1-4t0 6-2)* (5290t0 6850) (712010 9250) (30:9t0372)*  (-0-2t04-2)
Chronic kidney disease due 143 208 45-0% 4-8% 2670 3710 39-2% 4-4%
to hypertension (100to0 181) (150 to 255) (37-7t053:6)*  (-0-2t010-9) (1880t03420) (2690 to 4650) (32:0to 47-4)*  (-0-8t010-4)
Chronic kidney disease due 66 91 38:6% 3:6% 1600 2140 335% 37%
to glomerulonephritis (46 to 85) (66t0 116) (313to47-4)* (-15t097) (1100t02110)  (1520to2730) (26:6t041-2)*  (-1-4t09:6)
Chronic kidney disease due 93 130 40-4% 42% 2800 3760 343% 2-8%
to other and unspecified (64to121) (9310 165) (33-1t048-9)*  (-0-8t010-3) (1920t03740)  (2640to 4880) (27-0to 42-4)*  (-2:6t09-0)
causes
Glaucoma - - - - 46 61 327% -1-1%
(11to 105) (14 to 141) (27-1t039-4)*  (-5-4t03-8)
Cataract - - - - 503 687 36:7% 2:4%
(1120 1170) (153 t0 1580) (31:0t0431)*  (-2:0t07-1)

2 High low-density 3570 4320 20-8% -10-6% 81000 94900 17-2% -9-3%
lipoprotein cholesterol:all ~ (2780t0 4450) (3330to (18-2t023-2)* (-11-8t0-9-4)* (67800to (78800to (15-3t019-1)*  (-10-6 to-7-9)*
causes 5440) 95700) 112 000)

Ischaemic heart disease 3140 3790 20:7% -10-4% 70800 82200 16-1% -9:9%
(2430t03900)  (2890t04730) (17-9t0233)*  (-11-6t0-9-1)*  (59400to (6860010 96400) (14-3t017-8)*  (-113t0-8-6)*
82400)
Ischaemic stroke 439 532 21-2% -12:1% 10200 12700 25.0% -5-0%
(17710 893) (211t01080)  (16-4t0247)*  (-13-6t0-10-2)* (6160t016900) (7610t021200)  (21-6t0281)*  (-7-5t0-2-1)*
2 High systolic blood 8500 10400 22-8% -9-0% 182000 218000 20-0% -8-0%
pressure: all causes (7640t09340)  (9390to (20-5t024-7)* (-10-6to-7-6)* (164000 to (198 000 to (18-0t021-8)* (-9-5t0-6-7)*
11500) 198000) 237000)
Rheumatic heart disease 69 72 4-5% -20-1% 2070 2100 1-6% -18-8%
(46 0 106) (4810 113) (-1-9t0 11.0) (-24-2t0-16:1)* (1420t03130) (1450 to 3260) (-4-0t07-2) (-23-0t0-15-0)*
Ischaemic heart disease 4030 4890 212% -10-4% 80500 94800 17-7% -10-0%
(3350t04740)  (4030t05760) (19-0t023-0)*  (-11-6t0-9-2)*  (69200to (81100t0108000) (15-9t019-4)* (-11-4t0-8.7)*
91400)
Ischaemic stroke 1150 1370 19-4% -12:3% 23500 29400 251% -57%
(900 to 1390) (1060 to (16-5t0227)*  (-14-0t0-10-6)* (18700 to (23400t034700) (21-9t028-4)* (-81t0-32)*
1680) 27700)

(Table 3 continues on next page)
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Intracerebral haemorrhage 1530 1730 13-5% -14-9% 34700 38900 12-0% -13-8%
(1230t01800)  (1400t02050) (10-5t016-6)*  (-17-0to-12-8)* (29000 to (32400t0 44800) (9-2t014-8)*  (-16-0to-11.7)*
40100)
Subarachnoid haemorrhage 215 258 19-7% -8-8% 6120 7140 167% -8-4%
(175to0 258) (211to 311) (14-4t0 26-0)* (-12-8to-4-4)* (5000 to 7240) (5900 to 8480) (12:4t022-:0)*  (-11-8to-4-3)*
Hypertensive heart disease 632 926 46-6% 7:5% 12200 16500 35-6% 37%
(516 to 676) (681t0995)  (263t059-3)*  (-7-3t016:3) (10100 to (12700t017900)  (20-5t0 46-6)*  (-7-9t011-8)
13200)
Non-rheumatic calcific 24 33 35-5% -32% 408 528 29-6% -2:9%
aortic valve disease (17t034) (23to 47) (28-7t0 41-4)*  (-7-41t00-0) (317to 514) (410 to 670) (24-4t0343)*  (-6:1t00-2)
Other cardiomyopathy 61 80 31-6% -2:3% 1460 1890 29:5% 11%
(47t0 76) (62t0101) (27:0t035:9)*  (-5:8t01-1) (1150t01770) (1490 to 2290) (23-8t034:0)*  (-3:3t04-8)
Atrial fibrillation and flutter 70 100 43-8% 1-4% 1800 2410 33-8% -0-2%
(56 to 83) (80t0121) (40-2t047:0)*  (-0-7t03-4) (1450t02210) (1930 to 2950) (319t0357)*  (-1-4to11)
Aortic aneurysm 49 59 213% -9:6% 968 1150 18-8% -9:0%
(39to 59) (47t072) (17-2to 25-5)* (-12:5t0-6-6)*  (801to1140) (952 to 1360) (14-4t023-5)*  (-12-:5to-5-4)*
Peripheral vascular disease 12 18 49-1% 72% 300 410 36-8% 2:1%
(7t022) (10t0 33) (24-9t0 66-2)*  (-9-4t019-7) (186 to 457) (257 to 632) (22.9t049-1)*  (-8-0t010-7)
Endocarditis 20 27 36-5% 2:4% 478 629 31-6% 3:9%
(15t0 25) (21t034) (29-4t0 41-4)*  (-2:5t0 6-6) (37510 589) (49910 762) (243t036-8)*  (-1-4t07-8)
Other cardiovascular and 117 143 22:8% -7-6% 3840 4680 21-8% -53%
circulatory diseases (100to 137) (122t0 167) (18:5t026-0)*  (-10-7to-5-3)*  (3170t04680)  (3850to 5660) (18-8t0242)*  (-7-5t0-3-5)*
Chronic kidney disease due 23 30 291% 1-0% 799 999 251% 0:4%
to type 1 diabetes mellitus (16 to 33) (20to 42) (24-8t0331)* (-2:0t03-4) (524 to 1130) (660 to 1410) (20-6t029-2)*  (-2-4t02-9)
Chronic kidney disease due 119 168 41-4% 4-4% 2710 3700 36:5% 3:0%
to type 2 diabetes mellitus (85 to 154) (120t0 217) (373t044-6)*  (1-6to 6:5)* (1930t03550) (2640 to 4840) (331t039-4)*  (0-4t05-0)*
Chronic kidney disease due 246 347 41-4% 32% 5550 7350 32:4% 21%
to hypertension (216 to0 276) (305t0391)  (37-4t0442)*  (0-4t052)* (490010 6230) (6450 to 8220) (29-0t035:0)*  (-0-3to 4-1)
Chronic kidney disease due 57 77 342% 1-4% 1560 1990 271% 0-1%
to glomerulonephritis (40to077) (54t0103) (30-8t037:5)*  (-0-9t03-3) (1060t02110)  (1350t02690) (24.0t030-1)*  (-1-8t01.9)
Chronic kidney disease due 80 109 36-7% 2-4% 2670 3450 29-0% -0-1%
to other and unspecified (56to 103) (76 to 142) (32:6t040-3)*  (-0-3t0 4-6) (1850t03560)  (2410t0 4620) (25-8t032-2)*  (-2:4t02-0)
causes
2 High body-mass index: all 3470 4720 36-3% 2:3% 108 000 148000 36-7% 6-8%
causes (2110t05030) (2990 to (31:9t042:5)*  (-0-9t07-2) (69000 to (986000 (31-5t044-5)* (2:6t013-0)*
6700) 153000) 202000)
Oesophageal cancer 61 81 327% 0-3% 1470 1900 29:7% -0-5%
(20t0121) (27t0153) (24:0t0 451)*  (-6-4t0 9-8) (464102860)  (622t03530) (20.9t0 42:0)*  (-7:3t0 9-0)
Colon and rectum cancer 54 73 36-4% 2:4% 1210 1640 35-4% 3:9%
(29t0 84) (41t0114) (32:2t041.7)*  (-0-8t0 6-4) (662t01880) (920 to 2500) (30-6t041-1)*  (03t08:2)*
Liver cancer due to 26 40 56-1% 21.5% 794 1210 51-8% 20-7%
hepatitis B (9to55) (15t079) (42210862)*  (10-8t044-8)*  (264t01690) (429 to 2390) (373t082:8)*  (9-1t0452)*
Liver cancer due to 21 31 52:0% 14-0% 467 705 51.0% 152%
hepatitis C (8t0 40) (12to0 58) (44-1t0 64-6)*  (8-0t023-3)* (181to 895) (286 t0 1310) (42-5t0 64-4)*  (8:7t025-3)*
Liver cancer due to alcohol 13 19 50-8% 15-0% 317 471 48-9% 15-4%
use (5t025) (8t037) (43-4t061-8)*  (92t023:2)*  (123to 630) (1890 905) (40-6t0 61.0)* (920 24-6)*
Liver cancer due to other 5 8 59-4% 22:7% 142 220 54:7% 22:0%
causes (2to 10) (3to15) (47-8t0 80-2)*  (13-8t038-2)*  (52t0285) (85t0 413) (42-4t077-2)*  (12:5t039-1)*
Gallbladder and biliary tract 20 27 327% -1-2% 422 561 33-0% 13%
cancer (10to34) (14to 44) (27-8t039:0)"  (-4-9t03'5) (219t0 694) (299t0 897) (27:0t0399)*  (-32t06:6)
Pancreatic cancer 19 27 47-2% 10-0% 398 577 45-2% 10-7%
(7t035) (11to51) (435t051-8)*  (71t013-6)* (153 t0758) (2250 1090) (412t049:9)*  (7-7t014:3)*
Breast cancer 26 40 54-8% 11-1% 487 817 67-7% 16-2%
(10t0 48) (16to 71) (3920 884)*  (-03t030-8) (125t0 983) (26710 1530) (45-5t0153-1)*  (1-2t0 52-4)*

(Table 3 continues on next page)
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Uterine cancer 25 33 30-8% -1.7% 642 842 312% 07%
(17t034) (23to44) (259t037:6)*  (-53t03-2) (426't0 869) (584t01120) (255t038-8)*  (-3:5t063)
Ovarian cancer 4 6 34:5% 1-8% 111 149 351% 4-9%
(0t010) (0to13) (22:41039-8)*  (-51t05:8) (0to251) (0t0334) (22:6t0412)*  (-4-4t095)
Kidney cancer 20 27 36:7% 3:0% 464 619 33-5% 2:6%
(12t0 30) (16 to 40) (324 to 42-0)* (-0-3t0 7:0) (275 to 690) (370to 911) (29-0t039:3)*  (-0-8to7-1)
Thyroid cancer 3 4 43-9% 93% 81 116 431% 12:2%
(1to5) (2to7) (37-0to 51-7)* (3-9t0 15-2)* (39to0 136) (57t0191) (35-6t051-8)*  (6:3t018-8)*
Non-Hodgkin lymphoma 9 13 40-2% 6-4% 238 330 38:9% 9-0%
(4t017) (6t024) (362t0461)*  (3-1to11-2)* (100 to 427) (144 to 591) (34-5t044-6)* (5-6t013-6)*
Multiple myeloma 5 8 41-2% 5.7% 119 168 41-0% 77%
(2t010) (3to13) (35-8t047-8)*  (1-6t010:9)* (52 t0 210) (75t0291) (35-4t047:9)*  (3-4t013-2)*
Acute lymphoid leukaemia 2 2 44-4% 152% 56 79 40-9% 17-0%
(1to3) (1to4) (352t052:4)*  (8:0to21.4)* (260 98) (39t0135) (319t049-9)*  (9:6t024-2)*
Chronic lymphoid 2 3 25.5% -7-8% 48 60 25.9% -4-9%
leukaemia (1to4) (2to5) (21-2t030-2)*  (-10-9to-4-2)*  (24t079) (31t098) (21-8t030-5)*  (-8-0to-1-4)*
Acute myeloid leukaemia 5 7 363% 47% 138 184 333% 6:2%
(3t09) (4t012) (314t0422)*  (0-9t09-2)* (6710231) (9210303) (27-8t039:6)*  (2:0to11:1)*
Chronic myeloid leukaemia 2 2 10-2% -15-9% 40 43 8:9% -13-2%
(1t03) (1t03) (63t015:6)*  (-18-8t0-11.7)* (19to 68) (21t072) (45t015:0)*  (-16-6t0-8-5)*
Other leukaemia 7 8 26-6% -31% 175 215 22:9% -1.8%
(3t012) (4t014) (212t034-8)*  (7:0t027) (80t0311) (103t0364) (161t032:8)*  (-6-9t05:6)
Ischaemic heart disease 1270 1630 28:0% -37% 30800 39300 27-6% -0-6%
(7500 1890) (985t02380) (24-4t032:6)*  (-6:1t0 0.0) (19100 to (25300t055000)  (23-6t033-4)* (-37t04-2)
44100)
Ischaemic stroke 259 324 25:3% -5:4% 7410 10100 36-4% 53%
(143t0394) (184t0493)  (20.9t030-2)*  (-8-2to-1-8)*  (4430t010900) (6190t014600)  (312t0432)* (13t010-5)*
Intracerebral haemorrhage 487 622 277% -1.2% 14900 18900 27-0% 0-5%
(279t0 736) (380t0907)  (20-8t037:3)*  (-6:5t0 6-4) (8960t021400) (12000t026000) (19-9t037-1)*  (-53t0 8:6)
Subarachnoid haemorrhage 93 119 27-6% 1.0% 3510 4420 26-0% 2:2%
(59t0132) (79t0 164) (217t034:5)*  (-3-8t06:6) (2300t0 4800) (3010 to 5900) (204t0332)*  (-2:6t081)
Hypertensive heart disease 213 327 53-8% 13-7% 4690 6830 45.7% 12:3%
(118 t0332) (176t0522)  (36:3t0653)*  (1-6t021.2)* (293010 6620) (4290 to 9600) (32:0t0562)*  (1.9t020-2)*
Atrial fibrillation and flutter 39 60 53:5% 6:6% 907 1310 44-6% 6-8%
(22t0 61) (3410 93) (492t059-2)*  (3-5t011.0)* (487101450) (7120 2070) (413t0491)*  (43t010-3)*
Asthma 58 72 23:9% -5-4% 2800 3550 27-0% 33%
(280 106) (38t0126) (137t038-8)*  (-13-3t0 6-4) (1540t0 4510) (2050 to 5580) (19-4t036:1)*  (-3-8t011-6)
Gallbladder and biliary 24 34 41-8% 3:6% 453 611 35-0% 4-0%
diseases (15to0 35) (22t0 49) (36:7t049:6)*  (-0-2t09-4) (28210 653) (391to 866) (28:5t044-2)*  (-0-9t010-9)
Alzheimer's disease and 207 319 541% 5-8% 2640 3900 47-6% 5:9%
other dementias (7710 395) (121t0599)  (49-4t0617)*  (2-0to11.7)* (1030t05050) (1580 to 7270) (431t0547)*  (2-4t011-6)*
Type 1 diabetes mellitus 271 422 55-7% 16-6% 20600 31100 50-7% 19-3%
(186 t0 363) (299t0552)  (497t064-0)*  (12:0t023-0)*  (13500to (21400t043000)  (427t0615)*  (13-0t027-8)*
29500)
Chronic kidney disease due 67 109 623% 20-2% 1800 2840 58-2% 19-4%
to type 2 diabetes mellitus (32 to 112) (54t0177) (522t075-4)*  (13-8t029-2)*  (857t02940) (1400 to 4450) (48-9to71.5)*  (13-3t027-9)*
Chronic kidney disease due 63 100 59-0% 15:9% 1510 2330 54:7% 17-4%
to hypertension (27t0116) (4410 180) (502t0702)*  (103t026:0)*  (725t02590)  (1180to 3780) (45410 67-0)*  (11-4t026:3)*
Chronic kidney disease due 37 55 47-0% 11.9% 1160 1650 42:0% 12:3%
to glomerulonephritis (17t0 62) (26 to 90) (38:4t058-2)*  (7-5t018.0)* (451t0 2030) (692 to 2760) (33-8t054-8)*  (7-8t018-7)*
Chronic kidney disease due 48 75 53:7% 16-0% 1850 2710 46-9% 14-4%
to other and unspecified (220 80) (35t0 120) (44510 66:6)*  (10-4t024-2)* (806 to3110) (1260to 4380) (38:5t059:5)*  (87t022:4)*
causes
Cataract 304 456 49-9% 13-2%
(130t 581) (207 to 847) (43:0t061.0)*  (7-9t021-8)*
(Table 3 continues on next page)
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Risk factors and outcomes 2007 deaths 2017 deaths  Percentage Percentage 2007 DALYs 2017 DALYs Percentage Percentage
(thousands) (thousands)  changein changeinage-  (thousands) (thousands) changein change in age-
deaths, standardised DALYs, standardised
2007-17 death rate, 2007-17 DALY rate,
2007-17 2007-17
(Continued from previous page)
Osteoarthritis . . . . 1360 2030 49-2% 14-3%
(520t02920) (801 to 4370) (43-8t058-0)* (102 t0 21-0)*
Low back pain - - - - 3250 4370 34-4% 91%
(1690t05610) (2350 to 7400) (301t0401)*  (5-8t013-4)*
Gout - - - - 284 419 47-8% 15-6%
(142 to 490) (216 to 706) (42-8t055-0)*  (11-8t021-2)*
2 Low bone mineral density: 245 327 33-7% -2:7% 7850 10300 31:5% -0-9%
all causes (226 to 256) (308t0347)  (27-2t041-0)* (7-3t02-6) (6660t09210) (8690t012200)  (28-1t034-8)* (-3-3t01-5)
Pedestrian road injuries 29 33 13-9% -14-5% 780 886 13-6% -12:5%
(28t032) (31to36) (53t019:6)* (-211t0-10-2)* (704 to 857) (792to 981) (6:5t018-8)* (-181t0-8-7)*
Cyclist road injuries 3 4 27-6% -2:4% 166 218 31-6% 1-4%
(3to4) (4t04) (17-0t0 36-2)* (-10-7to 4-1) (135t0 198) (177 t0 263) (25-8t036:5)*  (-2:9t05-0)
Motorcyclist road injuries 6 8 25-9% -1.5% 319 406 27-2% 0-3%
(5to7) (7to9) (79t036-3)* (-15-6 to 6-7) (269t0373) (33410 483) (16-4t033:6)*  (-8-2to51)
Motor vehicle road injuries 18 22 17-1% -10-8% 610 709 16-3% -9-6%
(17t0 20) (190 24) (8:4t021.8)*  (-17-6t0-7-3)*  (534t0 683) (615 to 800) (99t020-1)*  (-14-6 t0-6-9)*
Other road injuries 1 1 181% -10-9% 84 132 57-0% 19-2%
(1to1) (1to1) (76t036:0)*  (-19-0t02-2) (64t0109) (99 t0 175) (51:0t0 627)*  (14-8t0233)*
Other transport injuries 8 9 18:6% -9-4% 481 616 281% -11%
(7t09) (8t010) (13-6t027-6)*  (-133to-2.5)*  (397t0585) (500t0 762) (24-6t032-:0)*  (-3-6t01-8)
Falls 169 238 41-1% 0-6% 4810 6590 37:0% 15%
(154 t0 176) (223t0256)  (32:6t052:0)*  (-53t08-2) (4010t05760) (5500 to 7860) (32:6t042:2)*  (-1-6t0523)
Other exposure to 7 9 21:4% -9-0% 443 582 315% 0-9%
mechanical forces (6to 8) (7to 10) (15-6t027-3)*  (-13-2to-4-4)* (347t0562) (447 t0 752) (27-8t034-8)* (-1.-6t03-2)
Non-venomous animal 1 1 17-9% -113% 50 62 24-1% -5:9%
contact (0to1) (1to1) (4-3t037-3)* (-21-4t03-2) (360 69) (4410 88) (175t030-2)*  (-10-7to-12)*
Assault by other means 3 3 72% -17-8% 114 132 16-1% -10-6%
(2to3) (3t03) (-1:0t013-8) (-24-0t0-127)* (97t0134) (109 to 158) (10-9t020-0)*  (-14-3to-7-7)*
2 Impaired kidney function: 2040 2590 26-6% -5-8% 51000 61300 20-3% -5-4%
all causes (1880t02210) (2390to (23-6t029-7)* (-7-9to-3-7)*  (47300to (56900to 66100) (17-9t022-9)* (-7-3to-3:5)*
2800) 54.900)
Ischaemic heart disease 716 882 232% -10-5% 12500 14900 18:9% -9.7%
(593 to 844) (726 t01050)  (17:7t028-8)*  (-14-1t0-6-8)*  (10700to (12800t017200)  (14-6t023-8)* (-12-9to-6-1)*
14 400)
Ischaemic stroke 187 223 19-0% -12:9% 3760 4650 237% -6-6%
(137t0 239) (162t0288)  (13-2t024-8)*  (-15-9t0-9:9)* (3010t04550) (3750 to 5700) (19-0t028-9)*  (-9:9to-3-2)*
Intracerebral haemorrhage 214 243 137% -14-3% 4970 5530 11-4% -13:9%
(175 to 257) (199to0 293) (9-2t0 18-0)* (-17-2to-11.5)* (4090t05860) (4580 to 6550) (7-6to 15-4)* (-16-6 to-11-4)*
Peripheral vascular disease 6 10 52:-4% 11-5% 184 257 39-9% 57%
(410 11) (5t018) (252t0737)*  (-7-5t026-5) (121t0278) (166 t0 398) (23-4t055:0)*  (-6-6t016-8)
Chronic kidney disease due 63 77 23-2% -1-2% 2440 2890 182% -2-6%
to type 1 diabetes mellitus ~ (51to 76) (6210 95) (19-0to27-4)*  (-4-0t01-2) (2010t02950) (2370 to 3500) (143t022-3)*  (-5-1to-0-3)*
Chronic kidney disease due 248 349 40-5% 42% 6050 8120 343% 2:3%
to type 2 diabetes mellitus (219 to 282) (307t0396) (36:4t043-6)*  (1-4t06-2)* (5290to 6850)  (7120to 9250) (30-9t037-2)*  (-0-2t04-2)
Chronic kidney disease due 246 347 41-4% 32% 5550 7350 32:4% 21%
to hypertension (216 t0 276) (305t0391) (37-4t0 44-2)*  (0-4t052)* (4900to 6230) (6450 to 8220) (29-0t035-0)* (-03to4-1)
Chronic kidney disease due 151 190 25:5% -13% 5800 6600 13-8% -4-4%
to glomerulonephritis (132t0 172) (165t0 217) (221t028:8)*  (-3:2t007) (5180t0 6450) (5860 to 7420) (11.0t017.0)*  (-6:3to-2-4)*
Chronic kidney disease due 212 267 25:9% -1-4% 9580 10900 13-3% -6-0%
to other and unspecified (186 t0 239) (233t0304) (22:4t029-4)*  (-3:7t00-6) (8570t0 10700) (9660 to 12200) (10-4t016-2)*  (-8-0to-4-1)*
causes
Gout - - - - 135 191 41-5% 6:3%
(91t0187) (130t0 265) (357t047:7)*  (21t0107)*

Results are for both sexes combined. Data in parentheses are 95% uncertainty intervals. *Statistically significant increase or decrease. DALYs=disability-adjusted life-years.

Table 3: Global all-age attributable deaths and DALYs, 2007-17, and percentage change of deaths and DALYs and age-standardised death rates and DALY rates, 2007-17, for all
risk-outcome pairs
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Among injuries, 1-09 million (0-99-1-19) deaths and
55-9 million (49-6-62-5) DALYs were attributable to
risks in 2017 The five leading injury causes of risk-
attributable DALYs were falls, selfharm by other
specified means, motor vehicle road injuries, pedestrian
road injuries, and motorcyclist road injuries. In 2017,
34-1% (95% Ul 30-7-38-2) of DALYs and 43-4%
(40-6—46-6) of deaths from falls were risk attributable,
resulting in 12-2 million (9-93-15-0) risk-attributable
DALYs and 302000 (275000-330000) risk-attributable
deaths from falls. Self-harm by other specified means
had 8-07 million (5-50-10-7) risk-attributable DALYs
(25-7% [17-6-33-9] of all DALYs from self-harm by other
specified means), motor vehicle road injuries had
5-95 million (5-19-6-70; 24-2% [21-3-27-0] of all motor
vehicle road injury DALYs), pedestrian road injuries
had 5-50 million (4-76-6-28; 23-4% [20-8-26-1] of
pedestrian road injury DALYs), and motorcyclist road
injuries had 4-05 million (3-46—4-64; 29-0% [25-3-32-4]
of motorcyclist road injury DALYs).

Levels and trends in the burden attributable to risk
factors
In 2017, 34-1 million (95% UI 33-3-35.0) deaths and
1-21 billion (1-14-1-28) DALYs were attributable to
GBD risk factors (table 3). Between 2007 and 2017, the
number of all-age risk-attributable YLLs declined from
1-04 billion (1-02-1-07) to 944 million (922-968), and age-
standardised YLL rates declined from 16 359 (16 005-16748)
per 100000 to 12509 (12205-12837) per 100000. Age-
standardised risk-attributable death rates declined from
531 (520-544) per 100000 in 2007 to 448 (437-460) per
100000 in 2017. Conversely, during that period, the absolute
number of risk-attributable deaths increased from
31-5 million (30-9-32-2) to 34-1 million (33-3-35-0).
During the same period, there was no significant trend in
risk-attributable non-fatal burden because there was no
statistically significant trend in non-fatal burden: age-
standardised risk-attributable YLD rates were 3442
(2593-4374) per 100000 in 2007 and 3357 (2528-4275)
per 100000 in 2017; and the absolute numbers of risk-
attributable YLDs were 227 million (170-288) in 2007 and
263 million (198-336) in 2017 The largest percentage
declines in the number of risk-attributable DALYs are for
measles; the largest percentage increases are for
osteoarthritis. Globally in 2017, high SBP was the leading
risk factor, accounting for 10-4 million (9-39-11-5) deaths
and 218 million (198-237) DALYs, followed by smoking
(7-10 million [6-83-7-37] deaths and 182 million [173-193]
DALYs), high FPG (6-53 million [5-23-8-23] deaths and
171 million [144-201] DALYs), high BMI (4-72 million
[2-99-6-70] deaths and 148 million [98-6-202] DALYs),
and short gestation (1-43 million [1-36-1-51] deaths and
139 million [131-147] DALYs; table 3).

Behavioural risk factors accounted for 43-6% (95% UI
41-7-45-5) of all DALYs in 1990, followed by environ-
mental and occupational risk factors at 17-4% (15-9-19-0)
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and metabolic at 10-3% (9-63-11-1). Between 1990
and 2017, these percentages declined by 16-2% for
behavioural risk factors, which accounted for 36-5%
(34-7-38-4) of all DALYs in 2017, and 29- 3% for environ-
mental and occupational risks, which accounted for
12-3% (11-5-13-3) in 2017 Proportions increased by
63-7% for metabolic risks, which accounted for 16-9%
(15-6-18-3) of all DALYs in 2017,

The proportion of all DALYs attributable to each Level 1
risk also varies with SDI (appendix 2). Metabolic risks
accounted for increasingly large proportions of DALYs
with increasing levels of SDI, up to high-middle SDI:
metabolic risks accounted for 8-31% (95% UI7-69-9-00)
of DALYs in low SDI, 13-6% (12-6-14-7) in low-middle
SDI, 21-3% (19-6-23-0) in middle SDI, 24.8%
(22-7-27-2) in high-middle SDI, and 20-7% (18-4-23-1)
in high SDI countries. Conversely, both behavioural and
environmental and occupational risks accounted for
smaller proportions of DALYs in higher SDI regions.
Behavioural risks accounted for 38-8% (37-2-40-4) of
DALYs in low SDI, 38-5% (36-8-40-2) in low-middle
SDI, 35-2% (33-2-37-2) in middle SDI, 37-4%
(34-9-39.7) in high-middle SDI, and 30-2% (28-1-32-4)
in high SDI countries. Environmental and occupational
risks accounted for 16-9% (15-6-18-3) of DALYs in
low SDI, 14-1% (13-0-15-3) in low-middle SDI, 11-1%
(10-2-12-0) in middle SDI, 9-61% (8-85-10-4) in high-
middle SDI, and 6-56% (5-92-7-23) in high SDI
countries (appendix 2).

Changes in leading risk factors

Between 1990 and 2017, high SBP was consistently
responsible for the largest number of all-cause deaths,
followed by smoking then high FPG. The fourth leading
risk for mortality in 1990 was child wasting, which was in
21st position in 2017 The fourth leading risk for mortality
in 2017 was high BMI, which increased in rank from
1990 when it was ninth. High LDL cholesterol remained
the fifth leading cause of risk-attributable deaths in 1990
and 2017. These rankings and trends differ for DALYs. In
1990, the five leading risks for DALYs were child wasting,
short gestation, low birthweight, smoking, and high
SBP, whereas in 2017, the leading five risks were high
SBP, smoking, high FPG, high BMI, and short gestation
(figure 2A).

Leading risks differ for males and females. For males,
the leading risks in 2017 were (in order of descending
rank) smoking, high SBP, high FPG, alcohol use, and
short gestation; the leading risks for females were high
SBP, high FPG, high BMI, short gestation, and low
birthweight. Three of the five leading risks for males
were behavioural risks, whereas three of the five leading
risks for females were metabolic risks (figure 2B, C).

DALY-based ranks for all metabolic risks increased
between 1990 and 2017 for both males and females,
whereas changes in ranks were more heterogeneous for
environmental and occupational and behavioural risks. In
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A Both sexes

Leading risks 1990 Leading risks 2007 Mean Mean Mean Leading risks 2017 Mean Mean Mean
percentage percentage percentage percentage percentage percentage
change changein changein change changein changein
innumber all-age age- in number all-age age-
of DALYs, DALY rate, standardised of DALYs, DALY rate, standardised
2007-17 2007-17 DALY rate, 2007-17 2007-17 DALY rate,

2007-17 2007-17
1 Child wasting N 1 High systolic blood pressure 22.0 -2 -19-4 1 High systolic blood pressure 20-0 63
[ 2 Short gestation for birthweight |—~—#—{ 2 Short gestation for birthweight || —24-2 -39-€ -24.2 2 Smoking 82 41
3 Low birthweight for gestation s 3 Smoking 10-3 -12.1 -25-8 | 3 High fasting plasma glucose 25.5 11-2
[4Smoking F7°._ *{ 4 Childwasting -47-7 583 ~47-9 | "1 4 High body-mass index 367 21-1
5 High systolic blood pressure [ 5 Low birthweight for gestation -22.5 382 =227 *{ 5 Short gestation for birthweight || -21-3 -30-3
6 Unsafe water source 6 High fasting plasma glucose 51-4 20-7 0-8 6 Low birthweight for gestation -21.8 -30-8
7 Household air pollution 7 High body-mass index 66-2 32:5 117 7 Alcohol use 5.5 -6-6
8 Child underweight 8 'Alcohol use 374 9.5 2.9 8 High LDL cholesterol 172 3-8
9 Unsafe sanitation 9 Unsafe water source -38-2 -50-7 -41- . k 9 Child wasting -40-1 -46-9

[10 Vitamin A deficiency / [10 Unsafe sex 3022 220-6 187-4 D 10 Ambient particulate matter 12-8 01

11 High fasting plasma glucose . /{11 High LDL cholesterol 172 -6-6 -22. 11 Low whole grains 155 23

12 No access to handwashing facility] 3 12 Household air pollution 371 -49-9 -47-0 12 High sodium 22.7 8.7 -

13 Child stunting y 13 Ambient particulate matter 17-3 -6-5 -8-8 ‘ 13 Low fruit 77 -4-6 -15.7

14 Alcohol use 14 Low whole grains 234 -1.6 -17-0 114 Unsafe water source -29-1 -37-2 -35-7

15 High LDL cholesterol 4 *[15 Unsafe sanitation -41-2 -53-1 -44-6 N [15 Impaired kidney function 20-3 6-6 -5-4

16 High body-mass index .16 Low fruit /~16 Household air pollution

17 Ambient particulate matter %/ 17 Child underweight ) . B 17 Unsafe sex

18 Low whole grains . \, 18 High sodium *+20 Unsafe sanitation

20 Low fruit . “19 No access to handwashing facility

30 Unsafe sex ., 20 Impaired kidney function

%21 Vitamin A deficiency
| 23 Child stunting
B Females
1 Child wasting R 1 High systolic blood pressure 14-5 -8.9 1 High systolic blood pressure 18-6 4-9 -9-3
2 Short gestation for birthweight . 2 Short gestation for birthweight -24-2 -39-7 2 High fasting plasma glucose 25-0 10-5 =34
[ 3 Low birthweight for gestation | 3 Child wasting ~49-2 59-6 3 High body-mass index 345 188 4-
4 Unsafe water source 4 Low birthweight for gestation -22. -38-6 4 Short gestation for birthweight -20-9 -30-1 -24-0
5 High systolic blood pressure 5 High fasting plasma glucose 45-4 15.8 5 Low birthweight for gestation -20-8 -30-0 241
6 Household air pollution . 6 High body-mass index 58- 264 6 Child wasting -40-6 -47-5 ~43-6
7 Child underweight s 7 Unsafe sex 327-2 240-0 7 High LDL cholesterol 18.5 4-8 9.1
8 Unsafe sanitation 3 8 Unsafe water source -42-0 -53-8 8 Low whole grains 5-3 19 -10-2

[ 9 Vitamin A deficiency X 9 Household air pollution 372 -50-0 9 Ambient particulate matter 12-4 -0-7 -9-4

[10 No access to handwashing facility} "*[10 Unsafe sanitation -45-0 -56-2 -48-0 10 Smoking 3-6 -8-4 -20-3

111 Child stunting / 11 High LDL cholesterol 11.7 -11-1 -25-9 <. {11 Unsafe water source -29-3 -37-5 -36-€

[12 High fasting plasma glucose / R 12 Smoking -2:0 -22.0 -33-7 *{12 Household air pollution —23- 327 -36-5

13 High body-mass index K 13 Ambient particulate matter 10-4 -12.2 -12-1 13 Impaired kidney function 19- 5-9 -5-9

14 Smoking {14 Low whole grains 16-7 -7-1 -21-0 14 Unsafe sex -42.5 -49-2 -50-2

15 High LDL cholesterol . [15 Child underweight -54-4 -63-7 -54.5 15 High sodium 16-2 2.7 -11-1

18 Ambient particulate matter 16 No access to handwashing facility -~ * 18 Unsafe sanitation

19 Low whole grains % “18Vitamin A deficiency +17=21 No access to handwashing facility

26 Unsafe sex % 19 Impaired kidney function *+22 Child underweight

N 21 High sodium
23 Child stunting
C Males
1 Child wasting 1 Smoking 13.5 -9-4 246 1 Smoking 9-3 -3-0 -15.7
2 Short gestation for birthweight 2 High systolic blood pressure 285 25 -16-0 2 High systolic blood pressure 21-0 75 -7-0
3 Smoking 3 Short gestation for birthweight -24-2 -39-5 -24-4 3 High fasting plasma glucose 25.C 11-8 31
4 Low birthweight for gestation 4 Alcohol use 384 10-5 2.9 q Alcohol use -2 -5-7 -12.5
[ 5 High systolic blood pressure 5 Low birthweight for gestation 223 —37- -22.5 *+[ 5 Short gestation for birthweight |[ -21- 304 240
6 Unsafe water source . {6 Child wasting —46-3 -57-1 -46-7 . N 6 High body-mass index 38.9 233 9.0
[ 7Householdairpollution | ™, 7 High fasting plasma glucose 56- 251 27 | *~[ 7 Low birthweight for gestation 227 313 252
8 Child underweight )y 8 High body-mass index 73:C 38-8 16-4 / 8 High LDL cholesterol 16-4 33 -9-1
9 Alcohol use . 9 High LDL cholesterol 21.0 3.5 -20 ._A_9 Ambient particulate matter 131 0-4 -9-5

10 Unsafe sanitation 10 Unsafe water source -34-1 -47-4 -38-3 / 10 Low whole grains 15-6 2. -9-3

|11 Vitamin A deficiency 1 Ambient particulate matter 22. 23 6.7 / 11 Child wasting -39.6 -46-. -42-5

[12 High fasting plasma glucose 2 Low whole grains 28. 2.6 -14-2 N 12 High sodium 27-0 12- 23

3 Child stunting N 3 Household air pollution -37- -49-8 —47-2 ) 13 Low fruit -6 -3-5 -14-8

114 No access to handwashing facility| 14 Low fruit 20- 37 -19-0 /{14 Unsafe water source -29-0 -36-C -35-1

15 High LDL cholesterol ) 15 Unsafe sex 272-1 197-0 174-2 “._A15 Impaired kidney function 20-7 72 -5-1

16 Ambient particulate matter
17 Low whole grains

18 High body-mass index

19 Low fruit

20 High sodium

31 Unsafe sex

.17 Unsafe sanitation

*18 Child underweight
V19 No access to handwashing facility

% 21 Impaired kidney function
123 Vitamin A deficiency
24 Child stunting

_/"~18 Household air pollution
“+ 20 Unsafe sex

1 Environmental
[ Behavioural
[ Metabolic
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1990, six of the ten leading risks were behavioural risks,
three were environmental, and one was metabolic. Of
the ten leading risks in 2017 for both sexes, five were
behavioural, four were metabolic, and only one was
environmental. Broadly, in terms of their relative impor-
tance, metabolic risks rose in rank whereas environ-
mental and occupational risks fell. Within behavioural
risks, 13 of the 15 dietary risks increased rank. Appendix 2
shows trends in leading risk factors within each SDI
quintile and trends in leading risk factors for deaths and
DALYs by location.

Drivers of changes in risk-attributable burden

Changes in the absolute number of DALYs over time are
the result of changes in six underlying components:
(1) population growth; (2) population ageing; (3) changes
in exposure to environmental and occupational risks;
(4) changes in exposure to behavioural risks; (5) changes in
exposure to metabolic risks; and (6) changes due to all
other (ie, risk-deleted or residual) factors. Figure 3 shows
the changes in these components for each Level 1 cause,
and for all causes combined (for Level 2 causes, see
appendix 2). Broadly, in the absence of demographic
changes, changes in risk exposure and risk-deleted DALYs
would have led to a 23-5% decline in DALYs between 2007
and 2017 in both sexes. Conversely, in the absence of
changes in risk exposure and risk-deleted DALY,
demographic changes would have led to an 18- 6% increase
in DALYs during that period. Comparing drivers of change
for males and females, females have generally had greater
declines in risk exposure: the aggregate effect of changes
in exposure across all risks would have led to a 6-93%
decline in DALYs from all causes for males, versus a 9-08%
decline for females (figure 3).

Of all individual risk categories, changes in exposure
to behavioural risks have driven the largest change in
burden: declines in exposure to these risks would have
resulted in a 7-41% decline in DALYs from all causes in
both sexes combined. For both males and females,
changing exposures to behavioural risks drove declines
for NCDs and CMNNDs and increases for injuries
(figure 3). Changes in exposure to environmental and
occupational risks would have resulted a 2-59% decline
in DALYs from all causes for both sexes, and it is the
only risk category that was a driver of decline for all
cause groups and both sexes. Conversely, in the absence
of changes from other drivers, changes in metabolic
risks would have resulted in a 2-15% increase in all-
cause DALYs for both sexes.

Figure 2: 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)
Risks are connected by lines between time periods; solid lines are increases and
dashed lines are decreases. Statistically significant increases or decreases are
shown in bold (p<0-05). DALYs=disability-adjusted life-years. LDL=low-density
lipoprotein.
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Figure 3: 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 females, males, and both sexes

Results are shown for all causes combined, CMNNDs, NCDs, and injuries. The black dot on each bar shows total
percentage change. The risk-deleted DALY rate is the expected DALY rate if the exposure level for all risk factors
were reduced to the theoretical minimum risk exposure level. Changes in the risk-deleted rate might result from
changes in risks and risk-outcome pairs that are not currently included in the Global Burden of Diseases, Injuries,
and Risk Factors Study or changes in other factors such as treatment. The change in CMNNDs and injuries due to
metabolic risk exposure for both males and females is not zero but is too small to visualise because of the small
number of risk-outcome pairs. CMNNDs=communicable, maternal, neonatal, and nutritional diseases.
DALYs=disability-adjusted life-years. NCDs=non-communicable diseases.

Among the three cause groups, CMNNDs are the only
Level 1 cause group for which combined effects of
improvements in risk exposure and risk-deleted burden
have outweighed the effects of demographic changes
for both males and females. Declines in risk exposure
would have resulted in a 12:0% decline in DALYs
from CMNNDs among males and a 14-8% decline in
females. For NCDs, increasing exposure to metabolic
risks has largely offset health gains from improvements
in environmental and behavioural risks. In aggregate,
changes in risk exposure would have resulted in a
2-83% decline in DALYs from NCDs in males and a
2-29% decline in females. Among both males and
females, changes in exposure to environmental risks,
behavioural risks, and all risks combined would have
resulted in reduced injury burden.

Drivers of changes in risk-attributable DALYs were
spatially heterogeneous (figure 4). Broadly, population
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growth has driven increases in risk-attributable DALYs
across most locations except for Eastern Europe, Cuba,
Greenland, Guyana, Japan, and Portugal. Population
ageing has driven increases in most locations, with notable
exceptions in central, eastern, and western sub-Saharan
Africa, and parts of the Middle East and south and southeast
Asia. Conversely, all-cause risk-deleted DALY rates have
declined across most locations; however, they have
increased in a number of subnational locations in Brazil,
China, the UK, India, Mexico, and the USA. Broadly,
DALYs attributable to metabolic risk exposure have
increased in most locations and DALYs attributable to
environmental and occupational and behavioural risks
have largely declined.

Observed versus expected summary exposure values
Estimating the expected SEV for a given risk factor at a
given level of SDI, a comparison can be made between
observed exposure levels in a given place and time and
their expected levels based on SDI. An observed to
expected ratio (O/E ratio) of 1-0 indicates that observed
exposure levels equal our expectation; O/E ratios less
than 1-0 indicate that observed exposures are better than
expected (ie, at levels associated with lower risk);
and O/E ratios greater than 1-0 indicate that observed
exposures are worse than expected (ie, at levels associated
with greater risk).

Across leading environmental risks, O/E ratios for
ambient particulate matter pollution showed no
consistent trends across regions, whereas there were
nearly universal increases in O/E ratios for household air
pollution and unsafe water (figure 5A). In 2017, O/E ratios
for ambient particulate matter pollution were notably
high in north Africa and Middle East (2-03) and south
Asia (1-81). O/E ratios for household air pollution were
notably high in southeast Asia, east Asia, and Oceania
(3-05) and central Europe, eastern Europe, and central
Asia (1-73). Between 1990 and 2017, O/ E ratios for unsafe
water increased across all super-regions, with the largest
changes in southeast Asia, east Asia, and Oceania (85-6%
increase; ratio of 1-75 in 2017), north Africa and Middle
East (57-8% increase; ratio of 1-02 in 2017), and south
Asia (55-5% increase; ratio of 1-41 in 2017).

Figure 4: Percentage change in the absolute number of all-cause
risk-attributable DALYs for both sexes, by location, 2007-17

Changes due to population growth (A), population ageing (B), changes in
risk-deleted DALY rates (C), changes in exposure to environmental and
occupational risk factors (D), changes in exposure to behavioural risk factors (E),
and changes in exposure to metabolic risk factors (F). The risk-deleted DALY rate
is the expected DALY rate if the exposure level for all risk factors were reduced to
the theoretical minimum risk exposure level. Changes in the risk-deleted rate
might result from changes in risks and risk-outcome pairs not included in the
Global Burden of Diseases, Injuries, and Risk Factors Study or changes in other
factors such as treatment. ATG=Antigua and Barbuda. DALYs=disability-adjusted
life-years. FSM=Federated States of Micronesia. Isl=Islands. LCA=Saint Lucia.
TLS=Timor-Leste. TTO=Trinidad and Tobago. VCT=Saint Vincent and the
Grenadines.
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Among the leading behavioural risks between 1990
and 2017, there were near universal declines in O/E ratios
for both smoking and alcohol use, and inconsistent
trends in O/E ratios for low birthweight (figure 5B).
The range of O/E ratios between regions is especially
broad for alcohol use. These ratios were consistently
high in sub-Saharan Africa (O/E ratios declined from
2-10 to 1-49 between 1990 and 2017), Latin America and
the Caribbean (ratios declined from 1-83 to 1-54), and
central Europe, eastern Europe, and central Asia (ratios
declined from 1-82 to 1-68). O/E ratios for alcohol use
were consistently the lowest in north Africa and the
Middle East, declining from 0-38 to 0-21 between 1990
and 2017

Trends in O/E ratios for leading metabolic risks
were heterogeneous across super-regions (figure 5C).
For high SBP, O/E ratios improved by more than 5%
between 1990 and 2017 for two super-regions: 27-1%
decrease in the high-income region and 8-05% in the
central Europe, eastern Europe, and central Asia region.
By contrast, ratios for high SBP increased by more than
5% in three super-regions: 22-0% in sub-Saharan
Africa, 16-4% in southeast Asia, east Asia, and Oceania,
and 9-67% in south Asia. In 2017, ratios for high SBP
were highest in sub-Saharan Africa (1-19) and central
Europe, eastern Europe, and central Asia (1-19) and
were lowest in the high-income region (0-77). O/E
ratios increased for both high FPG and high BMI across
all super-regions between 1990 and 2017 The north
Africa and Middle East region stands out as having the
highest O/E ratios for both high FPG and high BMI
across many years.

Expected attributable burden

Broadly, total expected risk-attributable burden declines
with increasing SDI (figure 6). At an SDI of 0-1, we
expect 101000 risk-attributable DALYs per 100000 males
and 90600 per 100000 females; at an SDI of 0-5, we
expect 20200 per 100000 males and 16300 per
100000 females; and at an SDI of 0-9, we expect
15900 per 100000 among males and 9640 per 100000
among females.

Increasing SDI was associated with dramatic declines
in the expected burden attributable to environmental
risks in both sexes: the expected burden attributable to
environmental risks declines from 41600 DALYs
per 100000 people (31-6% of total burden) with an SDI of
0-1 to 1870 DALYs per 100000 people (10-6% of total
burden) with an SDI of 0-9. The pattern for behavioural
risks was more complex and heterogeneous. Although
the expected burden attributable to malnutrition declined
with increasing SDI, the expected burden attributable to
tobacco use, drug use, alcohol use, and most dietary risks
generally increased with increasing SDI. At an SDI value
of 0-1, behavioural risks accounted for 65-0% of the total
expected risk-attributable burden, at an SDI of 0-75 they
accounted for 51-5%, and at an SDI of 0- 9 they accounted
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Figure 5: Trends in the ratios of observed SEVs to SEVs expected based on SDI, by super-region, for both sexes, 1990-2017
Trends are for three of the top environmental (A), behavioural (B), and metabolic (C) risk factors by number of attributable DALYs globally. Observed to expected
ratios are based on age-standardised SEVs. y-axes are on a log scale with the range scaled appropriately for each risk factor. DALYs=disability-adjusted life-years.

SDI=Socio-demographic Index. SEV=summary exposure value.

for 52-9%. The expected burden attributable to metabolic
risks increased with increasing SDI up to an SDI of 0-65,
then declines with increasing SDI above that level. At an
SDI value of 0-1, metabolic risks accounted for 3-44% of
the total expected risk-attributable burden, at an SDI of
0-75 they accounted for 37-6%, and at an SDI of 0-9 they
accounted for 36-4%.

Observed versus expected attributable burden

In males, the two leading risk factors were smoking and
high SBP (in varying order) in four of the seven super-
regions (figure 7; appendix 2). The three exceptions were
sub-Saharan Africa (unsafe sex was the leading risk with
an O/E ratio of 149 followed by child wasting with a ratio

of 0-71), Latin American and the Caribbean (alcohol use
with a ratio of 1-19 then high FPG with a ratio of 0-78),
and the high-income super-region (smoking with a ratio
of 0-65 then high BMI with a ratio of 0-83). In females,
the leading risk factors were either high BMI or high
SBP in four of the seven superregions (figure 7;
appendix 2). The three exceptions were sub-Saharan
Africa (as for males, unsafe sex was the leading risk
among females, with an O/E ratio of 5-51, followed by
child wasting with a ratio of 0-63), south Asia (short
gestation with a ratio of 0-79, followed by high SBP with
a ratio of 0-79), and the high-income super-region
(smoking with a ratio of 0-98 followed by high BMI
with a ratio of 0-91). High FPG was the second leading
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Figure 6: Expected relationship between all-age, all-cause risk-attributable DALY rates and SDI for each GBD Level 2 risk, 1990-2017

Stacked curves show males (left) and females (right) after adjusting for mediation, scaling to account for overlapping risks, and aggregating so that total expected
DALY rates reflect the true all-cause total expected DALY rates attributable to all risk factors. The y-axis shows lowest SDI (0-09) to highest SDI (0-92) for all

GBD countries and territories, 1990-2017. Coloured regions are the proportion of the total attributable DALY rate corresponding to that risk factor.
DALYs=disability-adjusted life-years. GBD=Global Burden of Diseases, Injuries, and Risk Factors Study. LDL=low-density lipoprotein. SDI=Socio-demographic Index.

risk factor in southeast Asia, east Asia, and Oceania
(O/E ratio of 0-78) and Latin America and the Caribbean
(O/E ratio of 0-84) for females. Notably, the O/E ratios
exceed one for all five leading risk factors for males for
the central Europe, eastern Europe, and central Asia
regions, and for nearly all countries within those regions.

The highest O/E ratios for environmental and occu-
pational risks were in southern sub-Saharan Africa and
south Asia, driven largely by air pollution and unsafe
water, sanitation, and handwashing in both regions
(figure 8). For behavioural risks, high O/E ratios were
recorded in southern sub-Saharan Africa, driven largely
by higher than expected unsafe sex and intimate partner
violence, and eastern Europe, largely due to higher than
expected alcohol and drug use. The burden attributable
to metabolic risks was higher than expected in Oceania
and much of the central Europe, eastern Europe, and
central Asia super-region.

New risks, leading risks, and risks with significant
changes in GBD 2017

Globally, bullying victimisation is the leading risk factor
for mental disorder DALYs in 2017 (other risks factors are
lead exposure, intimate partner violence, and childhood
sexual abuse) and the 35th leading risk factor of all
54 risks for all NCDs. However, for major depressive
disorder, bullying accounts for fewer DALYs than
childhood sexual abuse or intimate partner violence. In
2017, 2-57 million (95% UI 1-54-3-97) DALYs were
attributable to bullying victimisation, by peers, of
children and adolescents attending school. This was
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distributed relatively evenly between anxiety disorders
(1-36 million DALYs [0-81-2-13]) and major depressive
disorder (1-21 million DALYs [0-69-1-94]). Globally,
bullying victimisation accounted for 5-01% (3-40-6-83)
of all anxiety disorder DALYs and 3-68% (2-37-5-21) of
all major depressive disorder DALYs.

In 2017, high SBP was the leading risk factor globally,
accounting for 10-4 million (95% UI 9-39-11-5) deaths
and 218 million (198-237) DALYs. Overall, 8.74%
(7-78-9-68) of total DALYs were attributable to high SBP.
Most of the burden attributable to high SBP was due to
ischaemic heart disease and stroke, and high SBP
accounted for 55-7% (48-1-63-1) of DALYs due to
ischaemic heart disease and 57-1% (49-4-63 - 8) of DALYs
due to stroke. Globally, age-standardised DALY rates
attributable to high SBP declined between 1990 and 2017
(25-8% decrease [24-3-27-5]). Notable declines occurred
in the high-income (54-5% [53-1-56-0] decline), north
Africa and Middle East (32-6% [28-7-35-7]), and Latin
America and Caribbean (32-4% [30-7-34-1]) super-
regions.

In 2017, smoking was the second leading risk for both
deaths and DALYs. It was responsible for 7-10 million
(95% UI 6-83-7-37) deaths (12-7% [12-2-13-2] of all
deaths globally) and accounted for 182 million (173-193)
DALYs (7-31% [6-81-7-80] of all DALYs globally).
Although smoking-attributable age-standardised mort-
ality rates declined 38-2% (36-4-40-0) between 1990 and
2017, the total number of smoking-attributable deaths
has increased by 24-9% (21-3-28-6). In 2017, smoking
accounted for a larger proportion of deaths among men
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Figure 7: Leading five risk factors for DALYs with the ratio of observed to expected DALYs based on Socio-demographic Index, by super-region and region, and by sex, 2017

Number below each risk factor is its observed to expected ratio. Ratios are based on age-standardised DALY rates. BMI=body-mass index. DALYs=disability-adjusted life-years. Ergonomic=occupational
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brackets indicate excluded endpoints whereas square brackets indicate included endpoints.

in high-middle SDI countries (27-1% [26-3-27-9]) than
in low SDI countries (10-2% [9-23-11-0]; appendix 2).
Between 1990 and 2017, among men, the percentage of
all-cause all-age deaths attributable to smoking in high
SDI countries decreased, whereas it increased in all other
SDI groups. Levels and trends in smoking prevalence
and attributable burden vary by gender. As a risk factor
for all-cause all-age deaths, smoking ranks first among
men and eighth among women, reflecting both the lower

1972

prevalence and lower intensity of smoking among
women. In 2017, the four Level 3 causes with the largest
number of deaths attributable to smoking were ischaemic
heart disease (1-62 million [1-54-1-69] deaths), COPD
(1-23 million [1-12-1-35] deaths), tracheal, bronchus,
and lung cancer (1-19 million [1-15-1-23] deaths), and
stroke (887000 [833000-944000] deaths), and together
account for 69-4% of total smoking-attributable deaths
(table 3). For lung cancer and COPD, changing from
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(Figure 8 continues on next page)
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Figure 8: Ratios of observed to expected attributable DALY rates based on Socio-demographic Index for each Level 1 risk for both sexes by location, 2017
Ratios for environmental and occupational risk factors (A), behavioural risk factors (B), and metabolic risk factors (C). Observed to expected ratios are based on age-standardised DALY rates.
ATG=Antigua and Barbuda. DALYs=disability-adjusted life-years. FSM=Federated States of Micronesia. Isl=Islands. LCA=Saint Lucia. TLS=Timor-Leste. TTO=Trinidad and Tobago. VCT=Saint Vincent and

the Grenadines.
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indirect estimation using the smoking impact ratio to
direct estimation using measures of cumulative lifetime
exposure resulted in large changes in smoking-
attributable burden estimates in countries with scarce or
low-quality data on lung cancer mortality. At the all-cause
level, using measures of continuous and cumulative
exposure that take into account risk among former
and occasional smokers has resulted in increases in
attributable burden in 71-8% of countries compared with
previously published estimates.

In 2017, low birthweight and short gestation was the
third leading Level 3 risk factor globally for all-age
DALYs. Age-standardised DALY rates attributable to
this risk declined from 4558 (95% UI 4347-4739) DALYs
per 100000 in 1990 to 2680 (2543-2812) DALYs per
100000 in 2017. Although exposure to low birthweight
and short gestation decreased globally between 1990
and 2017, most of the declines in risk-attributable
burden came from declines in mortality from causes
attributable to this risk. For low birthweight, the biggest
improvements in risk-attributable mortality were in
Saudi Arabia, Maldives, and Singapore (appendix 2).
Increasing SDI was associated with decreasing
exposure and decreasing attributable burden. Exposure
and attributable burden were highest in eastern,

central, and western sub-Saharan Africa. For short
gestation, the biggest improvements were in Saudi
Arabia, Maldives, and Turkey. Similar to low birthweight
trends, increasing SDI was associated with a decrease
in exposure, as well as a decrease in attributable burden.
Exposure and attributable burden were highest in south
Asia and eastern, central, and western sub-Saharan
Africa.

High BMI accounted for 4-72 million (95% UI
2-99-6-70) deaths and 148 million (98-6-202) DALYs
globally in 2017 (table 3). It ranked fourth among risk
factors for mortality, primarily due to the effect of high
BMI on cardiovascular disease. Globally, the SEV for high
BMI for both sexes has increased 70-4% (57-1-84-5)
since 1990 (table 2), and trends among children suggest
that this will continue to rise. The resulting disease
burden is large and increasing, with the absolute number
of DALYs attributable to high BMI increasing by 36-7%
(31-5-44-5) Dbetween 2007 and 2017 and by 127%
(99-5-172) between 1990 and 2017, and age-standardised
DALY rates attributable to high BMI increasing 6-84%
(2-60-13-0) between 2007 and 2017 and 19-3%
(4-83-43-2) between 1990 and 2017, In 2017, high BMI was
the leading cause of premature mortality, as measured by
YLLs, in seven countries and territories: Ecuador, Peru,
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Kuwait, Qatar, Saudi Arabia, United Arab Emirates, and
American Samoa. Among risk factors assessed in GBD
2017, BMI prevalence continues to have one of the highest
rates of increase over time. Trends in BMI prevalence and
burden exhibit marked geographical variation, with the
highest levels among wealthier countries.

Globally, high FPG was the third leading risk factor for
both mortality and DALYs in 2017, accounting for
6-53 million (95% UI 5-23-8-23) deaths and 171 million
(144-201) DALYs. Cardiovascular disease was the leading
Level 2 cause of death due to high FPG, accounting for
54-5% of deaths attributed to the risk. Diabetes and
kidney diseases was the second ranking Level 2 cause of
disability attributable to high FPG and accounted for
51-9% of DALYs attributable to this risk.

In 2017, 5-25% (95% UI 4-49-6-01) of all deaths were
attributable to ambient particulate matter pollution,
making it the eighth leading risk for deaths, with a total
of 2-94 million (2-50-3-36) deaths globally, and
1-05 million (0-88-1-22) deaths in southeast Asia, east
Asia, and Oceania. It has increased from 15th leading
risk for deaths in 1990, with 1-75 million (1-48-2-03)
deaths, with a percentage change of 67-7% (56-6-79-3).
It is among the top ten ranked Level 4 risk factors for
deaths in 95 of the 195 countries and territories for which
we produce estimates. Mortality rates attributable to
ambient particulate matter pollution are notably high in
Bahrain (11-9% [10-2-13- 3] of all deaths were attributable
to ambient particulate matter; fourth leading risk factor
for deaths), Egypt (11-8% [9-07-14-4]; sixth leading risk
factor), and Kuwait (10-6% [8-94-12 - 3]; sixth leading risk
factor). The Level 3 causes with the largest proportion of
burden attributable to ambient particulate matter
pollution are COPD and lower respiratory infection:
ambient particulate matter is responsible for 19-3%
(12-6-25-4) of all COPD DALYs, 17-49% (13-7-21-6) of all
lower respiratory infection DALYs, and 17-5% (13- 2-22-7)
of lower respiratory infection DALYs in children younger
than 5 years. In GBD 2017, we added type 2 diabetes as
an outcome of ambient particulate matter pollution,
which contributes 10-5 million (6-70-13-9) or 12-6% of
the 83-0 million (71-4-94-3) DALYs attributable to
ambient particulate matter pollution in 2017 (table 3).

In 2017, 4-32 million (95% UI 3-33-5-44) deaths and
949 million (78-8-112) DALYs were attributable to high
LDL cholesterol. Overall, 3-80% (3-14—4-56) of total
DALYs were attributable to high LDL cholesterol. The age-
standardised DALY rate in males (1480 per 100000
[1230-1750]) was higher than in females (880 per 100000
[714-1070]). Globally, between 1990 and 2017, age-
standardised DALY rates declined markedly (29-9%
[28-1-31-7] decline). Notable reductions in age-stan-
dardised DALY rates occurred in both the high-income
(61-8% [60-4-63-2] decline) and Latin America and
Caribbean super-regions (40-7% [38-9—42-5] decline).

Globally in 2017, dietary risks were the leading Level 2
risk factor for deaths and the second leading Level 2 risk

www.thelancet.com Vol 392 November 10,2018

factor for DALYs, accounting for 10-9 million (95% Ul
10-1-11-7) deaths and 255 million (234-274) DALYs
(table 3). Among dietary factors, high intake of sodium
was the leading risk for mortality, accounting for
3-20 million (1-42-5-45) deaths. Low intake of whole
grains was the leading risk factor for DALYs, accounting
for 825 million (59-0-109) DALYs. Diet with high sugar-
sweetened beverage consumption continues to show a
marked increasing trend in overall attributable burden,
with SEVs for this risk increasing 12-1% (7-02-18-2)
between 2007 and 2017 and 17-1% (8- 34-28-0) since 1990
(table 2).

Discussion

General findings

We estimated the burden of disease attributable to
84 metabolic, environmental and occupational, and
behavioural risk factors or clusters of risks from 1990 to
2017 in 195 countries and territories, based on 46749 data
sources. In 2017, all included risks combined contributed
to 61-0% (95% UL 59-6-62-4) of deaths and 48-3%
(46-3-50-2) of DALYs worldwide, compared with 61-4%
(59:9-62-7) of deaths and 52-4% (50-4-54-5) of DALYs
in 1990. With each iteration of GBD, including GBD 2017,
an increasing proportion of burden of disease has been
attributed to risk factors. The contributions of risk factors
to total deaths in the year 2010 (the most recent year for
which we have comparable estimates from the most GBD
iterations) were estimated to be 55-7% in GBD 2013,
57-3% in GBD 2015, 60-2% in GBD 2016, and 61-3% in
GBD 2017. Similarly, in 2010, the contribution of risk
factors to DALYs was 40-4% in GBD 2013, 41-5% in 2015,
46-5% in 2016, and 49-5% in 2017 This increase stems
from the growing collection of risk—outcome pairs
included in each iteration. With the addition of new risk
factors and new risk—outcome pairs, future iterations of
the GBD study should explain an increasing portion of
the remaining unattributed burden of disease.

The role of changes in risk factors in explaining
changes in deaths and DALYs varies considerably across
causes and ages. Since 1990, in the 64 individual or
Level 4 risks, exposure levels increased significantly for
20 risks, did not change significantly for 14 risks, and
decreased significantly for 31 risks. The risks with the
highest increases in SEVs globally include high BMI,
ambient particulate matter pollution, and high FPG; the
risks with the largest decreases in exposure are unsafe
sanitation, diet high in trans fatty acids, and household
air pollution. These trends are consistent with what are
expected with socioeconomic development.

We found considerable heterogeneity across super-
regions in the leading risk factors. Some notable patterns
are the role of unsafe sexual practices as a driver of the
HIV/AIDS epidemic in eastern and southern sub-
Saharan Africa and the role of alcohol consumption in
eastern Europe and central Asia. There are also marked
spatial patterns for other risks such as high BMI in
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central America, north Africa and the Middle East, and
Oceania. Interpretation of spatial patterns needs to take
into account the fact that some risks have a strong
relationship with socioeconomic development. The
numbers of some environmental and behavioural risks,
including unsafe water, sanitation, and handwashing,
household air pollution, and childhood growth failure,
decrease rapidly with increased development. Other risks
tend to increase with development, including high BMI,
high SBP, red meat consumption, high sugar-sweetened
beverage consumption, and drug and alcohol use.

Risk exposure and socioeconomic development

Risks form clusters with regard to the nature of their
association with development. In this regard, we
observe four categories of risks as follows: (1) risks
positively associated with SDI; (2) risks negatively
associated with SDI; (3) risks with clear, but non-
monotonic associations with SDI; and (4) risks that
show little association with SDI.

The category of risks that are positively associated with
SDI includes smoking, high BMI, alcohol use, and high
LDL cholesterol. This category includes predominately
behavioural and metabolic risks that are associated with
NCDs. The category of risks that are negatively associated
with SDI includes child wasting, unsafe water source,
diet low in fruits, household air pollution, unsafe
sanitation, and no access to handwashing facility. This
category includes predominately environmental and
behavioural risks that are associated with CMNNDs. The
category of risks that have non-monotonic associations
with SDI includes high FPG and ambient particulate
matter pollution, which both follow an inverted U-shaped
association with development, and low birthweight,
which has a U-shaped association with development.
The category of risks showing little association with SDI
includes high SBP and diet low in whole grains.

Notably, for some risks, the trends of O/E ratios and
SEVs are in opposite directions. For example, O/E ratios
for household air pollution and unsafe water increased
between 1990 and 2017, indicating that, for a given level of
SDI, exposure levels have increased during that period.
Conversely, SEVs for those risks declined during the
same period. Thus, although exposure to these risks is
broadly improving with socioeconomic development and
time, improvements in development are occurring more
rapidly than are improvements in the underlying risk
structure in a population. For other risks, SEVs show
temporal trends that run counter to trends expected on
the basis of SDI. For example, although SDI was strongly
positively associated with smoking, both SEVs and
O/E ratios for smoking have declined despite concurrent
increases in SDI. The marked declines in O/E ratios for
smoking across all super-regions again suggest that the
expected increase in smoking has not been fully realised
with increasing SDI. In the case of smoking, the declining
O/E ratios probably reflect benefits of smoking-reduction

policies.” Similarly, alcohol use was strongly positively
associated with SDI, and trends in alcohol use SEVs did
not change greatly, resulting in reductions in O/E ratios
for alcohol use in all super-regions except south Asia.

Risk exposure and sex

In addition to spatiotemporal variation in risk exposure,
there were important differences between males and
females within a given location. Females had notably
higher SEVs for household air pollution, second-hand
smoke, low bone mineral density, and diet low in fibre,
legumes, calcium, and vegetables; whereas males had
notably higher SEVs for lead exposure, smoking, alcohol
use, ambient particulate matter pollution, red meat
consumption, and most occupational risks.

For smoking, SEVs were higher for males than for
females at all SDI levels, and, for both sexes, SEVs
increased with increasing SDI. However, although
smoking SEVs for males increase nearly linearly with
SDI, smoking SEVs for females remain very low at lower
SDI, and then increase rapidly between SDI values of 0- 6
and 0-9. This suggests that smoking interventions that
target males might be most effective in lower SDI set-
tings, whereas interventions in higher SDI settings
should target males and females more equally. Similarly,
alcohol use remains low among females across lower
and middle SDI levels but increases with SDI at higher
SDI levels, suggesting that interventions should target
males in low to middle SDI settings, but be targeted
more broadly in higher SDI settings.

SEVs for high BMI increased for both sexes between
1990 and 2007, 2007 and 2017, and 1990 and 2017
Although this increase continues for males across the
entire range of SDI, the increase for females slows and
the curve flattens at an SDI of 0-66. Consequently,
although females have higher BMI SEVs than males at
low and middle SDI, they have lower SEVs than males at
high SDI. Similarly, there was a crossover in sex
differences for high SBP. Although high SBP SEVs for
females decline slightly with SDI, they increase slightly
with SDI for males. Consequently, expected SBP SEVs
are lower for males than for females where SDI is 0-36
or below, and they are higher for males than for females
where SDI is greater than 0-36.

Cross-cutting themes

The number of all-cause DALYs declined for both males
and females between 2007 and 2017, because the effects of
improvements in both risk exposures and risk-deleted
DALY rates have outpaced the opposing effects of
population growth and ageing. Decreases in risk-deleted
DALY rates are probably a function of improvements in
treatments and improvements in risk factors that are not
captured in the GBD analysis, as well as uncaptured
social, cultural, and economic factors. Although changes
in environmental and occupational and behavioural risks
have driven declines in all-cause DALYs, increasing
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exposure to metabolic risks has had the opposite effect.
This pattern is remarkably consistent across geographies.
Consequently, increasing exposure to metabolic risks
stands as one of the key drivers of increasing DALYs from
NCDs. Although concerns about NCD burden have
historically focused on high-income countries, previous
iterations of the GBD study, as well as other studies, have
clearly shown the large and growing problem of NCDs in
low-income and middle-income settings.*” Similarly,
although metabolic risk factors such as high LDL
cholesterol, high SBP, and high BMI have historically
been viewed mostly as challenges in high-income settings,
these key metabolic risk factors are now commonly
increased even in low-income settings. Between 1990 and
2017, 47 countries and territories had greater than 100%
increases in SEVs for high BMI and, of these, 37 (79%)
had an SDI that was less than the median value in 1990.
Although these increases have occurred in connection
with increasing SDI, increasing O/E ratios show that
trends in these metabolic risks are outpacing the
expectations based on development.

High LDL cholesterol and high SBP are among the
leading risk factors for all-cause risk-attributable burden in
2017 Both are commonly increased even in low-resource
settings, and both are increased by obesity. Although both
are also easily reduced or treated with inexpensive and
cost-effective medications, these treatments remain inac-
cessible to broad segments of the world’s population.”
Growing evidence from studies such as the SimCard Trial”®
in rural India and China suggests that effective methods
exist to deliver these kinds of important pharmacotherapy,
even in the most resource-limited locations. A 2018 trial
of a fixed low-dose triple-combination antihypertensive
drug tested in urban Sri Lanka, consisting of amlodipine,
telmisartan, and chlorthalidone, showed substantial im-
provement in control of blood pressure compared with
usual care at 6 months, and no difference in adverse
events.” Another trial from 2016 showed that lowering
LDL cholesterol with a high-potency statin was effective
even among individuals only at intermediate risk of
cardiovascular events.” Efforts to improve universal health
coverage must directly address how these therapies can be
delivered even more effectively. Studies have further
identified public health interventions that are cost-effective
outside of high-income settings. Legislative interventions
targeting sodium and trans fat, improvements in food
labelling and advertising, and health-focused and diet-
focused media campaigns are cost-effective interventions
in south Asia, for example.”? Fortunately, philanthropic
donors are beginning to identify cardiovascular risk as an
important target for improving global health.”

O/E ratios offer a useful benchmarking tool for national
policy makers who are hoping to compare the risk
exposure against an empirical standard for countries at
a given level of development. Although the burden
attributable to a given risk indicates the risks for which
exposure reduction can offer the greatest health gains,
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O/E ratios offer insight into what might be achievable
given the resource constraints that exist at a certain level
of development. For example, in the southeast Asia,
east Asia, and Oceania super-region, high SBP and high
FPG are among the leading risks, but both have SEV
O/E ratios below 1-0. This suggests that, despite the
high risk-attributable burden, the countries in this
super-region show better than expected performance in
managing exposure to these risks. Conversely, ambient
particulate matter pollution and household air pollution
are the tenth and 15th leading risks in the super-region,
but the corresponding SEV O/E ratios are 1-32 and 3- 05,
suggesting that the countries in the super-region have
greater exposure to these risks than other countries at
similar levels of development. The degree of under-
performance suggests that gains in managing these risks
might be more easily achieved than would be gains from
risks in which the super-region is already outperforming
its peers.

Important changes in GBD 2017 compared with
GBD 2016
GBD 2017 marks the first time that bullying victimisation
by peers of children and adolescents attending school
has been included as a risk factor. It is one of only
three psychosocial risk factors to be included in GBD,
one of only two risk factors for major depressive disorder,
and the first-ever risk factor for anxiety disorders in
GBD. The substantial proportion of major depressive
disorder and anxiety disorder YLDs attributable to
bullying victimisation highlights the importance of
considering psychosocial risk factors when assessing
health outcomes. The small number of risk factors for
mental disorders has been an ongoing criticism of GBD,
especially considering that mental disorders are a leading
cause of disability worldwide.”* GBD estimates suggest
that the prevalence of mental disorders has changed little
in the past few decades despite growing recognition of
the associated burden. Psychosocial risk factors can be
challenging to assess and quantify, which in turn can
make them easy to overlook. However, bullying
victimisation has an operationalised definition, can be
measured in population surveys, and is consistently
associated with risk of mental disorders.”” Scientifically
assessed school-based interventions that address bully-
ing show positive programme effects.” A reduction in
the prevalence of bullying victimisation could help
reduce the prevalence, and therefore burden, of major
depressive disorder and anxiety disorders later in life.
Crucially, the inclusion of bullying victimisation as a risk
factor in GBD might motivate investment in intervention
programmes to reduce bullying. The inclusion of
bullying victimisation in GBD also shows the importance
of integrating cross-disciplinary research in the identi-
fication of the complex aetiology of mental disorders.
Using continuous and cumulative measures of
smoking, which capture both former and occasional
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smokers, has shown that the burden of smoking is
higher than previously thought. The implications of the
new methods on attributable burden varies across out-
comes and locations. For 71-8% of countries, the burden
attributable to smoking has increased as a result of
the new methods. For the largest causes of burden
(ischaemic heart disease, COPD, lung cancer, and stroke)
there are differential trends across countries and by sex.
By quantifying this dose-response relationship, we are
able to highlight the potential health benefits of policies
and programmes that reduce smoking. We have also
produced a globally complete time series of estimates for
age of initiation that shows that the average age of
initiation has changed little across time, even in locations
with strong and successful tobacco control. Targeting
interventions to reduce the initiation rate in the critical
age window of 13-23 years will yield substantial health
benefits.” Finally, the concept of capturing exposure over
an individual’s life course can and should be extended to
other risk factors, for which the health effects are
probably the result of cumulative exposure.

Comparison of GBD 2017 to other estimates
The GBD study is the most comprehensive population-
level CRA across countries and risks. For several risks,
including ambient particulate matter pollution, house-
hold air pollution,” intimate partner violence, unsafe
water source,* breastfeeding,” and lead exposure,* GBD
estimates are generally lower than published WHO
estimates.***** These discrepancies can be attributed to
different definitions, methods, granularity, and input
data. For some findings, annual estimates might disagree,
but regional patterns are consistent between WHO and
GBD. UNICEF produces estimates for child stunting®
that are lower than GBD estimates, with some dis-
agreement in which locations progress has been made.
There is more consistency in estimates between UNICEF
and GBD for child wasting and child underweight.* GBD
estimates for the prevalence of low birthweight and short
gestation are slightly lower than the WHO estimates but
show similar geographical patterns.” Scientific literature
reveals similar results to GBD for impaired kidney
function® and low birthweight and short gestation.”
Research published on iron-deficiency anaemia® differs
from GBD in methods and definitions, resulting in
generally higher GBD estimates. GBD estimates were
much lower than published research on occupational
estimates,”* largely because of different cause—outcome
pairs and GBD’s application of the CRA approach.
Improvements in our smoking estimation methods
have resulted in higher estimates of smoking-attributable
burden. Although smoking estimates from previous
iterations of the GBD study were slightly lower than
those published by WHO,” our GBD 2017 estimates
show marked similarities. Among the 142 countries and
territories included in the WHO report and estimated in
GBD, the correlation coefficient for 2017 smoking

prevalence estimates for females was 0-91 and for males
was 0-85. Where estimates diverge, these differences
can be attributed to differing modelling methods or data
sources. For example, the WHO model was fit on
1175 country-year data sources whereas the GBD model
was fit on 2870 country-year data sources.

Future directions
As with previous iterations of GBD, we have continued
to use the World Cancer Research Fund criteria of
convincing or probable evidence as the threshold for
including a risk-outcome pair in GBD 2017* The
subjectivity of some aspects of these definitions might
result in differing interpretations of the available evi-
dence and different conclusions about the strength of the
evidence supporting the inclusion of a given risk-
outcome pair. Moving toward more objective and quanti-
fiable criteria could help reconcile these different
interpretations. Quantifiable criteria would also permit
simplified evidence scores that could help policy makers
who, faced with scarce resources, might choose to
prioritise interventions that address risks supported by
the strongest evidence base. Objective and quantifiable
criteria would facilitate such comparisons, allowing
stakeholders to more easily understand the variable
strength of evidence supporting the causal connection
for each risk-outcome pair. In an effort to summarise the
evidence base for each risk—outcome pair in GBD 2017,
we present the number of studies that are available,
by type of study design. However, we recognise that
quantifying the strength of evidence requires moving
beyond simple quantification of the number of studies.
To that end, we have begun to extract detailed information
from all 3638 studies used across risk—outcome pairs.
This effort includes details about study design, the
study population and sampling, exposure measurement,
outcome assessment, potential sources of bias and
confounding, and analytic efforts to address bias and
confounding. With this information, we can system-
atically analyse the degree to which different study
limitations affect the resulting strength of associations,
allowing us to objectively assess study quality. Looking at
the studies for a given risk—outcome pair, we can then
calculate an objective evidence score based on the
number and quality of the supporting studies, and the
potential for publication bias. Such a score would
facilitate evidence-based decision making in the face of
scarce political and financial resources, allowing
attention to be focused on risks with both the greatest
attributable burden and strongest supporting evidence.
The inclusion of bullying as a new risk in GBD 2017
suggests potential areas for future work. We hope that
its inclusion will help in setting a higher standard of
measurement in future research on both the occurrence
and health effects of bullying. It also provides a starting
point for including additional risk factors related to
violence against children, such as non-sexual forms of
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child abuse in addition to childhood sexual abuse, which
is the only GBD 2017 risk factor pertaining to child
maltreatment.

A growing body of research has shown direct
connections between ambient temperature and health
outcomes. For example, the Multicountry Observational
Study,”® the largest study of all-cause mortality risk
and ambient temperature to date, estimated that 7-71%
(95% CI 7-43-7-91) of deaths were attributable to
suboptimal ambient temperature: 7-29% (7-02-7-49) of
deaths were attributable to low ambient temperatures
and 0-42% (0-39-0-44) were attributable to high
temperatures. The growing evidence base, especially in
the context of global concerns about the potential health
effects of climate change, makes the inclusion of
meteorological risk factors a priority for future iterations
of GBD. We have already begun work to estimate the
cause-specific burden directly attributable to effects of
ambient temperature, with plans to include suboptimal
ambient temperature as a risk in future estimations of
GBD. The inclusion of exposure to suboptimal tem-
perature is intended also to lay the groundwork for
exploring other components of weather and climate in
future GBD analyses.

Limitations

A study of this scope has many limitations. The new
proportional PAF strategy that we have implemented for
particulate matter pollution reflects a broader challenge
with disentangling inherently connected risks with non-
linear relationships between exposure and disease risk.
In the case of particulate matter pollution, risk for a given
outcome rises sharply with increased exposure at the low
end of the exposure range, and the marginal increase in
risk declines as the risk curve flattens at the upper end
of the exposure range. Two risks compose particulate
matter pollution: ambient particulate matter pollution
and household air pollution. If exposure to each of these
two sources were sequentially reduced to the TMREL, the
reduction in burden per pg/m’ reduction in exposure for
whichever source is removed first will be less than the
reduction for the source that is removed second. This
occurs because, for the first source, the exposure
reduction occurs where the risk curve is flatter, whereas
for the second source, exposure reduction occurs where
the risk curve is steeper. No clear solution to this problem
that does not raise a new problem exists within the CRA
framework. Treating each exposure in isolation, as we
did in previous GBD iterations, results in overestimates
of attributable burden, because both risks will have their
burden estimated from the steepest part of the risk curve.
Considering both exposures together and treating each
exposure as the first to be removed, in line with the CRA
approach, results in underestimates of risk, because both
risks will have their burden estimated from the flattest
part of the risk curve. We have chosen instead to estimate
burden for total particulate matter pollution and divide
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this total burden proportionately between the two
sources. This accurately captures burden but deviates
somewhat from the CRA approach. The challenge
extends beyond ambient and household particulates.
Smoking and second-hand smoke are additional sources
of particulate matter exposure that we have not yet
incorporated into our proportional burden strategy. This
is a limitation of the CRA approach, and other areas
probably have similar challenges with non-linear and
inherently connected risks that have not yet been
identified and corrected.

Bullying is characterised by intention to harm, a power
imbalance, and repetition; however, studies vary greatly
with regard to how they specifically define these criteria.
For example, we were unable to include many studies
where the threshold for repetition was either insuf-
ficiently specific or not reported. Second, the relative risk
data used in the calculation of PAFs were only from high-
income countries. The magnitude of the association
between bullying victimisation and outcomes might
differ between high-income countries and low-income
and middle-income countries.

Our updated continuous measures of smoking better
capture true risk, but also introduce new challenges.
First, because of data limitations, we assume the risk of
all smoked tobacco products is equivalent to the risk
of cigarettes. Second, smoking histories were recon-
structed on the basis of cross-sectional survey data, not
longitudinal data. Third, we were not able to effectively
adjust for illicit tobacco in our estimates of supply-side
consumption. Fourth, we have not incorporated the
effects of tobacco-control policies on various exposures.
Consequently, if no survey data are collected after
implementation of a tobacco-control policy, the impact of
that policy will not be reflected in the modelled estimates.
Fifth, insufficient evidence is available to estimate risk-
reduction curves for individuals with different smoking
histories, so the rate of risk reduction has been assumed
to be the same for all levels of exposure. Sixth, we
recognise that our exposure definitions are summaries of
an individual's smoking history, and that more nuanced
exposure definitions might perform better for individual-
level risk prediction.

Conclusion

This study provides a comprehensive and comparable
assessment of 84 environmental and occupational,
behavioural, and metabolic risks across locations and
time. By quantifying levels and trends in exposures to
risk factors and the resulting disease burden, this
assessment offers insights into past programme and
policy successes and highlights the current priorities for
public health action. Our findings show that improve-
ments in behavioural, environmental, and occupational
risks, and decreases in risk-deleted DALY rates have
largely outpaced the effects of population growth and
ageing, in terms of absolute burden. Sustained efforts in
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reducing these risks are crucial to maintaining trends
in declining burden from injuries and CMNNDs.
Conversely, the combination of increasing metabolic
risks and population ageing will probably continue to
drive the increasing trends in NCDs at the global level,
which presents both a public health challenge and
opportunity. Working down from the global to national
level reveals considerable heterogeneity in levels of
risk exposure and risk-attributable burden. Although
development underlies some of this heterogeneity, ratios
of observed burden to the burden expected based on SDI
reveal risks for which countries are overperforming or
underperforming relative to their level of socioeconomic
development. As such, these ratios provide a bench-
marking tool to help focus local decision making. Our
findings reinforce the importance of both risk exposure
monitoring and epidemiological research to assess
causal connections between risks and health outcomes,
and they highlight the essential role of GBD in
synthesising data to draw the comprehensive and robust
conclusions that are necessary to inform evidence-based
policy.
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V Srinivasan BA, M L Subart BA, P ] Sur MPH, A Theis BA,

A E Torre BS, H D Tymeson BA, R L Updike BA, Prof S E Vollset DrPH,
Prof T Vos PhD, Prof H A Whiteford PhD, S Yadgir BS,

S RM Zimsen MA, Prof C J L Murray DPhil), Department of Health
Metrics Sciences (] D Stanaway PhD, A Afshin MD, Prof E Gakidou,
Prof S S Lim PhD, R T Burnett PhD, E A Cromwell PhD,

C El Bcheraoui PhD, Prof S I Hay FMedSci, H H Kyu PhD,

J Leung PhD, Prof R Lozano MD, A T Misganaw PhD,

Prof A H Mokdad PhD, Prof M Naghavi MD, R C Reiner PhD,

Prof D L Smith PhD, Prof S E Vollset DrPH, Prof T Vos PhD,

M Zhou PhD, Prof C J L Murray DPhil), Department of Epidemiology
(A Aggarwal PhD), Department of Global Health (F ] Charlson PhD,

W W Godwin MPH, S Kochhar MD, R J D Sorensen MPH,

Prof ] L Walson MD), Department of Otolaryngology-Head and Neck
Surgery (N D Futran MD), Department of Environmental &
Occupational Health Sciences (Prof H Hu MD), Department of
Neurology (R Kalani MD), Division of Plastic Surgery

(B B Massenburg MD), Department of Surgery (S D Morrison MD),
Department of Bioinformatics and Medical Education

(E O Nsoesie PhD), Division of Cardiology, Department of Medicine

(G A Roth MD), Department of Medicine (R Somayaji MD), University
of Washington, Seattle, WA, USA (I Kuzin MPH, Prof E Oren PhD);
School of Pharmacy (] Abdela MSc, M S Shiferaw MSc), Department of
Pediatrics (A R Abrham MSc), Department of Medical Laboratory
Science (Z Ataro MSc, F Weldegebreal MPH, H Mitiku MSc), School of
Public Health (A G Bali MPH, M G Tekle MPH), School of Nursing and
Midwifery (T T Dasa MSc, K T Roba PhD), College of Health and
Medical Sciences (H D Diro BSc), Haramaya University, Harar, Ethiopia
(D Abate MSc, T F Gelano MSc, T Hailegiyorgis MSc, H Mitiku MSc,

T G Tekalign MS); Department of Population and Family Health

(K H Abate PhD, A T Gebremedhin MPH), Department of Epidemiology
(M B Ahmed MPH), Mycobacteriology Research Center (E Duken MSc),
Department of Health Education & Behavioral Sciences

(M A Hussen MPH), Department of Environmental Health Sciences and
Technology (S Mereta PhD), Jimma University, Jimma, Ethiopia;
Department of Law Philosophy and Economic Studies, La Sapienza
University, Rome, Italy (C Abbafati PhD); Non-communicable Diseases
Research Center (N Abbasi MD, S N Irvani MD,

S Saeedi Moghaddam MSc, M Shams-Beyranvand MSc,

H Ebrahimi MD, B Mohajer MD, F Mohebi MD, F Pishgar MD),
Department of Health (H Abbastabar PhD), Endocrinology and
Metabolism Research Center (M Afarideh MD, Prof A Esteghamati MD,
M Ganji MD), Department of Health Management and Economics

(M Anjomshoa PhD, S Mousavi PhD), Liver and Pancreaticobilliary
Disease Research Center (H Ebrahimi MD), Multiple Sclerosis Research
Center, Neuroscience Institute (S Eskandarieh PhD, B Mohajer MD,
Prof M Sahraian MD), School of Medicine (N Hafezi-Nejad MD),
Department of Pharmacology (A Haj-Mirzaian MD), Department of
Epidemiology and Biostatistics (Prof S Hosseini PhD,

M Mansournia PhD, M Yaseri PhD), Hematologic Malignancies
Research Center (A Kasaeian PhD), Knowledge Utilization Research
Center (Prof R Majdzadeh PhD), Digestive Diseases Research Institute
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G Roshandel PhD, H Salimzadeh PhD, S G Sepanlou MD), Iran
National Institute of Health Research (F Mohebi MD, H S Sajadi PhD),
Cancer Research Center (A Nahvijou PhD, Prof R Shirkoohi PhD),
Uro-oncology Research Center (M Nowroozi MD, F Pishgar MD),
Iranian National Center for Addiction Studies (INCAS)
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Prof P Salamati MD, M Sharif-Alhoseini PhD), Center of Expertise in
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Cairo, Egypt; Department of Epidemiology, Arak University of Medical
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Medicine (T O Olagunju MD), McMaster University, Hamilton, ON,
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of Medicine, Houston, TX, USA (Prof A Agrawal PhD); Non
Communicable Diseases (M R Mathur PhD), Indian Institute of Public
Health (Prof S Zodpey PhD), Public Health Foundation of India,
Gurugram, India (S Agrawal PhD, A Awasthi PhD, Prof L Dandona MD,
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Research Center (S Rezaei PhD, M Soofi PhD), Department of Food
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Prof M Pirsaheb PhD, Y Safari PhD, K Sharafi PhD); Environmental
Technologies Research Center (M Ahmadi PhD), Department of Public
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Research Center (F Rahim PhD), Department of Neurosurgery
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University of Medical Sciences, Qazvin, Iran (M Alijanzadeh PhD);
Gastrointestinal Cancer Research Center (R Alizadeh-Navaei PhD),
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Management and Health Policies, University of the Coast, Barranquilla,
Colombia (Prof N Alvis-Guzman PhD); Sansom Institute

(A Amare PhD), Wardliparingga Aboriginal Research Unit

(P S Azzopardi PhD), South Australian Health and Medical Research
Institute, Adelaide, SA, Australia; Bahir Dar University, Bahir Dar,
Ethiopia (A Amare PhD); Department of the Health Industrial Complex
and Innovation in Health (Prof D A Silveira MSc), Federal Ministry of
Health, Beirut, Lebanon (Prof W Ammar PhD); Faculty of Health
Sciences (Prof W Ammar PhD), Center for Research on Population and
Health (Prof C M Obermeyer DSc), Department of Epidemiology and
Population Health (Prof A M Sibai PhD), American University of Beirut,
Beirut, Lebanon; Faculty of Medicine (N H Anber PhD), Mansoura
University, Mansoura, Egypt (N H Anber PhD); Emergency Hospital of
Bucharest (Prof M Beuran PhD, I Negoi PhD), Department of General
Surgery (D V Davitoiu PhD, M Hostiuc PhD), Department of Legal
Medicine and Bioethics (S Hostiuc PhD), Anatomy and Embryology
Department (R I Negoi PhD), Carol Davila University of Medicine and
Pharmacy, Bucharest, Romania (C Andrei PhD); Department of
Medicine, University of Thessaly, Volos, Greece (S Androudi PhD);
Department of Public Health (Y C D Geramo MSc), Arba Minch
University, Arba Minch, Ethiopia (M D Animut MPH); Social
Determinants of Health Research Center, Rafsanjan University of
Medical Sciences, Rafsanjan, Iran (M Anjomshoa PhD); Department of
Public Health (M G Ansha MPH, T Kolola MPH, K B Mruts MPH),
Department of Midwifery (M T Dinberu MA), Debre Berhan University,
Debre Berhan, Ethiopia; Tuberculosis Department

(A L Garcia-Basteiro MSc), Barcelona Institute for Global Health,
Barcelona, Spain (Prof ] M Ant6 MD, Prof ] V Lazarus PhD);

Department of Experimental and Health Sciences, Pompeu Fabra
University, Barcelona, Spain (Prof ] M Ant6 MD); Department of Health
Policy and Administration (C T Antonio MD), Development and
Communication Studies (E K Macarayan PhD), University of the
Philippines Manila, Manila, Philippines; Department of Applied Social
Sciences (C T Antonio MD), School of Nursing (P H Lee PhD), Hong
Kong Polytechnic University, Hong Kong, China; Independent
Consultant, Kabul, Afghanistan (P Anwari MSc); Department of Internal
Medicine, Komfo Anokye Teaching Hospital, Adum, Ghana

(L'T Appiah FWACP); School of Medical Sciences (L T Appiah FWACP),
Department of Sociology and Social Work (S Appiah MPhil), Kwame
Nkrumah University of Science and Technology, Kumasi, Ghana; Center
for International Health, Ludwig Maximilians University, Munich,
Germany (S Appiah MPhil, D Paudel PhD); Health Management and
Economics Research Center (J Arabloo PhD, M Behzadifar PhD),
Department of Ophthalmology (K Ghasemi Falavarjani MD), Air
Pollution Research Center (B Heibati PhD), Preventive Medicine and
Public Health Research Center (M Moradi-Lakeh MD,

Prof M Nojomi MD, K Vosoughi MD, A Tehrani-Banihashemi PhD),
Department of Neuroscience (M Safdarian MD), Department of Health
Policy (H Shabaninejad PhD), Department of Community Medicine
(Prof A Tehrani-Banihashemi PhD), Physiology Research Center

(M Yousefifard PhD), Iran University of Medical Sciences, Tehran, Iran
(T Beyranvand PhD, F Momeniha MSc); School of Health Sciences,
Birmingham City University, Birmingham, UK (O Aremu PhD);
Department of Neurobiology (Prof | Arnlév PhD), Department of
Medical Epidemiology and Biostatistics (J ] Carrero PhD,

Prof E Weiderpass PhD), Department of Public Health Sciences

(Z El-Khatib PhD), Department of Neurobiology, Care Sciences and
Society (S Fereshtehnejad PhD), Karolinska Institutet, Stockholm,
Sweden; School of Health and Social Studies, Dalarna University, Falun,
Sweden (Prof | Arnlév PhD); Department of Community Health
Sciences, University of Manitoba, Winnipeg, MB, Canada

(A Artaman PhD); Monitoring Evaluation and Operational Research
Project, Abt Associates Nepal, Lalitpur, Nepal (K K Aryal PhD); Qom
University of Medical Sciences, Qom, Iran (H Asayesh MSc); School of
Business (Prof M Ausloos PhD), Department of Health Sciences

(Prof T Brugha MD), University of Leicester, Leicester, UK; Contrdle Des
Maladies Infectieuses, Laboratory of Studies and Research-Action in
Health, Porto Novo, Benin (E F A Avokpaho MD); Indian Institute of
Public Health, Gandhinagar, India (A Awasthi PhD); The Judith Lumley
Centre (B Ayala Quintanilla PhD), School of Nursing and Midwifery
(Prof D Edvardsson PhD), Austin Clinical School of Nursing

(M Rahman PhD), Department of Psychology and Counselling

(Prof T Wijeratne MD), La Trobe University, Melbourne, VIC, Australia;
General Office for Research and Technological Transfer, Peruvian
National Institute of Health, Lima, Peru (B Ayala Quintanilla PhD);
Department of Community and Global Health (R Ayer MHSc),
Department of Mental Health (Prof N Kawakami PhD), Department of
Global Health Policy (S Nomura MSc, Prof K Shibuya MD), Department
of Diabetes and Metabolic Diseases (T Yamada MD), University of
Tokyo, Tokyo, Japan; Centre for Food and Nutrition Research, Institute of
Medical Research and Medicinal Plant Studies, Yaounde, Cameroon

(T B Ayuk PhD); Department of Health Studies, University of South
Africa, Pretoria, South Africa (T B Ayuk PhD); Global Adolescent Health
Group, Burnet Institute, Melbourne, VIC, Australia

(P S Azzopardi PhD); Center for Infectious Diseases Research, Babol,
Iran (A Babazadeh MD, S Ebrahimpour PhD); Public Health Risk
Sciences Division (A Badawi PhD), Health Promotion and Chronic
Disease Prevention Branch (] ] Lang PhD), Applied Research Division
(H M Orpana PhD), Public Health Agency of Canada, Toronto, ON,
Canada; Department of Environmental Health Engineering,

Sri Ramachandra Medical College and Research Institute, Chennai,
India (Prof K Balakrishnan PhD); Institute for Physical Activity and
Nutrition (Prof K Ball PhD, S Islam PhD), School of Medicine

(M Rahman PhD), Department of Psychology (M A Stokes PhD), Deakin
University, Burwood, VIC, Australia; Department of Epidemiology

(S H Ballew PhD, Y Sang MS), Bloomberg School of Public Health

(] Coresh PhD), School of Medicine (M E Grams PhD), Division of
Cardiovascular and Clinical Epidemiology (M E Grams PhD),
Department of Radiology (N Hafezi-Nejad MD, A Haj-Mirzaian MD,
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Prof K Matsushita MD), Department of Health Policy and Management
(AT Khoja MD), Department of Gastrointestinal and Hepatology

(K Vosoughi MD), Johns Hopkins University, Baltimore, MD, USA;
Department of Hypertension, Medical University of Lodz, Lodz, Poland
(Prof M Banach PhD); Polish Mothers’ Memorial Hospital Research
Institute, Lodz, Poland (Prof M Banach PhD); Faculty of Medicine,
Alexandria University, Alexandria, Egypt (] A M Banoub MD); Clinic for
Infectious and Tropical Diseases, Clinical Center of Serbia, Belgrade,
Serbia (A Barac PhD, G Stevanovic PhD); Faculty of Medicine

(A Barac PhD, E Dubljanin PhD, G Stevanovic PhD), Centre School of
Public Health and Health Management

(Prof M M Santric Milicevic PhD), Faculty of Medicine Institute of
Epidemiology (I S Vujcic PhD), University of Belgrade, Belgrade, Serbia;
School of Psychology (Prof S L Barker-Collo PhD), Molecular Medicine
and Pathology (K B Tran MD), University of Auckland, Auckland,

New Zealand; Institute of Public Health (Prof T W Birnighausen MD,
Prof ] De Neve MD, B Moazen MSc, S Mohammed PhD), Department
of Ophthalmology (Prof ] B Jonas MD), Medical Clinic V

(Prof W Mirz MD), Augenpraxis Jonas (S Panda-Jonas MD), Heidelberg
University, Heidelberg, Germany; Department of Global Health and
Population (Prof T W Birnighausen MD, A B Feigl PhD,

Prof O F Norheim PhD), Department of Nutrition (L E Cahill PhD,

E L Ding DSc, M S Farvid PhD), Ariadne Labs (E K Macarayan PhD),
Department of Genetics (A Pereira PhD), Division of General Internal
Medicine and Primary Care (Prof A Sheikh MSc), Heart and Vascular
Center (M Vaduganathan MD), Department of Epidemiology

(V Venkateswaran BDS), Harvard University, Boston, MA, USA

(M G Shrime MD); Department of Industrial Engineering, Pontifical
Javeriana University, Bogota, Colombia (Prof L H Barrero DSc);
Department of Medicine (S Basu PhD), Center for Health Policy

& Center for Primary Care and Outcomes Research

(Prof ] A Salomon PhD), Stanford University, Palo Alto, CA, USA;
Melbourne Medical School, Melbourne, VIC, Australia

(Prof B T Baune PhD); Department of Psychiatry, Charles R Drew
University of Medicine and Science, Los Angeles, CA, USA

(Prof S Bazargan-Hejazi BEP); Department of Psychiatry and
Biobehavioral Sciences, University of California Los Angeles,

Los Angeles, CA, USA (Prof S Bazargan-Hejazi BEP); Department of
Community Medicine, Gandhi Medical College Bhopal, Bhopal, India
(Prof N Bedi MD); Department of Neuroscience (E Beghi MD,

G Giussani PhD), Department of Renal Medicine (B Bikbov MD,

N Perico MD), Department of Oncology (M Cortinovis PhD),
Department of Environmental Health Science (S Gallus DSc),

Mario Negri Institute for Pharmacological Research, Milan, Italy

(Prof G Remuzzi MD); Social Determinants of Health Research Center
(M Behzadifar PhD), Lorestan University of Medical Sciences,
Khorramabad, Iran (M Behzadifar MS); Department of Neurology,
University Hospital of Dijon, Dijon, France (Prof Y Béjot PhD); Dijon
Stroke Registry — Ufr Sciences Santé, University of Burgundy, Dijon,
France (Prof Y Béjot PhD); Public Health Department (B Bekele MPH,
H Y Hassen MPH), Pharmacy Department (A T Kefale MSc), Mizan-
Tepi University, Teppi, Ethiopia (Prof A Henok MPH); Department of
Public Health (Y A Belay MPH, C T Leshargie MPH), Department of
Nursing (G A Dessie MSc, D H Kassa MSc, F S Wagnew MSc), College
of Health Sciences (G M Kassa MSc), Debre Markos University, Debre
Markos, Ethiopia (H Temesgen MPH); School of Forestry and
Environmental Studies (Prof M L Bell PhD), Department of
Ophthalmology and Visual Science (Prof ] ] Huang MD), Yale
University, New Haven, CT, USA; Department of Medicine, University
of Alberta, Edmonton, AB, Canada (A K Bello PhD); Nuffield
Department of Population Health (D A Bennett PhD,

Prof S C Darby PhD), Nuffield Department of Medicine

(Prof P W Gething PhD), Centre for Tropical Medicine and Global
Health, Nuffield Department of Medicine (S Lewycka PhD), The Big
Data Institute (T C D Lucas PhD), Department of Psychiatry

(Prof C R ] Newton MD), University of Oxford, Oxford, UK

(Prof V Jha MD); Department of Internal Medicine (I M Bensenor PhD,
Prof I S Santos PhD), Division of Ophthalmology (] M Furtado MD),
University Hospital, Internal Medicine Department (A C Goulart PhD),
Department of Medicine (Prof P A Lotufo DrPH), Laboratory of Genetics
and Molecular Cardiology (A Pereira PhD), Department of Pathology and
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Legal Medicine (M R Tovani-Palone MSc), Department of Psychiatry
(Y Wang PhD), Center for Clinical and Epidemiological Research

(A C Goulart PhD), University of Sdo Paulo, Sao Paulo, Brazil; Sackler
Institute for Nutrition Science, New York Academy of Sciences,

New York, NY, USA (G Bergeron PhD); School of Public Health

(A Berhane PhD, K Deribe PhD), Department of Pharmacy

(O S Muhammed MSc), School of Allied Health Sciences

(E Yisma MPH), Addis Ababa University, Addis Ababa, Ethiopia

(G T Demoz MSc); Dental Institute (E Bernabe PhD), Faculty of Life
Sciences and Medicine (Prof P I Dargan MB, M Molokhia PhD),
Division of Patient and Population (Prof W Marcenes PhD), School of
Population Health & Environmental Sciences (Prof C D A Wolfe MD),
King’s College London, London, UK; Hubert Department of Global
Health, Emory University, Atlanta, GA, USA (R S Bernstein MD);
Department of Global Health, University of South Florida, Tampa, FL,
USA (R S Bernstein MD); Institutes of Applied Health Research and
Translational Medicine, Queen Elizabeth Hospital Birmingham,
Birmingham, UK (N Bhala DPhil); IAHR/ITM, University of
Birmingham, Birmingham, UK (N Bhala DPhil); Department of Internal
Medicine (Prof A Bhalla MD, D P Lad DM), Department of Pediatrics
(S D Lad MD), Post Graduate Institute of Medical Education and
Research, Chandigarh, India; Department of Infectious Disease
Epidemiology (O J Brady PhD), Department of Health Services Research
and Policy (Prof M McKee DSc), Department of Medical Statistics
(Prof N Pearce PhD), Department of Non-communicable Disease
Epidemiology (Prof D Prabhakaran DM), London School of Hygiene &
Tropical Medicine, London, UK (S Bhattarai MD); Nepal Academy of
Science & Technology, Patan, Nepal (S Bhattarai MD); Center for
Excellence in Women and Child Health (Prof Z A Bhutta PhD), Human
Development Programme (B Fatima DrPH), Aga Khan University,
Karachi, Pakistan; Social Determinants of Health Research Center

(A Bijani PhD), Health Research Institute (R Ghadimi PhD,

M Ghasemi-Kasman PhD), Department of Immunology

(M Mohammadnia-Afrouzi PhD), Department of Clinical Biochemistry
(N Neamati MSc, H Parsian PhD), Cellular and Molecular Biology
Research Center (H Nouri PhD), Infectious Diseases and Tropical
Medicine Research Center (A Rostami PhD), Immunoregulation
Research Center (Prof S Seyedmousavi PhD), Department of
Microbiology and Immunology (M Shahbazi PhD), Student Research
Committee (M Zamani MD), Babol University of Medical Sciences,
Babol, Iran (M Faramarzi PhD, S Mouodi MD); Department of
Epidemiology and Biostatistics (V Bilano PhD, L Rushton PhD),
Department of Primary Care and Public Health (Prof A Majeed MD,
Prof S Rawaf PhD), WHO Collaborating Centre for Public Health
Education and Training (D L Rawaf MD, H Shoman MPH), Imperial
College London, London, UK; Woldia University, Woldia, Ethiopia

(N Bililign BHIthSci); Department of Clinical Pharmacy and
Pharmacology, University of Dhaka, Ramna, Bangladesh

(M Bin Sayeed MSPS); Global Health Division, Research Triangle
Institute International, Research Triangle Park, NC, USA

(D Bisanzio PhD); School of Medicine, University of Nottingham,
Nottingham, UK (D Bisanzio PhD, F Shokraneh MSc); Department of
Health Sciences (I Filip MD), A T Still University, Brisbane, QLD,
Australia (T Biswas MPH, A Radfar MD); Department of Global Public
Health and Primary Care (Prof T Bjerge PhD, Prof O F Norheim PhD),
Department of Psychosocial Science (A S Knudsen PhD,

Prof S @verland PhD), University of Bergen, Bergen, Norway;
Department of Research (Prof E Weiderpass PhD), Cancer Registry of
Norway, Oslo, Norway (Prof T Bjgrge PhD); Radiation Medicine, Oregon
Health and Science University, Portland, OR, USA (A Bleyer MD);
Department of Pediatrics (A Bleyer MD), Department of Epidemiology,
Human Genetics and Environmental Sciences (K Zhang PhD),
University of Texas, Houston, TX, USA; Centre for Adolescent Health
(R Borschmann PhD), Population Health Group (Prof G C Patton MD),
Murdoch Childrens Research Institute, Melbourne, VIC, Australia

(Y Kinfu PhD, R G Weintraub MB); School of Population and Global
Health (R Borschmann PhD), School of Health Sciences

(A Meretoja MD, Prof C E I Szoeke PhD), Department of Paediatrics
(Prof G C Patton MD), Department of Medicine (Prof T Wijeratne MD),
University of Melbourne, Melbourne, VIC, Australia

(Prof A D Lopez PhD); Department of Vital and Health Statistics

1985
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1986

(H L Harb MPH), Department of Disease, Epidemics, and Pandemics
Control (] Nansseu MD), Ministry of Public Health, Beirut, Lebanon

(I R Bou-Orm MD); Transport and Road Safety Research

(S Boufous PhD), National Drug and Alcohol Research Centre

(Prof L Degenhardt PhD), School of Public Health and Community
Medicine (] Jonnagaddala PhD), School of Medicine (P K Maulik PhD,
Prof B Neal PhD), School of Psychiatry (Prof P S Sachdev MD),
University of New South Wales, Sydney, NSW, Australia; Vision & Eye
Research Unit, Anglia Ruskin University, Cambridge, UK

(Prof R Bourne MD); School of Population and Public Health

(Prof M Brauer DSc, Z A Butt PhD, Prof N Sarrafzadegan MD), Division
of Occupational and Environmental Health (M S Shupler MPH),
University of British Columbia, Vancouver, BC, Canada (J A Kopec PhD);
Institute of Epidemiology, Comenius University, Bratislava, Slovakia

(A Brazinova MD); Department of Psychology

(Prof N J K Breitborde PhD), College of Public Health

(M Yotebieng PhD), Psychiatry and Behavioral Health Department
(Prof N J K Breitborde PhD), The Ohio State University, Columbus, OH,
USA; Division of Clinical Epidemiology and Aging Research, German
Cancer Research Center, Heidelberg, Germany (Prof H Brenner MD,

B Schéttker PhD); Committee for Comprehensive Assessment of
Medical Devices and Information Technology, Health Technology
Assessment Association, Moscow, Russia (A N Briko MSc);
Neuroscience Department, Institute for Scientific Research and High
Technology Services, City Of Knowledge, Panama (G Britton PhD);
Department of Research and Health Technology Assessment

(F Castro MD), Gorgas Memorial Institute for Health Studies, Panama,
Panama (G Britton PhD); Monash Department of Clinical Epidemiology,
Cabrini Institute, Melbourne, VIC, Australia (Prof R Buchbinder PhD);
Population Studies Division, Health Canada, Ottawa, ON, Canada

(R T Burnett PhD); Al Shifa School of Public Health, Al Shifa Trust Eye
Hospital, Rawalpindi, Pakistan (Z A Butt PhD); Center for Health
Systems Research (L Cahuana-Hurtado PhD, H Gémez-Dantés MSc,
Prof I Heredia-Pi DipSocSc, Prof E Servan-Mori DSc), Center for
Evaluation and Surveys Research (V De la Cruz-Géngora PhD), Center
for Nutrition and Health Research (E Denova-Gutiérrez DSc,

S Rodriguez-Ramirez DSc), Department of Tobacco Research

(D S Gutiérrez-Torres DSc, W C Paz Ballesteros MSc,

L M Reynales-Shigematsu PhD, L Zavala-Arciniega MSc), Director
General (Prof ] A Rivera PhD), National Institute of Public Health,
Cuernavaca, Mexico (I R Campos-Nonato PhD,

T G Sanchez-Pimienta MSc); Department of Population and Health,
Metropolitan Autonomous University, Mexico City, Mexico

(Prof R Cardenas DSc); Institute for Cancer Research, Prevention and
Clinical Network, Florence, Italy (G Carreras PhD); Institute of Public
Health (Prof F Carvalho PhD), Institute of Biomedical Engineering

(J Das Neves PhD), REQUIMTE/LAQV (Prof E Fernandes PhD,

Prof D M Pereira PhD), Department of Community Medicine

(J V Santos MD), UCIBIO (] P Silva PhD), Applied Molecular
Biosciences Unit (Prof F Carvalho PhD), Institute for Research and
Innovation in Health (I3S) (] Das Neves PhD), University of Porto, Porto,
Portugal; Colombian National Health Observatory

(C A Castafieda-Orjuela MD), National Institute on Deafness and Other
Communication Disorders (H ] Hoffman MA), National Centre for
Disease Prevention and Health Promotion (A Spinelli MSc), National
Institute of Health, Bogota, Colombia; Epidemiology and Public Health
Evaluation Group (C A Castafieda-Orjuela MD), Department of Public
Health (Prof F P De La Hoz PhD), National University of Colombia,
Bogota, Colombia; Area de Estadistica, Direccién Actuarial, Costa Rican
Department of Social Security, San Jose, Costa Rica

(Prof ] Castillo Rivas MSc); School of Dentistry, University of Costa Rica,
San Pedro, Costa Rica (Prof ] Castillo Rivas MSc); Department of Health
Planning and Economics, Institute of Health Carlos III, Madrid, Spain
(F Catala-Lopez PhD); Mary Mackillop Institute for Health Research
(Prof E Cerin PhD), Institute for Positive Psychology and Education

(T Sanders PhD), The Brain Institute (Prof C E I Szoeke PhD),
Australian Catholic University, Melbourne, VIC, Australia; School of
Public Health (Prof E Cerin PhD), Centre for Suicide Research and
Prevention (Prof P Yip PhD), University of Hong Kong, Hong Kong,
China (Prof P Yip PhD); College of Medicine, Alfaisal University,
Riyadh, Saudi Arabia (Y Chaiah, Prof Z A Memish MD,

M Temsah MRCPCH, O Temsah); Institute of Population Health
Sciences, National Health Research Institutes, Zhunan Township,
Taiwan (Prof H Chang DrPH); College of Medicine, National Taiwan
University, Taipei, Taiwan (] Chang PhD); Chemical Sciences Division,
NOAA Earth System Research Laboratory, Boulder, CO, USA

(K-L Chang PhD); Department of Development Studies

(A Chattopadhyay PhD), Department of Population Studies

(A Patle MPH), Department of Public Health & Mortality Studies

(M H Rahman MPhil, Prof U Ram PhD), International Institute for
Population Sciences, Mumbai, India (S Goli PhD); Faculty of Medical
Sciences (V Chattu MD), Department of Community Health and
Psychiatry (Prof M D Jackson PhD), University of the West Indies,

St Augustine, Trinidad and Tobago; Independent Consultant, Athens,
Greece (V Chattu MD); Department of Statistics (M Chee BSc), Ocular
Epidemiology Research Group (Prof C Cheng MD,

C Sabanayagam PhD), Singapore Eye Research Institute, Singapore,
Singapore; Ophthalmology & Visual Sciences Academic Clinical
Program, Duke-NUS Medical School, Singapore, Singapore

(Prof C Cheng MD); Clinical Governance, Gold Coast Health, Gold
Coast, QLD, Australia (P P Chiang PhD); Institute of Industrial
Ecological Science, University of Occupational and Environmental
Health, Kitakyushu, Japan (O Chimed-Ochir PhD); Department of
Paediatric Cardiology (Prof H Hu MD), Epidemiology & Disease Control
(S Ma PhD), Research Department, Prince Mohammed Bin Abdulaziz
Hospital (Prof Z A Memish MD), NCD Prevention & Control Unit

(S Ong MBBS), Health and Disability Intelligence Group (I Salz MD),
Policy and Planning Division (] Sharma MPH), Ministry of Health,
Baghdad, Iraq (A Chitheer MD, B Er MSc); Biochemistry, Biomedical
Science, Seoul National University Hospital, Seoul, South Korea

(J J Choi PhD); Department of Public Health and Primary Care,
University of Cambridge, Cambridge, UK (R Chowdhury PhD); Institute
of Clinical Medicine and Bispebjerg Hospital

(Prof H Christensen DMSci), Department of Neurology

(T C Truelsen PhD), University of Copenhagen, Copenhagen, Denmark;
Department of Pulmonary Medicine (Prof D ] Christopher MD),
Department of Endocrinology (Prof N Thomas PhD), Christian Medical
College and Hospital (CMC), Vellore, India (Prof S Varughese MD);
Agency for Health Technology Assessment and Tariff System,

(Prof D J Christopher MD, R Topor-Madry PhD); Department of Health
Informatics (S Chung PhD), Department of Epidemiology and Public
Health (Prof M Kivimiki PhD, M R Mathur PhD, T Tillmann MSc),
Department of Psychology (M Kumar PhD), University College London,
London, UK; Health Data Research UK, London, UK (S Chung PhD);
Scuola Medica Salernitana, University of Salerno, Baronissi, Italy

(M Cirillo MD); Health Effects Institute, Boston, MA, USA

(A ] Cohen DSc); Faculty of Education (D Collado-Mateo MSc), Institute
of Physical Activity and Health (Prof P R Olivares PhD), Autonomous
University of Chile, Talca, Chile; NTHR Oxford Biomedical Research
Centre (Prof C Cooper M Ed), University of Southampton,
Southampton, UK (Prof C Cooper M Ed); Cooperative Institute for
Research in Environmental Sciences, University of Colorado, Boulder,
CO, USA (O R Cooper PhD); School of Medicine and Surgery, University
of Milan Bicocca, Monza, Italy (P A Cortesi PhD, A Lafranconi MD,

F Madotto PhD, Prof L G Mantovani DSc); T Denny Sanford School of
Social and Family Dynamics, Arizona State University, Tempe, AZ, USA
(M Costa PhD); Division of Reproductive Health, Centers for Disease
Control and Prevention (CDC), Atlanta, GA, USA (M Costa PhD);
Postgraduate Program in Epidemiology (E Cousin MS, B B Duncan MD,
Prof M I Schmidt PhD), Department of Internal Medicine — Neurology
(Prof S C O Martins PhD), Federal University of Rio Grande do Sul,
Porto Alegre, Brazil; Department of Family Medicine and Public Health
(Prof M H Criqui MD), Department of Internal Medicine

(S K Jassal MD), Department of Psychiatry (M B Stein MD), University
of California San Diego, La Jolla, CA, USA; Internal Medicine
Department, University of Southern California, Los Angeles, CA, USA
(D K Cundiff MD); College of Medicine and Health Sciences

(A K Daba MSc), Department of Reproductive Health

(D T Hibstu MPH), Hawassa University, Hawassa, Ethiopia; Discipline
of Public Health, Flinders University, Adelaide, SA, Australia

(A F Dadi MPH); Faculty of Medicine, Eduardo Mondlane University,
Maputo, Mozambique (Prof A A M Damasceno PhD); Clinical
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Toxicology Service (Prof P I Dargan MB), Biomedical Research Council
(Prof C D A Wolfe MD), Guy’s and St Thomas’ NHS Foundation Trust,
London, UK; James P Grant School of Public Health

(R Das Gupta MPH), Research and Evaluation Division

(M Rahman PhD), BRAC University, Dhaka, Bangladesh; Central
University of Tamil Nadu, Thiruvarur, India (Prof A P Dash DSc);
Department of Surgery, Clinical Emergency Hospital Sf Pantelimon,
Bucharest, Romania (D V Davitoiu PhD); Kazakh National Medical
University, Almaty, Kazakhstan (K Davletov PhD); Australian Institute
for Suicide Research and Prevention (Prof D de Leo DSc), Menzies
Health Institute Queensland (S K Tadakamadla PhD), Griffith
University, Mount Gravatt, QLD, Australia; School of Medicine,
University of Colorado Denver, Aurora, CO, USA

(Prof R P Dellavalle MD); Dermatology Service, US Department of
Veterans Affairs (VA), Denver, CO, USA (Prof R P Dellavalle MD);
Department of Clinical Pharmacy (G T Demoz MSc), Department of
Medical Laboratory Sciences (M Teweldemedhin MSc), Aksum
University, Aksum, Ethiopia; Department of Global Health and
Infection, Brighton and Sussex Medical School, Brighton, UK

(K Deribe PhD); National Health Service Scotland, Edinburgh, UK

(N Dervenis MD); Aristotle University of Thessaloniki, Thessaloniki,
Greece (N Dervenis MD); Department of Psychiatry, Icahn School of
Medicine at Mount Sinai, New York, NY, USA

(Prof D C Des Jarlais PhD); Disha Foundation, Gurgaon, India

(S Dey PhD); Department of Community Medicine, University of
Peradeniya, Peradeniya, Sri Lanka (S D Dharmaratne MD); Health
Research Section (M Dhimal PhD), Journal of Nepal Health Research
Council (D S Gutiérrez-Torres DSc), Nepal Health Research Council,
Kathmandu, Nepal; Deputy of Research and Technology

(S Djalalinia PhD), Ministry of Health and Medical Education, Tehran,
Iran (Z Kazemi MSc, A Khosravi PhD); Institute for Global Health
Innovations, Duy Tan University, Hanoi, Vietnam (H P Do PhD,

H T Mai MPH, H L T Nguyen MPH, H Q Pham MD,

N T Truong BHIthSci); Department of Social Medicine and Health Care
Organisation, Medical University of Varna, Varna, Bulgaria

(K Dokova PhD); Department of Population and Health, University of
Cape Coast, Cape Coast, Ghana (D T Doku PhD); Faculty of Social
Sciences (D T Doku PhD), Faculty of Health Sciences (S Neupane PhD),
University of Tampere, Tampere, Finland; School of Health and
Biomedical Sciences, Royal Melbourne Institute of Technology
University, Bundoora, VIC, Australia (Prof K E Doyle PhD,

A L Zhang PhD); Sydney School of Public Health

(Prof T R Driscoll PhD), Institute of Bone and Joint Research

(M L Ferreira PhD), Sydney Medical School (S Islam PhD), Asbestos
Diseases Research Institute (] Leigh MD), University of Sydney, Sydney,
NSW, Australia (D G Hoy PhD, Prof K Takahashi PhD); United Nations
World Food Programme, New Delhi, India (M Dubey PhD); School of
Medicine, Federal University of Bahia, Salvador, Brazil

(Prof A R Duraes PhD); Medical Directory, Roberto Santos General
Hospital, Salvador, Brazil (Prof A R Duraes PhD); Department of
Nursing, Umed University, Umed, Sweden (Prof D Edvardsson PhD);
Clinical Epidemiology and Biostatistics, University of Newcastle,
Newcastle, NSW, Australia (A Effiong MB); Department of Community
Medicine, University of Tromsg, Tromsg, Norway (Prof A E Eggen PhD);
Eijkman-Oxford Clinical Research Unit, Eijkman Institute for Molecular
Biology, Jakarta, Indonesia (I R Elyazar PhD); Public Health Department,
Saint Paul’s Hospital Millennium Medical College, Addis Ababa,
Ethiopia (A Y Endries MPH); Policy and Epidemiology Group

(D F Santomauro PhD), Child and Youth Mental Health (] G Scott PhD),
Queensland Centre for Mental Health Research, Brisbane, QLD,
Australia (H E Erskine PhD, A | Ferrari PhD, H ] Thomas PhD);
Department of Medical Parasitology and Mycology, Urmia University of
Medical Science, Urmia, Iran (H Fakhim PhD); College of Medicine

(M Fareed PhD), Department of Public Health (A T Khoja MD), Imam
Muhammad Ibn Saud Islamic University, Riyadh, Saudi Arabia; Division
of Cardiovascular Medicine, University of Louisville, Louisville, KY, USA
(T A Farid MD); National Statistical Office, Lisbon, Portugal

(C S E Farinha MSc); Department of Medical and Surgical Sciences,
University of Bologna, Bologna, Italy (A Farioli PhD,

Prof F S Violante MPH); Department of Psychology, Federal University
of Sergipe, Sao Cristovao, Brazil (Prof A Faro PhD); Social Determinants
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of Health Research Center (A Fazaeli PhD), Department of Epidemiology
(M Karami PhD), Department of Environmental Health Engineering

(M Khazaei PhD, M Leili PhD), Hamadan University of Medical
Sciences, Hamadan, Iran; National Institute for Stroke and Applied
Neurosciences, Auckland University of Technology, Auckland,

New Zealand (Prof V L Feigin PhD); Health Division, Organisation for
Economic Co-operation and Development, Paris, France (A B Feigl PhD);
Center for Biotechnology and Fine Chemistry, Catholic University of
Portugal, Porto, Portugal (] C Fernandes PhD); Psychiatry Department,
Kaiser Permanente, Fontana, CA, USA (I Filip MD); Department of
Epidemiology and Health Monitoring, Robert Koch Institute, Berlin,
Germany (] D Finger PhD, G B M Mensink PhD); Department of Public
Health Medicine, Bielefeld University, Bielefeld, Germany

(F Fischer PhD); Institute of Gerontology, National Academy of Medical
Sciences of Ukraine, Kyiv, Ukraine (N A Foigt PhD); Gene Expression

& Regulation Program, Cancer Institute, Philadelphia, PA, USA

(T Fukumoto PhD); Department of Dermatology, Kobe University, Kobe,
Japan (T Fukumoto PhD); Epidemiology and Public Health

(T Furst PhD), Malaria Vaccines (C Karema MPH), Swiss Tropical and
Public Health Institute, Basel, Switzerland; University of Basel, Basel,
Switzerland (T Fiirst PhD); Menzies Institute for Medical Research,
University of Tasmania, Hobart, TAS, Australia (S Gall PhD); National
Centre for Disease Control (NCDC), Thilisi, Georgia

(Prof A Gamkrelidze PhD); Manhiga Health Research Center, Manhica,
Mozambique (A L Garcia-Basteiro MSc); School of Public Health,
Curtin University, Perth, WA, Australia (A T Gebremedhin MPH,

D Hendrie PhD, T R Miller PhD); Division of Human Nutrition and
Health, Wageningen University & Research, Wageningen, Netherlands
(Prof ] M Geleijnse PhD); Department of Health Care Policy and
Management, University of Tsukuba, Tsukuba, Japan (M Ghimire MA);
Institute for Global Health Sciences (R Ghosh PhD), Department of
Epidemiology and Biostatistics (K M Mehta DSc), University of
California San Francisco, San Francisco, CA, USA; Department of
Respiratory Medicine, National Allergy, Asthma, and Bronchitis
Institute, Kolkota, India (Prof A G Ghoshal MD); Department of
Respiratory Medicine, Fortis Hospital, Kolkata, India

(Prof A G Ghoshal MD); Department of Cardiovascular, Dysmetabolic,
and Ageing-associated Diseases (S Giampaoli MD), Center for Research
in Evaluation and Surveys (Prof T Shamah Levy DrPH), National Public
Health Institute, Rome, Italy; Department of Public Health, Texas Tech
University, Lubbock, TX, USA (S Giampaoli MD); Unit of Academic
Primary Care (Prof P S Gill DM), Division of Health Sciences

(O A Uthman PhD), University of Warwick, Coventry, UK;

Adelaide Medical School (T K Gill PhD, Y A Melaku MPH), University of
Adelaide, Adelaide, SA, Australia (A T Olagunju MD); Department of
Community and Family Medicine (R F Gillum MD), Division of General
Internal Medicine (R F Gillum MD), Howard University, Washington,
DC, USA; Department of Family and Community Medicine, University
of Hail, Hail, Saudi Arabia (Prof I A Ginawi MD); Research Center of
Neurology, Moscow, Russia (E V Gnedovskaya PhD,

M A Kravchenko PhD, Prof M A Piradov DSc); Center for the Study of
Regional Development, Jawahar Lal Nehru University, New Delhi, India
(S Goli PhD); Nursing and Health Sciences Department, University of
Massachusetts Boston, Boston, MA, USA (P N Gona PhD); Department
of Biostatistics and Epidemiology, University of Oklahoma, Oklahoma
City, OK, USA (S V Gopalani MPH); Department of Health and Social
Affairs, Government of the Federated States of Micronesia, Palikir,
Federated States of Micronesia (S V Gopalani MPH); School of Medicine
(A Grada MD), School of Public Health (D Salvi MPH), Boston
University, Boston, MA, USA; Registro Tumori Integrato, Vittorio
Emanuele University Hospital Polyclinic, Catania, Italy (G Grosso PhD);
Department of Epidemiology (Prof H C Gugnani PhD), Department of
Microbiology (Prof H C Gugnani PhD), Saint James School of Medicine,
The Valley, Anguilla; Commissioner of Public Health, West Virginia
Bureau for Public Health, Charleston, WV, USA (Prof R Gupta MD);
Department of Health Policy, Management & Leadership, West Virginia
University School of Public Health, Morgantown, WV, USA

(Prof R Gupta MD); Academics and Research, Rajasthan University of
Health Sciences, Jaipur, India (Prof R Gupta MD); Department of
Preventive Cardiology, Eternal Heart Care Centre & Research Institute,
Jaipur, India (Prof R Gupta MD); Department of Cardiology
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1988

(T Gupta MD), Department of Epidemiology & Population Health

(C D Rehm PhD), Montefiore Medical Center, Bronx, NY, USA;
Department of Epidemiology and Population Health (H Hosgood PhD),
Albert Einstein College of Medicine, Bronx, NY, USA (T Gupta MD);
Department of Epidemiology and Psychosocial Research, Ramoén de la
Fuente Mufiiz National Institute of Psychiatry, Mexico City, Mexico

(R A Gutiérrez PhD); Department of Public Health, Erasmus University
Medical Center, Rotterdam, Netherlands (] A Haagsma PhD,

S Kochhar MD, S Polinder MA); Department of Epidemiology

(T D Habtewold MSc), Department of Psychiatry (Prof H W Hoek MD),
University Medical Center Groningen, Groningen, Netherlands;
Department of Clinical Neurological Sciences (V Hachinski DSc),
Clinical Neurological Sciences (L A Sposato MD), The University of
Western Ontario, London, ON, Canada; Lawson Health Research
Institute, London, ON, Canada (V Hachinski DSc); Department of
Family and Community Medicine, Arabian Gulf University, Manama,
Bahrain (Prof R R Hamadeh DPhil); School of Health and
Environmental Studies, Hamdan Bin Mohammed Smart University,
Dubai, United Arab Emirates (Prof S Hamidi DrPH); Population Health
Department, University of New Mexico, Albuquerque, NM, USA

(A ] Handal PhD); Neurology Department, Sir Charles Gairdner
Hospital, Perth, WA, Australia (Prof G ] Hankey MD); Sun Yat-sen
Global Health Institute (Prof Y Hao PhD), Department of Medical
Statistics and Epidemiology (Y Liao PhD, Prof Y Hao PhD), Sun Yat-sen
University, China; Cardiology Department (Prof S Harikrishnan MD),
Achutha Menon Centre for Health Science Studies (P Jeemon PhD,

G K Mini PhD, Prof K R Thankappan MD), Sree Chitra Tirunal Institute
for Medical Sciences and Technology, Trivandrum, India; Research and
Development Unit, San Juan de Dios Sanitary Park, Sant Boi de
Llobregat, Spain (Prof ] M Haro MD, A Koyanagi MD, S Tyrovolas PhD);
Department of Medicine (Prof ] M Haro MD), University of Barcelona,
Barcelona, Spain (S Tyrovolas PhD); Health Education and Health
Promotion Department, School of Public Health (L Jahangiry PhD),
Tabriz University of Medical Sciences, Tabriz, Iran

(H Hassankhani PhD); Independent Consultant, Tabriz, Iran

(H Hassankhani PhD); Unit of Epidemiology and Social Medicine,
University Hospital Antwerp, Wilrijk, Belgium (H Y Hassen MPH);
Clinical Sciences Department, Karolinska University Hospital,
Stockholm, Sweden (R Havmoeller PhD); Endocrinology and
Metabolism Research Center, Teikyo University School of Medicine,
Tehran, Iran (B Heidari MD); Department of Environmental Health
Engineering, Hormozgan University of Medical Sciences, Bandar Abbas,
Iran (M Heidari PhD); Department of Statistics and Econometrics,
Bucharest University of Economic Studies, Bucharest, Romania

(Prof C Herteliu PhD, A Mirica PhD, A Pana MD); Department of
Biological Sciences, Ohio University, Zanesville, OH, USA

(Prof T B Higazi PhD); Tigray Health Research Institute, Mekelle,
Ethiopia (E H Hilawe PhD); Department of Epidemiology

(Prof H W Hoek MD), Department of Health and Behavior Studies
(Prof I D Sigfusdottir PhD), Columbia University, New York, NY, USA;
Division of Scientific Programs (H ] Hoffman MA), Center for
Translation Research and Implementation Science (G A Mensah MD),
National Institutes of Health, Bethesda, MD, USA; University of Texas
Austin, Austin, TX, USA (M K Hole MD); School of Health

(E Homaie Rad PhD), Guilan Road Trauma Research Center

(E Homaie Rad PhD), Guilan University of Medical Sciences, Rasht,
Iran; Transdisciplinary Centre for Qualitative Methods, Manipal
University, Manipal, India (P Hoogar PhD); University of Human
Development (M Hosseinzadeh PhD), Department of Computer Science
(M Hosseinzadeh PhD), University of Human Development,
Sulaimaniyah, Iraq; Department of Internal Medicine, Bucharest
Emergency Hospital, Bucharest, Romania (M Hostiuc PhD); Clinical
Legal Medicine, National Institute of Legal Medicine Mina Minovici,
Bucharest, Romania (S Hostiuc PhD); Faculty of Medicine Tunis,
Medicine School of Tunis, Baab Saadoun, Tunisia (Prof M Hsairi MPH);
Department of Epidemiology and Health Statistics, Central South
University, Changsha, China (Prof G Hu PhD); Department of Public
Health (K M Iburg PhD), National Centre for Register-Based Research
(Prof J ] McGrath MD, O Plana-Ripoll PhD), Aarhus University, Aarhus,
Denmark; Section of Population Health Metrics (N Ikeda PhD),
International Center for Nutrition and Information (N Nishi MD),

National Institutes of Biomedical Innovation, Health and Nutrition,
Shinjuku-ku, Japan; University of Liberia (O S Ilesanmi PhD),
Department of Public Health and Community Medicine

(O S Ilesanmi PhD), University of Liberia, Monrovia, Liberia; Global
Health and Development Department (Prof U Igbal PhD), Graduate
Institute of Biomedical Informatics (D N A Ningrum MPH), Taipei
Medical University, Taipei City, Taiwan; Surveillance and Health Services
Research, American Cancer Society, Atlanta, GA, USA (F Islami PhD);
Department of Global and Community Health, George Mason
University, Fairfax, VA, USA (K H Jacobsen PhD); Department of
Parasitic Diseases, National Centre for Disease Control Delhi, Delhi,
India (S K Jain MD); Medical Sciences Department, University of
Kragujevac, Kragujevac, Serbia (Prof M Jakovljevic PhD); Faculty of
Graduate Studies (A U Jayatilleke PhD), Institute of Medicine

(A U Jayatilleke PhD), University of Colombo, Colombo, Sri Lanka;
Department of Community Medicine, Banaras Hindu University,
Varanasi, India (R P Jha MSc); Cardio-Metabolic Group

(Prof B Neal PhD), The George Institute for Global Health, New Delhi,
India (Prof V Jha MD, P K Maulik PhD); Environmental Research
Center (] S Ji DSc), Global Health Research Center (L L Yan PhD), Duke
Kunshan University, Kunshan, China; Beijing Institute of
Ophthalmology, Beijing Tongren Hospital, Beijing, China

(Prof ] B Jonas MD); New South Wales Health, Sydney, NSW, Australia
(J Jonnagaddala PhD); University of Social Welfare and Rehabilitation
Sciences, Tehran, Iran (Z Jorjoran Shushtari MSc, M Noroozi PhD);
Centre for Community Medicine (A Joshi MD, A P Pakhare MD),
Department of Paediatrics (Prof R Lodha MD), Department of
Cardiology (Prof N Naik DM, Prof A Roy MD), Department of Radiation
Oncology (Prof G K Rath MD), Department of Psychiatry

(Prof R Sagar MD), Department of Endocrinology, Metabolism, &
Diabetes (Prof N Tandon PhD), All India Institute of Medical Sciences,
New Delhi, India; Institution of Health and Nutrition Sciences,
Czestochowa University of Technology, Czestochowa, Poland

(J J Jozwiak PhD); Faculty of Medicine and Health Sciences, University
of Opole, Opole, Poland (] J Jozwiak PhD); Institute of Family Medicine
and Public Health, University of Tartu, Tartu, Estonia (M Jiirisson PhD);
School of Public Health, University College Cork, Cork, UK

(Z Kabir PhD); Department of Forensic Medicine and Toxicology, All
India Institute of Medical Sciences, Jodhpur, India (T Kanchan MD);
Department of Respiratory Medicine, King George’s Medical University,
Lucknow, India (Prof S Kant MD); Department of Nephrology, Srirama
Chandra Bhanja Medical College and Hospital, Cuttack, India

(Prof C Kar MD); Department for Epidemiology, Helmholtz Centre for
Infection Research, Braunschweig, Germany (A Karch MD); Quality and
Equity Healthcare, Kigali, Rwanda (C Karema MPH); School of
Interdisciplinary Arts and Sciences, University of Washington Tacoma,
Tacoma, WA, USA (S Karimi PhD); Department of Anesthesiology &
Pain Medicine, Seattle Children’s Hospital, Seattle, WA, USA

(N J Kassebaum MD); MRC/CSO Social and Public Health Sciences
Unit, University of Glasgow, Glasgow, UK (S V Katikireddi PhD); School
of Health Care Administration, Oklahoma State University, Tulsa, OK,
USA (Prof A Kaul MD); Health Care Delivery Sciences, University of
Tulsa, Tulsa, OK, USA (Prof A Kaul MD); ODeL Campus

(Prof P N Keiyoro PhD), University of Nairobi, Nairobi, Kenya

(M Kumar PhD); Department of Linguistics and Germanic, Slavic,
Asian, and African Languages, Michigan State University, East Lansing,
MI, USA (G R Kemp BA); Non-communicable Diseases Research Unit
(Prof A P Kengne PhD), Alcohol, Tobacco, & Other Drug Use Research
Unit (Prof C D H Parry PhD), Cochrane South Africa (A B Wiyeh MD,
Prof C S Wiysonge MD), Medical Research Council South Africa, Cape
Town, South Africa; Department of Medicine (Prof A P Kengne PhD,

G A Mensah MD, | Noubiap MD), Department of Psychiatry and Mental
Health (Prof D ] Stein MD), University of Cape Town, Cape Town, South
Africa; Institute of Cardiology, Assuta Hospital, Tel Aviv Yaffo, Israel
(Prof A Keren MD); Heart Failure and Cardiomyopathies Center,
Hadassah Hebrew University Hospital, Jerusalem, Israel

(Prof A Keren MD); CSIR-Indian Institute of Toxicology Research,
Council of Scientific & Industrial Research, Lucknow, India

(C Kesavachandran PhD); Department of Public Health and Community
Medicine, Jordan University of Science and Technology, Ramtha, Jordan
(Prof Y S Khader PhD); Department of Statistics, Azad University,

www.thelancet.com Vol 392 November 10,2018



Global Health Metrics

Omidiyeh Branch, Iran (B Khafaei PhD); School of Food and
Agricultural Sciences, University of Management and Technology,
Lahore, Pakistan (N Khalid PhD); Department of Medical Microbiology
& Immunology, United Arab Emirates University, Al Ain, United Arab
Emirates (Prof G Khan PhD); Department of Internal Medicine, John H
Stroger, Jr Hospital of Cook County, Chicago, IL, USA (M S Khan MD);
Department of Internal Medicine, Dow University of Health Sciences,
Karachi, Pakistan (M S Khan MD, T J Siddiqi MB, M S Usman MB);
Department of Epidemiology (G Naik MPH, | A Singh MD), Department
of Medicine (P Ranjan PhD, ] A Singh MD), Department of Psychology
(D C Schwebel PhD), University of Alabama at Birmingham,
Birmingham, AL, USA (M Khan MD, A R Sawant MD); Department of
Pediatrics (Prof ] A Towbin MD), University of Tennessee, Knoxville, TN,
USA (M Khan MD); Institute of Health Policy and Management

(Prof Y Khang MD), Department of Health Policy and Management
(Prof Y Khang MD), Seoul National University, Seoul, South Korea;
International Otorhinolaryngology Research Association, Tehran, Iran
(M Khosravi MD); Clinical Epidemiology Unit (A A Kiadaliri PhD),
Department of Clinical Sciences (Prof B Norrving PhD), Lund
University, Lund, Sweden; Kenya Revenue Authority, Nairobi, Kenya

(D N Kiirithio MSc); Research and Data Solutions, Synotech Consultant,
Nairobi, Kenya (D N Kiirithio MSc); Korea Health Industry Development
Institute, Cheongju-si, South Korea (C Kim PhD); Department of Health
Sciences, Northeastern University, Boston, MA, USA

(Prof D Kim DrPH); Department of Preventive Medicine (Y Kim PhD,
Prof S Yoon PhD), Korea University, Seoul, South Korea

(Prof M Shin PhD); School of Medicine, Xiamen University Malaysia,
Sepang, Malaysia (Y Kim PhD); Department of Nutrition, Simmons
College, Boston, MA, USA (R W Kimokoti MD); Faculty of Health,
University of Canberra, Canberra, ACT, Australia (Y Kinfu PhD);
Department of Health Management and Health Economics

(Prof A Kisa PhD), Institute of Health and Society (A S Winkler PhD),
University of Oslo, Oslo, Norway; Department of Global Community
Health and Behavioral Sciences, Tulane University, New Orleans, LA,
USA (Prof A Kisa PhD); Department of Health Economics and Social
Security (K Kissimova-Skarbek PhD), Institute of Public Health

(R Topor-Madry PhD), Jagiellonian University Medical College, Krakow,
Poland; Department of Public Health (Prof M Kivimiki PhD,

T Lallukka PhD), University of Helsinki, Helsinki, Finland

(T ] Meretoja MD); Centre for Disease Burden (A S Knudsen PhD),
Division of Mental and Physical Health (Prof S @verland PhD),
Norwegian Institute of Public Health, Bergen, Norway

(Prof V Skirbekk PhD, G Sulo PhD); Department of Preventive
Cardiology, National Cerebral and Cardiovascular Center, Suita, Japan
(Prof Y Kokubo PhD); Arthritis Research Canada, Richmond, BC,
Canada (] A Kopec PhD); Independent Consultant, Jakarta, Indonesia

(S Kosen MD); Department of Internal and Pulmonary Medicine, Sheri
Kashmir Institute of Medical Sciences, Srinagar, India

(Prof P A Koul MD); Department of Anthropology, Panjab University,
Chandigarh, India (K Krishan PhD); Institute for Risk Assessment
Sciences, Utrecht University, Utrecht, Netherlands

(Prof H Kromhout PhD); Department of Social and Preventive Medicine
(Prof B Kuate Defo PhD), Department of Demography

(Prof B Kuate Defo PhD), University of Montreal, Montreal, QC, Canada;
Department of Public Health, Yuksek Thtisas University, Ankara, Turkey
(B Kucuk Bicer BEP); Department of Public Health, Hacettepe
University, Ankara, Turkey (B Kucuk Bicer BEP); Department of Food
Technology, Safety and Health, Ghent University, Ghent, Belgium

(C Lachat PhD); Population and Work Ability Program (T Lallukka PhD),
Finnish Institute of Occupational Health, Helsinki, Finland

(R Shiri PhD); Department of Community and Family Medicine,
Academy of Medical Science, Baghdad, Iraq (F H Lami PhD); Medical
Officers, HelpMeSee, New York, NY, USA (Prof V C Lansingh PhD);
Relaciones Internacionales, Mexican Institute of Ophthalmology,
Queretaro, Mexico (Prof V C Lansingh PhD); Department of Public
Health (A Latifi PhD), Managerial Epidemiology Research Center

(S Safiri PhD), Maragheh University of Medical Sciences, Maragheh,
Iran; Regional Centre for the Analysis of Data on Occupational and
Work-related Injuries and Diseases, Local Health Unit Tuscany Centre,
Florence, Ttaly (M Levi PhD); Department of Health Sciences, University
of Florence, Florence, Italy (M Levi PhD); Oxford University Clinical
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Research Unit, Wellcome Trust Asia Programme, Hanoi, Vietnam

(S Lewycka PhD); Department of Clinical Research and Epidemiology,
Shenzhen Sun Yat-sen Cardiovascular Hospital, Shenzhen, China

(Y Li PhD); National Office for Maternal and Child Health Surveillance,
Chengdu, China (Prof ] Liang MD, Prof Y Wang MD); National Center
of Birth Defects Monitoring of China, Chengdu, China

(Prof ] Liang MD, Prof Y Wang MD); Noncommunicable Disease
Control and Prevention Center (M Zhou PhD), Chinese Center for
Disease Control and Prevention, Beijing, China (Prof X Liang MD);
Alliance for Improving Health Outcomes, Inc, Quezon City, Philippines
(Y Liao PhD); Department of Public Health, Samara University, Samara,
Ethiopia (M L Liben MPH); Department of Medicine, University of
Malaya, Kuala Lumpur, Malaysia (L Lim MD); Department of Medicine
and Therapeutics, The Chinese University of Hong Kong, Shatin, China
(L Lim MD); School of Public Health, University of Haifa, Haifa, Israel
(Prof S Linn DrPH); Centre for Chronic Disease Control, Beijing, China
(Prof S Liu PhD); University of Bari Aldo Moro, Bari, Italy

(Prof G Logroscino PhD); Department Clinical Research in Neurology,
Fondazione Cardinale Giovanni Panico Hospital, Tricase, Italy

(Prof G Logroscino PhD); Institute of Nutrition, Friedrich Schiller
University Jena, Jena, Germany (Prof S Lorkowski PhD); Innovation
Office (T Meier PhD), Competence Cluster for Nutrition and
Cardiovascular Health (NUTRICARD), Jena, Germany

(Prof S Lorkowski PhD); General Surgery Department, Aintree
University Hospital National Health Service Foundation Trust (NHS),
Liverpool, UK (R Lunevicius PhD); Surgery Department, University of
Liverpool, Liverpool, UK (R Lunevicius PhD); Saw Swee Hock School of
Public Health (Prof S Ma PhD), Yong Loo Lin School of Medicine

(Prof N Venketasubramanian MBBS), National University of Singapore,
Singapore; Nursing School (I E Machado PhD), Department of Maternal
and Child Nursing and Public Health (Prof D C Malta PhD), Hospital of
the Federal University of Minas Gerais (Prof B R Nascimento PhD,
Prof A P Ribeiro MD), Post-Graduate Program in Infectious Diseases
and Tropical Medicine (B P Sao Jose PhD), Federal University of Minas
Gerais, Belo Horizonte, Brazil; Department of Public Health, Trnava
University, Trnava, Slovakia (Prof M Majdan PhD); Non-Communicable
Diseases Research Center, Shiraz University of Medical Sciences, Shiraz,
Iran (Prof R Malekzadeh MD, S G Sepanlou MD); Surgery Department,
Emergency University Hospital Bucharest, Bucharest, Romania

(A Manda MD); Neurology Service, Hospital Moinhos de Vento, Porto
Alegre, Brazil (Prof S C O Martins PhD); Campus Caucaia, Federal
Institute of Education, Science and Technology of Ceara, Caucaia, Brazil
(F R Martins-Melo PhD); Clinical Institute of Medical and Chemical
Laboratory Diagnostics, Medical University of Graz, Graz, Austria

(Prof W Mirz MD); Graduate School, University of the East Ramon
Magsaysay Memorial Medical Center, Quezon City, Philippines

(M B Marzan MSc); National Centre for Disease Informatics and
Research (P Mathur PhD), Regional Medical Research Centre

(S Pati MD), Division of Noncommunicable Diseases (M Sharma PhD),
Indian Council of Medical Research, Bengaluru, India; Department of
Biology and Biological Engineering, Chalmers University of Technology,
Gothenburg, Sweden (M Mazidi PhD); Department of Ophthalmology,
Hywel Dda University Health Board, Carmarthen, UK

(C McAlinden PhD, E Skiadaresi MD); Preventive Oncology, National
Institute of Cancer Prevention and Research, Noida, India

(Prof R Mehrotra PhD); Department of Internal Medicine, Sevenhills
Hospital, Mumbai, India (V Mehta MD); Institute for Agricultural and
Nutritional Sciences (T Meier PhD), Institute of Medical Epidemiology
(I Shiue PhD), Martin Luther University Halle-Wittenberg, Halle,
Germany; College of Health Sciences, Debre Tabor University, Debre
Tabor, Ethiopia (A Melese MSc); Department of Public Health,
University of West Florida, Pensacola, FL, USA (P T N Memiah DrPH);
Peru Country Office, United Nations Population Fund (UNFPA), Lima,
Peru (W Mendoza MD); Neurocenter (A Meretoja MD), Breast Surgery
Unit (T ] Meretoja MD), Helsinki University Hospital, Helsinki, Finland;
Clinical Microbiology and Parasitology Unit (T Mestrovic PhD), Center
of Excellence in Behavioral Medicine (G T Vu BA), Zagreb, Croatia;
University Centre Varazdin, University North, Varazdin, Croatia

(Prof T Mestrovic PhD); Department of Pharmacy, Ethiopian Academy
of Medical Science, Mekelle, Ethiopia (H B Mezgebe MSc); Department
of Hypertension (Prof T Miazgowski MD), Zdroje Hospital

1989
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1990

(] Widecka PhD), Emergency Department (B Miazgowski MD),
Pomeranian Medical University, Szczecin, Poland (B Miazgowski MD);
Pacific Institute for Research & Evaluation, Calverton, MD, USA

(T R Miller PhD); Nevada Division of Public and Behavioral Health,
Carson City, NV, USA (M Mirarefin MPH); President’s Office, National
Institute of Statistics, Bucharest, Romania (A Mirica PhD); Faculty of
General Medicine, Kyrgyz State Medical Academy, Bishkek, Kyrgyzstan
(Prof E M Mirrakhimov MD); Department of Atherosclerosis and
Coronary Heart Disease, National Center of Cardiology and Internal
Disease, Bishkek, Kyrgyzstan (Prof E M Mirrakhimov MD); Institute of
Addiction Research, Frankfurt University of Applied Sciences, Frankfurt,
Germany (B Moazen MSc); Department of Biology, Salahaddin
University, Erbil, Iraq (K A Mohammad PhD); Ishik University, Erbil,
Iraq (K A Mohammad PhD); Cardiovascular Research Institute, Isfahan
University of Medical Sciences, Isfahan, Iran (N Mohammadifard PhD,
Prof N Sarrafzadegan MD); Health Systems and Policy Research Unit

(S Mohammed PhD), Department of Community Medicine

(M B Sufiyan MD), Ahmadu Bello University, Zaria, Nigeria; Clinical
Epidemiology and Public Health Research Unit, Burlo Garofolo Institute
for Maternal and Child Health, Trieste, Italy (L Monasta DSc,

L Ronfani PhD); Department of Public Health Medicine, University of
Kwazulu-Natal, Durban, South Africa (Y Moodley PhD,

Prof B Sartorius PhD); Department of Epidemiology and Biostatistics
(G Moradi PhD), Social Determinants of Health Research Center

(G Moradi PhD), Kurdistan University of Medical Sciences, Sanandaj,
Iran; Lancaster University, Lancaster, UK (P Moraga PhD); International
Laboratory for Air Quality and Health (Prof L Morawska PhD),
Australian Centre for Health Services Innovation (R Pacella PhD),
School of Exercise and Nutrition Sciences (Q G To PhD), Queensland
University of Technology, Brisbane, QLD, Australia; Santo Antonio
Hospital, Hospital Center of Porto, Porto, Portugal

(] Morgado-Da-Costa MSc); 1st Department of Ophthalmology,
University of Athens, Athens, Greece (M M Moschos PhD); Biomedical
Research Foundation, Academy of Athens, Athens, Greece

(M M Moschos PhD); Friedman School of Nutrition Science and Policy,
Tufts University, Boston, MA, USA (D Mozaffarian MD, P Shi PhD);
Demographic Change and Ageing Research Area (A Werdecker PhD),
Competence Center Mortality-Follow-Up (R Westerman PhD), Federal
Institute for Population Research, Wiesbaden, Germany

(Prof U O Mueller MD); Center for Population and Health, Wiesbaden,
Germany (Prof U O Mueller MD); Department of Endocrinology &
Metabolism, Institute of Post Graduate Medical Education & Research,
Kolkata, India (Prof S Mukhopadhyay MD); School of Medical Sciences,
Science University of Malaysia, Kubang Kerian, Malaysia (K Musa PhD);
Pediatrics Department, Nishtar Medical University, Multan, Pakistan
(Prof G Mustafa MD); Pediatrics & Pediatric Pulmonology, Institute of
Mother & Child Care, Multan, Pakistan (Prof G Mustafa MD);
Department of Obstetrics and Gynecology (Prof A F Nabhan PhD),
Department of Entomology (A M Samy PhD), Ain Shams University,
Cairo, Egypt; Initiative for Non Communicable Diseases

(A Naheed PhD), Health Economics and Financing Research Group

(A R Sarker MSc), Maternal and Child Health Division (S Zaman MPH),
International Centre for Diarrhoeal Disease Research, Bangladesh,
Dhaka, Bangladesh; Ophthalmology, Suraj Eye Institute, Nagpur, India
(V Nangia MD); Department of Public Heath, University of Yaoundé I,
Yaoundé, Cameroon (] Nansseu MD); Cardiology Department, Cardio-
Aid, Bucharest, Romania (R I Negoi PhD); Neurosciences Department,
Kenya Medical Research Institute/Wellcome Trust Research Programme,
Kilifi, Kenya (Prof C R ] Newton MD); Department of Biological
Sciences, University of Embu, Embu, Kenya (] W Ngunjiri DrPH);
Health Economics and Finance (A Q Nguyen PhD), Department of
Health Economics (H T Nguyen MSc), Hanoi School of Public Health,
Hanoi, Vietnam (H T Nguyen PhD); Department of Sociology &
Institute for Empirical Social Science Research, School of Humanities
and Social Sciences, Xi'an Jiaotong University, Xi'an, China (J Nie PhD);
Public Health Science Department, State University of Semarang, Kota
Semarang, Indonesia (D N A Ningrum MPH); Institute for Global
Health Policy Research, National Center for Global Health and
Medicine, Shinjuku-ku, Japan (S Nomura MSc); Institute of Advanced
Research, Aix-Marseille University (Prof C M Obermeyer DSc);
Independent Consultant, Accra, Ghana (R Ofori-Asenso MSc); School of

Social Sciences and Psychology (Prof A M N Renzaho PhD), Western
Sydney University, Penrith, NSW, Australia (F A Ogbo PhD);
Department of Preventive Medicine, Kyung Hee University,
Dongdaemun-gu, South Korea (I Oh PhD); Department of HIV/AIDS,
STIs & TB, Human Sciences Research Council, Durban, South Africa
(O Oladimeji MD); School of Public Health, University of Namibia,
Oshakati Campus, Namibia (O Oladimeji MD); Department of
Psychiatry, University of Lagos, Lagos, Nigeria (A T Olagunju MD);
Centre for Healthy Start Initiative, Tkoyi, Nigeria (B O Olusanya PhD,

J O Olusanya MBA); Institute of Health Science, University of Brunei
Darussalam, Gadong, Brunei (S Ong MBBS); Graduate School of Public
Health, San Diego State University, San Diego, CA, USA

(Prof E Oren PhD); School of Psychology, University of Ottawa, Ottawa,
ON, Canada (H M Orpana PhD); School of Medicine (Prof A Ortiz MD),
Pneumology Service (Prof ] B Soriano MD), Autonomous University of
Madrid, Madrid, Spain; Department of Nephrology and Hypertension,
The Institute for Health Research Foundation Jiménez Diaz University
Hospital, Madrid, Spain (Prof A Ortiz MD); Department of Global
Health Nursing, St Luke’s International University, Chuo-ku, Japan
(Prof E Ota PhD); The Center for Healthcare Quality Assessment and
Control, Ministry of Health of the Russian Federation, Moscow, Russia
(S S Otstavnov PhD); Moscow Institute of Physics and Technology,
Moscow State University, Dolgoprudny, Russia (S S Otstavnov PhD);
Institute for Advanced Medical Research and Training, University of
Ibadan, Ibadan, Nigeria (Prof M O Owolabi DrM); Department of TB

& Respiratory Medicine, Jagadguru Sri Shivarathreeswara University,
Mysore, India (Prof M P A DNB); University of Chichester, Chichester,
UK (R Pacella PhD); Center for Health Outcomes & Evaluation,
Bucharest, Romania (A Pana MD); Department of Medical Humanities
and Social Medicine, Kosin University, Busan, South Korea

(Prof E Park PhD); Department of Medicine, Maimonides Medical
Center, Brooklyn, NY, USA (S Patel MD); Krishna Institute of Medical
Sciences, Deemed University, Karad, India (S T Patil MPH);
International Institute of Health Management Research, New Delhi,
India (A Patle MPH); Health, Nutrition, and HIV/AIDS Program, Save
the Children, Kathmandu, Nepal (D Paudel PhD); Cartagena University,
Cartagena, Colombia (Prof D M Pereira PhD); Independent Consultant,
Glenelg, SA, Australia (Prof K Pesudovs PhD); Institute of Medicine,
University of Gothenburg, Gothenburg, Sweden (Prof M Petzold PhD,
L Stockfelt PhD); School of Public Health, University of Witwatersrand,
Johannesburg, South Africa (Prof M Petzold PhD); Shanghai Mental
Health Center, Shanghai Jiao Tong University, Shanghai, China

(Prof M R Phillips MD); Basic Medical Sciences Department, Durban
University of Technology, Durban, South Africa (J D Pillay PhD);
Molecular Epidemiology Research Group, Max Delbrueck Center for
Molecular Medicine, Berlin, Germany (Prof T Pischon MD); Department
of Environmental Hygiene (D Plass DrPH), German Federal
Environment Agency, Dessau-Roflau, Germany (M Tobollik MA);
University Medical Center Groningen, University of Groningen,
Groningen, Netherlands (Prof M ] Postma PhD); Department of
Psychology, University of Otago, Dunedin, New Zealand

(Prof R Poulton PhD); Department of Nephrology, Sanjay Gandhi
Postgraduate Institute of Medical Sciences, Lucknow, India

(S Prakash PhD, Prof N Prasad MD); Government Medical College,
Nagpur, India (Prof M B Purwar MD); Non-communicable Diseases
Research Center, Alborz University of Medical Sciences, Karaj, Iran

(M Qorbani PhD); Medichem, Barcelona, Spain (A Radfar MD);
Epidemiology & Biostatistics, Contech School of Public Health, Lahore,
Pakistan (A Rafay MS); Society for Health and Demographic
Surveillance, Suri, India (R Rai MPH); Department of Economics,
University of Géttingen, Gottingen, Germany (R Rai MPH); Medical
University Innsbruck, Innsbruck, Austria (S Rajsic MD); Department of
Nephrology, Nizam’s Institute of Medical Sciences, Hyderabad, India
(Prof S Raju MD); Institute for Poverty Alleviation and International
Development, Yonsei University, Nepal (C L Ranabhat PhD); University
College London Hospitals, London, UK (D L Rawaf MD); Public Health
England, London, UK (Prof S Rawaf PhD); Institute for Mental Health
Policy Research, Centre for Addiction and Mental Health, Toronto, ON,
Canada (Prof ] Rehm PhD); Brien Holden Vision Institute, Sydney,
NSW, Australia (Prof S Resnikoff MD); Organization for the Prevention
of Blindness, Paris, France (Prof S Resnikoff MD); Department of
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Clinical Research, Federal University of Uberlandia, Uberlandia, Brazil
(L Roever PhD); Golestan Research Center of Gastroenterology and
Hepatology, Golestan University of Medical Sciences, Gorgan, Iran

(G Roshandel PhD); Institute of Epidemiology and Medical Biometry,
Ulm University, Ulm, Germany (Prof D Rothenbacher MD);
Biotechnology, Ikiam Amazon Regional University, Ciudad De Tena,
Ecuador (E Rubagotti PhD); Department of Ocean Science and
Engineering, Southern University of Science and Technology, Shenzhen,
China (E Rubagotti PhD); Neuropsychiatric Institute, Prince of Wales
Hospital, Randwick, NSW, Australia (Prof P S Sachdev MD); Medical
Department, University of Sharjah, Sharjah, United Arab Emirates

(B Saddik PhD); Department of Medical Biotechnology, Mashhad
University of Medical Sciences, Mashhad, Iran (A Sahebkar PhD);
College of Medicine, Al-Imam Mohammad Ibn Saud Islamic University,
Riyadh, Saudi Arabia (N Salam PhD); School of Health and Policy
Management, Faculty of Health, York University, Toronto, ON, Canada
(Prof P Salamati MD); Punjab University College of Pharmacy, Anarkali,
Pakistan (Z Saleem PharmD); Department of Surgery, Marshall
University, Huntington, WV, USA (Prof | Sanabria MD); Department of
Nutrition and Preventive Medicine, Case Western Reserve University,
Cleveland, OH, USA (Prof ] Sanabria MD); Nephrology Group, Jimenez
Diaz Foundation University Hospital Institute for Health Research,
Madrid, Spain (M Sanchez-Nifio PhD); Department of Public Health,
Regional Health Administration Do Norte I P, Vila Nova De Gaia,
Portugal (J V Santos MD); Department of Medicine, University of
Massachusetts Medical School, Worcester, MA, USA (M Sardana MD);
Department of Health and Society, Faculty of Medicine, University of
Applied and Environmental Sciences, Bogotd, Colombia

(Prof R Sarmiento-Suarez MPH); Surgery Department, Hamad Medical
Corporation, Doha, Qatar (B Sathian PhD); Faculty of Health & Social
Sciences, Bournemouth University, Bournemouth, UK (B Sathian PhD);
UGC Centre of Advanced Study in Psychology, Utkal University,
Bhubaneswar, India (M Satpathy PhD); Udyam-Global Association for
Sustainable Development, Bhubaneswar, India (M Satpathy PhD); Dr D
Y Patil Vidyapeeth, Pune, India (A R Sawant MD); Department of Public
Health Sciences, University of North Carolina at Charlotte, Charlotte,
NC, USA (M Sawhney PhD); Bayer, Istanbul, Turkey (M Saylan MD);
School of Health Sciences, Federal University of Santa Catarina,
Ararangua, Brazil (Prof I ] C Schneider PhD, Prof D A S Silva PhD);
Hypertension in Africa Research Team (HART), North-west University,
Potchefstroom, South Africa (Prof A E Schutte PhD); Department of
Medical Statistics, Epidemiology and Medical Informatics, University of
Zagreb, Zagreb, Croatia (M Sekerija PhD); Division of Epidemiology and
Prevention of Chronic Noncommunicable Diseases, Croatian Institute of
Public Health, Zagreb, Croatia (M Sekerija PhD); Department of
Environmental Sciences and Engineering, University of North Carolina
Chapel Hill, Chapel Hill, NC, USA (M L Serre PhD, ] ] West PhD);
Department of Mathematics, University of Exeter, Exeter, UK

(Prof G Shaddick PhD); Langone Medical Center (A Shafieesabet MD),
Institute of Environmental Medicine (Prof G D Thurston DSc), New
York University, New York, NY, USA; Public Health Division, An-Najah
National University, Nablus, Palestine (A A Shaheen PhD); Independent
Consultant, Karachi, Pakistan (M A Shaikh MD); Department of
Molecular Hepatology, Middle East Liver Disease Center, Tehran, Iran
(H Sharafi PhD); Department of Laboratory Sciences

(Prof M Sharif PhD), Department of Basic Sciences (Prof M Sharif PhD),
Islamic Azad University, Sari, Iran; HIV/STI Surveillance Research
Center, and WHO Collaborating Center for HIV Surveillance, Institute
for Futures Studies in Health, Kerman University of Medical Sciences,
Kerman, Iran (H Sharifi PhD); University School of Management and
Entrepreneurship, Delhi Technological University, New Delhi, India

(R Sharma PhD); Department of Pulmonary Medicine (] She MD),
Department of Preventive Dentistry (H Zhang PhD), Fudan University,
Shanghai, China (Y Wang BSA); Usher Institute of Population Health
Sciences and Informatics, University of Edinburgh, Edinburgh, UK
(Prof A Sheikh MSc, I N Soyiri PhD); National Institute of Infectious
Diseases, Tokyo, Japan (M Shigematsu PhD); School of Health,
University of Technology Sydney, Sydney, NSW, Australia

(S Siabani PhD); Department of Psychology, Reykjavik University,
Reykjavik, Iceland (Prof I D Sigfusdottir PhD, R Sigurvinsdottir PhD);
Brasilia University, Brasilia, Brazil (Prof D A Silveira MSc); Max
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Hospital, Ghaziabad, India (Prof N P Singh MD); Department of
Pulmonary Medicine, Asthma Bhawan, Jaipur, India (Prof V Singh MD);
Department of Epidemiology, School of Preventive Oncology, Patna,
India (D N Sinha PhD); Department of Epidemiology, Healis Sekhsaria
Institute for Public Health, Mumbai, India (D N Sinha PhD); Pediatric
Department, King Khalid University Hospital, Riyadh, Saudi Arabia

(B H Sobaih MD); Department of Medicine, University of Calgary,
Calgary, AB, Canada (R Somayaji MD, Prof M Tonelli MD); Service of
Pulmonology, Health Research Institute of the University Hospital “de la
Princesa”, Madrid, Spain (Prof ] B Soriano MD); Division of Community
Medicine, International Medical University, Kuala Lumpur, Malaysia

(C T Sreeramareddy MD); Central Research Institute of Cytology and
Genetics (E Varavikova PhD), Federal Research Institute for Health
Organization and Informatics of the Ministry of Health (FRIHOI),
Russia (Prof V I Starodubov DSc, S K Vladimirov PhD); Institute and
Outpatient Clinic for Occupational, Social and Environmental Medicine,
University Hospital Munich, Munich, Germany (N Steckling DrPH);
Department of Public Health, Health Services Research and Health
Technology Assessment, University for Health Sciences, Medical
Informatics and Technology, Hall I T, Austria (N Steckling DrPH);
Non-communicable Diseases Department, National Center for Disease
Control and Public Health, Tbilisi, Georgia (L Sturua PhD); Department
of Nursing, Muhammadiyah University of Surakarta, Kartasura,
Indonesia (A Sudaryanto MPH); Department of Community Health

(B F Sunguya PhD), Muhimbili University of Health and Allied
Sciences, Dar Es Salaam, Tanzania (B F Sunguya PhD); School of
Medicine, University of California Riverside, Riverside, CA, USA

(P J Sur MPH); Department of Criminology, Law and Society, University
of California Irvine, Irvine, CA, USA (Prof B L Sykes PhD); Department
of Medicine (Prof R Tabarés-Seisdedos PhD), Department of Pediatrics,
Obstetrics and Gynecology (Prof M Tortajada-Girbés PhD), University of
Valencia, Valencia, Spain; Carlos I1I Health Institute, Biomedical
Research Networking Center for Mental Health Network (CIBERSAM),
Madrid, Spain (Prof R Tabarés-Seisdedos PhD); Cancer Control Center,
Osaka International Cancer Institute, Osaka, Japan (T Tabuchi MD);
Asbestos Diseases Research Institute, Sydney, NSW, Australia

(Prof K Takahashi PhD); Department of Psychiatry and Behavioral
Sciences, New York Medical College, Valhalla, NY, USA

(M Tavakkoli MD); University Institute “Egas Moniz”, Monte Da
Caparica, Portugal (Prof N Taveira PhD); Research Institute for
Medicines, Faculty of Pharmacy of Lisbon, University of Lisbon, Lisbon,
Portugal (Prof N Taveira PhD); Anesthesiology Department, University
of Virginia, Charlottesville, VA, USA (A S Terkawi MD); Syrian
Expatriate Medical Association (SEMA), Charlottesville, VA, USA

(A S Terkawi MD); Lee Kong Chian School of Medicine

(L Tudor Car PhD), Nanyang Technological University, Singapore,
Singapore (S Thirunavukkarasu PhD); Department of Mathematical
Sciences, University of Bath, Bath, UK (M L Thomas MRes); Pediatric
Department, University Hospital Doctor Peset, Valencia, Spain

(Prof M Tortajada-Girbés PhD); Nutritional Epidemiology Research
Team, National Institute of Health and Medical Research, Paris, France
(M Touvier PhD); Department of Health Economics, Hanoi Medical
University, Hanoi, Vietnam (B X Tran PhD); Clinical Hematology and
Toxicology, Military Medical University, Hanoi, Vietnam (K B Tran MD);
Cardiovascular Medicine, Cleveland Clinic Abu Dhabi, Abu Dhabi,
United Arab Emirates (Prof E Tuzcu MD); Department of Internal
Medicine, Federal Teaching Hospital, Abakaliki, Nigeria

(K N Ukwaja MD); Gomal Center of Biochemistry and Biotechnology,
Gomal University, Dera Ismail Khan, Pakistan (I Ullah PhD); TB Culture
Laboratory, Mufti Mehmood Memorial Teaching Hospital, Dera Ismail
Khan, Pakistan (I Ullah PhD); Argentine Society of Medicine, Ciudad De
Buenos Aires, Argentina (Prof P R Valdez M Ed); Velez Sarsfield
Hospital, Buenos Aires, Argentina (Prof P R Valdez M Ed);

UKK Institute, Tampere, Finland (Prof T ] Vasankari MD); Raffles
Neuroscience Centre, Raffles Hospital, Singapore, Singapore

(Prof N Venketasubramanian MBBS); Occupational Health Unit,
Sant’Orsola Malpighi Hospital, Bologna, Italy (Prof F S Violante MPH);
Department of Information and Internet Technologies, I M Sechenov
First Moscow State Medical University, Moscow, Russia

(S K Vladimirov PhD); Department of Health Care Administration and
Economy, National Research University Higher School of Economics,

1991



Global Health Metrics

1992

For the HBSC website see
http://www.hbsc.org

Moscow, Russia (Prof V Vlassov MD); Foundation University Medical
College, Foundation University, Rawalpindi, Pakistan (Y Waheed PhD);
Department of Preventive Medicine and Biostatistics, Uniformed
Services University of Health Sciences, Bethesda, MD, USA

(Prof S G Waller MD); Cardiology Department, Royal Children’s
Hospital, Melbourne, VIC, Australia (R G Weintraub MB); Independent
Consultant, Staufenberg, Germany (A Werdecker PhD); Department of
Neurology, Technical University of Munich, Munich, Germany

(A S Winkler PhD); Medical Retina, Singapore National Eye Centre,
Singapore, Singapore (Prof T Wong PhD); Kailuan General Hospital,
Kailuan General Hospital, Tangshan, China (Prof S Wu PhD);
Department of Pharmacology, St John’s National Academy of Health
Sciences, Bangalore, India (Prof D Xavier MD); School of Medicine,
Nanjing University, Nanjing, China (Prof G Xu MD); Clinical Cancer
Research Center, Milad General Hospital, Tehran, Iran

(S Yahyazadeh Jabbari MD); Duke Global Health Institute, Duke
University, Durham, NC, USA (L L Yan PhD); Department of Preventive
Medicine, Northwestern University, Chicago, IL, USA (Y Yano MD);
Wolkite University, Wolkite, Ethiopia (A Yeshaneh BHIthSci);
Department of Biostatistics, Kyoto University, Kyoto, Japan

(N Yonemoto MPH); School of Public Health, University of Kinshasa,
Kinshasa, Democratic Republic of the Congo (M Yotebieng PhD);
Department of Health Policy and Management, Jackson State University,
Jackson, MS, USA (Prof M Z Younis DrPH); Tsinghua University,
Tsinghua University, Beijing, China (Prof M Z Younis DrPH); Global
Health Institute (Prof C Yu PhD), Department of Epidemiology and
Biostatistics (Prof C Yu PhD), Wuhan University, Wuhan, China; and
Epidemiology, University Hospital of Setif, Setif, Algeria

(Prof Z Zaidi PhD).

Contributors

Please see appendix 1 for more detailed information about individual
authors’ contributions to the research, divided into the following
categories: managing the estimation process; writing the first draft of the
manuscript; providing data or critical feedback on data sources;
developing methods or computational machinery; applying analytical
methods to produce estimates; providing critical feedback on methods or
results; drafting the work or revising it critically for important
intellectual content; extracting, cleaning, or cataloguing data; designing
or coding figures and tables; and managing the overall research
enterprise.

Declaration of interests

Carl Abelardo Antonio reports personal fees from Johnson & Johnson
(Philippines). Yannick Bejot reports grants and personal fees from
AstraZeneca and Boehringer-Ingelheim and personal fees from
Daiichi-Sankyo, Bristol-Myers Squibb (BMS), Pfizer, Medtronic, Bayer,
Novex Pharma, and Merck Sharp & Dohme (MSD). Boris Bikbov has
received funding from the European Union’s Horizon 2020 research and
innovation programme under Marie Sklodowska-Curie grant agreement
No. 703226. Boris Bikbov acknowledges that work related to this paper
has been done on the behalf of the GBD Genitourinary Disease Expert
Group. Cyrus Cooper reports personal fees from Alliance for Better
Bone Health, Amgen, Eli Lilly, GlaxoSmithKline (GSK), Medtronic,
Merck & Co, Novartis, Pfizer, Roche, Servier, Takeda, and UCB. Seana
Gall reports grants from the National Health and Medical Research
Council and the National Heart Foundation of Australia.
Panniyammakal Jeemon reports a Clinical and Public Health
Intermediate Fellowship from the Wellcome Trust-DBT India Alliance
(2015-20). Jacek Jozwiak reports a grant from Valeant, personal fees
from Valeant, ALAB Laboratoria and Amgen, and non-financial support
from Microlife and Servier. Nicholas Kassebaum reports personal fees
and other support from Vifor Pharmaceuticals. Srinivasa Vittal
Katikireddi reports grants from NHS Research Scotland, the Medical
Research Council, and the Scottish Government Chief Scientist Office.
Jeffrey Lazarus reports personal fees from Janssen and Cepheid and
grants and personal fees from AbbVie, Gilead Sciences, and MSD.
Stefan Lorkowski reports personal fees from Amgen, Berlin-Chemie,
MSD, Novo Nordisk, Sanofi-Aventis, Synlab, Unilever, and non-financial
support from Preventicus. Winfried Mirz reports grants and personal
fees from Siemens Diagnostics, Aegerion Pharmaceuticals, Amgen,
AstraZeneca, Danone Research, Pfizer, BASF, Numares, and

Berline-Chemie; personal fees from Hoffmann LaRoche, MSD, Sanofi,
and Synageva; grants from Abbott Diagnostics; and other support from
Synlab. Walter Mendoza is currently a Program Analyst for Population
and Development at the Peru Country Office of the United Nations
Population Fund. Dariush Mozaffarian reports grants from National
Institutes of Health (NIH) and the Bill & Melinda Gates Foundation;
personal fees from Global Organization for EPA and DHA Omega-3s,
DSM, Nutrition Impact, Pollock Communications, Bunge, Indigo
Agriculture, Amarin, Acasti Pharma, and America’s Test Kitchen;
chapter royalties from UpToDate; they serve on the scientific advisory
board for Omada Health, Elysium Health, and DayTwo. Maarten Postma
reports grants from Mundipharma, Bayer, BMS, AstraZeneca, ARTEG,
and AscA; grants and personal fees from Sigma Tau, MSD, GSK, Pfizer,
Boehringer Ingelheim, Novavax, Ingress Health, AbbVie, and Sanofi;
personal fees from Quintiles, Astellas, Mapi, OptumInsight, Novartis,
Swedish Orphan, Innoval, Jansen, Intercept, and Pharmerit, and stock
ownership in Ingress Health and Pharmacoeconomics Advice
Groningen. Kenji Shibuya reports grants from the Ministry of Health,
Labour, and Welfare and from the Ministry of Education, Culture,
Sports, Science, and Technology. Mark Shrime reports grants from
Mercy Ships and Damon Runyon Cancer Research Foundation.
Jasvinder Singh reports consulting for Horizon, Fidia, UBM, Medscape,
WebMD, the NIH, and the American College of Rheumatology; they
serve as the principal investigator for an investigator-initiated study
funded by Horizon pharmaceuticals through a grant to Dinora,

a 501c3 entity; they are on the steering committee of OMERACT, an
international organisation that develops measures for clinical trials and
receives arms-length funding from 36 pharmaceutical companies.
Cassandra Szoeke reports a grant from the National Medical Health
Research Council, Lundbeck, Alzheimer’s Association, and the Royal
Australasian College of Practitioners; she holds patent
PCT/AU2008/001556. Jeffrey Stanaway reports a grant from Merck & Co.
Muthiah Vaduganathan receives research support from the
NIH/National Heart, Lung, and Blood Institute and serves as a
consultant for Bayer and Baxter Healthcare. Denis Xavier reports grants
from Cadila Pharmaceuticals, Boehringer Ingelheim, Sanofi-Aventis,
Pfizer, and BMS. All other authors declare no competing interests.

Data sharing
To download the data used in these analyses, please visit the Global
Health Data Exchange at http://ghdx.healthdata.org/gbd—2017.

Acknowledgments

Research reported in this publication was supported by the Bill &
Melinda Gates Foundation, Bloomberg Philanthropies, the University of
Melbourne, Public Health England, the Norwegian Institute of Public
Health, St Jude Children’s Research Hospital, the National Institute on
Ageing of the National Institutes of Health (NIH; award P30AG047845),
and the National Institute of Mental Health of NIH (award
ROIMH110163). The content is solely the responsibility of the authors
and does not necessarily represent the official views of the funders.

We thank the Russia Longitudinal Monitoring Survey, done by National
Research University Higher School of Economics and ZAO Demoscope
together with Carolina Population Center, University of North Carolina
at Chapel Hill and the Institute of Sociology RAS, for making these data
available. The Health Behaviour in School-Aged Children (HBSC) study
is an international study carried out in collaboration with WHO/Europe.
The International Coordinator of the 1997-98, 2001-02, 200506, and
2009-10 surveys was Candace Currie and the databank managers were
Bente Wold for the 1997-98 survey and Oddrun Samdal for the
following surveys. A list of principal investigators in each country can
be found on the HBSC website. This research uses data from Add
Health, a programme project designed by | Richard Udry,

Peter S Bearman, and Kathleen Mullan Harris, and funded by a grant
P01-HD31921 from the Eunice Kennedy Shriver National Institute of
Child Health and Human Development, with cooperative funding from
17 other agencies. Special acknowledgment is due to Ronald R Rindfuss
and Barbara Entwisle for assistance in the original design of Add
Health. People interested in obtaining data files from Add Health
should contact Add Health, Carolina Population Center, 123 W Franklin
Street, Chapel Hill, NC 27516-2524 (addhealth@unc.edu). No direct
support was received from grant P01-HD31921 for this analysis. Data for

www.thelancet.com Vol 392 November 10,2018


http://www.hbsc.org

Global Health Metrics

this research was provided by MEASURE Evaluation, funded by the
United States Agency for International Development (USAID).

Views expressed do not necessarily reflect those of USAID, the US
Government, or MEASURE Evaluation. This research used data from
the National Health Survey 2003. The authors are grateful to the
Ministry of Health of Chile, the survey copyright owner, for allowing
them to have the database. All results of the study are those of the
authors and in no way committed to the Ministry. The Palestinian
Central Bureau of Statistics granted the researchers of GBD 2017 access
to relevant data in accordance with licence no SLN2014-3-170, after
subjecting data to processing aiming to preserve the confidentiality of
individual data in accordance with the General Statistics Law, 2000.

The researchers are solely responsible for the conclusions and
inferences drawn upon available data. This paper uses data from Survey
of Health, Ageing and Retirement in Europe (SHARE Waves 1, 2, 3
(SHARELIFE), 4, 5, and 6 (DOIs: 10-6103/SHARE.w1.611, 10.6103/
SHARE.w2.611, 10.6103/SHARE.w3.611, 10.6103/SHARE.w4.611,
10.6103/SHARE.w5.611, 10.6103/SHARE.w6.611), see Borsch-Supan and
colleagues (2013) for methodological details. The SHARE data collection
has been primarily funded by the European Commission through FP5
(QLK6-CT-2001-00360), FP6 (SHARE-I3: RII-CT-2006-062193,
COMPARE: CIT5-CT-2005-028857, SHARELIFE: CIT4-CT-2006-028812)
and FP7 (SHARE-PREP: No 211909, SHARE-LEAP: No 227822, SHARE
M4: No 261982). Additional funding from the German Ministry of
Education and Research, the Max Planck Society for the Advancement of
Science, the US National Institute on Aging (U01_AG09740-13S2,
PO1_AG005842, P01_AG08291, P30_AG12815, R21_AG025169,
Y1-AG-4553-01, IAG_BSR06-11, OGHA_04-064, and
HHSN271201300071C) and from various national funding sources is
gratefully acknowledged. This paper uses data from the WHO Study on
global AGEing and adult health. We acknowledge the National Institute
of Health AARP Diet and Health Study, the American Cancer Society
Cancer Prevention Study-II Nutrition Cohort, the Women’s Health
Initiative, the Nurses’ Health Study, and the Health Professionals
Follow-up Study for providing data on smoking relative risks and
confidence intervals.

References

1 GBD 2016 Causes of Death Collaborators. Global, regional,
and national age-sex specific mortality for 264 causes of death,
1980-2016: a systematic analysis for the Global Burden of Disease
Study 2016. Lancet 2017; 390: 1151-210.

2 GBD 2016 Risk Factors Collaborators. Global, regional, and national
comparative risk assessment of 84 behavioural, environmental and
occupational, and metabolic risks or clusters of risks, 1990-2016:

a systematic analysis for the Global Burden of Disease Study 2016.
Lancet 2017; 390: 1345-422.

3 GBD 2016 Disease and Injury Incidence and Prevalence
Collaborators. Global, regional, and national incidence, prevalence,
and years lived with disability for 328 diseases and injuries for
195 countries, 1990-2016: a systematic analysis for the Global Burden
of Disease Study 2016. Lancet 2017; 390: 1211-59.

4 GBD 2016 DALYs and HALE Collaborators. Global, regional, and
national disability-adjusted life-years (DALYs) for 333 diseases and
injuries and healthy life expectancy (HALE) for 195 countries and
territories, 1990-2016: a systematic analysis for the Global Burden
of Disease Study 2016. Lancet 2017; 390: 1260—344.

5  Murray CJ, Lopez AD. On the comparable quantification of health
risks: lessons from the Global Burden of Disease Study.
Epidemiology 1999; 10: 594-605.

6  Stevens GA, Alkema L, Black RE, et al. Guidelines for accurate and
transparent health estimates reporting: the GATHER statement.
Lancet 2016; 388: e19-23.

7 Das Gupta P. Standardization and decomposition of rates: a user’s
manual. Washington, DC: US Department of Commerce, 1993.
https://www.census.gov/content/dam/Census/library/
publications/1993/demo/p23-186.pdf (accessed Aug 31, 2018).

8  Rajagopalan S, Brook RD. Air pollution and type 2 diabetes:
mechanistic insights. Diabetes 2012; 61: 3037-45.

9  Shaddick G, Thomas ML, Green A, et al. Data integration model for
air quality: a hierarchical approach to the global estimation of
exposures to ambient air pollution. J R Stat Soc Ser C Appl Stat 2017;
67: 231-53.

www.thelancet.com Vol 392 November 10,2018

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Farvid MS, Ding M, Pan A, et al. Dietary linoleic acid and risk of
coronary heart disease: a systematic review and meta-analysis of
prospective cohort studies. Circulation 2014; 130: 1568-78.

Yang WS, Va P, Bray F, et al. The role of pre-existing diabetes
mellitus on hepatocellular carcinoma occurrence and prognosis:

a meta-analysis of prospective cohort studies. PLoS One 2011;

6: €27326.

Rapsomaniki E, Timmis A, George J, et al. Blood pressure and
incidence of twelve cardiovascular diseases: lifetime risks, healthy
life-years lost, and age-specific associations in 125 million people.
Lancet 2014; 383: 1899-911.

Murray-Kolb LE. CHERG iron report: maternal mortality, child
mortality, perinatal mortality, child cognition, and estimates of
prevalence of anemia due to iron deficiency. Baltimore: CHERG,
2012. http://cherg.org/publications /iron-report.pdf (accessed

Aug 31, 2018).

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge. Clin Chem 1972; 18: 499-502.
Singh GM, Danaei G, Farzadfar F, et al. The age-specific
quantitative effects of metabolic risk factors on cardiovascular
diseases and diabetes: a pooled analysis. PLoS One 2013; 8: e65174.
WHO. WHO report on the global tobacco epidemic 2017. Geneva:
World Health Organization, July 19, 2017 http://www.who.int/
tobacco/global_report/2017/en/ (accessed Aug 31, 2018).
Abegunde DO, Mathers CD, Adam T, Ortegon M, Strong K.

The burden and costs of chronic diseases in low-income and
middle-income countries. Lancet 2007; 370: 1929-38.

Prabhakaran D, Anand S, Watkins D, et al. Cardiovascular,
respiratory, and related disorders: key messages from disease
control priorities. Lancet 2018; 391: 1224-36.

Tian M, Ajay VS, Dunzhu D, et al. A cluster-randomized controlled
trial of a simplified multifaceted management program for
individuals at high cardiovascular risk (SimCard Trial) in rural
Tibet, China, and Haryana, India. Circulation 2015; 132: 815-24.
Webster R, Salam A, de Silva HA, et al. Fixed low-dose triple
combination antihypertensive medication vs usual care for blood
pressure control in patients with mild to moderate hypertension in
Sri Lanka: a randomized clinical trial. JAMA 2018; 320: 566-79.
Yusuf S, Bosch ], Dagenais G, et al. Cholesterol lowering in
intermediate-risk persons without cardiovascular disease.

N Engl ] Med 2016; 374: 2021-31.

Singh K, Chandrasekaran AM, Bhaumik S, et al. Cost-effectiveness
of interventions to control cardiovascular diseases and diabetes
mellitus in South Asia: a systematic review. BMJ Open 2018;

8: e017809.

Frieden TR, Bloomberg MR. Saving an additional 100 million lives.
Lancet 2018; 391: 709-12.

GBD 2017 DALYs and HALE collaborators. Global, regional,

and national disability-adjusted life-years (DALYs) for 359 diseases
and injuries and healthy life expectancy (HALE) for 195 countries
and territories, 1990-2017: a systematic analysis for the Global
Burden of Disease Study 2017 Lancet 2018; 392: 1859-922.

Scott JG, Moore SE, Sly PD, Norman RE. Bullying in children and
adolescents: a modifiable risk factor for mental illness.

Aust NZ | Psychiatry 2014; 48: 209-12.

Moore SE, Norman RE, Suetani S, Thomas HJ, Sly PD, Scott JG.
Consequences of bullying victimization in childhood and
adolescence: a systematic review and meta-analysis.

World ] Psychiatry 2017; 7: 60-76.

Menesini E, Salmivalli C. Bullying in schools: the state of
knowledge and effective interventions. Psychol Health Med 2017;
22 (suppl 1): 240-53.

Chaloupka FJ, Yurekli A, Fong GT. Tobacco taxes as a tobacco
control strategy. Tob Control 2012; 21: 172-80.

Health Effects Institute. State of global air 2018. A special report on
global exposure to air pollution and its disease burden. Boston:
Health Effects Institute, 2018. https://www.stateofglobalair.org/
sites/default/files/soga-2018-report.pdf (accessed Aug 31, 2018).
WHO. Global and regional estimates of violence against women:
prevalence and health effects of intimate partner violence and
non-partner sexual violence. Geneva: World Health Organization,
2013. http://www.who.int/reproductivehealth/publications/
violence/9789241564625/en/ (accessed Aug 31, 2018).

For more on SHARE see
http://www.share-project.org

1993


http://www.share-project.org

Global Health Metrics

1994

31

32

33

34

35

36

37

WHO, UNICEF. Progress on drinking water, sanitation and
hygiene. https://washdata.org/sites/default/files/documents/
reports/2018-01/JMP-2017-report-final.pdf (accessed Aug 31, 2018).
WHO, UNICEF. Joint Monitoring Programme methodology 2017
update and SDG baselines. https://washdata.org/sites/default/files/
documents/reports/2018-04/JMP-2017-update-methodology.pdf
(accessed Aug 31, 2018).

Victora CG, Bahl R, Barros AJ, et al. Breastfeeding in the 21st
century: epidemiology, mechanisms, and lifelong effect.

Lancet 2016; 387: 475-90.

Fewtrell L], Priiss-Ustiin A, Landrigan P, Ayuso-Mateos L.
Estimating the global burden of disease of mild mental retardation
and cardiovascular diseases from environmental lead exposure.
Environ Res 2004; 94: 120-33.

Bilano V, Gilmour S, Moffiet T, et al. Global trends and projections
for tobacco use, 1990-2025: an analysis of smoking indicators from
the WHO comprehensive information systems for tobacco control.
Lancet 2015; 385: 966-76.

UNICEF, WHO, World Bank. Joint child malnutrition estimates—
levels and trends (2017 edition). Geneva: World Health Organization,
2017 http://www.who.int/nutgrowthdb/estimates2016/en/
(accessed May 24, 2018).

Wardlaw TM, Blanc A, Zupan J, Ahman E. Low birthweight:
country, regional and global estimates. New York: UNICEF, 2004.
https://www.unicef.org/publications/files/low_birthweight_from_
EY.pdf (accessed Aug 31, 2018).

38

39

41

42

43

45

Hill NR, Fatoba ST, Oke JL, et al. Global prevalence of chronic
kidney disease—a systematic review and meta-analysis. PLoS One
2016; 11: e0158765.

Blencowe H, Cousens S, Oestergaard MZ, et al. National, regional,
and worldwide estimates of preterm birth rates in the year 2010
with time trends since 1990 for selected countries: a systematic
analysis and implications. Lancet 2012; 379: 2162-72.

Petry N, Olofin I, Hurrell RF, et al. The proportion of anemia
associated with iron deficiency in low, medium, and high human
development index countries: a systematic analysis of national
surveys. Nutrients 2016; 8: E693.

Steenland K. Excess deaths due to occupation. Occup Environ Med
2016; 73: 497-98.

Takala J, Himildinen P, Saarela KL, et al. Global estimates of the
burden of injury and illness at work in 2012. | Occup Environ Hyg
2014; 11: 326-37.

Rushton L, Hutchings SJ, Fortunato L, et al. Occupational cancer
burden in Great Britain. Br J Cancer 2012; 107 (suppl 1): S3-7.
American Institute for Cancer Research, World Cancer Research
Fund. Food, nutrition, physical activity, and the prevention of
cancer: a global perspective. Washington, DC: American Institute
for Cancer Research, 2007 http://www.aicr.org/assets/docs/pdf/
reports/Second_Expert_Report.pdf (accessed Aug 31, 2018).
Gasparrini A, Guo Y, Hashizume M, et al. Mortality risk attributable
to high and low ambient temperature: a multicountry observational
study. Lancet 2015; 386: 369-75.

www.thelancet.com Vol 392 November 10,2018



	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
	Introduction
	Methods
	Overview
	Geographical units of analysis and years for estimation
	Attributable burden estimation
	Estimation process
	Summary exposure values
	Updates to spatiotemporal Gaussian process regression
	Drivers of trends in DALYs
	Epidemiological transition
	New risks and risks with substantial changes in the estimation methods compared with GBD 2016
	Role of the funding source

	Results
	Global exposure to risks
	Global attributable burden for all risk factors combined
	Levels and trends in the burden attributable to risk factors
	Changes in leading risk factors
	Drivers of changes in risk-attributable burden
	Observed versus expected summary exposure values
	Expected attributable burden
	Observed versus expected attributable burden
	New risks, leading risks, and risks with significant changes in GBD 2017

	Discussion
	General findings
	Risk exposure and socioeconomic development
	Risk exposure and sex
	Cross-cutting themes
	Important changes in GBD 2017 compared with GBD 2016
	Comparison of GBD 2017 to other estimates
	Future directions
	Limitations
	Conclusion

	Acknowledgments
	References


