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Global Health Metrics

Measuring progress from 1990 to 2017 and projecting
attainment to 2030 of the health-related Sustainable
Development Goals for 195 countries and territories:

a systematic analysis for the Global Burden of Disease
Study 2017

GBD 2017 SDG Collaborators*

Summary

Background Efforts to establish the 2015 baseline and monitor early implementation of the UN Sustainable
Development Goals (SDGs) highlight both great potential for and threats to improving health by 2030. To fully
deliver on the SDG aim of “leaving no one behind”, it is increasingly important to examine the health-related SDGs
beyond national-level estimates. As part of the Global Burden of Diseases, Injuries, and Risk Factors Study 2017
(GBD 2017), we measured progress on 41 of 52 health-related SDG indicators and estimated the health-related SDG
index for 195 countries and territories for the period 1990-2017, projected indicators to 2030, and analysed global
attainment.

Methods We measured progress on 41 health-related SDG indicators from 1990 to 2017, an increase of four
indicators since GBD 2016 (new indicators were health worker density, sexual violence by non-intimate partners,
population census status, and prevalence of physical and sexual violence [reported separately]). We also improved
the measurement of several previously reported indicators. We constructed national-level estimates and, for a
subset of health-related SDGs, examined indicator-level differences by sex and Socio-demographic Index (SDI)
quintile. We also did subnational assessments of performance for selected countries. To construct the health-
related SDG index, we transformed the value for each indicator on a scale of 0-100, with 0 as the 2-5th percentile
and 100 as the 97-5th percentile of 1000 draws calculated from 1990 to 2030, and took the geometric mean of the
scaled indicators by target. To generate projections through 2030, we used a forecasting framework that drew
estimates from the broader GBD study and used weighted averages of indicator-specific and country-specific
annualised rates of change from 1990 to 2017 to inform future estimates. We assessed attainment of indicators
with defined targets in two ways: first, using mean values projected for 2030, and then using the probability of
attainment in 2030 calculated from 1000 draws. We also did a global attainment analysis of the feasibility of
attaining SDG targets on the basis of past trends. Using 2015 global averages of indicators with defined SDG
targets, we calculated the global annualised rates of change required from 2015 to 2030 to meet these targets, and
then identified in what percentiles the required global annualised rates of change fell in the distribution of
country-level rates of change from 1990 to 2015. We took the mean of these global percentile values across
indicators and applied the past rate of change at this mean global percentile to all health-related SDG indicators,
irrespective of target definition, to estimate the equivalent 2030 global average value and percentage change from
2015 to 2030 for each indicator.

Findings The global median health-related SDG index in 2017 was 59-4 (IQR 35-4-67-3), ranging from a low of 11-6
(95% uncertainty interval 9-6-14-0) to a high of 84-9 (83-1-86-7). SDG index values in countries assessed at the
subnational level varied substantially, particularly in China and India, although scores in Japan and the UK were
more homogeneous. Indicators also varied by SDI quintile and sex, with males having worse outcomes than females
for non-communicable disease (NCD) mortality, alcohol use, and smoking, among others. Most countries were
projected to have a higher health-related SDG index in 2030 than in 2017, while country-level probabilities of
attainment by 2030 varied widely by indicator. Under-5 mortality, neonatal mortality, maternal mortality ratio, and
malaria indicators had the most countries with at least 95% probability of target attainment. Other indicators,
including NCD mortality and suicide mortality, had no countries projected to meet corresponding SDG targets on the
basis of projected mean values for 2030 but showed some probability of attainment by 2030. For some indicators,
including child malnutrition, several infectious diseases, and most violence measures, the annualised rates of change
required to meet SDG targets far exceeded the pace of progress achieved by any country in the recent past. We found
that applying the mean global annualised rate of change to indicators without defined targets would equate to about
19% and 22% reductions in global smoking and alcohol consumption, respectively; a 47% decline in adolescent birth
rates; and a more than 85% increase in health worker density per 1000 population by 2030.
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Interpretation The GBD study offers a unique, robust platform for monitoring the health-related SDGs across
demographic and geographic dimensions. Our findings underscore the importance of increased collection and
analysis of disaggregated data and highlight where more deliberate design or targeting of interventions could
accelerate progress in attaining the SDGs. Current projections show that many health-related SDG indicators,
NCDs, NCD-related risks, and violence-related indicators will require a concerted shift away from what might have
driven past gains—curative interventions in the case of NCDs—towards multisectoral, prevention-oriented policy
action and investments to achieve SDG aims. Notably, several targets, if they are to be met by 2030, demand a pace
of progress that no country has achieved in the recent past. The future is fundamentally uncertain, and no model
can fully predict what breakthroughs or events might alter the course of the SDGs. What is clear is that our
actions—or inaction—today will ultimately dictate how close the world, collectively, can get to leaving no one
behind by 2030.

Funding Bill & Melinda Gates Foundation.

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

Research in context

Evidence before this study

Measuring country progress on the UN's Sustainable
Development Goals (SDGs) has been an important
international priority since the SDGs were introduced in 2015.
The UN, the Sustainable Development Solutions Network,
WHO, and the World Bank also report on the SDGs, but their
analyses do not consistently measure indicators for each
location and year. The Global Burden of Diseases, Injuries, and
Risk Factors Study (GBD) 2015 estimated 33 health-related
SDG indicators and the overall health-related SDG index from
1990 to 2015 for 188 countries. In GBD 2016, the number of
indicators included was expanded to 37, and projections of
health-related SDG achievement in 2030 were estimated for
the first time. The ability of decision makers, particularly at the
national level, to adequately monitor progress on the
health-related SDGs and budget and plan for the future

is potentially hampered by the scarcity of disaggregated data,
such as by subnational unit, sex, and socioeconomic level.
Complete estimates of SDG progress at these levels are needed
to identify, and target programmes to, the populations that
are most at risk of falling behind.

Added value of this study

GBD 2017 provides consistent, comparably generated
estimates of the health-related SDG indicators for

195 countries and territories from 1990 to 2017. Additionally,
GBD 2017 provides, for the first time, estimates of
health-related SDGs at the subnational level for select
countries and by sex. Newly estimated indicators in GBD 2017
include health worker density per 1000 population

(SDG indicator 3.c.1), sexual violence by non-intimate
partners (SDG indicator 5.2.2), and population census status
(SDG indicator 17.19.2a), as well as disaggregation of SDG
indicator 16.1.3 into prevalence of physical violence (SDG
indicator 16.1.3a) and sexual violence (SDG indicator 16.1.3c)
following the March, 2018, refinements accepted by the UN
Statistical Commission. Measurement improvements
included reporting on prevalence of current smoking rather

than of daily smoking to better align with the UN's definition
and internally consistent, systematic estimation of
adolescent birth rates within the broader GBD study. We used
a forecasting platform that systematically captures the effects
of independent drivers of population health into the future to
generate projections through 2030. On the basis of past
trends, we assessed country-level probabilities of attainment
for SDG indicators with defined targets. We also calculated
the rates of change required to meet defined SDG targets at
the global level from 2015 to 2030, and then compared them
to annualised rates of change observed at the country level
from 1990 to 2015; this analysis provided a way of
benchmarking the pace of progress needed to meet
ambitious SDG aims with what the world has achieved in the
past. We then applied the mean percentile of the global
required rates of change to all SDG indicators, providing a
historically grounded foundation to evaluate progress for
indicators without explicit targets and the relative feasibility
of current ones.

Implications of all the available evidence

Most countries were projected to improve their health-related
SDG index scores by 2030, although our results revealed gaps
in potential progress at and beyond the national level. This
information is urgently needed to inform strategies for
attaining SDG targets, which for many countries will require
rates of progress that are faster than rates achieved in the
recent past. Most countries already have national action plans
in place for, and are in a better position to meet indicator
targets that have origins in, the Millennium Development
Goals, whereas the SDGs have not been similarly
operationalised in many national policies. In the remaining
years of the SDG era, it is crucial that governments and
international institutions invest in and implement
SDG-related programmes and continue to monitor
inequalities in the health-related SDGs within populations to
truly deliver on the promise of leaving no one behind.
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Introduction

During the early years of implementation of the UN’s
Sustainable Development Goals (SDGs), which were
adopted in 2015, various international efforts have
sought to galvanise faster progress towards the
SDGs’ bold aims. A recent example includes WHO’s
13th General Programme of Work (GPW13) for 2019-23,?
which involves an ambitious agenda of measurable goals
and interconnected strategies to ensure healthy lives and
wellbeing for people of all ages. The GPW13 has three
strategic priorities that will be measured by existing, or
composites of existing, SDG indicators: achieving
universal health coverage (UHC), addressing health
emergencies, and promoting healthier populations.’

We are in the third year of the SDG era, and progress
towards the world-changing aspirations of the SDGs
remains a gradual, ongoing process. Although, for
some indicators, many countries have maintained the
pace of progress made during the era of the Millennium
Development Goals, for other indicators, countries
have seen gains slow.*” These trends underscore the
need to focus existing programmes and policies on the
expanded scope of the SDG agenda. For instance, some
countries in sub-Saharan Africa and Latin America will
need to hasten progress against non-communicable
diseases (NCDs) if corresponding SDG targets are to be
met, and NCDs are a major component of the GPW13.%
Although NCD prevention is a UN policy priority,”
and many evidence-based policies and programmes
exist to target NCDs, substantial implementation gaps
remain. The Lancet has called for 2018 to be the year
for action against NCDs,”""” and in the report Time
to Deliver,”” the WHO Independent High-Level Com-
mission on Noncommunicable Diseases declared there
is no excuse not to act.

The Global Burden of Diseases, Injuries, and Risk
Factors Study (GBD) 2015 was the first GBD effort to
measure the health-related SDGs, producing estimates
for 33 health-related SDG indicators and generating an
overall measure, the health-related SDG index, from
1990 to 2015 for 188 countries.” For GBD 2016, this effort
was expanded to include four additional SDG indicators,
as well as projections of SDG attainment through
2030 based on past trends.” GBD 2016 also improved
methods for measuring UHC service coverage.” Other
organisations measure a subset of the health-related
SDG indicators, but not consistently across locations and
years.*’

Although national SDG analyses can be useful for
guiding health policy, the most vulnerable populations
within countries are still at risk of being left behind.
Country-level measures of population health likely
mask disparities between and within subnational ad-
ministrative divisions, particularly in low-income and
middle-income countries."" National governments need
subnational data to inform the localisation of global SDG
policies and programmes, allowing decision makers to
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better target resource allocation and service delivery.”*
In many places, males and females also experience
disparate risk exposures and corresponding health
outcomes,” yet SDG reports do not typically provide
data disaggregated by sex, with the exception of those
on smoking prevalence. The Inter-agency and Expert
Group on Sustainable Development Goal Indicators has
requested that metadata be disaggregated by sex for
19 health-related SDG indicators,” and more detailed
data will need to be collected and monitored to assess
progress, identify high-risk populations, and develop
targeted approaches to prevention and treatment.
Although valuable, even data at this level might not be
sufficient to capture inequalities underlying macro-level
trends. Finally, in the absence of clearly defined targets,
progress on several health-related SDG indicators cannot
be benchmarked against SDG aims. Target setting is a
complex process that requires a delicate balance of
technical and political inputs; yet, without established
targets, galvanising greater political and financial
commitments to address health needs during the SDG
era could be challenging.

In this study, we provide updated estimates for 41 of
52 health-related SDG indicators and the overall health-
related SDG index for 195 countries and territories. For
ten indicators, we compare progress from 1990 to 2017 by
sex and by Socio-demographic Index (SDI), a composite
measure of overall development. Using past trends, we
project global progress and analyse attainment of the
health-related SDGs through 2030. These estimates will
provide a benchmark against which the feasibility of
attaining SDG targets by 2030 can be assessed on the
basis of what countries have achieved in the past.
Compared with GBD 2016, GBD 2017 includes four
additional health-related SDG indicators and improves
the measurement of some previously included indicators.
This analysis can support global efforts, such as the
monitoring of the GPW13, and national-level decision
making by international institutions, policy makers, and
national governments who implement the health-related
SDGs.

Methods

Overview of GBD

Each year, the GBD study produces age-specific, sex-
specific, and location-specific estimates of all-cause and
cause-specific mortality, non-fatal outcomes, overall
disease burden (ie, disability-adjusted life-years), and risk
factor exposure and attributable burden from 1990 to the
current study year.

This analysis of the health-related SDGs is based on
GBD 2017 estimates. Broader GBD 2017 methods are
described elsewhere,*? while further detail on data
sources and estimation approaches used for this analysis
are available in appendix 1 (part 1). We used previously
established GBD methods to generate indicator-specific
estimates for 1990-2017, including the Cause of Death

See Online for appendix 1
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See Online for appendix 2

Ensemble model for causes of death,”” DisMod-MR for
many non-fatal causes,”” and spatiotemporal Gaussian
process regression for most risk factor exposures,
measures of intervention coverage, and other SDG
indicators (eg, well-certified death registration [SDG
indicator 1719.2c]).**

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); these results are
presented in appendix tables and figures (appendix 2).
Subnational estimates for countries with populations
larger than 200 million (as measured with our 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.

The GBD study uses standardised and replicable
methods that comply with the Guidelines for Accurate
and Transparent Health Estimates Reporting (GATHER).”
Analyses were done with R version 3.44, Python
version 2.714, or Stata version 13.1. The entire GBD time
series is updated annually with improved methods and
data sources, and thus GBD 2017 findings, including the
SDG analysis presented here, supersede all previous
GBD publications.

Indicators, definitions, and measurement approaches
The health-related SDG indicators are shown in table 1.
GBD 2017 assesses four more indicators than assessed in
GBD 2016. The first is health worker density (SDG
indicator 3.c.1), which is defined by the UN as health
workers per 1000 population, by cadre of health worker.
For this analysis, we report estimates for three main
groups of health workers: physicians, nurses and
midwives, and pharmacists. We used International
Standard Classification of Occupations (ISCO) 88 to map
cadres of health workers from multiple data sources and
coding systems, resulting in comparable and consistently
defined groupings of health workers over time and across
locations (appendix 1 part 1).

The second new indicator is sexual violence by non-
intimate partners (SDG indicator 5.2.2), which is defined
as the prevalence of females aged 15 years and older who
have been subjected to sexual violence by non-intimate
partners in the past 12 months. The third is the separate
reporting of the prevalence of physical and sexual
violence (SDG indicator 16.1.3). In March, 2018, the UN
Statistical Commission approved refinements to SDG
indicator 16.1.3, such that the indicator is now defined as
the “proportion of population subjected to (a) physical
violence, (b) psychological violence, and (c) sexual
violence in the previous 12 months”.”** Following the
GBD precedent of measuring each component of an
SDG indicator (eg, reporting separately on child wasting
and overweight [SDG indicators 2.2.2a and 2.2.2b] and
on sanitation and access to handwashing facilities [SDG
indicators 6.2.1a and 6.2.1b]),*" we report the prevalence
of physical violence and that of sexual violence separately.
Owing to measurement challenges and data sparsity, we
did not measure the prevalence of psychological violence.

The final new indicator is population census status
(SDG indicator 17.19.2a), which was defined as covered if
a location had conducted a population and housing
census within the past 10 years or had an established
population registry that routinely captured nationally
representative demographic information (appendix 1
part 1). To assess population census status, we used data
compiled for GBD 2017 population estimates,* as well as
all available data on population census implementation
since 1980 and documentation of population registries.

As well as adding new indicators, we have improved the
measurement of several previously reported indicators.
For smoking prevalence (SDG indicator 3.a.1), we now
report prevalence of current smoking (daily and occasional
smokers) rather than only daily smoking to better align
with the UN’s definition (appendix 1 part 1). For vaccine
coverage (SDG indicator 3.b.1), we include all eight
vaccines in the aggregate measure for each location-year,
rather than limiting the aggregate to vaccines expressly
included in national vaccine schedules. Additionally, we
now take the arithmetic, rather than the geometric, mean
across the eight vaccines. These revisions allow better
comparability across locations over time, avoid inadvert-
ently penalising countries for introducing and scaling up
new vaccines, and provide a better reflection of overall
vaccine coverage for target populations.

The UHC service coverage index includes nine
measures of coverage for a subset of interventions for
communicable diseases and maternal and child health
and the 32 causes that comprise the Healthcare Access
and Quality (HAQ) Index (appendix 1 part 1). The HAQ
Index is an overall measure of health-care access
and quality based on risk-standardised death rates or
mortality-to-incidence ratios from causes amenable to
health care* Following updated HAQ methods,*
we used mortality-to-incidence ratios for cancers
rather than risk-standardised death rates for the UHC
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environmental shocks and disasters

Target 2.2: By 2030, end all forms
of malnutrition, including
achieving, by 2025, the
internationally agreed targets on
stunting and wasting in children
younger than 5 years, and address
the nutritional needs of adolescent
girls, pregnant and lactating
women, and older people

Target 2.2 (as above)

Target 2.2 (as above)

Target 3.1: By 2030, reduce the
global maternal mortality ratio to
less than 70 per 100 000 livebirths

Target 3.1 (as above)

Target 3.2: By 2030, end
preventable deaths of newborns
and children younger than 5 years,
with all countries aiming to reduce
neonatal mortality to at least as
low as 12 per 1000 livebirths and
under-5 mortality to at least as low
as 25 per 1000 livebirths

Target 3.2 (as above)

Target 3.3: By 2030, end the
epidemics of AIDS, tuberculosis,
malaria, and neglected tropical
diseases and combat hepatitis,
water-borne diseases, and other
communicable diseases

Target 3.3 (as above)

Child
stunting
(221)

Child
wasting
(2.2.23)

Child
overweight
(2.2.2b)

Maternal
mortality
ratio (3.1.1)

Skilled birth
attendance
(31.2)

Under-5
mortality
(3-2.1)

Neonatal
mortality
(322)

HIV
incidence

(331)

Tuberculosis
incidence

(33.2)

Prevalence of stunting in Yes
children younger than
5years, %

Prevalence of wasting in Yes
children younger than
5years, %

Prevalence of overweight in Yes
children aged 2-4 years, %

Goal 3: Ensure healthy lives and promote wellbeing for all at all ages

Maternal deaths Yes
per 100000 livebirths in
females aged 10-54 years

Proportion of births attended ~ Yes
by skilled health personnel

(doctors, nurses, midwives, or
country-specific medical staff

[eg, clinical officers]), %

Probability of dying before age ~ Yes
5 years, per 1000 livebirths

Probability of dying during Yes
the first 28 days of life,
per 1000 livebirths

Age-standardised rate of Yes
new HIV infections
per 1000 population

Age-standardised rate of Yes
tuberculosis cases per
100000 population

Goal 2: End hunger, achieve food security and improved nutrition, and promote sustainable agriculture

Stunting is defined as below -2 SDs from the median
height-for-age of the WHO reference population.
No indicator modifications are required

We have separated reporting for indicator 2.2.2 into wasting

Health- Indicator definition Currently  Further details SDG target SDG target
related SDG measured used in this
indicator by GBD analysis

Goal 1: End poverty in all its forms everywhere

Target 1.5: By 2030, build the Disaster Death rate due to exposureto  Yes Existing datasets do not comprehensively measure missing Undefined

resilience of the poorand thosein ~ mortality forces of nature, per persons and people affected by natural disasters; we thus report

vulnerable situations and reduce (1.5.1;same 100000 population deaths due to exposure to forces of nature

their exposure and vulnerabilityto  as indicators

climate-related extreme eventsand  11.5.1and

other economic, social, and 13.1.1)

Eliminateby ~ <0-5%
2030

Eliminateby  <0-5%

(2.2.2a) and overweight (2.2.2b). Wasting is defined as below 2030
-2 SDs from the median weight-for-height of the WHO

reference population

We have separated reporting for indicator 2.2.2 into wasting

Eliminateby  <0-5%

(2.2.2a) and overweight (2.2.2b). We used the IOTF thresholds 2030
because the WHO cutoff at age 5 years can lead to an artificial

shift in prevalence estimates when the analysis covers more age
groups. Furthermore, considerably more studies use IOTF

cutoffs, which allowed us to build a larger database for

estimating child overweight

No indicator modifications required

No indicator modifications required

No indicator modifications required

No indicator modifications required

We report HIV incidence of all populations and in terms of

age-standardised rates

No indicator modifications required

Reduce to <70 deaths

<70 deaths per 100000

per100000 livebirths

livebirths by

2030

Universal 299%

access (100%)

Reduce to <25 deaths

25 deaths per 1000

per 1000 livebirths

livebirths or

lower by 2030

Reduce to <12 deaths

12 deaths per 1000

per 1000 livebirths

livebirths or

lower by 2030

Eliminateby ~ <0-005

2030 per 1000
population

Eliminateby  <0.5 per

2030 100000
population

(Table 1 continues on next page)
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Health- Indicator definition Currently  Further details SDG target SDG target
related SDG measured used in this
indicator by GBD analysis
(Continued from previous page)
Target 3.3 (as above) Malaria Age-standardised rate of Yes No indicator modifications required Eliminateby ~ <0-005
incidence malaria cases per 2030 per 1000
(33.3) 1000 population population
Target 3.3 (as above) HepatitisB  Age-standardised rate of Yes No indicator modifications required Undefined
incidence hepatitis B incidence
(33.4) per 100 000 population
Target 3.3 (as above) Neglected Age-standardised prevalence of = Yes People requiring interventions against neglected tropical diseases ~ Eliminateby ~ <0-5%
tropical the sum of 15 neglected is not well defined; thus, this indicator is revised to the sum of the 2030
diseases tropical diseases, % prevalence of 15 neglected tropical diseases currently measured in
prevalence the GBD study: human African trypanosomiasis, Chagas disease,
(3.3.5) cystic echinococcosis, cysticercosis, dengue, food-borne
trematodiases, Guinea worm disease, intestinal nematode
infections, leishmaniasis, leprosy, lymphatic filariasis,
onchocerciasis, rabies, schistosomiasis, and trachoma
Target 3.4: By 2030, reduce by NCD Age-standardised death rate Yes No indicator modifications required Reduce by Reduce by
one-third premature mortality mortality due to cardiovascular disease, one-thirdby ~ one-third
from NCDs through prevention (3.4.1) cancer, diabetes, and chronic 2030
and treatment and promote respiratory disease in
mental health and wellbeing populations aged 30-70 years,
per 100 000 population
Target 3.4 (as above) Suicide Age-standardised death rate Yes No indicator modifications required Reduce by Reduce by
mortality due to self-harm, one-thirdby  one-third
(3.4.2) per 100 000 population 2030
Target 3.5: Strengthen the Substance Coverage of treatment No Prevalence of specific substance use disorders (opioid, cocaine,  Undefined
prevention and treatment of abuse interventions (pharmacological, amphetamine, and cannabis use disorders), as well as alcohol
substance abuse, including coverage psychosocial, and rehabilitation use disorders, are presently estimated as part of GBD. Efforts
narcotic drug abuse and harmful ~ (3.5.1) and aftercare services) for to extract and synthesise data on coverage of specific
use of alcohol substance use disorders, % interventions (eg, opioid substitution therapy) are
currently in progress as part of the broader GBD study
Target 3.5 (as above) Alcoholuse  Risk-weighted prevalence of Yes For this indicator, we include three categories of alcohol Undefined
(3.5.2) alcohol consumption, as consumption because national alcohol consumption per capita
measured by the SEV for does not capture the distribution of use. The SEV for alcohol use
alcohol use, % is based on two primary dimensions: individual-level drinking
(current drinkers and lifetime abstainers, and alcohol
consumption by age and sex) and population-level consumption
(litre per capita of pure alcohol stock). The SEV then weights
these categories with their corresponding relative risks, which
translates to a risk-weighted prevalence on a scale of 0% (no risk
in the population) to 100% (the entire population experiences
maximum risk associated with alcohol consumption)
Target 3.6: By 2020, halve the Roadinjury  Age-standardised death rate Yes No indicator modifications required Reduce by Reduce by
number of global deaths and mortality due to road injuries, one-half by 50%
injuries from road traffic accidents  (3.6.1) per 100 000 population 2020
Target 3.7: By 2030, ensure Family Proportion of women of Yes No indicator modifications required Universal 299%
universal access to sexual and planning reproductive age (15-49 years) access (100%)
reproductive health-care services, need met, who have their need for family
including for family planning, modern planning satisfied with modern
information and education, and contra- methods, %
the integration of reproductive ception
health into national strategiesand methods
programmes (3.71)
Target 3.7 (as above) Adolescent  Number of livebirths Yes No indicator modifications required Undefined
birth rate per 1000 females aged
(3.72) 10-14 years or 15-19 years
(Table 1 continues on next page)

2096

service coverage index to better approximate access
to quality cancer care. Considerable updates were
made to measurement of adolescent birth rate (SDG
indicator 3.72), which was based on comprehensive
estimates of population and fertility from GBD 2017, as
well as of fatal discontinuities (mortality due to natural

disasters or conflict and terrorism), among other
indicators. Further detail can be found in appendix 1
(part 1) and accompanying GBD 2017 papers.”*%

We report estimates for all health-related SDG
indicators with both sexes combined and sex-specific
estimates for HIV incidence (SDG indicator 3.3.1),

www.thelancet.com Vol 392 November 10,2018
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Tobacco Control in all countries,
as appropriate

Health- Indicator definition Currently  Further details SDG target SDG target
related SDG measured used in this
indicator by GBD analysis
(Continued from previous page)
Target 3.8: Achieve UHC, UHCservice  Coverage of essential health Yes Tracer interventions included vaccination coverage (coverageof ~ Universal 299%
including financial risk protection, coverage services, as defined by the UHC three doses of DPT3, one dose of measles vaccine, and three doses  access (100%)
access to quality essential health-  index (3.8.1)  service coverage index of nine of the oral polio vaccine or inactivated polio vaccine), met need
care services, and access to safe, tracer interventions and risk- for family planning with modern contraception methods,
effective, quality, and affordable standardised death rates or antenatal care coverage (one visit and four visits), skilled birth
essential medicines and vaccines mortality-to-incidence ratios attendance coverage, in-facility delivery rates, and coverage of
forall from 32 causes amenable to antiretroviral therapy among people living with HIV. The
personal health care 32 causes amenable to personal health care, which compose the
Healthcare Access and Quality Index, included tuberculosis,
diarrhoeal diseases, lower respiratory infections, upper respiratory
infections, chronic respiratory diseases, diphtheria, whooping
cough, tetanus, measles, maternal disorders, neonatal disorders,
colon and rectum cancer, non-melanoma skin cancer, breast
cancer, cervical cancer, uterine cancer, testicular cancer, Hodgkin
lymphoma, leukaemia, rheumatic heart disease, ischaemic heart
disease, cerebrovascular disease, hypertensive heart disease,
peptic ulcer disease, appendicitis, hernia, gallbladder and biliary
diseases, epilepsy, diabetes, chronic kidney disease, congenital
heart anomalies, and adverse effects of medical treatment.
We then scaled these 41 individual inputs on a scale of 0-100,
with O reflecting the worst levels observed between 1990 and
2017 and 100 reflecting the best observed during this time.
We took the arithmetic mean of these 41 scaled indicators so as
to collectively capture a wide range of essential health services
pertaining to reproductive, maternal, newborn, and child health;
infectious diseases; NCDs; and service capacity and access
Target 3.8 (as above) Financial risk ~ Proportion of population with ~ No Comprehensive and comparable datasets on household <10% or
protection large household expenditures expenditures on health as a fraction of total household <25% of total
(3.8.2) on health as a share of total expenditure or income are not currently available across all expenditure
household expenditure or locations and over time. Efforts to quantify incidence of orincome
income, % catastrophic health spending, at both 10% and 25% of total
expenditure or income, for the full time series and locations
included in the GBD study are currently under way
Target 3.9: By 2030, substantially ~ Air pollution  Age-standardised death rate Yes No indicator modifications required Undefined
reduce the number of deathsand ~ mortality attributable to household air
illnesses from hazardous (3.9.1) pollution and ambient air
chemicals and air, water, and soil pollution, per
pollution and contamination 100000 population
Target 3.9 (as above) WaSH Age-standardised death rate Yes No indicator modifications required Undefined
mortality attributable to unsafe WaSH,
(3.9.2) per 100 000 population
Target 3.9 (as above) Poisoning Age-standardised death rate Yes No indicator modifications required Undefined
mortality due to unintentional
(3.9.3) poisonings, per
100 000 population
Target 3.a: Strengthen the Smoking Age-standardised prevalence of Yes We report on populations aged 10 years and older Undefined
implementation of the WHO prevalence  current smoking in populations
Framework Convention on (3a1) aged 10 years and older, %

(Table 1 continues on next page)

tuberculosis incidence (SDG indicator 3.3.2), hepatitis B
incidence (SDG indicator 3.3.4), NCD mortality (SDG
indicator 3.4.1), suicide mortality (SDG indicator 3.4.2),
alcohol use (SDG indicator 3.5.2), road injury mortality
(SDG indicator 3.6.1), poisoning mortality (SDG
indicator 3.9.3), smoking prevalence (SDG 3.a.1), and
homicide (SDG indicator 16.1.1). We selected indicators
for sex-specific analysis according to the availability of
GBD sex-specific data and the utility of presenting sex-
specific data by indicator.
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We used SDI,® a composite measure of overall
development based on rescaled values of fertility,
education, and income, to compare performance on the
health-related SDGs across quintiles of overall
development. For GBD 2017, SDI was updated to include
only fertility rates for females younger than 25 years
rather than total fertility rates.” The GBD 2017 population
and fertility analysis found that total fertility demonstrates
a U-shaped pattern with SDI at higher levels of
development, whereas fertility in females younger than
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Health-
related SDG
indicator

Indicator definition

Currently
measured
by GBD

Further details SDG target SDG target
used in this
analysis

(Continued from previous page)

Target 3.b: Support the research ~ Vaccine
and development of vaccinesand ~ coverage
medicines for communicableand  (3.b.1)
NCDs that primarily affect

developing countries; provide

access to affordable essential

medicines and vaccines, in

accordance with the Doha

Declaration on the TRIPS

Agreement and Public Health,

which affirms the right of

developing countries to use to the

full the provisions in the

Agreement on Trade-Related

Aspects of Intellectual Property

Rights regarding flexibilities to

protect public health, and, in

particular, provide access to

medicines for all

Target 3.b (as above) Develop-
mental
assistance for
research and
health (3.b.2)

Target 3.b (as above) Essential
medicines

(3-b3)

Target 3.c: Substantially increase  Health

health financing and the worker
recruitment, development, density
training, and retention of the (3.c1)

health workforce in developing
countries, especially in least
developed countries and small
island developing States

Coverage of eight vaccines in
target populations, %

Total net official development
assistance to the medical
research and basic health
sectors

Proportion of health facilities
that have a core set of relevant
essential medicines available
and affordable on a sustainable
basis, %

Health worker density
per 1000 population, by
cadre and summed across
cadres

Yes

No

No

Yes

Vaccines included DPT3, both doses of measles vaccine Coverage ofall 299%
(one dose and two doses, reported separately), polio target
(three doses), hepatitis B (three doses), Haemophilus influenzae  populations
type b (three doses), pneumococcal conjugate vaccine (three (100%)
doses), and rotavirus vaccine (two or three doses). We then used

the arithmetic mean of coverage of these eight vaccines to

calculate overall vaccine coverage of target populations. For GBD

2017, we made some methodological updates for this measure.

We now assess coverage for all eight vaccines for every

location-year rather than limiting the aggregate to vaccines

expressly included in national vaccine schedules. This revision

allows for greater comparability across locations over time and

helps to avoid overly penalising countries for introducing and

scaling up new vaccines. As a result, we were able to remove the

3year lag that had previously been used for new vaccine

introduction; its original utility was to provide a window in

which coverage could be scaled up before it counted towards

the aggregate. By replacing all location-year estimates with

0% coverage before a given vaccine’s introduction, any amount

of scale-up now contributes to improved overall coverage for

this indicator. We also now take the arithmetic mean across the

eight vaccines rather than the geometric mean to avoid over

sensitivity to the 0% estimates for vaccines that have yet to be

introduced in a given location-year and to provide a more easily
interpretable measure of overall vaccine coverage

Development assistance for health is currently assessed within ~ Undefined
a comprehensive, comparable analytical framework by source,
channel, recipient country, and health focus area from 1990 to
2017; however, funding specifically for medical research

(eg, research and development of vaccines and medicines, as
described in Target 3.b) is not systematically available across
source and recipient countries. Additionally, the appropriate
assessment of country-level performance remains unclear

(eg, whether countries that receive high levels of
developmental assistance for medical research are equivalent,
in terms of indicator performance, to countries that disburse
high levels of developmental assistance for medical research)

Across all locations and over time, comparable data on the Universal
stocking and stock-out rates of essential medicines for all types  access (100%)
of facility (hospitals, primary care facilities, pharmacies, and

other health-care outlets) and facility ownership

(public, private, and informal) are not currently available. In the

absence of robust measures of stock-outs in both the public

and private sectors across countries and over time, the

measurement strategy for producing comparable results for

this indicator is unclear. Furthermore, what should constitute a

core set of relevant essential medicines is likely to vary by

location based on its epidemiological profile, and thus work is

needed to more precisely define what these core sets of

relevant essential medicines should be given known disease

burden, risk factor profiles, and health risks across countries.

Lastly, the proposed indicator stipulates measurement of not

simply access to a core set of essential medicines but also access

to affordable medicines. No comprehensive and comparable

datasets on the status of essential medicine affordability, in

addition to their stocks, presently exist

Three health worker cadres—physicians, nurses and midwives,  Undefined
and pharmacists—currently comprise indicator 3.c.1; they are

reported separately and summed across cadres in this study.

Cadres are categorised based on International Standard

Classification of Occupations 88 codes, against which

alternative or earlier classification schemes and codes are

systematically mapped to produce comparable and consistent

measures of cadres over time and across locations

(Table 1 continues on next page)
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Health- Indicator definition Currently  Further details SDG target SDG target
related SDG measured used in this
indicator by GBD analysis
(Continued from previous page)
Target 3.d: Strengthen the IHR capacity ~ The WHO-recommended No Comprehensive and comparable data for all components of the  Undefined
capacity of all countries, (3.d.1) measure of IHR capacity and IHR core capacity index, for all locations and over time, are not
in particular developing countries, health emergency preparedness currently openly available. Self-evaluations have been
for early warning, risk reduction, is the percentage of 13 core undertaken by some member states, with a subset followed up
and management of national capacities that have been with independent assessments via the Joint External Evaluation
and global health risks attained at a specific time process. To date, 23 countries have completed this process and
(IHR core capacity index). made reports fully available out of a total of 43 completed Joint
The 13 core capacities are: External Evaluations. An additional 30 countries are scheduled
national legislation, policy, for assessment by the end of 2018. As these data become more
and financing; coordination openly available it might be possible to model regional and
and national focal point temporal trends to obtain estimates for outstanding countries,
communications; surveillance; but this will likely necessitate creating bespoke covariates
response; preparedness; risk relating to policy status and types of surveillance system that
communication; human are not currently reported in the GBD study
resources; laboratory; points of
entry; zoonotic events; food
safety; chemical events; and
radionuclear emergencies
Goal 5: Achieve gender equality and empower all women and girls
Target 5.2: Eliminate all forms of  Intimate Age-standardised prevalence of Yes Data on exposure to subtypes of violence are not systematically Eliminateby ~ <0-5%
violence against all women and partner ever-partnered women aged available across locations and over time; we thus report physical 2030
girls in the public and private violence 15 years and older who or sexual violence by a current or former intimate partner
spheres, including traffickingand ~ (5.2.1) experienced physical or sexual
sexual and other types of violence by a current or former
exploitation intimate partner in the past
12 months, %
Target 5.2 (as above) Non- Age-standardised prevalence of ~ Yes Data on exposure to subtypes of violence are not systematically ~ Eliminateby ~ <0-5%
intimate women aged 15 years and older available across locations and over time; we thus report physical 2030
partner who experienced physical or or sexual violence by a non-intimate partner
violence sexual violence by a
(5.2.2) non-intimate partner in the past
12 months, %
Target 5.6: Ensure universal access  Female Proportion of women aged No The proportion of women who make their own informed Universal
to sexual and reproductive health  informed 15-49 years who make their decisions regarding all three dimensions of this indicator— access (100%)
and reproductive rights as agreed  reproductive  own informed decisions sexual relations, contraceptive use, and reproductive health
in accordance with the health (5.6.1) regarding sexual relations, care—are included in the Demographic and Health Survey
Programme of Action of the contraceptive use, and series. Data availability for non-Demographic and Health
International Conference on reproductive health care, % Survey countries is unclear. The feasibility of measuring this
Population and Development and indicator as part of future iterations of the GBD study is being
the Beijing Platform for Action considered
and the outcome documents of
their review conferences
Target 5.6 (as above) Reproductive  Number of countries with laws ~ No Across all locations and over time, comprehensive and Universal
health equal  and regulations that guarantee comparable data documenting the status of laws and regulations  access (100%)
access full and equal access to women regarding access to sexual and reproductive health care,
(5.6.2) and men aged 15 years and information, and education currently do not exist. Compiling the
older to sexual and past and current status of such laws and regulations might be
reproductive health care, possible; however, systematically assessing their depth or
information, and education intensity, enforcement, and effectiveness in guaranteeing access
to reproductive health care, information, and education might
be challenging across locations and over time
Goal 6: Ensure availability and sustainable management of water and sanitation for all
Target 6.1: By 2030, achieve Water (6.1.1) Risk-weighted prevalence of Yes Different types of unsafe water sources have correspondingly Universal <1%
universal and equitable access to populations using unsafe or different relative risks associated with poor health outcomes; access to safe
safe and affordable drinking water unimproved water sources, as we thus report on the SEV for water, which captures the relative  water (100%);
forall measured by the SEV for unsafe risk of different types of unsafe water sources and then 0% on the SEV
water, % combines them into a risk-weighted prevalence on a scale of for unsafe
0% (no risk in the population) to 100% (the entire population ~ water

experiences maximum risk associated with unsafe water)

(Table 1 continues on next page)
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Health- Indicator definition Currently  Further details SDG target SDG target
related SDG measured used in this
indicator by GBD analysis
(Continued from previous page)
Target 6.2: By 2030, achieve Sanitation Risk-weighted prevalence of Yes We have three mutually exclusive, collectively exhaustive Universal <1%
access to adequate and equitable  (6.2.1a) populations using unsafe or categories for sanitation at the household level: households access to safe
sanitation and hygiene for all and unimproved sanitation, as with piped sanitation (with a sewer connection); households sanitation
end open defecation, paying measured by the SEV for unsafe with improved sanitation without sewer connection (pit latrine, (100%); 0% on
special attention to the needs of sanitation, % ventilated improved latrine, pit latrine with slab, composting the SEV for
women and girls and those in toilet), as defined by the Joint Monitoring Programme; and unsafe
vulnerable situations households without improved sanitation (flush toilet that is not  sanitation
piped to sewer or septic tank, pit latrine without a slab or open
pit, bucket, hanging toilet or hanging latrine, shared facilities,
no facilities), as defined by the Joint Monitoring Programme
Target 6.2 (as above) Hygiene Risk-weighted prevalence of Yes Access to a handwashing facility was defined as having an Universal <1%
(6.2.1b) populations without access to a observed handwashing station with soap and water available in ~ access to
handwashing facility, as the household handwashing
measured by the SEV for unsafe facility (100%);
hygiene, % 0% on the SEV
for hygiene
Target 6.3: By 2030, improve Treated Proportion of wastewater safely No Across all locations and over time, comprehensive and Halve the
water quality by reducing wastewater  treated, %. UN Water defines comparable data containing information about total proportion of
pollution, eliminating dumping,  (6.3.1) this indicator as the proportion wastewater, as generated by both households and untreated
minimising the release of of total wastewater generated non-household entities (however they are defined), and wastewater
hazardous chemicals and by both households (sewage wastewater treatment status do not currently exist. UN Water
materials, halving the amount of and faecal sludge) and suggests that there will be sufficient data to generate estimates
untreated wastewater, and economic activities (based on of global and regional levels of safely treated wastewater by
substantially increasing recycling International Standard 2018; however, in the absence of more country-level data, it is
and safe reuse globally Industrial Classification difficult to determine the representativeness of such global and
categories) that is safely regional estimates
treated. Although the definition
conceptually includes
wastewater generated from all
economic activities, monitoring
will focus on wastewater
generated from hazardous
industries (as defined by
relevant International Standard
Industrial Classification
categories).
Goal 7: Ensure access to affordable, reliable, sustainable, and modern energy for all
Target 7.1: By 2030, ensure Household  Risk-weighted prevalence of Yes Existing datasets do not comprehensively measure population  Universal <1%
universal access to affordable, air pollution  household air pollution, as use of clean fuels and technology for heating and lighting access to
reliable, and modern energy (71.2) measured by the SEV for across locations; we thus report on the exposure to clean improved
services household air pollution, % (orunclean) fuels used for cooking fuels (100%);
0% on the SEV
for household
air pollution
Goal 8: Promote sustained, inclusive, and sustainable economic growth; full and productive employment; and decent work for all
Target 8.8: Protect labour rights ~ Occupational ~ Age-standardised all-cause Yes This indicator is reported as DALY rates attributable to Undefined
and promote safe and secure risk burden DALY rates attributable to occupational risks because DALYs combine measures of
working environments for (8.8.1) occupational risks, per 100 000 mortality and non-fatal outcomes into a single summary
all workers, including migrant population measure, and occupational risks represent the full range of
workers, in particular women safety hazards that might be encountered in working
migrants, and those in precarious environments
employment
Goal 11: Make cities and human settlements inclusive, safe, resilient, and sustainable
Target 11.5: By 2030, significantly ~ Disaster Death rate due to exposureto  Yes Existing datasets do not comprehensively measure missing Undefined
reduce the number of deathsand ~ mortality forces of nature, per people and people affected by natural disasters; we thus report

the number of people affected and
substantially decrease the direct
economic losses relative to global
gross domestic product caused by
disasters, including water-related
disasters, with a focus on
protecting the poor and people in
vulnerable situations

(11.5.1; same 100 000 population
as indicators

1.5.1and

13.1.1)

on deaths due to exposure to forces of nature

(Table 1 continues on next page)
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Health- Indicator definition Currently  Further details SDG target SDG target
related SDG measured used in this
indicator by GBD analysis
(Continued from previous page)
Target 11.6: By 2030, reducethe ~ Mean PM,,  Population-weighted mean Yes No indicator modifications required Undefined
adverse per-capita environmental  (11.6.2) levels of fine particulate matter
impact of cities, including by smaller than 2.5 pg in diameter
paying special attention to air (PM,5), pg/m?
quality and municipal and other
waste management
Goal 13: Take urgent action to combat climate change and its impacts
Target 13.1: Strengthen resilience  Disaster Death rate due to exposureto  Yes Existing datasets do not comprehensively measure missing Undefined
and adaptive capacity to mortality forces of nature, per people and people affected by natural disasters; we thus report
climate-related hazards and (13.1.1;same 100000 population on deaths due to exposure to forces of nature
natural disasters in all countries asindicators
1.5.1and
11.5.1)
Goal 16. Promote peaceful and inclusive societies for sustainable development; provide access to justice for all; and build effective, accountable, and inclusive institutions at all levels
Target 16.1: Significantly reduce ~ Homicide Age-standardised death rate Yes No indicator modifications required Undefined
all forms of violence and related ~ (16.1.1) due to interpersonal violence,
death rates everywhere per 100 000 population
Target 16.1 (as above) Conflict Death rate due to conflictand ~ Yes No indicator modifications required Undefined
mortality terrorism, per
(16.1.2) 100000 population
Target 16.1 (as above) Physical Age-standardised prevalence of Yes No indicator modifications required Undefined
violence physical violence experienced
(16.1.3a) by populations in the past
12 months, %
Target 16.1 (as above) Psycho- Age-standardised prevalence of No Indicator 16.1.3 involves three separate types of violence Undefined
logical psychological violence experienced by populations: physical, psychological, and sexual.
violence experienced by populations in Current data availability allows for reporting of physical and
(16.1.3b) the past 12 months, % sexual violence as part of the GBD study, whereas substantial
challenges remain for the measurement of psychological
violence across locations, by sex, and over time. These include
issues with self-report and recall periods; non-standard
classifications and reporting of types of psychological violence;
and overall minimal data availability on psychological violence,
particularly among males
Target 16.1 (as above) Sexual Age-standardised prevalence of  Yes No indicator modifications required Undefined
violence sexual violence experienced by
(16.1.3¢) populations in the past
12 months, %
Target 16.1 (as above) Safety Proportion of people who feel  No The Gallup World Poll, which is currently active in more than Undefined
walking safe walking alone around the 140 countries, includes questions about reported safety while
alone area in which they live, % walking alone near one’s residence. Pending data sharing and
(16.1.4) access to currently available data, this indicator will be included
in future iterations of the GBD study
Target 16.2: End abuse, Child sex Age-standardised prevalence  Yes No indicator modifications required Eliminateby ~ <0-5%
exploitations, trafficking, and all  abuse of women and men aged 2030
forms of violence against and (16.2.3) 18-29 years who experienced
torture of children sexual violence by age
18 years, %
Target 16.9: By 2030, provide Birth Proportion of childrenyounger  No Currently, birth registration data reported to WHO do not fully  Universal
legal identity for all, including registration  than 5 years whose births have cover all locations or years under analysis, and supplementary ~ coverage
birth registration (16.9.1; been registered with a civil data sources, such as household survey data, are often required  (100%)
same as authority, by age, % to estimate births and birth rates outside of high-income
indicator regions. Substantive data collation efforts would be required
17.19.2b) for birth registration by location and over time

(Table 1 continues on next page)

25 years does not.* Quintile breaks were generated from
the distribution of SDI at the national level in countries
with populations greater than 1 million applied to all
195 locations. A complete list of SDI quintiles by location

are available in appendix 1.*
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Projection of the health-related SDG indicators to 2030
To generate projections to 2030, we used forecasting
methods developed by Foreman and colleagues that
produced reference forecasts and alternative health

scenarios for life expectancy, all-cause mortality, and
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Health- Indicator definition Currently  Further details SDG target SDG target
related SDG measured used in this
indicator by GBD analysis
(Continued from previous page)
Goal 17: Strengthen the means of implementation and revitalise the global partnership for sustainable development
Target 17.19: By 2030, build on Population  Population census status Yes Indicator 17.19.2 involves three separate country-level Census
existing initiatives to develop census within the past 10 years components pertaining to demographic and health data conducted
measurements of progress on (1719.2a) collection and monitoring: status of conducting at least within the
sustainable development that one population and housing census in the past 10 years, past 10 years
complement gross domestic birth registration, and death registration. Although these
product, and support statistical data collection and monitoring systems are interconnected,
capacity building in developing their actual status or functionality at a given time can vary.
countries Thus, we have separated reporting on 17.19.2 into three
indicators. For indicator 17.19.2a, census status was ascertained
according to whether a population and housing census was
conducted within the past 10 years for a given location-year
or a population registry had been established. Census
implementation was cross-checked against the World
Population and Housing Census Programme online database
Target 17.19 (as above) Birth Proportion of countries that No Indicator 17.19.2 involves three separate country-level Universal
registration  have achieved 100% birth components pertaining to demographic and health data coverage
(17.19.2b; registration, % collection and monitoring: status of conducting at least one (100%)
same as population and housing census in the past 10 years, birth
indicator registration, and death registration. Currently, birth registration
16.9.1) data reported to WHO do not fully cover all locations or years
under analysis, and supplementary data sources, such as
household survey data, are often required to estimate births
and birth rates outside of high-income regions. Substantive
data collation efforts would be required for birth registration by
location and over time
Target 17.19 (as above) Well-certified Percentage of well-certified Yes Indicator 17.19.2 involves three separate country-level 80% oftotal ~ =80%
death deaths by a vital registration components pertaining to demographic and health data deaths
registration  system among a country’s total collection and monitoring: status of conducting at least
(17.19.2¢) deaths, % one population and housing census in the past 10 years, birth

registration, and death registration. Although these data
collection and monitoring systems are interconnected, their
actual status or functionality at a given time can vary. Thus, we
have separated reporting on 17.19.2 into three indicators.

For indicator 17.19.2¢, well-certified deaths were determined by
three measures: completeness of death registration, fraction of

Detailed descriptions of the data and methods used to estimate each of the 41 health-related SDG indicators included in the GBD 2017 study are located in appendix 1. For the 11 indicators currently not measured by
GBD, additional information about data and measurement needs are provided in this table. DALY=disability-adjusted life-year. DPT=diphtheria-pertussis-tetanus. GBD=Global Burden of Diseases, Injuries, and Risk
Factors Study. IHR=International Health Regulations. IOTF=International Obesity Task Force. NCDs=non-communicable diseases. PM, ;=fine particulate matter smaller than 2.5 um. SDG=Sustainable Development
Goal. SEV=summary exposure value. TRIPS=World Trade Organization Agreement on Trade-Related Aspects of Intellectual Property Rights. UHC=universal health coverage. WaSH=water, sanitation, and hygiene.

deaths not assigned to major garbage codes (ie, causes that
cannot or should not be underlying causes of death), and
fraction of deaths assigned to detailed GBD causes

Table 1: Health-related goals, targets, and SDG indicators

2102

cause-specific mortality.”* The modelling framework was
designed to account for the relationships between risk
factors and other independent drivers of health outcomes
(eg, gains in sociodemographic development, select
interventions such as vaccine coverage, and met need for
family planning), thus better capturing causal pathways
of health change shown in randomised controlled trials
and cohort studies.

We generated projections for independent drivers by
calculating the annual change in each location and year
from 1990 to 2017 in logit or natural-log space, and then
computing weighted annualised rates of change. If
weights were closer to zero, annual rates of change over
time were more equally weighted across years; if weights
were closer to higher values, recent years were more

heavily weighted than were earlier years. These weights
were selected through out-of-sample predictive validity
tests; further details on the overarching forecasting
framework and weight selection are in appendix 1 (part 3).
Some causes (eg, natural disasters, conflict and terrorism,
and HIV) required model modifications or alternative
estimation strategies to account for either their stochastic
nature or, in the case of HIV, unique sensitivity to
intervention coverage (see appendix 1 part 3, and
elsewhere*).

Some indicators were inputs or outputs of the
forecasting platform; for others, we used the weighted
annualised rate of change method to produce projections
to 2030 (appendix 1 part 3). For the UHC service coverage
index, a modified version of the overarching forecasting
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framework was used, modelling the relationship between
total health spending per capita and the UHC service
coverage index with stochastic frontier analysis.” We did
not generate projections of census coverage because of
its binary nature and the lack of documentation about
planned censuses across all countries. Additionally, we
do not currently project indicators by sex or subnationally.

Health-related SDG index

The health-related SDG index was originally developed
in GBD 2015." The overall index for GBD 2017 consisted
of 40 health-related SDG indicators (population census
coverage was not included because of its binary status
and because it does not have forecasts). To create the
health-related SDG index, we used a preference-weighted
approach in which we considered the SDGs as
representing the expressed preferences of UN member
states and thus assumed that each SDG target should be
weighted equally.

Each indicator was scaled to a value from 0 to 100,
reflecting worst to best performance, to enable optimal
comparison across diverse indicators, with 0 being the
2.-5th percentile value and 100 being the 97- 5th percentile
value of 1000 observed or projected draws over the period
1990-2030. This approach reduced sensitivity to extreme
outliers in given location-years. Negative indicators, for
which lower values were more desirable than higher
values (ie, mortality, incidence or prevalence, and risk
exposure), were assigned 100 for the 2 - 5th percentile and
0 for the 97-5th percentile. For mortality and incidence,
values were scaled in log-space.

We calculated the geometric mean of scaled health-
related SDG indicators by target, and then took the
geometric mean across all health-related SDG targets to
produce the overall health-related SDG index. We used
the geometric mean to allow for partial substitutability
(ie, permitting high values for some indicators to only
partially compensate for indicators with very low values).
We restricted indicators to a minimum value of 1 when
calculating the overall index to mitigate issues with
values close to 0. To generate subnational SDG indices,
we used the national-level 2-5th and 97-5th percentile
values for each indicator to scale indicators for each
subnational location. We used the same overall index
construction methods for national and subnational
locations.

For health worker density (SDG indicator 3.c.1), we
used a modified scaling approach to reflect the impor-
tance of each health worker cadre (physicians, nurses
and midwives, and pharmacists). On the basis of logistic
regressions between each cadre and the HAQ Index,* we
identified the values at which additional increases in
health worker density resulted in diminishing returns
on the HAQ Index.* In per 10000 population space,
these threshold values were 30 physicians, 100 nurses
and midwives, and five pharmacists (appendix 1 part 1).
Although we used the 2-5th percentile value of
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1000 draws observed or projected from 1990 to 2030 to
set the 0 threshold for all three cadres of health workers,
we used cadre-specific thresholds to set the bounds for a
100 score rather than the 97-5th percentile of 1000 draws.
We then took the geometric mean of scaled scores across
the three cadres to estimate overall performance on the
health worker density indicator.

Country and global SDG indicator attainment

Some health-related SDG indicators have targets
explicitly defined by UN resolution 71/313,* including
absolute targets and targets set in relation to 2015 values,
whereas some indicators have undefined targets. In this
analysis, 25 indicators had defined targets, for which we
applied corresponding thresholds to analyse 2030
attainment (2020 in the case of road injury mortality, as
set by the UN). For indicators with targets related to
universal coverage or access, we set thresholds as 99%,
whereas for indicators with targets related to achieving
elimination or ending epidemics, we set thresholds as an
incidence of 0-5 per 100000 population or less or a
prevalence of 0-5% or less. Thresholds or relative
reductions for each target are shown in table 1.

For GBD 2017, we estimated the probability of each
country attaining health-related SDG indicators with
defined targets. We used our indicator projections to
2030 at the draw level (1000 draws in total), calculating
at each draw whether or not a country would attain a
target. The total probability of attainment was the
number of draws in which the country would attain the
target divided by the total number of draws. We also
calculated the mean estimate in 2030 (the average of
1000 draws), and used that estimate to assess whether or
not a country would attain a target. Consequently,
countries could have some probability of attainment for
given targets despite not having projected attainment at
the mean level.

We also used past rates of change observed before the
SDG era (ie, 1990-2015, or the monitoring period of
the Millennium Development Goals) to analyse the
feasibility of attaining SDG indicator targets in 2030.
For SDG indicators with defined targets, we compared
country-level annualised rates of change for 1990-2015
(ie, what has been achieved in the past) with the global
pace of progress required to meet targets during the
SDG era (2015-30) based on 2015 global estimates
for each indicator; these estimates were derived from
population-weighted means. For each indicator, we
compared the required global annualised rate of change
for 2015-30 against the distribution of past country-
level annualised rates of change, and calculated in
which percentile of performance the global required
annualised rate of change would fall. We took the mean
of those percentiles across the 25 indicators with defined
targets and found that, on average, the required global
annualised rates of change for 2015-30 would be in the
90th percentile of performance compared with the
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country-level annualised rates of change for 1990-2015.
To see what global progress could be achieved if
performance on all indicators was projected at that level

from 2015 to 2030, we calculated the annualised rate of
change required to meet the 90th percentile for each
indicator, including those without defined targets, and
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projected the 2030 value and corresponding percentage
change from 2015 to 2030 based on these annualised
rates of change.

Uncertainty analysis

For all indicator estimates, GBD 2017 produced
1000 draws by location, age, and sex and for all years.
Draws from the posterior distribution represent
uncertainty in steps in the estimation process as
well as in underlying data sources. For each scaled
SDG indicator and the health-related SDG index, we
calculated 95% uncertainty intervals (Uls) on the basis of
these 1000 draws using simulation analysis. Further
information about GBD uncertainty analysis is provided
in related GBD publications.”**

Role of the funding source

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

Results
Health-related SDGs in 2017
The global median health-related SDG index was 59-4
(IQR 35-4-67-3) in 2017, ranging from a low of
11-6 (95% UI 9-6-14-0) to a high of 84-9 (83-1-86-7;
figure 1). The overall health-related SDG index masked
substantial variation across indicators within countries.
Many countries with low overall index scores performed
reasonably well on some individual indicators and vice
versa. For example, although Kenya scored only 31-7
(30-6-32-9) on the overall health-related SDG index for
2017, the country scored much better on met need for
family planning (77-8, 74-6-80-9) and smoking
prevalence (85-4, 82-6-88-0). By contrast, South Korea,
which scored 72-2 (69-0-74-4) on the overall index,
scored comparatively worse on suicide mortality (16-3,
11-5-21-1). Results for each indicator and country can be
explored through the online data visualisation tool.
Scores for NCD mortality were worst in Afghanistan
and in many countries in Oceania; the best scores
were primarily among higher-SDI countries, with the

Figure 1: Performance on the health-related SDG index and 40 individual
health-related indicators, by location, in 2017

Countries and territories are ranked by their health-related SDG index from highest
to lowest in 2017. Indices and individual indicators are reported on a scale of 0 to
100, with 0 representing the worst scores from 1990 to 2030 and 100 reflecting
the best during that time. SDG indicator 17.19.2a, population census status within
the past 10 years, was not included in the health-related SDG index because
projections were not generated for this indicator. Definitions of health-related SDG
indicators are shown in table 1. FP need met, mod=family planning need met with
modern contraception methods. NCD=non-communicable disease.
NTD=neglected tropical disease. PM, ;=fine particulate matter smaller than 2.5 pm.
SDG=Sustainable Development Goal. UHC=universal health coverage.
WaSH=water, sanitation, and hygiene.

www.thelancet.com Vol 392 November 10,2018

exception of Peru (figure 1). Most countries with the
best alcohol use scores were in north Africa and
the Middle East, whereas countries with the worst
values were generally concentrated in Europe. The
worst smoking prevalence scores were found among a
heterogeneous set of locations (eg, Greenland, Kiribati,
and Montenegro), and the best were primarily found
in sub-Saharan Africa. Suicide mortality scores were
generally best in countries in the Middle East and worst
in a variety of countries (eg, Greenland, Lesotho, and
Lithuania).

The worst scores for health worker density were
primarily in sub-Saharan African countries; by contrast,
Cuba, Qatar, and many European countries recorded
among the best scores for this indicator. Several
Latin American countries had the worst scores for sexual
violence by non-intimate partners, whereas several
countries in central Asia, eastern Europe, and south Asia
had the best scores for this indicator.

During 2008-17, 165 countries conducted at least
one population and housing census. 30 countries had
existing or had implemented population registries
during this time, and eight of these countries had
conducted at least one census since 2008 (appendix 2).
Eight countries did not have this important source of
demographic information over the full time period.

Global and subnational variation

Performance on the health-related SDG index in 2017
varied globally (figure 2) and at the subnational level
(figure 3). Countries in the tenth decile of performance—
those with the best index values—were primarily in
western Europe, although Canada, Japan, and Singapore
were also in this decile. Afghanistan was in the first
decile of performance, which otherwise predominantly
included countries in sub-Saharan Africa.

Among the countries with subnational SDG index
scores (figure 3), India (which ranked in the third
decile nationally) had the largest range in 2017, with a
34.9-point difference between states with the highest
and lowest scores. China also had considerable sub-
national differences, performing in the sixth decile
nationally but recording a 19 - 3-point difference in scores
across provinces, followed by the USA (ninth decile
nationally and a 14-8-point difference across states) and
Mexico (seventh decile nationally and a 15- 3-point differ-
ence across states). Scores were most homogeneous in
Japan (tenth decile nationally and a 3-0-point difference
across subnational locations), the UK (tenth decile
nationally and a 3-6-point difference across regions in
England), and Brazil (eighth decile nationally and an
8-0-point difference across states).

Variation by sex and SDI

Globally, the median age-standardised NCD mortality
rate, as it aligns with the UN definition, was higher for
males (472-0 [IQR 330-5-604-9] per 100000) than for

For the online data visualisation

tool see https://vizhub.
healthdata.org/sdg
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Figure 2: Health-related SDG index by decile, 2017

Deciles are based on the distribution of health-related SDG indices for countries and territories in 2017. ATG=Antigua and Barbuda. FSM=Federated States of Micronesia. Isl=Islands. LCA=Saint Lucia.
SDG=Sustainable Development Goal. TLS=Timor-Leste. TTO=Trinidad and Tobago. VCT=Saint Vincent and the Grenadines.

females (307-8 [215-4-417-9] per 100000; figure 4).
Variation by sex was also pronounced for alcohol use
(18-5% [IQR 8-4-27-3] of males vs 6-4% [2-2-11-8] of
females), smoking prevalence (25-0% [IQR 17-2-34-7] of
males vs 6-1% [3-0-15-8] of females), and suicide
mortality (13-8 [IQR 8-8-19-7] per 100000 males vs 4-0
[2-5-5-6] per 100000 females; figure 4).

NCD mortality showed an inverse association
with SDI quintile, with the lowest mortality in high-
SDI countries. Males in high-middle-SDI countries
were the exception, recording higher mortality rates
than males in middle-SDI and low-middle-SDI
countries. Disparities in NCD mortality by sex emerged
across SDI quintiles, particularly among high-
middle-SDI countries, for which the median age-stan-
dardised mortality rate was 512-4 (IQR 356-2-643-9)
per 100000 males and 285-9 (250-1-333-6) per
100000 females. Alcohol use was generally higher
among higher-SDI quintiles, although differences
between sexes were smallest in low-SDI and low-
middle-SDI countries. Smoking prevalence was also
higher among higher-SDI quintiles, with the exception
of males in high-SDI countries who had a lower
smoking prevalence than males in high-middle-SDI

2108

countries. Differences between sexes were pronounced
across SDI quintiles but were often smallest in high-
SDI countries. The median age-standardised suicide
mortality rate showed a U-shaped pattern, with the
highest rates in high-SDI and low-SDI countries.

Overall, males had worse health outcomes—higher
mortality, incidence, and risk exposure—than females
for all ten disaggregated indicators globally and across
SDI quintiles; the primary exception was HIV incidence
among low-SDI countries, where the incidence was
higher in females than in males (figure 4). In 2017,
the global median age-standardised incidence of HIV
was 0-14 (IQR 0-04-0-37) per 1000 males versus
0-07 (0-02-0-30) per 1000 females. For tuberculosis,
the global median age-standardised incidence was
48-9 (IQR 18-6-211-2) per 100000 males and 39-7
(14-8-187-0) per 100000 females. Overall, age-
standardised mortality rates for road injuries and
poisoning were lower among higher-SDI countries. In
2017, the global median mortality rate from road injuries
was 21-5 (IQR 12-9-32-5) per 100000 males and 7-0
(4-0-12-1) per 100000 females, while the equivalent for
poisoning mortality was 0-8 (0-4-1-7) per 100 000 males
and 0-4 (0-2-0-8) per 100000 females.
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Figure 3: Health-related SDG index for selected subnational locations, 2017

Deciles are based on the distribution of health-related SDG indices for countries and territories in 2017, and then applied for subnational locations. SDG=Sustainable

Development Goal.

Health-related SDGs in 2030 and target attainment

On the basis of past trends, most countries were
projected to have higher health-related indices in 2030
than in 2017 (appendix 2). For the health-related SDG
indicators with defined targets (figure S; appendix 2),
the probability of attainment by 2030 varied substan-
tially across locations and by indicator. Under-5
mortality, neonatal mortality, maternal mortality ratio,
and malaria had at least 100 countries or territories
with at least a 95% probability of attaining defined
targets in 2030. Indicators including vaccine coverage,
HIV incidence, neglected tropical diseases prevalence,
non-intimate partner violence, well-certified death
registration, and environmental risks such as sanitation
and household air pollution showed substantial hetero-
geneity in terms of projected attainment, with many

www.thelancet.com Vol 392 November 10,2018

locations recording probabilities of less than 10% and
others recording probabilities of 95% or higher. For
nine indicators, including child overweight, road in-
jury mortality, and tuberculosis, all 195 countries and
territories had lower than 5% probability of attainment
by 2030.

Figure 6 shows the distribution of annualised rates of
change in 195 locations for 1990-2015. For several
indicators, the global required annualised rates of change
were met or exceeded by many countries not in the top
decile of performance from 1990 to 2015. These indicators
generally had value-specific SDG targets, such as under-5
mortality (ie, <25 deaths per 1000 livebirths), or had
targets linked to universal access or coverage of specific
interventions (ie, vaccine coverage and met need for
family planning). Furthermore, most of these indicators
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had origins in the Millennium Development Goals era.
Despite substantial progress in the past, only countries
in the top decile of performance for 1990-2015 met or
surpassed the global rate of change required to meet the
maternal mortality ratio target for 2030 (ie, <70 deaths
per 100000 livebirths), and very few countries recorded
the rates of change required at the global level to meet
the UHC service coverage target by 2030. A similar
pattern emerged for NCD mortality. For other health-
related SDG indicators, the global annualised rates of
change required to meet their SDG targets far exceeded
the pace of progress ever recorded by any country in the
past (figure 6). These included several elimination
indicators for infectious diseases, such as HIV and
tuberculosis, and environmental risks such as household
air pollution, among others (figure 6; appendix 1).

For NCD mortality and suicide mortality, performance
at the global mean percentile of past rates of change
(90th percentile) aligned with defined SDG targets of
reducing rates by a third from 2015 to 2030 (ie, the
equivalent of a 32- 5% reduction for NCD mortality and a
31-4% reduction for suicide mortality; table 2). Yet, for
several indicators, performance at the 90th percentile
would not equate to meeting established SDG targets.
Many indicators with elimination targets saw the widest
gaps in how the 90th percentile could translate into
global attainment in the SDG era. For example, indicators
under SDG target 2.2, which aims to end all forms of
malnutrition, would see the global average for child stun-
ting decrease to 18-0% and wasting to 5-0% in 2030 if
the 90th percentiles of past rates of change are achieved.
For child overweight, the 90th percentile equated to a
0-5% decrease by 2030, from a global average 0f 15-9% in
2015 to 15-8% in 2030. SDG target 3.3 calls for ending
the epidemics of several infectious diseases, including
tuberculosis, HIV, and neglected tropical diseases; based
on the 90th global mean percentile, the global percentage
change from 2015 to 2030 would fall short of such
aspirations for most of these causes (ie, decrease of
7-9% for hepatitis B, 35-6% for tuberculosis, 53-4% for
HIV, and 48-2% for neglected tropical diseases). The
exception was malaria, which would decrease by 94-0% at
the 90th percentile.

For two leading risk factors, alcohol use (SDG
indicator 3.5.2) and prevalence of current smoking (SDG
indicator 3.a.1), annualised rates of change in the
90th percentile would equate with 18-7% and 21-9%
reductions, respectively, at the global level from 2015 to
2030 (table 2). Global percentage declines would range
from 41-5% for mortality attributable to ambient air

Figure 4: Median values for select SDG indicators, by sex, at the global level
and by SDI quintile, 2017

The lengths of the coloured rectangles represent the IQRs. More detail on the
SDG indicators included in this figure can be found in table 1. SDG=Sustainable
Development Goal. SDI=Socio-demographic Index.
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pollution and household air pollution (SDG indi-
cator 3.9.1) to 68-1% for mortality attributable to unsafe
water, sanitation, and hygiene (SDG indicator 3.9.2),
reflecting the substantive improvements in reducing
mortality attributable to these risks that many countries
achieved in 1990-2015. If the 90th percentile was used as
an SDG target, adolescent birth rates would need to
decrease by 47-4%, or to a global average of 11-4 per
1000 females aged 10-19 years in 2030, and health worker
density would need to increase by 85-4%, from an
average of 5-9 per 1000 population in 2015 to 10-9 per
1000 population in 2030.

Discussion

Summary of findings

Although nearly all countries were projected to have
improved health-related SDG index scores by 2030,
progress varied by country and across individual indi-
cators. Performance on health-related SDG indicators
differed subnationally for several countries, as well as by
sex and across SDI quintiles, highlighting the need for
disaggregated data to ensure that no one is left behind.
For many indicators, the annualised rate of change
required to meet defined targets far exceeded the pace of
progress achieved by any country in the recent past. Yet,
even for those indicators with a mean projected value
that fell short of the 2030 target, there was some
probability of attainment by 2030, highlighting the
potential for future SDG achievements if progress can be
accelerated in the coming years. These results highlight
the need for more rapid yet strategic implementation of
programmes and continued monitoring of inequalities
in the health-related SDGs within populations.

SDG indicator progress and challenges

Health-related SDG index scores were projected to be
higher in 2030 than in 2017 in almost all countries;
however, improved index performance does not inher-
ently reflect whether or not countries will attain
individual SDG targets. The composite nature of the
index means that many factors have a part in deter-
mining a country’s overall score, and ensuring that
progress on the index score translates into progress
across indicators and equitably across populations will
continue to be a challenge for countries.

Countries that performed well on the health-related
SDG index commonly scored worse on the individual
indicators of childhood overweight and alcohol use than
on other indicators. Among countries that performed
worst on the health-related SDG index, well-certified
death registration was a frequent challenge. As popu-
lations age, all countries will need to strengthen health
information systems to ensure death registration keeps
pace with increasing mortality in older populations.”
Although suicide mortality and alcohol use prevalence
appeared to be lowest in many countries in north Africa
and the Middle East, in places where these practices are
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(Figure 5 continues on next page)

deemed illegal or shameful, our results might reflect a
dearth of accurate data rather than true circumstances.”*

Without a concerted scale-up of efforts to prevent and
treat NCDs, most countries will fall short of the 2030
SDG target’ The NCDs included in SDG indicator
3.4.1—cardiovascular diseases, cancer, diabetes, and
chronic respiratory diseases—accounted for 82-8% of all
deaths due to NCDs in 2017 Total deaths due to NCDs
increased from 9.5 million in the population aged
30-69 years in 1990 to 12-9 million in 2017 (or 62-9% of
all deaths in that age group).”? Of those 12-9 million
deaths, 6-3 million were due to cardiovascular diseases,
4-9 million to cancers, 1-1 million to chronic respiratory
diseases, and 0-6 million to diabetes.” Although the
absolute number of deaths due to NCDs is rising
annually, in most countries, this increase is the result of
population ageing and growth; with the exception of
diabetes, age-standardised NCD mortality rates for NCDs
included in the SDG indicator have generally decreased.”
Nonetheless, many NCD-related risk exposures have
seen minimal changes over time or are increasing,
portending future challenges if more deliberate action is
not taken against NCDs.”

In many countries, reductions in mortality due to
cardiovascular diseases have been driven by improved
access to antihypertensives and statins for addressing
high cholesterol.”* Investing in programmes that
promote the early diagnosis and control of such metabolic
risks should be prioritised by national governments and
development partners.” Furthermore, prevention of
other modifiable risk factors, such as smoking, harmful
alcohol consumption, and obesity, should also be a
priority, as advocated by WHO’s best buys for NCD
control, including taxation of alcohol and tobacco and
reduced salt intake.* Yet, national financing of NCD
programmes remains low, with patients often paying
out-of-pocket for related services,” and surveillance and
reporting of NCDs are still sparse in many regions.” The
lack of action against NCDs is a current paradox of global
health: despite numerous high-profile commitments and
robust evidence underscoring the impact of NCDs, the
actual scaleeup and maintenance of NCD-related
interventions and programmes is lacklustre at best.
Inadequate access to affordable diagnostics and treat-
ment, poor prioritisation of NCD risk-prevention pro-
grammes, and low overall UHC are among challenges
facing many low-SDI and middle-SDI countries.”"
Political influences and corporate interests might also
affect the effectiveness of NCD programmes and
policies, particularly those targeting sugar and alcohol
consumption.®*

Our estimates from 2017 indicate that 47-2% of
countries and territories have less than one physician per
1000 population and 46-2% have less than three nurses
or midwives per 1000 population. The largest gaps in
health worker density were found in sub-Saharan Africa,
although density was also low in southeast Asia, south
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Asia, and some countries in Oceania. GBD 2017 provides
consistently estimated time series across locations for
health worker density as an SDG indicator and by cadre,
which supports supplementary analyses of the types and
numbers of health workers required to deliver particular
sets of interventions or health programmes. For instance,
the threshold of 23 physicians, nurses, or midwives
per 10000 population, which was set by WHO in 2006,
was a widely referenced minimum required to provide
essential maternal and child health services during the
Millennium Development Goals era.” 12 years later, this
recommendation persists, despite it being likely that very
different health workforce quantities, composition, and
quality of training are needed to provide a broader range
of effective health-care services—particularly as more
countries aim to make progress towards UHC.

With their explicit emphasis on eliminating violence,
the SDGs offer an opportunity to reduce and prevent
violence against females and children.” This is the first
time that a global development agenda has prioritised all
forms of violence, including violence against females
and children, homicides, and armed conflicts. Reliable
information and evidence are required to develop
programmes and policies to prevent violence, as well as
to demand accountability and resources from govern-
ments, civil society, and international institutions when
violent acts occur. As a result, it is vital to strengthen
routine reporting of violence across all ages, and to
ensure that accurate, timely measures of violence are
accompanied by effective support and systems for
survivors of violent acts to enable long-term recovery.

Monitoring the health-related SDGs by sex and SDI
Despite the major part sex has in determining health
behaviours and outcomes, only a third of the global
health organisations included in the Global Health 50/50
report produce data disaggregated by sex.”” Data disag-
gregated by sex are crucial to uncovering key sex
inequalities in health from which gender inequalities can
be inferred or extrapolated.

Several studies™* have shown that sex differences in
health outcomes vary across causes of disease and
disability. However, differences in health between sexes
are less clear than is often assumed.” Although males
generally had worse outcomes than females for most
indicators disaggregated in this study, this pattern might
not hold true for many of the health-related SDG
indicators that are not currently disaggregated by sex.
Increased sex-specific collection of data, modelling, and
reporting are needed, particularly for health-related SDG
indicators related to child or neonatal mortality.

We showed that SDI quintile is also related to sex-
specific patterns. For example, although globally, HIV
incidence is higher in males, a large portion of the global
HIV incidence occurs in lower-SDI countries in sub-
Saharan Africa, where incidence is higher in females.”
Prevalence of alcohol use and current smoking showed
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similar patterns by sex: on average, males were more
likely than females to smoke and consume harmful
levels of alcohol, and while use was often higher among
people living in higher-SDI countries, sex differences in
these countries were also more pronounced.®*' Although
the global smoking prevalence decreased from 1990 to
2017, particularly in males in high-SDI countries, some
low-SDI and middle-SDI countries saw increasing
prevalence in females.® Alcohol use did not show similar
rates of decline, which is unlikely to change in the
absence of effective legal instruments and taxation
policies.®** Further research is needed to understand the
role of attitudes and practices associated with smoking
and alcohol use by sex.*”

Measuring progress at the subnational level

It is well known that national averages mask subnational
disparities within countries, and the results of the health-
related SDG index at the subnational level showed
substantial differences in performance within countries,
particularly in India and China. Differences between
localities were lowest in Japan and the UK. Across
countries, the states with the lowest SDG index scores in
the USA (Mississippi, Arkansas, West Virginia, and
Nevada) had lower scores than did 17 states in Mexico
and 12 states in Brazil, while ten states in the USA had
lower scores than Shanghai.

Disparities on the health-related SDGs at the sub-
national level were particularly pronounced among low-
SDI and middle-SDI countries, indicating that greater
investments in targeting the most vulnerable or
disadvantaged people in a country are probably required
to improve the health of the entire population. Generally,
we found that higher-SDI countries had less variation in
their performance among first administrative levels;
however, differences at more focal levels (eg, counties in
the USA and municipalities in Brazil) and by age and sex
might still present considerable challenges to reaching
the SDG aims of leaving no one behind. Identifying such
gaps is a necessary first step to focus the attention of
local decision makers when targeting resources and

Figure 5: Comparing the probability of attainment for defined health-related
SDG indicator targets based on past trends, by location, in 2030

Countries and territories are ranked from highest to lowest by the total number of
SDG indicator targets they are projected to attain on the basis of mean estimates
for 2030. Numbers preceding the country names are the numbers of targets
projected to be met by each country or territory based on means. Values reported
reflect the probability of projected attainment based on the percentage of draws
that fell above or below defined targets in 2030. Of the 41 health-related indicators
measured in this study, 25 had defined targets linked to each indicator. SDG

target 3.6 aims to reduce road injury mortality by 50% between 2015 and 2020,
and thus attainment for this indicator is based on estimates from 2015 to 2020
rather than 2015 to 2030. Definitions of health-related SDG indicators and targets
associated with them, as well as the specific target thresholds applied, are shown in
table 1. FP need met, mod=family planning need met with modern contraception
methods. NCD=non-communicable disease. Non-int=non-intimate.
NTD=neglected tropical disease. reg=registration. SDG=Sustainable Development
Goal. UHC=universal health coverage.
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Figure 6: Global annualised rate of change required to meet selected SDG targets based on annualised rate of change achieved by countries or territories, 1990-2015
For the 25 SDG indicators with defined targets, we estimated the required global annualised rate of change (dotted line) required to meet each target using the global average in 2015 and specific

thresholds to be met by 2030 or relative reductions to be achieved by 2030. The top performing decile (the 10th decile) is shown in blue and all other annualised rates of change are shown in red.

A subset of SDG indicators with defined targets are shown here; the remaining plots can be found in appendix 2. Definitions of health-related SDG indicators and targets associated with them are shown
intable 1. FP need met, mod=family planning need met with modern contraceptive methods. NCD=non-communicable disease. SDG=Sustainable Development Goal. UHC=universal health coverage.

programmes. Few reports of countries seeking to address
SDGs at the local level exist, although many countries
have published voluntary reports of SDG progress with
national-level data.””

Owing to the broad and multisectoral nature of the
health-related SDG indicators, a whole-government
approach is needed to strengthen their monitoring. Data
are needed to inform planning and investment. Dis-
aggregation of data can empower local administrations
and improve local health information systems—an
important government need beyond reporting indicator
progress—but it is unlikely that it will be sufficient to
identify all health inequalities.”* The increased number
of national and subnational units included in GBD 2017
is in line with the recommendation of the High Level
Political Forum on Sustainable Development to produce
regular voluntary national reviews of progress at national
and subnational levels.” The production of subnational
estimates for the GBD study is not intended to substitute
for country-level reporting; on the contrary, we hope that
the dissemination of these results might help stimulate
subnational reporting in a proactive manner.”
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Setting and assessing SDG targets

Projected attainment differed substantially among
indicators with defined SDG targets. This pattern was
particularly true for indicators that had few countries
projected to meet targets based on mean values but had
relatively more countries that showed some probability
of attaining them by 2030. For some indicators with
strong links to the Millennium Development Goals era—
eg, maternal mortality ratio, child mortality, malaria, and
skilled birth attendance—more than 50% of countries
were projected to meet 2030 targets; furthermore, of
those countries not projected to achieve these targets
based on their mean values, many showed some
probability of attainment by 2030. These findings
highlight possible trajectories for meeting targets if
progress can be accelerated in the future.

Nonetheless, based on past rates of progress, no
country is currently on track to meet all defined health-
related SDG targets. For under-5 mortality, which has
many countries on track for or already achieving the
target of 25 deaths or fewer per 1000 livebirths by 2030,
31 countries or territories would need to achieve annual
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2030targetused  Projected  Global averagein  Global Global Country-level Global averagein  Global
in this analysis attainment 2015 required  percentile annualisedrates 2030 percentage
in2030 annualised based on of change from change,
rates of country-level  1990to 2015 2015-30
changeto annualised based on the
meet SDG  rates of mean percentiles
targetby  changefrom  fordefined targets
2030 1990102015 (90th percentile)
Indicator 1.5.1: Death rate due to exposure  Undefined 0-2 per -93% 0-05 per -76-8%
to forces of nature 100000 population 100000 population
Indicator 2.2.1: Prevalence of stunting in <0-5% 0% 28:7% -27-0% 100 -31% 18-0% -37-6%
children younger than 5 years
Indicator 2.2.2a: Prevalence of wasting in <0-5% 1% 8-0% -18-5% 100 -3:2% 5-0% -383%
childrenyounger than 5 years
Indicator 2.2.2b: Prevalence of overweight in <0-5% 0% 15-9% -231% 100 -0-5% 15-8% -0-5%
children aged 2-4 years
Indicator 3.1.1: Maternal mortality ratio in <70 deaths per 56% 145.0 per -4-9% 86 -6:0% 57-0 per -60-7%
females aged 10-54 years 100000 livebirths 100000 livebirths 100000 livebirths
Indicator 3.1.2: Proportion of births >99% 54% 80-1% 1-4% 76 3-0% >99% >22-8%
attended by skilled health personnel
Indicator 3.2.1: Under-5 mortality rate <25 deaths per 72% 433 per -37% 56 -52% 19-4 per -55-3%
1000 livebirths 1000 livebirths 1000 livebirths
Indicator 3.2.2: Neonatal mortality rate <12 deaths per 71% 18-6 per -2:9% 58 -5-0% 8-6 per -537%
1000 livebirths 1000 livebirths 1000 livebirths
Indicator 3.3.1: Age-standardised rate of <0-005 per 4% 0-3 per -26-9% 100 -5-0% 0-1 per -53-4%
new HIV infections 1000 population 1000 population 1000 population
Indicator 3.3.2: Age-standardised rate of <05 per 0% 139-6 per -37-6% 100 -2:9% 89-9 per -35-6%
tuberculosis cases 100 000 population 100000 population 100000 population
Indicator 3.3.3: Age-standardised rate of <0-005 per 61% 31-8 per -58-4% 97 -171% 1.9 per -94-0%
malaria cases 1000 population 1000 population 1000 population
Indicator 3.3.4: Age-standardised rate of Undefined 21238 per -0-6% 1955-2 per -7-9%
hepatitis B incidence 100000 population 100000 population
Indicator 3.3.5: Age-standardised <0-5% 24% 18-2% -24-0% 100 -4-3% 9-4% —48-2%
prevalence of the sum of 15 neglected
tropical diseases
Indicator 3.4.1: Age-standardised death Reduce by one-third 0% 3827 per -27% 91 -2:6% 2582 per -32:5%
rate due to cardiovascular disease, cancer,  from 2015 to 2030 100000 population 100000 population
diabetes, and chronic respiratory disease in
populations aged 30-70 years
Indicator 3.4.2: Age-standardised death Reduce by one-third 0% 10-0 per 27% 93 -2.5% 6-8 per —314%
rate due to self-harm from 2015 to 2030 100000 population 100000 population
Indicator 3.5.2: Risk-weighted prevalence of ~ Undefined 11-6% -1-4% 9-4% -18:7%
alcohol consumption, as measured by the
summary exposure value or alcohol use
Indicator 3.6.1: Age-standardised death Reduce by 50% from 0% 16-1 per -13-9% 100 -4-3% 13-0 per -19-6%
rate due to road injuries 2015 to0 2020 100000 population 100000 population
Indicator 3.7.1: Proportion of females of 299% 0% 757% 1.8% 72 41% >99% >27-3%
reproductive age (15-49 years) who have
their need for family planning satisfied
with modern contraception methods
Indicator 3.7.2: Number of livebirths per Undefined 217 per -4-2% 11-4 per —47-4%
1000 females aged 10-19 years 1000 females 1000 females
Indicator 3.8.1: Coverage of essential health  =99% 0% 677 2:5% 97 1.8% 883 30-4%
services, as defined by the universal health
coverage index
Indicator 3.9.1: Age-standardised death Undefined 55-6 per -3:5% 32:5 per -41:5%
rate attributable to household air pollution 100000 population 100000 population
and ambient air pollution
Indicator 3.9.2: Age-standardised death Undefined 35-7 per -7-3% 11-4 per -681%

rate attributable to unsafe water,
sanitation, and hygiene

100000 population

100000 population

(Table 2 continues on next page)
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prevalence of females and males aged
18-29 years who experienced sexual
violence by age 18 years

2030targetused  Projected  Globalaveragein  Global Global Country-level Global averagein  Global
in this analysis attainment 2015 required  percentile annualisedrates 2030 percentage
in2030 annualised based on of change from change,
rates of country-level  1990to0 2015 2015-30
changeto annualised based on the
meet SDG  rates of mean percentiles
targetby  changefrom  fordefined targets
2030 1990102015 (90th percentile)
(Continued from previous page)
Indicator 3.9.3: Age-standardised death Undefined 1.0 per -47% 0-5 per -51:5%
rate due to unintentional poisonings 100000 population 100000 population
Indicator 3.a.1: Age-standardised Undefined 18-4% -1-6% 14-4% -21.9%
prevalence of current smoking in
populations aged 10 years and older
Indicator 3.b.1: Coverage of eight vaccines =99% 3% 69-3% 2:4% 23 52% >99% >427%
among target populations
Indicator 3.c.1: Health worker density Undefined 5.9 per 42% 10-9 per 85-4%
(physicians, nurses and midwives, and 1000 population 1000 population
pharmacists) per 1000 population
Indicator 5.2.1: Age-standardised prevalence <0-5% 0% 13-4% -21.9% 100 -1-4% 10-9% -18:5%
of ever-partnered females aged 15 years and
older who experienced physical or sexual
violence by a current or former intimate
partner in the past 12 months
Indicator 5.2.2: Age-standardised prevalence <0-5% 21% 1-0% -4-3% 100 0-2% 1.0% 3:-5%
of females aged 15 years and older who
experienced physical or sexual violence by
non-intimate partner in the past 12 months
Indicator 6.1.1: Risk-weighted prevalence <1% 13% 343% -23-6% 100 -4-3% 17-7% -483%
of populations using unsafe or unimproved
water sources, as measured by the
summary exposure value for unsafe water
Indicator 6.2.1a: Risk-weighted prevalence <1% 10% 31-7% -231% 100 -62% 12:2% -61-4%
of populations using unsafe or unimproved
sanitation, as measured by the summary
exposure value for unsafe sanitation
Indicator 6.2.1b: Risk-weighted prevalence <1% 0% 332% -233% 100 -2:5% 22:8% -313%
of populations without access to a
handwashing facility, as measured by the
summary exposure value for unsafe hygiene
Indicator 7.1.2: Risk-weighted prevalence of <1% 34% 20-1% -20-0% 100 -83% 5:5% -72:6%
household air pollution, as measured by the
summary exposure value for household air
pollution
Indicator 8.8.1: Age-standardised all-cause  Undefined 830-0 per -17% 646-2 per -22:1%
disability-adjusted life-years attributable to 100000 population 100000 population
occupational risks
Indicator 11.6.2: Population-weighted Undefined 475 -0-9% 41-4 -12:9%
mean levels of PM,
Indicator 16.1.1: Age-standardised death Undefined 5-1 per -33% 31 per -39-1%
rate due to interpersonal violence 100000 population 100000 population
Indicator 16.1.2: Death rate due to conflict  Undefined 1.9 per -47-5% <0-01 per -100-0%
and terrorism (per 100 000 population) 100000 population 100000 population
Indicator 16.1.3a: Age-standardised Undefined 7-8% -0-1% 7-7% -0-9%
prevalence of physical violence experienced
by populations in the past 12 months
Indicator 16.1.3c: Age-standardised Undefined 33% -0-9% 2:9% -121%
prevalence of sexual violence experienced
by populations in the past 12 months
Indicator 16.2.3: Age-standardised <0-5% 0% 9-8% -19-8% 100 -0-1% 9-6% -1.8%

(Table 2 continues on next page)
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2030targetused  Projected  Global averagein  Global Global Country-level Global averagein  Global
in this analysis attainment 2015 required  percentile annualisedrates 2030 percentage
in2030 annualised based on of change from change,
rates of country-level  1990to 2015 2015-30
changeto annualised based on the

meet SDG  rates of mean percentiles
targetby  changefrom  fordefined targets
2030 1990t02015 (90th percentile)

(Continued from previous page)

Indicator 17.19.2¢: Percentage of 280% 37% 43-5% 41% 98 1.9% 57-4% 32:0%
well-certified deaths by a vital registration
system among a country’s total population

Using the global average observed in 2015 for each of the 25 health-related indicators with defined targets, we calculated the global annualised rates of change required to meet these targets by 2030 (or by 2020 in
the case of road injury mortality). The global required annualised rates of change were then compared with country-level annualised rates of change calculated from 1990 to 2015. The percentiles in which the global
required annualised rates of change fell among country-level annualised rates of change in the past were ascertained, and then the average of these percentiles was computed (90th percentile) to serve as a way to
assess defined SDG targets and potential targets for indicators that do not currently have defined SDG targets. The 90th percentile annualised rates of change observed for each indicator was applied to the global

average in 2015 to compute the equivalent average in 2030 and percentage change from 2015 to 2030 if these rates of change are achieved during the SDG era. SDG=Sustainable Development Goal.

Table 2: Predicting global attainment of health-related SDG indicators on the basis of past pace of progress observed across countries
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rates of decline from 2015 to 2030 that are two to
ten times higher than what was recorded for 1990-2015.
To bring such ambition closer to reality for all
populations, the UN and other agencies will need to
provide technical leadership and financial support,
particularly for the countries with the lowest health-
related SDG performance.

A subset of SDG indicators, such as NCD mortality and
suicide mortality, represent both the expansion of the
SDG agenda to encompass broader health priorities
beyond the narrower focus of the Millennium
Development Goals and the establishment of ambitious
yet potentially more feasible targets to meet within a
15 year time frame. At first glance, reducing NCD or
suicide mortality by a third from 2015 to 2030—on
average, the equivalent of a 2-7% reduction per year—
might not seem particularly ambitious. Yet, amid the
rising number of total deaths due to NCDs and challenges
associated with providing quality NCD services in
many countries,”* this rate of change ranked in the 91st
to 93rd percentiles of country-level annualised rates of
change achieved from 1990 to 2015. However, to truly
eliminate many health challenges, as the SDGs set out to
do by 2030, most—if not all—countries will need to
achieve rates of change that surpass those ever achieved
in the past. This is particularly true for child overweight,
for which most countries have only seen rising prevalence
since 1990; tuberculosis, a disease that has received
comparably less international funding than have HIV
and malaria;” road injury mortality; and most non-fatal
violence measures. All countries had less than
5% probability of attaining child overweight and road
injury mortality targets, highlighting priority areas for
intervention globally.

Our global attainment analysis, which is grounded in
historical rates of change, offers a mechanism to assess
the ambitiousness of undefined targets. For instance,
SDG target 3.a calls for strengthening the implementation
of the WHO Framework Convention on Tobacco Control

in all countries, a target against which changes in current
smoking prevalence are not easily evaluated. The 90th
mean global percentile of country-level rates of change in
current smoking prevalence was a 1-6% decline per year
from 1990 to 2015, which equated to a 21-9% decrease
from 2015 to 2030 at the global level. Notably, the GPW13
calls for a 25% reduction in current tobacco use within
5 years (ie, a 5-8% decline per year),’ a pace that far
exceeds what countries have achieved in the recent past.
The setting of targets is both a technical and political
exercise, aiming to balance important societal objectives
with the reality that many bold targets might be
challenging, if not impossible, to achieve within short
periods of time. Instituting targets solely on the basis of
past rates of change and data is unlikely to happen within
global and national policy circles; even if it could occur,
such an approach might be equally unhelpful given that
galvanising new funds, innovations, and commitments
to improving population health worldwide often requires
setting sights beyond what seems possible today. Instead,
we hope that the methods used in this study will be
useful in providing technical underpinnings for setting
realistic and achievable targets; in the long run, such
targets are likely to be more effective in driving action.
We view these results as an important entry point for
charting possible pathways to accelerated gains by 2030,
as well as identifying more tangible interim goalposts
against which countries can track ongoing advances and
needs. As the Inter-agency and Expert Group on
Sustainable Development Goal Indicators and UN
Statistical Commission prepare for their formal review
and revision of the global indicator framework in 2020,
these findings might serve as inputs for consideration.
The perceived feasibility of target attainment can shape
how international institutions, funding agencies, and
countries approach health challenges. In particular, strict
interpretation of the UN’s targets for elimination or
universal coverage sets very high bars for success
(eg, 100% coverage or elimination). Although elimination
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has been achieved for some diseases in various settings
(eg, malaria and a subset of neglected tropical diseases),
truly ending an epidemic is much more complex for
others, especially in the absence of fully effective vaccines
or a radical cure. For other SDG indicators, such as
intimate partner violence, elimination should be wholly
feasible; yet to completely end all violent acts would
require societal, cultural, political, and legal structures
to fully align. Without more concrete strategies and
funding for elimination, setting such ambitious targets
could risk setting countries up for short-term failure
and longerterm obstacles to instituting sustainable
programmes; such arguments have been recently made
about ambitions to eliminate HIV.* Nonetheless, HIV
remains a massive public health threat, particularly
because global financing has plateaued, domestic health
spending on HIV has stayed low among high-burden
countries,” and its incidence has not declined as quickly
in younger as in older populations.” It could also be
argued that aiming for elimination but falling short in
2030 would still substantially improve the lives of
millions and facilitate medical breakthroughs that might
not be funded without a global elimination campaign.
How Dbest to galvanise accelerated action against the
world’s largest health challenges is far from clear; going
forward, the GBD study can offer international agencies
and countries alike a platform through which different
operationalisations of SDG targets can be tested.

Comparisons with other assessments

International agencies and the GBD study began
producing annual reports of country estimates for the
health-related SDG indicators in 2016. Of the 52 health-
related indicators, GBD 2017 reported on 41, WHO
reported on 37 in its 2018 World Health Statistics report,®
the World Bank covered 33 in its 2018 SDG Atlas,” and
the Sustainable Development Solutions Network
included 27* Standardisation of definitions and methods
used to calculate the health-related SDG indicators could
improve comparability across organisations and collab-
orations involved in monitoring the SDGs. The complete
set of metadata for SDG indicators, provided by the
UN and other international organisations, comes with
instructions on how indicators should be measured.”
However, GBD approaches to measurement differ from
WHO approaches in various ways. For example, we
use age-standardised rates for indicators that include
mortality or incidence (eg, NCD mortality, suicide
mortality, probability of death), whereas WHO generally
use all-age rates. Furthermore, we define child overweight
in terms of body-mass index for age and sex to align with
the definition of overweight and obesity for adults, rather
than in terms of weight for height. We also include all
women of reproductive age in measurement of the met
need for family planning indicator rather than limiting
this measure to only women who are married or in
a union. GBD also offers estimates for more years
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and locations than other organisations currently do,
supporting the overarching SDG endeavour of leaving no
one behind.

Strengths

An important strength of GBD 2017 is the increasing
number of collaborators involved: participation increased
by more than 44% from 2016, with collaborators from
144 countries and two territories. The collaborator
network offers multiple benefits to the GBD study, and in
the case of the SDGs, it provides the particular benefit of
supporting international and national policy dialogue,
connecting technical information to the political needs
of the health-related SDGs. Health programmes and
plans have a limited chance of success in the absence of
robust evidence and policy dialogue. The benchmarking
presented in GBD 2017 can help countries to promote
and increase accountability at the national level. The
bottom line is the need to enhance mutual understanding
of the SDG agenda across the entire global range
of stakeholders and to champion the importance of
national ownership of local guidance, monitoring, and
management in achieving SDG targets.

To facilitate comparisons across locations and over
time of the diverse array of health-related SDG indicators,
we have produced an overall SDG index since
GBD 2015°* The health-related SDG index is not
presented in lieu of monitoring individual indicators,
which we also do here. Instead, this index provides a
mechanism by which overall performance across health-
related SDGs can be more easily compared. A single,
robust measurement such as the health-related SDG
index is a useful tool for policy makers and other decision
makers to interpret the performance of a particular
location. With the production of time trends for several
indicators, the SDG index also facilitates the under-
standing of the pace of progress. While index values
represent a combination of different dimensions con-
sidered together as a proxy of health-related SDG
indicator performance, results reported by individual
indicator allow for more nuanced analyses.

Limitations of indicator measurement

Our measurement of the health-related SDG indicators
is subject to the limitations of the broader GBD 2017
study and its estimation processes; details can be found
in the accompanying GBD 2017 capstone papers®? and
in appendix 1 (part 1). Beyond these limitations, there
are other important limitations that are specific to this
analysis.

First, for measurement of health worker density we
used ISCO 88 codes as the base classification system
instead of ISCO 08, which is a more recent system than
ISCO 88 that offers greater detail and standardisation.
However, few occupational data sources currently include
ISCO 08 codes, and benchmarking all past surveys to
ISCO 08 would have resulted in substantial information
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loss. In future GBD iterations, we aim to collate more
recent occupational data and to further refine health
worker cadre mapping. Additionally, the UN includes
density of dentist personnel in health worker density
estimates, but the GBD study does not because including
the four health cadres leads to counterintuitive results.
Finally, the measure of health worker density can reveal
only the quantity, not the quality, of available care.

Second, continued data sparsity for many violence
measures, particularly for males and non-intimate
partners, results in comparatively high uncertainty for
these SDG indicators. Data on the prevalence of any
form of violence are also subject to a number of
measurement biases. All data for these indicators are
self-reported and subject to recall bias and varying
interpretations of survey questions. Variation in case-
definitions or survey questions used by different surveys
might also lead to increased uncertainty. We did not
estimate psychological violence because there was
no good standard for how to consistently measure it.
Cultural influences, legal barriers to reporting, and
stigma can also lead to underreporting and make the
interpretation of self-reported data challenging, partic-
ularly for sensitive topics such as violence and other self-
reported SDG indicators. Suicide is another indicator
that might be affected by religious, cultural, and legal
barriers to reporting. Accurate monitoring of violence
measures requires routine, carefully implemented data
collection, experienced interviewers, and thoughtful
design for data intake, as well as ensuring that adequate
protections and resources are available for victims of
violence.

Third, owing to overall data sparsity, many challenges
remain in modelling of both temporal and age patterns
for non-fatal health outcomes; for the SDGs, this
challenge is particularly pronounced for hepatitis B. Our
current hepatitis B vaccine coverage covariate, a key
input into hepatitis B incidence modelling, is limited
to infant vaccination coverage. Because the current iter-
ation of DisMod-MR cannot accommodate age-specific
covariates, the effects of vaccination in older children and
young adults for countries with long-running hepatitis B
vaccination programmes (eg, Taiwan [province of Chinal)
are not well captured. A priority of future GBD iterations
is to use a version of DisMod that will allow for age-
specific covariates, which will benefit hepatitis B
modelling. Additionally, expanding the underlying data
inputs for hepatitis seroprevalence, particularly for age
groups that have benefited from vaccination programmes,
has the potential to substantially improve hepatitis B
estimation; for instance, the Polaris Observatory has
markedly increased its seroprevalence data collection
efforts in recent years, and such data have yet to be
incorporated into the GBD study.

Fourth, our estimates of UHC currently only capture
service coverage and do not include the second
dimension of financial risk protection. The addition of

financial risk protection and catastrophic health spending
is a priority for future iterations of the GBD study.
Ongoing review by the WHO Task Force on Metrics
for GPW13 will likely yield recommendations that will
inform future GBD revisions of how to measure UHC
service coverage.

Fifth, the UN’s metadata definition for vaccine coverage
includes the human papillomavirus vaccine, but we do
not currently include this vaccine owing to the limited
number of countries with available data. Future iterations
of the GBD study will aim to estimate human papilloma-
virus vaccine coverage.

Sixth, conflicts and refugee populations might affect
SDG indicator trends in ways not well captured by our
data. Although these factors introduce additional un-
certainty to our estimates, these populations cannot be
ignored, and GBD strives to make the best estimates
based on the available data.

Limitations of forecasting and attainment analyses
Generating forecasts has inherent limitations: when
forecasts are grounded in past rates of change, we cannot
fully account for what might occur between now and
2030, including changes in health financing and global
health priorities, conflict, and climate change. Positive
developments, such as new medical advances, can be
challenging to predict, as are negative events, such as the
emergence of drug resistance. Continued improvements
in our overall forecasting framework and specific
approaches by cause, risk, and intervention have the
potential to further advance our ability to understand
how and where the largest challenges in making progress
on the health-related SDGs might occur.

Limitations of indicator scaling and index construction

Ideally, we would systematically implement a scaling
approach that accounts for the lowest possible levels
of avoidable mortality, non-fatal outcomes, and risk
exposures given current medical technologies and
population-level interventions and the highest levels
of coverage conditional upon measurable scale-up con-
straints or system inefficiencies. Scaling these indicators
to the 2-5th and 97-5th percentiles of 1000 draws over
time approximates this approach and allows consistent
comparison of performance across indicators and
locations. Nonetheless, our scaling strategy can either
mask the potential for further improvements or imply
worse performance, especially in relation to more
modest SDG targets. Although the addition or refinement
of new health-related SDG indicators with each GBD
cycle is viewed as supportive of a more comprehensive
assessment of the health-related SDGs, such updates can
result in changes in individual countries’ overall index
values and relative rankings (appendix 2). These changes
reflect our efforts to collectively improve the data for and
science of monitoring the health-related SDGs. Overall
index scores can be affected by indicators linked to fatal
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discontinuities, whereby an abrupt increase in deaths
one year might not be present in the following year.
We continue to use the geometric mean for the health-
related SDG index. This decision might result in lower
overall index scores for some locations if they experience
worsening performance on particular indicators;
however, it provides a more direct reflection of how the
SDGs have been established by the UN and UN member
states.®

Limitations of data availability and disaggregation

GBD data are currently only available by sex, and not by
gender, which limits the scope of analyses that can be
conducted. The binary application of sex does not encom-
pass differences in transgender and other populations.
We currently only present data disaggregated by sex for
ten indicators. Further collection and disaggregation of
data would strengthen the ability of the GBD to support
additional sex-specific analyses. For some new indi-
cators, such as violence, some countries have better data
collection systems in place than do others, and increased
data collection is needed to make accurate comparisons
between countries. Overall, the availability and repre-
sentativeness of reported numbers from each country,
particularly low-SDI and middle-SDI countries, could be
improved by increased data collection, surveillance, and
reporting at the national level.

Future directions

Important refinements to our estimation process are
made with each GBD iteration. As discussed already, one
priority is to improve our measurement of UHC service
coverage (SDG indicator 3.8.1), generate comprehensive
estimates of catastrophic health expenditures (SDG
indicator 3.8.2), and then ultimately develop an overall
measure of UHC. In theory, UHC service coverage and
catastrophic health expenditures (the inverse of financial
risk protection) should be linked; however, to date, their
measurement has generally involved separate en—
deavours. GBD and collaborators are working to update
estimates of UHC in this direction in the near future, in
line with the WHO/World Bank framework.® We
currently use the arithmetic mean to construct the UHC
service coverage index; however, other methods of index
construction might be considered for future analyses.
Other future priorities include analysing results by age
as well as by sex, generating subnational projections,
decomposing potential drivers of indicator-level progress,
and further advancing the quantity and quality of data
used in overall GBD estimation. Two other indicators,
coverage of substance use disorder treatment (SDG
indicator 3.5.1) and populations who feel safe walking
home alone (SDG indicator 16.1.4), also are candidates
for future inclusion pending data availability and access.
Furthermore, it might be worthwhile to revisit what
constitutes health-related SDGs, particularly as the UN
Statistical Commission prepares for its formal review of
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current indicators and proposed additions. Finally, in
view of the reasonably short window for the SDG era,
there is increasing interest in developing model-based
scenarios wherein the effects of investment “X” or
introduction of intervention “Y” can be explored. The
forecasting framework developed by Foreman and
colleagues sets the foundation for such work™ given that
the causal relationships captured and propagated
through projections can be set at different levels or
altered in response to funding changes (eg, 10% budget
cut and its effects on HIV).®

Conclusion

International institutions are increasingly calling for
disaggregated data to guide decision making in health,
and the SDGs are no exception. The SDG health-related
index varied greatly at the subnational level in many
countries, reflecting the need to focus on subnational
health inequalities in the SDG era. Globally, males
generally experienced a greater toll than did females
from the ten health-related indicators analysed,
emphasising the importance of both health data and
programmes that incorporate sex-specific dimensions.
Although most countries were projected to have
improved SDG index scores in 2030, progress is slower
than what is needed to attain defined targets across a
wide range of health domains, including NCDs, which
have many recommended best buy policies that have yet
to be widely implemented. Countries and supporting
international agencies must move beyond commitment
to implementation, with a special focus on monitoring
gains and gaps on the health-related SDGs beyond
national trends. As shown by past rates of country-level
progress, we have the opportunity to catalyse substantial
gains in the future if the right investments and focus can
occur today.
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Ethiopia (D Abate MSc, T F Gelano MSc, T Hailegiyorgis MSc,

M T Jalu MPH, T G Tekalign MS); College of Health Sciences

(B Gebremichael MSc), College of Veterinary Medicine and Agriculture
(K Amenu PhD), Department of Pharmacology and Clinical Pharmacy
(S M Abay PhD, O S S Muhammed MSc), Department of Preventive
Medicine (S Getachew MPH), Department of Psychiatry

(W Fekadu PhD), School of Allied Health Sciences (E Yisma MPH),
School of Nursing and Midwifery (H A Areri MSc), School of Public
Health (N D Abebe MPH, A Berhane PhD, K Deribe PhD,
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G T Shifa PhD), Addis Ababa University, Addis Ababa, Ethiopia

(G T Demoz MSc); Department of Law Philosophy and Economic
Studies (C Abbafati PhD), La Sapienza University, Rome, Italy; Brain and
Spinal Cord Injury Research Center (Z Khazaeipour MD), Cancer
Biology Research Center (R Shirkoohi PhD), Cancer Research Center

(A Nahvijou PhD, R Shirkoohi PhD, K Zendehdel PhD), Center of
Expertise in Microbiology (Prof S Seyedmousavi PhD), Community-
Based Participatory Research Center (Prof R Majdzadeh PhD),
Department of Anatomy (S Sobhani MD), Department of Epidemiology
and Biostatistics (Prof S Hosseini PhD, M Mansournia PhD,

M Yaseri PhD), Department of Health (H Abbastabar PhD), Department
of Health Management and Economics (M Anjomshoa PhD,

S Mousavi PhD), Department of Pharmacology (A Haj-Mirzaian MD,

A Haj-Mirzaian MD), Department of Urology (E Amini MD), Digestive
Diseases Research Institute (Prof R Malekzadeh MD,

Prof A Pourshams MD, H Poustchi PhD, G Roshandel PhD,

H Salimzadeh PhD, S G Sepanlou MD), Endocrinology and Metabolism
Research Center (M Afarideh MD, Prof A Esteghamati MD,

S Esteghamati MD), Hematologic Malignancies Research Center

(A Kasaeian PhD), Hematology-Oncology and Stem Cell Transplantation
Research Center (A Kasaeian PhD), Iran National Institute of Health
Research (F Mohebi MD, H S Sajadi PhD), Iranian National Center for
Addiction Studies (Prof A Rahimi-Movaghar MD), Knowledge
Utilization Research Center (Prof R Majdzadeh PhD), Multiple Sclerosis
Research Center (S Eskandarieh PhD, B Mohajer MD,

Prof M Sahraian MD), Non-communicable Diseases Research Center
(N Abbasi MD, F Farzadfar MD, S N Irvani MD, B Mohajer MD,

F Mohebi MD, M Shams-Beyranvand MSc), School of Medicine

(N Hafezi-Nejad MD), Sina Trauma and Surgery Research Center

(Prof V Rahimi-Movaghar MD, M Safdarian MD, Prof P Salamati MD,
M Sharif-Alhoseini PhD), Uro-Oncology Research Center

(M Nowroozi MD), Tehran University of Medical Sciences, Tehran, Iran;
Department of Epidemiology, Biostatistics, and Occupational Health

(H T Ayele PhD), Montreal Neuroimaging Center (N Abbasi MD),
Montreal Neurological Institute (S Fereshtehnejad PhD), McGill
University, Montreal, QC, Canada; Department of Medical Parasitology
(M M Khater MD), Department of Neurology (Prof F Abd-Allah MD,
Prof A Abdelalim MD, M I Hegazy PhD), Cairo University, Cairo, Egypt;
Department of Oncology (O Abdel-Rahman MD), Department of
Medicine (Prof M Tonelli MD), University of Calgary, Calgary, AB,
Canada; Department of Entomology (A M Samy PhD), Department of
Obstetrics and Gynecology (Prof A F Nabhan PhD), Department of
Oncology (O Abdel-Rahman MD), Ain Shams University, Cairo, Egypt;
Department of Anesthesiology (A Ahmadi PhD), Department of
Environmental Health Engineering (Prof A Almasi PhD), Department of
Epidemiology & Biostatistics (Prof F Najafi PhD, Y Salimi PhD),
Department of Food Technology & Quality Control (E Sadeghi PhD),
Department of Health Education & Promotion (F Rajati PhD),
Department of Psychiatry (Prof H Khazaie MD), Department of
Traditional and Complementary Medicine (M Farzaei PhD), Department
of Urology (Prof M Moradi MD), Environmental Determinants of Health
Research Center (S Rezaei PhD, M Soofi PhD), Faculty of Nursing and
Midwifery (A Abdi PhD), Faculty of Nutrition and Food Sciences

(F Heydarpour PhD), Faculty of Public Health (B Karami Matin PhD,

A Kazemi Karyani PhD, R Safari-Faramani PhD), Imam Ali
Cardiovascular Research Center (S Siabani PhD), Pharmaceutical
Sciences Research Center (M Farzaei PhD), Research Center for
Environmental Determinants of Health (M Moradinazar PhD), Sleep
Disorders Research Center (M Ghadami MD), Sports Medicine &
Rehabilitation (M Shamsi PhD), Kermanshah University of Medical
Sciences, Kermanshah, Iran (H Farzam MD, K Ghadiri BEP,

S Heydarpour PhD, A Khatony PhD, Prof M Pirsaheb PhD,

S Rezaeian PhD, Y Safari PhD, K Sharafi PhD); Department of
Epidemiology (I Abdollahpour PhD), Arak University of Medical
Sciences, Arak, Iran; Multiple Sclerosis Research Center, Tehran, Iran

(I Abdollahpour PhD); Department of Statistics (R S Abdulkader MD),
Manonmaniam Sundaranar University, Tirunelveli, India; Department
of Clinical Chemistry (B Biadgo MSc), Department of Epidemiology and
Biostatistics (H F Wolde MPH), Department of Epidemiology and
Biostatistics (T Y Akalu MPH, K S Tamirat MPH, D F Teshome MPH),
Department of Medical Microbiology (B Tessema PhD), Department of
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Medical Parasitology (A ] ] Zeleke MSc), Human Nutrition Department
(Z Abebe MSc), Institute of Public Health (K A Alene MPH,

B Bekele MPH, A F Dadi MPH, M A Limenih MSc, M Melku MSc,

A A Muche MPH, K Muchie MSc, s G Nigatu MPH, A A Tassew MPH,
B Tilahun PhD, M M Wassie MSc), University of Gondar, Gondar,
Ethiopia (H W Baynes MSc); College of Health Sciences

(G M Kassa MSc), Department of Nursing (A Alebel MSc,

G A Dessie MSc, D H Kassa MSc, F S Wagnew MSc), Department of
Public Health (Y A Belay MPH, G D Kibret MPH, C T Leshargie MPH),
Debre Markos University, Debre Markos, Ethiopia (A N Abejie MPH,

H Temesgen MPH); Anatomy Unit (T B Hagos MSc), Biomedical
Sciences Division (G B Hailu MSc), Clinical Pharmacy Unit

(H N Abraha MSc, T D Kassa MSc, Y L Nirayo MS,

K G Weldegwergs MSc), Department of Biostatistics (K Gezae MSc),
Department of Environmental Health Science (A A Werkneh MSc),
Department of Environmental Health and Behavioral Sciences

(Y ] Yasin MSc), Department of Epidemiology (A G Belay MPH),
Department of Microbiology and Immunology (S Muthupandian PhD),
Department of Nutrition and Dietetics (M G Degefa BSc,

A Kahsay MPH), Institute of Biomedical Science (E T Asfaw MSc),
School of Medicine (D T Mengistu MSc), School of Nursing

(G Y Abyu PhD), School of Pharmacy (S W Asgedom MSc,

H Bitew MSc, A K Gebre MSc, T G Gebremichael MSc, A G Tsadik MSc,
E M Yimer MSc), School of Public Health (S F Abera MSc,

B M Adhena MPH, A B Belachew MSc, G B Gebregergs MPH), Mekelle
University, Mekelle, Ethiopia (B Demtsu MSc, H G Meles MPH,

S G Tassew MSc); Institute of Biological Chemistry and Nutrition

(S F Abera MSc), University of Hohenheim, Stuttgart, Germany;
Department of Health Sciences (E Duken MSc), Department of Medical
Laboratory Sciences (O Abil MSc), Wollega University, Nekemte,
Ethiopia; School of Public Health (O Abil MSc), University of Medical
Science, Ondo, Ondo, Nigeria; Department of Cardiology

(Prof V Aboyans MD), Dupuytren University Hospital, Limoges, France;
Institute of Epidemiology (Prof V Aboyans MD), University of Limoges,
Limoges, France; Department of Healthcare Policy and Research

(Prof L ] Abu-Raddad PhD), Weill Cornell Medical College in Qatar,
Doha, Qatar; Institute of Community and Public Health

(N M Abu-Rmeileh PhD), Birzeit University, Birzeit, Palestine;
Department of Nursing (G Y Abyu PhD), Department of Psychiatry

(W Fekadu PhD, T Mekonen MSc), Department of Public Health
Nutrition (N Fentahun PhD), Bahir Dar University, Bahir Dar, Ethiopia
(A Amare PhD); Bénin Clinical Research Institute, Cotonou, Benin

(M M K Accrombessi PhD, E F A Avokpaho MD); Department of
Preventive Medicine (D Acharya MPH), Dongguk University, Gyeongju,
South Korea; Department of Community Medicine (D Acharya MPH),
Nepalgunj Medical College (M Pyakurel MPH), Kathmandu University,
Devdaha, Nepal; Nepal Development Society, Pokhara, Nepal

(P Acharya MPH); Department of Global Health (A A Adamu MSc,

O O Adetokunboh MD, Prof C S Wiysonge MD), Department of
Psychiatry (Prof C D H Parry PhD, Prof S Seedat PhD), Faculty of
Medicine & Health Sciences (Prof P S Nyasulu PhD), Stellenbosch
University, Cape Town, South Africa; Cochrane South Africa

(A A Adamu MSc, O O Adetokunboh MD), Unit for Hypertension and
Cardiovascular Disease (Prof A E Schutte PhD), South African Medical
Research Council, Cape Town, South Africa (Prof D | Stein MD);
Department of Medicine (O S Ogah PhD), Medicine (O M Adebayo MD),
University College Hospital, Ibadan, Ibadan, Nigeria; Department of
Sociology (I A Adedeji PhD), Olabisi Onabanjo University, Ago-Iwoye,
Nigeria; Department of Medical Rehabilitation (Prof R A Adedoyin PhD),
Obafemi Awolowo University, Ile-Ife, Nigeria; School of Medicine

(V Adekanmbi PhD), Cardiff University, Cardiff, UK; Nepal Health
Research Environment (T B Adhikari MPH), Center for Social Science
and Public Health Research Nepal, Lalitpur, Nepal; Unit for Health
Promotion Research (T B Adhikari MPH), University of Southern
Denmark, Esbjerg, Denmark; Emergency Department (M G Adib MD),
Saint Mark Hospital, Alexandria, Egypt; Ivorian Association for Family
Welfare, Abidjan, Cote d'Ivoire (A K Adou MD); Sport Science
Department (] C Adsuar PhD, S Villafaina MSc), University of
Extremadura, Badajoz, Spain (D Collado-Mateo MSc); Zabol University
of Medical Sciences, Zabol, Iran (M Afshari MD); Department of Family
Medicine (G Agarwal MD), Department of Pathology and Molecular

2125



Global Health Metrics

2126

Medicine (T O Olagunju MD), McMaster University, Hamilton, ON,
Canada; Department of Zoology (S A Aghayan PhD), Yerevan State
University, Yerevan, Armenia; Research Group of Molecular Parasitology
(S A Aghayan PhD), Scientific Center of Zoology and Hydroecology,
Yerevan, Armenia; Department of Health (D Agius MD), Directorate for
Policy (N Azzopardi-Muscat PhD), Directorate for Health Information
and Research, Pieta, Malta; Research Area for Informatics and Big Data
(Prof A Agrawal PhD), CSIR Institute of Genomics and Integrative
Biology, Delhi, India; Department of Internal Medicine

(Prof A Agrawal PhD), National School of Tropical Medicine

(Prof P ] Hotez PhD), Baylor College of Medicine, Houston, TX, USA;
Health Promotion Division (M Arora PhD), Indian Institute of Public
Health (Prof G V S Murthy MD), 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,

Prof R Dandona PhD, G A Kumar PhD, D K Lal MD, M R Mathur PhD,
Prof D Prabhakaran DM, K S Reddy DM); Vital Strategies, Gurugram,
India (S Agrawal PhD); Department of Neurosurgery (H Safari MD),
Department of Public Health (M A Khafaie PhD), Education
Development Center (Prof M Sayyah PsyD), Environmental
Technologies Research Center (M Ahmadi PhD), Medical Physics
Department (A Yadollahpour PhD), Thalassemia and Hemoglobinopathy
Research Center (F Rahim PhD), Ahvaz Jundishapur University of
Medical Sciences, Ahvaz, Iran; Cancer Research Center

(Prof M Akbari MD), Department of Biostatistics (A Khajavi MSc),
Department of Epidemiology (N Izadi MSc, S Riahi PhD), Department
of Ophthalmology (H Ahmadieh MD), Ophthalmic Epidemiology
Research Center (S Safi PhD), Ophthalmic Research Center

(H Ahmadieh MD, S Safi PhD, M Yaseri PhD), Research Institute for
Endocrine Sciences (A Haj-Mirzaian MD, S N Irvani MD), Safety
Promotion and Injury Prevention Research Center (N Jahanmehr PhD),
School of Public Health (N Jahanmehr PhD), Shahid Beheshti
University of Medical Sciences, Tehran, Iran; Department of
Environmental Health Sciences and Technology (S Mereta PhD),
Department of Epidemiology (M B Ahmed MPH,

T T Gebrehiwot MPH), Department of Health Education & Behavioral
Sciences (G T Feyissa MPH), Department of Population and Family
Health (A T Gebremedhin MPH), Mycobacteriology Research Center
(E Duken MSc), School of Pharmacy (E M Bobasa MSc), Jimma
University, Jimma, Ethiopia; Health Economics and Financing Research
Group (A R Sarker MSS), Health Systems and Population Studies
Division (S Ahmed MSc), Initiative for Non Communicable Diseases
(A Naheed PhD), Maternal and Child Health Division (S Zaman MPH),
International Centre for Diarrhoeal Disease Research, Bangladesh
(icddr,b), Dhaka, Bangladesh; Department of Learning, Informatics,
Management, and Ethics (S Ahmed MSc), Department of Medical
Epidemiology and Biostatistics (J ] Carrero PhD,

Prof E Weiderpass PhD), Department of Medicine Huddinge

(Prof A Moghadamnia PhD), Department of Neurobiology

(Prof ] Arnlév PhD), Department of Neurobiology, Care Sciences and
Society (S Fereshtehnejad PhD), Department of Public Health Sciences
(Prof P Allebeck MD, Z El-Khatib PhD), Karolinska Institutet,
Stockholm, Sweden; Department of Civil and Environmental
Engineering (A S Akanda PhD), University of Rhode Island, Kingston,
RI, USA; Department of Midwifery (M Akibu MSc, M T Dinberu MA),
Department of Public Health (M G Ansha MPH, T Kolola MPH), Debre
Berhan University, Debre Berhan, Ethiopia; Institute for Advanced
Medical Research and Training (R O Akinyemi PhD,

Prof M O Owolabi DrM), University of Ibadan, Ibadan, Nigeria;
Department of Epidemiology (T Akinyemiju PhD), University of
Kentucky, Lexington, KY, USA; Department of Nutritional Sciences

(A Badawi PhD), The Centre for Global Child Health, Hospital for Sick
Children (Prof Z A Bhutta PhD), The Hospital for Sick Children

(N Akseer PhD), University of Toronto, Toronto, ON, Canada; Evidence
Based Practice Center (F Alahdab MD), Mayo Clinic Foundation for
Medical Education and Research, Rochester, MN, USA; Research
Committee (F Alahdab MD), Syrian American Medical Society,
Washington, DC, USA; Internal Medicine Department (Z Al-Aly MD),
Washington University in St Louis, St Louis, MO, USA; Clinical
Epidemiology Center, VA St Louis Health Care System (Z Al-Aly MD),
Department of Internal Medicine (S K Jassal MD), Department of

Veterans Affairs, St Louis, MO, USA; Department of Computer Science
and Software Engineering (Prof G ] Milne PhD), School of Medicine
(Prof G ] Hankey MD), School of Population and Global Health

(K Alam PhD), University of Western Australia, Perth, WA, Australia;
Nab'a Al-Hayat Foundation for Medical Sciences and Health Care, Najaf,
Iraq (A Albujeer DDS); National Centre for Epidemiology and
Population Health (M Bin Sayeed MSPS), Research School of Population
Health (K A Alene MPH), Australian National University, Canberra,
ACT, Australia; Department of Family and Community Medicine

(A A Jamal MD), Department of Pediatrics (B H Sobaih MD,

M Temsah MD), Pediatric Intensive Care Unit (A Al-Eyadhy MD),

King Saud University, Riyadh, Saudi Arabia (K Altirkawi MD); King
Abdullah Bin Abdulaziz University Hospital, Riyadh, Saudi Arabia
(Prof S Alhabib PhD); Public Health Research Center (R Ali MPH),
New York University Abu Dhabi, Abu Dhabi, United Arab Emirates;
Centre for Tropical Medicine and Global Health, Nuffield Department of
Medicine (Prof P W Gething PhD, S Lewycka PhD), Department of
Psychiatry (Prof C R ] Newton MD), Nuffield Department of Population
Health (R Ali MPH, D A Bennett PhD), Nuffield Department of
Women’s and Reproductive Health (Prof K Rahimi MD), University of
Oxford, Oxford, UK (Prof V JTha MD); Qazvin University of Medical
Sciences, Qazvin, Iran (M Alijanzadeh PhD); Department of
Immunology (Prof A Rafiei PhD), Department of Medical Mycology

(H Badali PhD), Department of Medical Mycology and Parasitology

(A Vaezi PhD), Department of Neurology (N Karimi MD), Department
of Pediatrics (M Rezai MD), Department of Physiology and
Pharmacology (M Mohammadi PhD), Gastrointestinal Cancer Research
Center (R Alizadeh-Navaei PhD), Health Sciences Research Center

(M Moosazadeh PhD), Immunogenetics Research Center

(N Karimi MD), Molecular and Cell Biology Research Center

(Prof A Rafiei PhD), School of Public Health (Prof A Enayati PhD),
Toxoplasmosis Research Center (Prof A Daryani PhD, S Sarvi PhD),
Mazandaran University of Medical Sciences, Sari, Iran (M Fakhar PhD,
A Hedayatizadeh-Omran PhD, M Nourollahpour Shiadeh PhD,

Z Zare PhD); Department of Health Policy and Management

(Prof S M Aljunid PhD), Kuwait University, Safat, Kuwait; International
Centre for Casemix and Clinical Coding (Prof S M Aljunid PhD),
National University of Malaysia, Bandar Tun Razak, Malaysia;
Department of Population Health (A Alkerwi PhD), Luxembourg
Institute of Health, Strassen, Luxembourg; University of Bordeaux,
Bordeaux, France (Prof F Alla PhD); Swedish Research Council for
Health, Working Life, and Welfare, Stockholm, Sweden

(Prof P Allebeck MD); United Arab Emirates University, Al Ain, United
Arab Emirates (Prof F Al-Maskari PhD); Psychiatric Hospital Ain Abessa
Setif, Ain Abessa, Algeria (Prof F Al-Maskari PhD); Medical Research
Center (H M Al-Mekhlafi PhD), Jazan University, Jazan, Saudi Arabia
(Prof N Bedi MD); Department of Medical Parasitology

(H M Al-Mekhlafi PhD), Sana’a University, Sana’a, Yemen; Research
Program in Epidemiology & Public Health (Prof ] Alonso MD), Hospital
del Mar Medical Research Institute, Barcelona, Spain; Department of
Experimental and Health Sciences (Prof ] Alonso MD), Pompeu Fabra
University , Barcelona, Spain; Department of Family and Community
Medicine (Prof R M Al-Raddadi PhD), King Abdulaziz University,
Jeddah, Saudi Arabia; Department of Operative and Preventive Dentistry
(Prof F Schwendicke MPH), Institute of Public Health

(Prof R Busse PhD, Prof E Schaeffner MD), Charité University Medical
Center Berlin, Berlin, Germany (U Alsharif MD); Research Group on
Health Economics (Prof N Alvis-Guzman PhD), University of Cartagena,
Cartagena, Colombia; Research Group in Hospital Management and
Health Policies (Prof N Alvis-Guzman PhD), University of the Coast,
Barranquilla, Colombia; Sansom Institute (A Amare PhD),
Wardliparingga Aboriginal Research Unit (P S Azzopardi PhD), South
Australian Health and Medical Research Institute, Adelaide, SA,
Australia; Department of Diseases and Noncommunicable Diseases and
Health Promotion (A M Soares Filho DSc), Department of the Health
Industrial Complex and Innovation in Health (Prof D A Silveira MSc),
Policy and Planning Directorate (D T Zegeye MPH), Federal Ministry of
Health, Beirut, Lebanon (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), Faculty of
Health Sciences (Prof W Ammar PhD), American University of Beirut,
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Beirut, Lebanon; Faculty of Medicine (N H Anber PhD), Mansoura
University, Mansoura, Egypt (N H Anber PhD); Anatomy and
Embryology Department (R I Negoi PhD), Department of General
Surgery (D V Davitoiu PhD, M Hostiuc PhD), Department of Legal
Medicine and Bioethics (S Hostiuc PhD), Emergency Hospital of
Bucharest (Prof M Beuran PhD, I Negoi PhD), Carol Davila University
of Medicine and Pharmacy, Bucharest, Romania (C Andrei PhD);
Department of Medicine (S Androudi PhD), University of Thessaly,
Volos, Greece; Department of Public Health

(Y C D Geramo MSc, G T Shifa PhD, M Y Teshale MPH), Arba Minch
University, Arba Minch, Ethiopia (M D Animut MPH); Social
Determinants of Health Research Center (M Anjomshoa PhD),
Rafsanjan University of Medical Sciences, Rafsanjan, Iran; Zahedan
University of Medical Sciences, Zahedan, Iran (H Ansari PhD); School
of Public Health (A Ansariadi PhD), Hasanuddin University, Makassar,
Indonesia; 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; Independent Consultant, Kabul, Afghanistan

(P Anwari MSc); Department of Internal Medicine (L T Appiah MD),
Komfo Anokye Teaching Hospital, Adum, Ghana; School of Medical
Sciences (L T Appiah MD), Kwame Nkrumah University of Science and
Technology, Kumasi, Ghana; School of Health Sciences (O Aremu PhD),
Birmingham City University, Birmingham, UK; School of Health and
Social Studies (Prof | Arnlév PhD), Dalarna University, Falun, Sweden;
Research, Health Related Information Dissemination Amongst Youth,
New Delhi, India (M Arora PhD); Monitoring Evaluation and
Operational Research Project (K K Aryal PhD), Abt Associates Nepal,
Lalitpur, Nepal; Qom University of Medical Sciences, Qom, Iran

(H Asayesh MSc); South Asian Public Health Forum, Lahore, Pakistan
(R J Asghar MPH); Department of Medical Biotechnology

(A Sahebkar PhD), Education Development Center (R Assadi PhD),
Mashhad University of Medical Sciences, Mashhad, Iran; University
Institute of Public Health (S Atique PhD), The University of Lahore,
Lahore, Pakistan; Public Health Department (S Atique PhD), University
of Hail, Hail, Saudi Arabia; Berman Institute of Bioethics

(Prof ] Fanzo PhD), Center for Clinical Global Health Education

(S R Atre PhD), Department of Epidemiology (Prof ] B Nachega PhD),
Department of Gastrointestinal and Hepatology (K Vosoughi MD),
Department of Health Policy and Management (A T Khoja MD),
Department of International Health (M N Kosek MD), Department of
Radiology (N Hafezi-Nejad MD, A Haj-Mirzaian MD), Johns Hopkins
University, Baltimore, MD, USA; D Y Patil Medical College

(S R Atre PhD), D Y Patil Vidyapeeth, Pune, India (A R Sawant MD);
Department of Social Welfare (M S Atteraya PhD), Keimyung University,
Daegu, South Korea; Department of Health Sciences

(Prof T Brugha MD), School of Business (Prof M Ausloos PhD),
University of Leicester, Leicester, UK; Contréle des Maladies Infectieuses
(E F A Avokpaho MD), Non-communicable Disease Department

(F G Gankpe MD), Laboratory of Studies and Research-Action in Health,
Porto Novo, Benin; Indian Institute of Public Health, Gandhinagar,
India (A Awasthi PhD); Austin Clinical School of Nursing

(M Rahman PhD), Department of Psychology (Prof T Wijeratne MD),
School of Nursing and Midwifery (Prof D Edvardsson PhD), The Judith
Lumley Centre (B Ayala Quintanilla PhD), La Trobe University,
Melbourne, VIC, Australia; General Office for Research and
Technological Transfer (B Ayala Quintanilla PhD), Peruvian National
Institute of Health, Lima, Peru; Public Health Department (H T Ayele
PhD, T A Zerfu PhD), Dilla University, Dilla, Ethiopia; Department of
Community and Global Health (R Ayer MHSc), Department of Diabetes
and Metabolic Diseases (T Yamada MD), Department of Global Health
Policy (M Rahman MHS, Prof K Shibuya MD), Department of Mental
Health (Prof N Kawakami PhD), University of Tokyo, Tokyo, Japan;
Clinical Neurological Sciences (L A Sposato MD), Department of
Clinical Neurological Sciences (V Hachinski DSc), The University of
Western Ontario, London, ON, Canada (M Azarpazhooh MD); Global
Adolescent Health Group (P S Azzopardi PhD), Burnet Institute,
Melbourne, VIC, Australia; Department of Health Services

(N Azzopardi-Muscat PhD), University of Malta, Msida, Malta;
Department of Public Health Medicine (T K Babalola MSc,

T P Mashamba-Thompson PhD, Prof K Naidoo PhD, K E Oladimeji
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MPH, Prof B Sartorius PhD), University of KwaZulu-Natal, Durban,
South Africa (Prof F C Tanser PhD); Department of Community Health
and Primary Care (T K Babalola MSc), Department of Psychiatry

(A T Olagunju MD), University of Lagos, Lagos, Nigeria; Center for
Infectious Diseases Research, Babol, Iran (A Babazadeh MD,

S Ebrahimpour PhD); Health Promotion and Chronic Disease
Prevention Branch (J ] Lang PhD), Public Health Risk Sciences Division
(A Badawi PhD), Public Health Agency of Canada, Toronto, ON, Canada;
Department of Environmental Health Engineering

(Prof K Balakrishnan PhD), Sri Ramachandra Medical College and
Research Institute, Chennai, India; Department of Hypertension

(Prof M Banach PhD), Medical University of Lodz, Lodz, Poland; Polish
Mothers’ Memorial Hospital Research Institute, Lodz, Poland

(Prof M Banach PhD); Department of Epidemiology and Public Health
(Prof M Kivimiki PhD, M R Mathur PhD), Department of Health
Informatics (S Chung PhD), Department of Psychology (M Kumar PhD),
Ear Institute (Prof A C Davis PhD), Institute for Global Health

(H Haghparast Bidgoli PhD), Institute of Health Informatics

(A Banerjee PhD), The UCL Centre for Global Health Economics

(C Birungi MSc), University College London, London, UK; Faculty of
Medicine (] A M Banoub MD), Alexandria University, Alexandria, Egypt;
Department of Research (A Banstola MPH), Public Health Perspective
Nepal, Pokhara-Lekhnath Metropolitan City, Nepal; Clinic for Infectious
and Tropical Diseases (A Barac PhD), Clinical Center of Serbia, Belgrade,
Serbia; Centre School of Public Health and Health Management

(Prof M M Santric Milicevic PhD), Faculty of Medicine (A Barac PhD,

E Dubljanin PhD), Faculty of Medicine Institute of Epidemiology

(IS Vujcic PhD), University of Belgrade, Belgrade, Serbia; Area de
Estadistica, Direccién Actuarial (Prof J Castillo Rivas MSc), Department
of Neurosciences (Prof M A Barboza MD), Costa Rican Department of
Social Security, San Jose, Costa Rica; School of Dentistry

(Prof | Castillo Rivas MSc), School of Medicine (Prof M A Barboza MD),
University of Costa Rica, San Pedro, Costa Rica; Molecular Medicine and
Pathology (K B Tran MD), School of Psychology

(Prof S L Barker-Collo PhD), University of Auckland, Auckland,

New Zealand; Augenpraxis Jonas (S Panda-Jonas MD), Department of
Ophthalmology (Prof | B Jonas MD), Institute of Public Health

(Prof T W Birnighausen MD, Prof ] De Neve MD, B Moazen MSc,

S Mohammed PhD), Heidelberg University, Heidelberg, Germany;
Ariadne Labs (E K Macarayan PhD), Department of Environmental
Health (G R Wagner MD), Department of Global Health and Population
(Prof T W Birnighausen MD, A B Feigl PhD, Prof O F Norheim PhD,
Prof S Vollmer PhD), Department of Global Health and Social Medicine
(G Bukhman MD), Department of Nutrition (E L Ding DSc,

M S Farvid PhD), Division of General Internal Medicine and Primary
Care (Prof A Sheikh MD), Heart and Vascular Center

(M Vaduganathan MD), T H Chan School of Public Health

(P C Gupta DSc), Harvard University, Boston, MA, USA

(M G Shrime MD, B Yakob PhD); Department of Industrial Engineering
(Prof L H Barrero DSc), Pontifical Javeriana University, Bogota,
Colombia; Barcelona Institute for Global Health (Prof Q Bassat MD),
Tuberculosis Department (A L Garcia-Basteiro MD), Barcelona Institute
for Global Health, Barcelona, Spain (Prof ] V Lazarus PhD);
Tuberculosis (A L Garcia-Basteiro MD), Manhica Health Research
Center, Manhica, Mozambique (Prof Q Bassat MD); School of Health
Sciences (A Basu PhD), University of Canterbury, Christchurch,

New Zealand; Center for Health Policy & Center for Primary Care and
Outcomes Research (Prof ] A Salomon PhD), Department of Medicine
(S Basu PhD), Stanford University, Palo Alto, CA, USA; Doctor Evidence,
Santa Monica, CA, USA (R ] Battista MBA, M Fazeli PhD); Melbourne
Medical School, Melbourne, VIC, Australia (Prof B T Baune PhD);
Department of Psychiatry (Prof S Bazargan-Hejazi BEP),

Charles R Drew University of Medicine and Science, Los Angeles, CA,
USA; Department of Psychiatry and Biobehavioral Sciences

(Prof S Bazargan-Hejazi BEP), University of California Los Angeles,

Los Angeles, CA, USA; Department of Community Medicine

(Prof N Bedi MD), Gandhi Medical College Bhopal, Bhopal, India;
Department of Environmental Health Science (S Gallus DSc),
Department of Neuroscience (E Beghi MD, G Giussani PhD),
Department of Oncology (M Cortinovis PhD), Department of Renal
Medicine (B Bikbov MD, N Perico MD), Mario Negri Institute for
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Pharmacological Research, Milan, Italy (Prof G Remuzzi MD); Air
Pollution Research Center (B Heibati PhD), Department of Community
Medicine (A Tehrani-Banihashemi PhD), Department of Health Policy
(H Shabaninejad PhD), Department of Neuroscience (M Safdarian MD),
Health Management and Economics Research Center

(M Behzadifar PhD), Physiology Research Center (M Yousefifard PhD),
Preventive Medicine and Public Health Research Center

(M Moradi-Lakeh MD, A Tehrani-Banihashemi PhD, K Vosoughi MD),
Iran University of Medical Sciences, Tehran, Iran (T Beyranvand PhD,
F Farhadi MD); Social Determinants of Health Research Center

(M Behzadifar PhD), Lorestan University of Medical Sciences,
Khorramabad, Iran (M Behzadifar MS); Department of Neurology
(Prof Y Béjot PhD), University Hospital of Dijon, Dijon, France; Dijon
Stroke Registry - UFR Sciences Santé (Prof Y Béjot PhD), University of
Burgundy, Dijon, France; Public Health Department (B Bekele MPH,
H Y Hassen MPH), Mizan-Tepi University, Teppi, Ethiopia

(A Henok MPH); Tewelde Legesse Health Sciences College, Mekelle,
Ethiopia (S A Belay MPH); Department of Ophthalmology and Visual
Science (Prof ] ] Huang MD), School of Forestry and Environmental
Studies (Prof M L Bell PhD), Yale University, New Haven, CT, USA;
Department of Medicine (A K Bello PhD), University of Alberta,
Edmonton, AB, Canada; Center for Clinical and Epidemiological
Research (A C Goulart PhD), Department of Biomechanics

(L G Mandarano-Filho PhD), Department of Internal Medicine

(I M Bensenor PhD, Prof I S Santos PhD), Department of Medicine
(Prof P A Lotufo DrPH), Department of Pathology and Legal Medicine
(M R Tovani-Palone MSc), Department of Psychiatry (Y Wang PhD),
Division of Ophthalmology (] M Furtado MD), University Hospital,
Internal Medicine Department (A C Goulart PhD), University of Sao
Paulo, Sao Paulo, Brazil; Langone Medical Center (A Shafieesabet MD),
WHO Collaborating Center (H Benzian PhD), New York University,
New York, NY, USA; Adigrat University, Adigrat, Ethiopia

(A K Berhe MSc); School of Public Health (A K Berhe MSc), Wolaita
Sodo University, Addis Ababa, Ethiopia; Division of Cardiology

(Prof A E Berman MD), Medical College of Georgia at Augusta
University, Augusta, GA, USA; Department of Health Policy

(Prof A E Berman MD), Personal Social Services Research Unit

(R Kadel MPH), London School of Economics and Political Science,
London, UK; Dental Institute (E Bernabe PhD), Division of Patient and
Population (Prof W Marcenes PhD), Faculty of Life Sciences and
Medicine (Prof P I Dargan MB, M Molokhia PhD), School of Population
Health & Environmental Sciences (Prof C D A Wolfe MD), King's
College London, London, UK; Hubert Department of Global Health

(R S Bernstein MD), Rollins School of Public Health (Prof Y Liu PhD),
Emory University, Atlanta, GA, USA; Department of Global Health

(R S Bernstein MD), University of South Florida, Tampa, FL, USA;
Institutes of Applied Health Research and Translational Medicine

(N Bhala DPhil), Queen Elizabeth Hospital Birmingham, Birmingham,
UK; IAHR/ITM (N Bhala DPhil), University of Birmingham,
Birmingham, UK; Department of Internal Medicine (Prof A Bhalla MD,
D P Lad DM), Department of Pediatrics (S D Lad MD), School of Public
Health (Prof | S Thakur MD, Prof ] S Thakur MD), Post Graduate
Institute of Medical Education and Research, Chandigarh, India

(Prof A Bhansali MD); Centre for Global Chronic Conditions

(M Karanikolos MPH), Department of Disease Control (] Cano PhD),
Department of Health Services Research and Policy

(Prof M McKee DSc), Department of Infectious Disease Epidemiology
(Prof H ] Larson PhD), Department of Medical Statistics

(Prof N Pearce PhD), Department of Non-communicable Disease
Epidemiology (Prof S Kinra PhD, 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);
Injury Division (Prof R Q Ivers PhD), The George Institute for Global
Health, New Delhi, India (S Bhaumik MBBS, Prof V Jha MD,

P K Maulik PhD); Center of Excellence in Women and Child Health
(Prof Z A Bhutta PhD), Department of Pediatrics & Child Health

(M Nisar MSc), Aga Khan University, Karachi, Pakistan; Cellular and
Molecular Biology Research Center (H Nouri PhD), Department of
Clinical Biochemistry (A Mosapour PhD, N Neamati MSc,

H Parsian PhD), Department of Immunology

(M Mohammadnia-Afrouzi PhD), Fatemeh Zahra Infertility and

Reproductive Health Center (P Mirabi PhD), Health Research Institute
(R Ghadimi PhD, M Ghasemi-Kasman PhD), Immunoregulation
Research Center (Prof S Seyedmousavi PhD), Infectious Diseases and
Tropical Medicine Research Center (A Rostami PhD), Social
Determinant of Health Research Center (A Bijani PhD), Student
Research Committee (M Zamani MD), Babol University of Medical
Sciences, Babol, Iran (M Faramarzi PhD, Prof A Moghadamnia PhD,

S Mouodi MD); Woldia University, Woldia, Ethiopia

(N Bililign BHIthSci); Department of Clinical Pharmacy and
Pharmacology (M Bin Sayeed MSPS), University of Dhaka, Ramna,
Bangladesh; Department of Medical and Surgical Sciences

(A Farioli PhD, Prof F S Violante MPH), University of Bologna, Bologna,
Italy (S M Birlik MBA); Liaison of Turkey (S M Birlik MBA), Guillain-
Barre Syndrome/Chronic Inflammatory Demyelinating Polyneuropathy
Foundation International, Conshohocken, PA, USA; Center for the AID
Program of Research in South Africa (CAPRISA) TB and HIV
Pathogenesis Unit (K E Oladimeji MPH), Fast-Track Implementation
Department (C Birungi MSc), United Nations Programme on HIV/AIDS
(UNAIDS), Gaborone, Botswana; Global Health Division

(D Bisanzio PhD), Research Triangle Institute International, Research
Triangle Park, NC, USA; School of Medicine (D Bisanzio PhD,

F Shokraneh MS), University of Nottingham, Nottingham, UK;
Department of Health Sciences (I Filip MD), A T Still University,
Brisbane, QLD, Australia (T Biswas MPH, A Radfar MD,

M Soosaraei PhD); Department of Nursing (M T Haile MSc),
Department of Public Health (H Bizuneh MPH), St. Paul’s Hospital
Millennium Medical College, Addis Ababa, Ethiopia; 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 (Prof E Bjertness PhD); Institute for Social Science Research

(A A Mamun PhD, ] C Maravilla PhD), Queensland Alliance for
Agriculture and Food innovations (E M Bobasa MSc), Queensland Brain
Institute (Prof ] ] McGrath MD), School of Dentistry (R Lalloo PhD),
The University of Queensland, Brisbane, QLD, Australia (] Leung PhD,
Prof H A Whiteford PhD); National Drug and Alcohol Research Centre
(Prof L Degenhardt PhD), School of Medicine (P K Maulik PhD), School
of Psychiatry (Prof P B Mitchell MD, Prof P S Sachdev MD), School of
Public Health and Community Medicine (J Jonnagaddala PhD),
Transport and Road Safety Research (S Boufous PhD), University of
New South Wales, Sydney, NSW, Australia; Vision & Eye Research Unit
(Prof R Bourne MD), Anglia Ruskin University, Cambridge, UK;
Department of General Practice and Health Services Research

(K Bozorgmehr MD), Heidelberg University Hospital, Heidelberg,
Germany; University of Genoa, Genoa, Italy (N L Bragazzi PhD);
Department for Clinical Neurosciences and Preventive Medicine

(Prof M Brainin MD), Danube University Krems, Krems, Austria;
Department of Maternal and Child Nursing and Public Health

(Prof D C Malta PhD), Hospital of the Federal University of Minas
Gerais (B R Nascimento PhD, Prof A P Ribeiro MD), Nutrition
Department (Prof R M Claro PhD), Post-Graduate Program in Infectious
Diseases and Tropical Medicine (B P Sao Jose PhD), School of Medicine
and Clinical Hospital (Prof L C Brant PhD), Federal University of Minas
Gerais, Belo Horizonte, Brazil; Department of Pediatrics

(Prof N Kissoon MD, S Murthy MD), School of Population and Public
Health (Prof M Brauer DSc, Z A Butt PhD, Prof N Sarrafzadegan MD),
University of British Columbia, Vancouver, BC, Canada (J A Kopec PhD);
Institute of Epidemiology (A Brazinova MD), Comenius University,
Bratislava, Slovakia; College of Public Health (M Yotebieng PhD),
Department of Psychology (Prof N J K Breitborde PhD), Psychiatry and
Behavioral Health Department (Prof N ] K Breitborde PhD), The Ohio
State University, Columbus, OH, USA; Neuroscience (G Britton PhD),
Tuberculosis Biomarker Research Unit (A Goodridge PhD), Institute for
Scientific Research and High Technology Services, City of Knowledge,
Panama; Department of Research and Health Technology Assessment
(F Castro MD), Gorgas Memorial Institute for Health Studies, Panama,
Panama (G Britton PhD); Partners In Health, Boston, MA, USA

(G Bukhman MD); Al Shifa School of Public Health (Z A Butt PhD),

Al Shifa Trust Eye Hospital, Rawalpindi, Pakistan; School of Medicine

(] Campuzano Rincon PhD), University of the Valley of Cuernavaca,
Cuernavaca, Mexico; Centre for Population Health Sciences (] Car PhD),
LKCMedicine (M Soljak PhD), Lee Kong Chian School of Medicine
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(L Tudor Car PhD), Nanyang Technological University, Singapore,
Singapore (S Thirunavukkarasu PhD); Department of Primary Care and
Public Health (M Car PhD, Prof A Majeed MD, Prof S Rawaf PhD,

M Soljak PhD), Department of Surgery and Cancer

(Prof A C Davis PhD), Global eHealth Unit (] Car PhD), School of Public
Health (Prof S Saxena MD), WHO Collaborating Centre for Public
Health Education and Training (D L Rawaf MD, H Shoman MPH),
Imperial College London, London, UK; Ministry of Health, Zagreb,
Croatia (M Car PhD); Department of Population and Health

(Prof R Cardenas DSc), Metropolitan Autonomous University, Mexico
City, Mexico; Applied Molecular Biosciences Unit (Prof F Carvalho PhD),
Institute for Research and Innovation in Health (i3S) (] das Neves PhD),
Institute of Biomedical Engineering (INEB) (] das Neves PhD), Institute
of Public Health (Prof F Carvalho PhD), REQUIMTE/LAQV

(Prof E Fernandes PhD, Prof D M Pereira PhD), UCIBIO

(J P Silva PhD), University of Porto, Porto, Portugal; Colombian National
Health Observatory (C A Castafieda-Orjuela MD), National Center for
the Prevention and Control of HIV and AIDS (C Magis-Rodriguez PhD),
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 Castaneda-Orjuela MD), National University of Colombia, Bogota,
Colombia; Department of Public Health (B Kucuk Bicer BEP), Institute
of Population Studies (A Cavlin PhD), Hacettepe University, Ankara,
Turkey; Mary MacKillop Institute for Health Research

(Prof E Cerin PhD), The Brain Institute (Prof C E I Szoeke PhD),
Australian Catholic University, Melbourne, VIC, Australia; Centre for
Suicide Research and Prevention (Prof P Yip PhD), School of Public
Health (Prof E Cerin PhD), University of Hong Kong, Hong Kong,
China (Prof P Yip PhD); College of Medicine (Y Chaiah,

Prof Z A Memish MD, M Temsah MD, O Temsah), Alfaisal University,
Riyadh, Saudi Arabia; Health Systems Research Center

(Prof ] C Montafiez MSc), Institute of Population Health Sciences

(Prof H Chang DrPH), National Health Research Institutes, Zhunan
Township, Taiwan; College of Medicine (] Chang PhD), National Taiwan
University, Taipei, Taiwan; Department of Development Studies

(A Chattopadhyay PhD), Department of Fertility Studies

(B K Panda MA), 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, P Kumar PhD); Faculty of Medical Sciences
(V Chattu MD), University of the West Indies, St Augustine, Trinidad
and Tobago; Independent Consultant, Athens, Greece (V Chattu MD);
Surgical Oncology (Prof P Chaturvedi MD), Tata Memorial Hospital,
Mumbeai, India; Clinical Governance (P P Chiang PhD), Gold Coast
Health, Gold Coast, QLD, Australia; Centre of Cardiovascular Research
and Education in Therapeutics (R Ofori-Asenso MSc), Department of
Epidemiology and Preventive Medicine (K L Chin PhD), Monash Centre
for Health Research and Implementation (B de Courten PhD), School of
Public Health and Preventive Medicine (Prof F M Cicuttini PhD,

Prof Y Guo PhD, S Li PhD, S Si PhD), Monash University, Melbourne,
VIC, Australia (Prof A G Thrift PhD); Department of Population Studies
(V H Chisumpa PhD, C Mapoma PhD), University of Zambia, Lusaka,
Zambia; Demography and Population Studies (V H Chisumpa PhD),
University of the Witwatersrand, Johannesburg, South Africa; Ministry
of Health, Bagdad, Iraq (A Chitheer MD); Biochemistry, Biomedical
Science (] ] Choi PhD), Seoul National University Hospital, Seoul, South
Korea; Department of Public Health and Primary Care

(R Chowdhury PhD), University of Cambridge, Cambridge, UK;
Department of Neurology (T C Truelsen PhD), Institute of Clinical
Medicine and Bispebjerg Hospital (Prof H Christensen DMSci),
University of Copenhagen, Copenhagen, Denmark; Department of
Community Health (A M Oommen MD), Department of Endocrinology
(Prof N Thomas PhD), Department of Neurology (Prof ] D Pandian MD),
Department of Pulmonary Medicine (Prof D ] Christopher MD),
Christian Medical College and Hospital, Vellore, India; Health Data
Research UK, London, UK (S Chung PhD); Adelaide Medical School

(L G Ciobanu PhD, T K Gill PhD), Joanna Briggs Institute

(] Opio MPH), Robinson Research Institute (Z S Lassi PhD), University
of Adelaide, Adelaide, SA, Australia (A T Olagunju MD); Scuola Medica
Salernitana (M Cirillo MD), University of Salerno, Baronissi, Italy;

www.thelancet.com Vol 392 November 10,2018

Department of Health Assessments & Forecasting

(T K D ClafRen DrRerNat), North Rhine-Westphalia Centre for Health,
Bochum, Germany; Bielefeld School of Public Health

(T K D ClaRen DrRerNat), Department of Public Health Medicine

(F Fischer PhD), Bielefeld University, Bielefeld, Germany; Health Effects
Institute, Boston, MA, USA (A ] Cohen DSc); Faculty of Business and
Management (M A Garcia-Gordillo PhD), Faculty of Education

(D Collado-Mateo MSc), Institute of Physical Activity and Health

(Prof P R Olivares PhD), Autonomous University of Chile, Talca, Chile;
NIHR Oxford Biomedical Research Centre (Prof C Cooper MEd),
University of Southampton, Southampton, UK (Prof C Cooper MEd);
Department of Cardiovascular Medicine (L T Cooper MD), Mayo Clinic,
Jacksonville, FL, USA; T Denny Sanford School of Social and Family
Dynamics (M Costa PhD), Arizona State University, Tempe, AZ, USA;
Division of Reproductive Health (M Costa PhD), Centers for Disease
Control and Prevention, Atlanta, GA, USA; Department of Internal
Medicine - Neurology (Prof S C O Martins PhD), Postgraduate Program
in Epidemiology (E Cousin MS, B B Duncan MD,

Prof B N G Goulart DSc, Prof M I Schmidt PhD), Federal University of
Rio Grande do Sul, Porto Alegre, Brazil; College of Medicine and Health
Sciences (A K Daba MSc), Department of Reproductive Health

(D T Hibstu MPH), School of Nursing and Midwifery (Z Y Kassa MSc),
Hawassa University, Hawassa, Ethiopia; Discipline of Public Health

(A F Dadi MPH), Flinders University, Adelaide, SA, Australia; Institute
for Global Health Innovations (A K Dang MD, H P Do PhD,

G H Ha MBA, H L T Nguyen MPH, T T Tran BMedSc), Duy Tan
University, Hanoi, Vietnam; Biomedical Research Council

(Prof C D A Wolfe MD), Clinical Toxicology Service

(Prof P I Dargan MB), Guy’s and St Thomas’ NHS Foundation Trust,
London, UK; Department of Rheumatology (Prof S K Das MD),

K G Medical University, Lucknow, India; James P Grant School of Public
Health (R Das Gupta MPH, M Hasan MPH, I Sutradhar MPH),
Research and Evaluation Division (M Rahman PhD), BRAC University,
Dhaka, Bangladesh; Central University of Tamil Nadu

(Prof A P Dash DSc), Central University Tamil Nadu, Thiruvarur, India;
Department of Surgery (D V Davitoiu PhD), Clinical Emergency
Hospital Sf Pantelimon, Bucharest, Romania; Kazakh National Medical
University, Almaty, Kazakhstan (K Davletov PhD); Department of
Surgery (A Dayama MD), San Joaquin General Hospital, French Camp,
CA, USA; Department of Diabetes and Vascular Medicine

(B de Courten PhD), Monash Health, Melbourne, VIC, Australia;
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; Department of Agricultural Economics (H De Steur PhD),
Department of Food Technology, Safety and Health (C Lachat PhD),
Ghent University, Ghent, Belgium; Maternal and Child Wellbeing Unit
(T A Zerfu PhD), Population Dynamics and Reproductive Health Unit
(T T Degfie PhD), African Population Health Research Centre, Nairobi,
Kenya; School of Medicine (Prof R P Dellavalle MD), University of
Colorado Denver, Aurora, CO, USA; Dermatology Service

(Prof R P Dellavalle MD), US Department of Veterans Affairs, Denver,
CO, USA; 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 (K Deribe PhD), Brighton and Sussex Medical School,
Brighton, UK; National Health Service Scotland, Edinburgh, UK

(N Dervenis MD); Aristotle University of Thessaloniki, Thessaloniki,
Greece (N Dervenis MD); Disha Foundation, Gurgaon, India

(S Dey PhD); Department of Community Medicine

(S D Dharmaratne MD), University of Peradeniya, Peradeniya,

Sri Lanka; Health Research Section (M Dhimal PhD), Nepal Health
Research Council, Kathmandu, Nepal; Center of Communicable Disease
Control (B Eshrati PhD), Deputy of Research and Technology

(S Djalalinia PhD), Ministry of Health and Medical Education, Tehran,
Iran (Z Kazemi MSc, A Khosravi PhD); Department of Social Medicine
and Health Care Organisation (K Dokova PhD), Medical University of
Varna, Varna, Bulgaria; Conservation Biology and Entomology

(A A Kudom PhD), Department of Population and Health

(D T Doku PhD), University of Cape Coast, Cape Coast, Ghana; Faculty
of Social Sciences (P KC DipSocSc, S Neupane PhD), Faculty of Social
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Sciences, Health Sciences (D T Doku PhD), University of Tampere,
Tampere, Finland; Asbestos Diseases Research Institute (] Leigh MD),
Sydney Medical School (S Islam PhD), Sydney School of Public Health
(Prof T R Driscoll PhD), University of Sydney, Sydney, NSW, Australia
(D G Hoy PhD, M A Mohammed PhD); Division of Injury Prevention
and Mental Health Improvement (P Ye MPH), National Center for
Chronic and Noncommunicable Disease Control and Prevention

(L Duan MD, M Zhou PhD), Chinese Center for Disease Control and
Prevention, Beijing, China (Prof X Liang MD); United Nations World
Food Programme, New Delhi, India (M Dubey PhD); Institute of Public
Health (Prof D Rasella PhD), School of Medicine (Prof A R Duraes PhD),
Federal University of Bahia, Salvador, Brazil; Roberto Santos General
Hospital, Salvador, Brazil (Prof A R Duraes PhD); Department of
Nursing (Prof D Edvardsson PhD), Umea University, Umed, Sweden;
Eijkman-Oxford Clinical Research Unit (I R Elyazar PhD), Eijkman
Institute for Molecular Biology, Jakarta, Indonesia; Public Health
Department (A Y Endries MPH), Saint Paul’s Hospital Millennium
Medical College, Addis Ababa, Ethiopia; Department of Medical
Parasitology and Mycology (H Fakhim PhD), Urmia University of
Medical Science, Urmia, Iran; Nutrition and Food Systems Division
(Prof ] Fanzo PhD), Food and Agriculture Organization of the United
Nations, Rome, Italy; 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
(T A Farid MD, G Vaidya MD), University of Louisville, Louisville, KY,
USA; National Statistical Office, Lisbon, Portugal (C S e Farinha MSc);
Department of Psychology (Prof A Faro PhD), Federal University of
Sergipe, Sao Cristovao, Brazil; Chronic Diseases (Home Care) Research
Center (M Shamsizadeh MSc), Department of Epidemiology

(M Karami PhD), Social Determinant of Health Research Center

(A Fazaeli PhD), Hamadan University of Medical Sciences, Hamadan,
Iran; National Institute for Stroke and Applied Neurosciences

(Prof V L Feigin PhD), Auckland University of Technology, Auckland,
New Zealand; Health Division (A B Feigl PhD), Organisation for
Economic Co-operation and Development, Paris, France; Center for
Biotechnology and Fine Chemistry (] C Fernandes PhD), Catholic
University of Portugal, Porto, Portugal; Heller School for Social Policy &
Management (D O Fijabi MD), Brandeis University, Waltham, MA, USA;
School of Public Health (D O Fijabi MD), University of Memphis,
Memphis, TN, USA; Department of Psychiatry (I Filip MD), Kaiser
Permanente, Fontana, CA, USA; Department of Epidemiology and
Health Monitoring (] D Finger PhD, G B M Mensink PhD), Robert Koch
Institute, Berlin, Germany; Sergio Arouca National School of Public
Health, Rio de Janeiro, Brazil (L S Flor MPH); Federal University of
Espirito Santo, Vitoria, Brazil (L S Flor MPH); Institute of Gerontology
(N A Foigt PhD), National Academy of Medical Sciences of Ukraine,
Kyiv, Ukraine; College of Public Health, Medical and Veterinary Science
(R C Franklin PhD), James Cook University, Townsville, QLD, Australia;
Gene Expression & Regulation Program (T Fukumoto PhD), Cancer
Institute, Philadelphia, PA, USA; Department of Dermatology

(T Fukumoto PhD), Kobe University, Kobe, Japan; Epidemiology and
Public Health (T Furst PhD), Swiss Tropical and Public Health Institute,
Basel, Switzerland; University of Basel, Basel, Switzerland

(T Fiirst PhD); Faculty of Medicine and Pharmacy of Fez

(F G Gankpe MD), University Sidi Mohammed Ben Abdellah, Fez,
Morocco; Department of Nephrology (Prof R T Gansevoort PhD),
Department of Psychiatry (Prof H W Hoek MD), University Medical
Center Groningen, Groningen, Netherlands; Institute of Hygiene and
Tropical Medicine (A C Garcia MPH), Nova University of Lisbon, Lisbon,
Portugal; Epidemiology Department (A C Garcia MPH), National Health
Institute Doutor Ricardo Jorge (INSA), Lisbon, Portugal; International
Trachoma Initiative (T Gebre PhD), Task Force for Global Health,
Decatur, GA, USA; School of Public Health (A T Gebremedhin MPH,

D Hendrie PhD, T R Miller PhD), Curtin University, Perth, WA,
Australia; Division of Human Nutrition and Health

(Prof ] M Geleijnse PhD), Wageningen University & Research,
Wageningen, Netherlands; Institute of Epidemiology, Biostatistics and
Informatics (S Getachew MPH), Institute of Medical Epidemiology

(I Shiue PhD), Martin Luther University Halle-Wittenberg, Halle,
Germany; Social Determinants of Health Research Center

(H Ghiasvand PhD), University of Social Welfare and Rehabilitation

Sciences, Iran (Z Jorjoran Shushtari PhD, M Noroozi PhD); Department
of Health Care Policy and Management (M Ghimire MA), University of
Tsukuba, Tsukuba, Japan; Department of Respiratory Medicine

(Prof A G Ghoshal MD), National Allergy, Asthma, and Bronchitis
Institute, Kolkota, India; Department of Respiratory Medicine

(Prof A G Ghoshal MD), Fortis Hospital, Kolkata, India; Department of
Cardiovascular, Dysmetabolic, and Ageing-Associated Diseases

(S Giampaoli MD), National Public Health Institute, Rome, Italy;
Department of Public Health (S Giampaoli MD), Texas Tech University,
Lubbock, TX, USA; Division of Health Sciences (O A Uthman PhD),
Unit of Academic Primary Care (Prof P S Gill DM), University of
Warwick, Coventry, United Kingdom; Research Center of Neurology,
Moscow, Russia (E V Gnedovskaya PhD, M A Kravchenko PhD); Center
for the Study of Regional Development (S Goli PhD), Centre for Ethics
(T Khanna PhD), Jawahar Lal Nehru University, New Delhi, India;
Nursing and Health Sciences Department (P N Gona PhD), University
of Massachusetts Boston, Boston, MA, USA; Department of Biostatistics
and Epidemiology (S V Gopalani MPH), University of Oklahoma,
Oklahoma City, OK, USA; Department of Health and Social Affairs

(S V Gopalani MPH), Government of the Federated States of Micronesia,
Palikir, Federated States of Micronesia; Metabolic Epidemiology Section
(A Goto MD), National Cancer Center, Chuo-ku, Japan; School of
Medicine (A Grada MD), Boston University, Boston, MA, USA; Registro
Tumori Integrato (G Grosso PhD), Vittorio Emanuele University
Hospital Polyclinic, Catania, Italy; Department of Epidemiology

(Prof H C C Gugnani PhD), Department of Microbiology

(Prof H C C Gugnani PhD), Saint James School of Medicine, The Valley,
Anguilla; School of Public Health (Prof F Guillemin PhD), University of
Lorraine, Vandoeuvre-les-Nancy, France; School of Dentistry

(Prof A L S Guimaraes PhD), State University of Montes Claros, Montes
Claros, Brazil; Department of Epidemiology (P C Gupta DSc,

D N Sinha PhD), Healis Sekhsaria Institute for Public Health, Mumbai,
India; Commissioner of Public Health (Prof R Gupta MD), West Virginia
Bureau for Public Health, Charleston, WV, USA; Department of Health
Policy, Management & Leadership (Prof R Gupta MD), West Virginia
University School of Public Health, Morgantown, WV, USA; Academics
and Research (Prof R Gupta MD), Rajasthan University of Health
Sciences, Jaipur, India; Department of Preventive Cardiology

(Prof R Gupta MD), Eternal Heart Care Centre & Research Institute,
Jaipur, India; Department of Cardiology (T Gupta MD), 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 Public Health
(] A Haagsma PhD, S Kochhar MD), Erasmus University Medical
Center, Rotterdam, Netherlands; Lawson Health Research Institute,
London, ON, Canada (V Hachinski DSc); Department of Family and
Community Medicine (Prof R R Hamadeh DPhil), Arabian Gulf
University, Manama, Bahrain; School of Health and Environmental
Studies (Prof S Hamidi DrPH), Hamdan Bin Mohammed Smart
University, Dubai, United Arab Emirates; Neurology Department

(Prof G ] Hankey MD), Sir Charles Gairdner Hospital, Perth, WA,
Australia; Department of Disease, Epidemics, and Pandemics Control

(] Nansseu MD), Department of Vital and Health Statistics

(H L Harb MPH), Ministry of Public Health, Beirut, Lebanon; Achutha
Menon Centre for Health Science Studies (P Jeemon PhD, G Mini PhD,
Prof K R Thankappan MD), Cardiology Department

(Prof S Harikrishnan MD), Neurology Department (Prof P Sylaja MD),
Sree Chitra Tirunal Institute for Medical Sciences and Technology,
Trivandrum, India (Prof P Sylaja MD); Health Education and Health
Promotion Department, School of Public Health (L Jahangiry PhD),
Tabriz University of Medical Sciences, Tabriz, Iran (H Haririan PhD,

H Hassankhani PhD); Research and Development Unit

(Prof ] M Haro MD, A Koyanagi MD), San Juan de Dios Sanitary Park,
Sant Boi de Llobregat, Spain; Department of Medicine

(Prof ] M Haro MD), University of Barcelona, Barcelona, Spain;
Independent Consultant, Tabriz, Iran (H Hassankhani PhD); Unit of
Epidemiology and Social Medicine (H Y Hassen MPH), University
Hospital Antwerp, Wilrijk, Belgium; Clinical Sciences

(R Havmoeller PhD), Karolinska University Hospital, Stockholm,
Sweden; Endorinology and Metabolism Research Center

(B Heidari MD), Teikyo University School of Medicine, Tehran, Iran;
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Department of Environmental Health Engineering (M Heidari PhD),
Hormozgan University of Medical Sciences, Bandar Abbas, Iran;
Department of Statistics and Econometrics (Prof C Herteliu PhD,

A Pana MD), Bucharest University of Economic Studies, Bucharest,
Romania; A C S Medical College and Hospital, Nastaran, Iran

(B Heydarpour BEP, Prof U Kapil MD); Research Coordination

(Prof M Hijar PhD), AC Environments Foundation, Cuernavaca, Mexico;
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Kenya; Hanoi School of Public Health, Hanoi, Vietham (A Q Nguyen
PhD, H T Nguyen MSc, H T Nguyen PhD); Public Health Science
Department (D N A Ningrum MPH), State University of Semarang, Kota
Semarang, Indonesia; National Department of Health
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Brunei Darussalam, Gadong, Brunei; Department of Health

(] Opio MPH), Lira District Local Government, Lira, Uganda; Graduate
School of Public Health (Prof E Oren PhD), San Diego State University,
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Social Medicine (Prof E Park PhD), Kosin University, Busan, South
Korea; Department of Medicine (S Patel MD), Maimonides Medical
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