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Summary

Background Sustainable Development Goal 3.2 has targeted elimination of preventable child mortality, reduction
of neonatal death to less than 12 per 1000 livebirths, and reduction of death of children younger than 5 years to less
than 25 per 1000 livebirths, for each country by 2030. To understand current rates, recent trends, and potential
trajectories of child mortality for the next decade, we present the Global Burden of Diseases, Injuries, and Risk
Factors Study (GBD) 2019 findings for all-cause mortality and cause-specific mortality in children younger than
5 years of age, with multiple scenarios for child mortality in 2030 that include the consideration of potential effects
of COVID-19, and a novel framework for quantifying optimal child survival.

Methods We completed all-cause mortality and cause-specific mortality analyses from 204 countries and territories for
detailed age groups separately, with aggregated mortality probabilities per 1000 livebirths computed for neonatal
mortality rate (NMR) and under-5 mortality rate (USMR). Scenarios for 2030 represent different potential trajectories,
notably including potential effects of the COVID-19 pandemic and the potential impact of improvements preferentially
targeting neonatal survival. Optimal child survival metrics were developed by age, sex, and cause of death across all
GBD location-years. The first metric is a global optimum and is based on the lowest observed mortality, and the second
is a survival potential frontier that is based on stochastic frontier analysis of observed mortality and Healthcare Access

and Quality Index.

Findings Global USMR decreased from 71-2 deaths per 1000 livebirths (95% uncertainty interval [UI] 68-3-74-0) in
2000 to 37-1 (33-2-41-7) in 2019 while global NMR correspondingly declined more slowly from 28-0 deaths per
1000 live births (26-8-29-5) in 2000 to 17-9 (16-3-19-8) in 2019. In 2019, 136 (67%) of 204 countries had a USMR
at or below the SDG 3.2 threshold and 133 (65%) had an NMR at or below the SDG 3.2 threshold, and the reference
scenario suggests that by 2030, 154 (75%) of all countries could meet the USMR targets, and 139 (68%) could meet
the NMR targets. Deaths of children younger than 5 years totalled 9-65 million (95% UI 9-05-10-30) in 2000
and 5-05 million (4-27-6-02) in 2019, with the neonatal fraction of these deaths increasing from 39% (3 -76 million
[95% UI 3-53-4-02]) in 2000 to 48% (2-42 million; 2-06-2-86) in 2019. NMR and U5MR were generally higher in
males than in females, although there was no statistically significant difference at the global level. Neonatal
disorders remained the leading cause of death in children younger than 5 years in 2019, followed by lower
respiratory infections, diarrhoeal diseases, congenital birth defects, and malaria. The global optimum analysis
suggests NMR could be reduced to as low as 0-80 (95% UI 0-71-0- 86) deaths per 1000 livebirths and USMR to 1-44
(95% UI 1-27-1-58) deaths per 1000 livebirths, and in 2019, there were as many as 1- 87 million (95% UI 1-35-2-58;
37% [95% UI 32-43]) of 5-05 million more deaths of children younger than 5 years than the survival potential
frontier.

Interpretation Global child mortality declined by almost half between 2000 and 2019, but progress remains slower
in neonates and 65 (32%) of 204 countries, mostly in sub-Saharan Africa and south Asia, are not on track to meet
either SDG 3.2 target by 2030. Focused improvements in perinatal and newborn care, continued and expanded
delivery of essential interventions such as vaccination and infection prevention, an enhanced focus on equity,
continued focus on poverty reduction and education, and investment in strengthening health systems across the
development spectrum have the potential to substantially improve USMR. Given the widespread effects of
COVID-19, considerable effort will be required to maintain and accelerate progress.
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Research in context

Evidence before this study

During the Millennium Development Goal (MDG) era (2000-15),
numerous organisations comprehensively described global
progress in reducing child and neonatal mortality (MDG 4),

but the early Sustainable Development Goal (SDG) period has
seen few comparable efforts to track progress and none to date
have attempted to quantify the preventable portion of child
mortality (SDG 3.2). Past preventable mortality analyses have
focused on health-care delivery, or were limited to high-income
countries and adult populations. The most recent child mortality
report from the UN Inter-agency Group for Child Mortality
Estimation (UNIGME), published in 2017 for the year 2015,
reports on all-cause mortality only. The Global Burden of
Diseases, Injuries, and Risk Factors Study (GBD) is the only
annual assessment of trends in all-cause mortality and cause-
specific mortality by detailed age groups for all locations with a
population greater than 50 000 people from 1990 to the
present that is compliant with the Guidelines for Accurate and
Transparent Health Estimates Reporting.

Added value of this study

This analysis presents levels and trends in all-cause and cause-
specific neonatal and under-5 mortality from 2000 to 2019.
Multiple future health scenarios for child mortality in 2030
were constructed to represent potential trajectories, including
the potential impacts of the COVID-19 pandemic and scenarios
with targeted improvements in neonatal survival. Additionally,
this study presents for the first time all-cause mortality
estimates for granular age groups of 0-6 days, 7-27 days,

1-5 months, 6-11 months, 12-23 months, and 2-4 years.

Introduction
Under-5 mortality rate (USMR) and neonatal mortality
rate (NMR) are important indicators reflecting multiple
aspects of societal wellbeing such as access to nutrition
and food; basic infrastructure such as housing, water,
and sanitation; education; agency; financial security;
access to preventive and treatment health services; and
future human capital. The UN Millennium Development
Goals (MDGs) are credited with mobilising global action
on child health, and manifested as an unprecedented,
accelerated reduction in child mortality and resulted
in 58 countries achieving the MDG 4 target of reducing
US5MR by two-thirds."? Sustainable Development Goal
(SDG) 3.2 specifically calls to, “By 2030, end preventable
deaths of newborn babies and children under 5 years of
age, with all countries aiming to reduce neonatal
mortality to at least as low as 12 per 1000 live births and
under-5 mortality to at least as low as 25 per 1000 live
births.” The SDG focus on equity was codified here in a
shifting from relative global targets, that were mainstays
in the MDG agenda, to absolute targets for each country.
The SDG framework aims to build on the successes of
the MDG era, albeit with a notably broader lens in which
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SDG 3.2 explicitly prioritises ending preventable child deaths.
Therefore, based on all-cause and cause-specific mortality
estimates from GBD 2019, this study introduces a novel,
reproducible, and holistic heuristic for quantifying optimal child
survival. Within this framework are two complementary cause-
specific benchmarks: a global optimum, based on the lowest
observed neonatal and under-5 mortality, and a survival
potential frontier, based on stochastic frontier analysis of
observed mortality and the Healthcare Access and Quality
Index. The latter allows for comparing performance between
similar countries, and specifically helps those countries with
high mortality to establish intermediate goals.

Implications of all the available evidence

The prevention of child deaths accelerated in the MDG era.

In the emerging SDG period, progress to prevent child deaths
remains slowest in neonates. The study findings highlight
regions with potential imbalances in health priorities.

The findings can also identify causes of death with the most
potential for reduction, and those with the greatest need for
resources, expertise, and service delivery, or for basic research
into prevention and treatment. To reach the SDG targets

by 2030, policy makers must focus on balancing priorities
between early newborn care while continuing prenatal and
older child health initiatives. Strengthening quality health
systems and ensuring effective investment in high-burden
countries are imperative in order to scale up interventions.
Equally pressing are the needs to examine within-country
disparities and pursue integrative action on other determinants
of health.

health (SDG 3) is one of several goals related to healthier
lives, wellbeing, and equity’ Even within SDG 3, the
SDG agenda is broader than the MDG agenda, reflecting a
growing understanding of the intersectional nature of
health outcomes with basic infrastructural considerations
such as health system performance, sustainability, and
environment. This intersectional perspective is illustrated
in the language of initiatives such as the call from the
UN Global Strategy for Women’s, Children’s and
Adolescents’ Health 2016-2030 to integrate survival,
prevention, thriving, and enabling environments, the
Every Newborn Action Plan, the World Bank’s Global
Financing Facility for Women, Children and Adolescents,
The Lancet Global Health Commission on High Quality
Health Systems, and the Countdown to 2030.*” Although
this broader focus has not necessarily led to child and
neonatal health receiving less investment in development
assistance for health (DAH; which, for child and neonatal
health, grew by 2-66% from 2015 to 2019 and remained
the second largest DAH focus area in 2019), the growth in
investment in this period was less than during the period
between 2000 and 2015, when DAH for child and neonatal
health increased by 314%.*
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For more on the GBD 2019 Data
Input Sources Tool see http://
ghdx.healthdata.org/gbd-2019/
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data-input-sources

See Online for appendix

There has not yet been a comprehensive assessment
of NMR and USMR in the SDG era. Selected publications
assessed interim progress towards part of SDG 3.2
or provided projections to 2030,°* but none have been
comprehensive with respect to cause, age, trends,
geography, and progress towards 2030 targets. The
comprehensive nature of the Global Burden of Diseases,
Injuries, and Risk Factors Study (GBD) 2019 lends itself
to a detailed analysis of levels, trends, and drivers of
change for specific age groups, causes, and locations.
Additionally, there has not been any previous effort, to
our knowledge, to empirically explore the concept of
preventable mortality in children. Although preventable
death has been theoretically defined since the early
2000s, the definitions has usually been through a health-
care delivery lens*” rather than a more holistic lens
of preventability that might be interpreted as the
intended wording of SDG 3.2. Furthermore, although
the Organisation for Economic Co-operation and
Development (OECD) and Eurostat convened to provide
a more uniform approach to interpreting avoidable
deaths in 2019, this was with a singular focus on high-
income countries and the adult population.'®

In this study, based on GBD 2019, we have three
objectives. First, we aim to present a detailed, com-
prehensive numerical assessment of progress towards
SDG 3.2 targets for all-cause NMR and USMR at the
global, regional, and national level, including a series
of scenarios that reflect possible trends over the next
decade including the potential effects of the COVID-19
pandemic on young children. Second, we aim to evaluate
comparative progress in cause-specific mortality in
neonates and children from 2000 to 2019 to highlight
successes and potential focus areas for improvement.
Third, we aim to better define a holistic focus of preventable
mortality by exploring two different measures of optimal
child survival that can both inform global progress and
provide a benchmark for intermediate progress evaluation
in high-mortality settings. In so doing, this study seeks to
meet the needs of an expansive, integrative SDG agenda,
and to highlight the locations, age groups, and causes
of preventable deaths, to inform policy and public health
priorities aiming to achieve SDG 3.2. This manuscript
was produced as part of the GBD Collaborator Network
and in accordance with the GBD Protocol.

Methods

Overview

This study is compliant with the Guidelines for Accurate
and Transparent Health Estimates Reporting (GATHER;"”
appendix p 9). A brief summary of each component of
our study is described below. Extensive methodological
details are provided in the appendix (pp 10-86).

Dimensions of the GBD study
GBD 2019 includes all-cause and cause-specific mortality
by age and sex for 204 countries and territories, 21 of

which were estimated at the subnational level from 1990
to 2019, inclusive. Results in this study are presented
only for countries and territories. All-cause mortality
estimation covers six under-5 age groups: 0-6 days (early
neonatal), 7-27 days (late neonatal), 1-5 months,
6-11 months, 12-23 months, and 2-4 years. Cause-
specific mortality estimates cover four age groups: early
neonatal, late neonatal, 28-364 days, and 1-4 years.
Although we present all six age groups, we mainly focus
on results for the aggregate neonatal age group
(<28 days) and the under-5 age group (0—4 years), to
best align with the SDG under-5 and neonatal targets.
Similarly, we focus on the years 2000, which marks the
establishment of the MDGs, 2015, which marks the
establishment of the SDGs, and 2019, which is the most
recent year of GBD estimates.

Data sources

All-cause mortality data were compiled from 203 of
204 countries and territories ranging from the years 2000
to 2019, for a total of 3097 location-years. Vital registration
covered a total of 14889022 global under-5 deaths in this
period (appendix p 119). A total of 8000 unique sources
were used in estimating cause-specific mortality in
GBD 2019. All input data sources for each component of
analysis are available for download from the GBD 2019
Data Input Sources Tool.

All-cause mortality estimation and assessment of
progress towards SDG 3.2

All-cause mortality estimation closely followed the esti-
mation techniques as described for previous iterations
of GBD,**” detailed in the appendix (p 9). Progress
towards SDG 3.2 was assessed by examining USMR and
NMR in 2019. NMR is calculated as the probability of
death between birth and 28 days and USMR is calculated
as the probability of death between birth and 5 years,
and each metric is expressed as the number of deaths
per 1000 livebirths. Aggregate mortality probabilities
were benchmarked against the SDG thresholds of
25 under-5 deaths per 1000 livebirths and 12 neonatal
deaths per 1000 livebirths.

To assess relative progress across age groups, we
compared the proportion of under-5 deaths occurring in
each age group with the ratio of change in age-specific
deaths to change in total under-5 deaths, for the
periods 2000-14 and 2015-19. If progress towards
SDG 3.2 is equal across age groups, the percentage
contribution to progress and the percentage of total
deaths would be equal. If the percentage of deaths is
greater than the percentage of progress for an age group,
then that age group is making slower progress towards
the target.

Cause-specific mortality estimation

GBD 2019 includes 369 causes of disease and injury in a
mutually exclusive and collectively exhaustive hierarchy
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of four levels (appendix p 87). Some conditions only
result in fatal burden (eg, sudden infant death syn-
drome), whereas others cause only disability (eg, scabies);
most causes have both fatal and non-fatal burden.
Comprehensive methods for cause-specific mortality
estimation for GBD have been previously described” and
are detailed in the appendix (p 35). We present most
results at level 3 because this level is sufficiently detailed
to reflect important cause groupings for the age groups
presented in this analysis (eg, neonatal disorders and
congenital birth defects), but not so detailed as to obscure
important groupings of related conditions.

Scenarios for 2030 and beyond

USMR and NMR were projected for six scenarios, all
computed at the national level, up to 2030 as previously
described.” The first three scenarios represent the
reference, better-than-reference, and worse-than-refer-
ence scenarios, while a fourth represents the 2030 NMR
and U5SMR in the absence of COVID-19. The remaining
two scenarios are intended to assess outcomes for
interventions that focus only on specific age groups, to
evaluate if opportunity is greater in a particular age group
than in others, and to show the limits of achievement
when efforts do not consider distinct needs of different
age groups. For the first of these age-specific scenarios,
neonatal mortality is at the better-than-reference level
and remaining under-5 mortality stays at reference level
(neonatal scenario), and for the second, mortality for
children aged 28-364 days is at the better-than-reference
level and neonatal mortality stays at the reference level
(child scenario). Many strategies to address neonatal
mortality are fundamentally different from strategies
targeting older infants and children, so these two
scenarios are a broad representation of those differences.

Assessment of optimal survival potential

Our approach to inform an assessment of preventable
mortality focused on the quantification of two different
measures of optimal child survival based on historical
trends. The first measure, what we term the global
optimum, represents a universal level at which all
additional mortality is theoretically avoidable given
current medical knowledge and technology. This is
analogous to the GBD method used for estimating global
standard life expectancy. The second measure, what we
term the survival potential frontier, aims to quantify the
amount of mortality that is avoidable given the country’s
level of Healthcare Access and Quality (HAQ) Index,
thereby accounting for the differential resources available
for health investment in different locations.

First, we calculated the global optimum for NMR and
US5MR based on the aggregate of the lowest observed
age-specific and cause-specific mortality rates in locations
with populations higher than 10000 children younger
than 5 years (to remove noise associated with small
numbers) between 2000 and 2019, scaling them to match
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an all-cause mortality minimum that was calculated
using the same approach. The scaling step was added to
account for potential differences due to small numbers
in low-mortality settings or geographical differences in
cause assignment that can occur between, for example,
subcauses of neonatal disorders. This method is
analogous to that used by GBD to calculate a global
standard life expectancy for the purposes of calculating
years of life lost and therefore can be interpreted to
represent the optimum potential for reductions in child
mortality based on current technology and health delivery
systems.

Second, to help with developing intermediate goals and
to evaluate progress in higher-mortality settings, we
calculated a survival potential frontier using stochastic
frontier analysis® to evaluate the historical relationship
between cause-specific neonatal and under-5 mortality
rates and HAQ Index,” which is an aggregate metric of
health system performance across all age groups
combined. The specific formulation of the stochastic
frontier analysis is described in detail in the appendix
(p70), but briefly, it uses a spline to estimate the expected
lower bound of mortality for a given value of HAQ Index.
Stochastic frontier analysis was chosen to quantify
system inefficiency because of its flexibility in shape, its
assumption of performance possibilities given static
system inputs, and the fact that it allows for random
effects in the model rather than assuming uniformity of
inputs across locations.

All components of the analysis are based on 1000 draws
of the posterior distribution of the quantity of interest
by age, sex, location, and year. Point estimates are the
mean of the draws, and 95% uncertainty intervals (Uls)
represent the 2-5th and 97-5th percentiles.

Presentation of results

Results are presented by country, GBD super-region,
and Socio-demographic Index (SDI)* quintile. SDI is a
composite index of income per capita, educational
attainment, and inverse fertility, and it is used to
categorise countries into SDI quintiles: low SDI (ie, low
income per capita, low educational attainment, high
fertility), low-middle SDI, middle SDI, high-middle SDI,
and high SDI. Full results for GBD 2019 are available
in an online visualisation at GBD Compare and for
download from the GBD Results Tool.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

All-cause mortality and progress towards SDG 3.2

Over the past two decades, there has been a substantial
decrease in global deaths of children younger than
5 years, from 965 million (95% UI 9-05-10- 30) in 2000,

For more on the GBD Compare
see https://vizhub.healthdata.

org/gbd-compare

For more on the GBD Results
Tool see http://ghdx.healthdata.

org/gbd-results-tool

873


https://vizhub.healthdata.org/gbd-compare
http://ghdx.healthdata.org/gbd-results-tool
https://vizhub.healthdata.org/gbd-compare
https://vizhub.healthdata.org/gbd-compare
http://ghdx.healthdata.org/gbd-results-tool
http://ghdx.healthdata.org/gbd-results-tool

I Articles

(abed 1xau uo sanuuod 3|qe] )

(£97-5€€) (¥g1-£0T) (861-591) (£8€-6€€) (20€-/10) (0T1-5£9) (9z1-v01) (¥Sz-0z2)
96°C S6-€ g 181 19¢ €61 95-¢ 506 Q1T 9€z eijeo)
(£58-129) (995-65€) (995-209) (08z1-0911) (9T-¥-€0°€) (1£2-891) (087-9€7) (z8S-£8%)
19:G 6T/ Va4 43 ozt 14T ¥S-€ 1474 85t €S euebjng
(6€:9-651) (€/1-011) (TTz-€41) (t£-90%) (£9-S€-€) (9z1-€:58) (€S1-S21) (Vre-v62) eunobaziay
8EY 76 €T 161 8Ey [4 &3 S6-€ €01 f:3as (0143 pue elusog
(P ¥1-v6-6) (S65-1¥€) (9£9-05%) (0£0z-0€5T) (89-£-6€¥) (Z1€-05T) (S¥€-200) (086-6£2)
ST6 61T 1594 0SS 09/T 187 LS /1T 99¢ S8 elueq|y
(€9:5-25¥) (0089-02SP) (062£-0699) (002 £1-00Z 9T) (€0 ) (0£9€-0¥€7) (068€-095€) (0658-0762)
19€ 90§ 0555 0669 00/9T 66T [I4d 0€6T (o143 0528 adoin3 [euad
(£-St-g-L1) (00z 61-00% 1) (006 TZ-00¥ ST) (008 2€-00£¥7) (-€1-52:6) (00001-09€9) (006 11-006/) (00¥¥1-009 0T)
781 [and 00ZST 006 8T 00€8T 00T 1T 006/ 0926 00€ZT uelspRgzN
(9:62-¥120) (0g¥e-08€2) (092t-000€) (0£89-0%2S) (T-9T-£T1) (0£/1-062T) (0£12-06ST) (0¥97-006T1)
761 474 0/8¢ 029€ 0665 €01 Y€1 0TST 0/8T 0922 uelsiudWINL
(€£6-520) (00001-0%59) (00011-08£4) (006 £1-002TT) (r-91-z-€1) (0ger-081€) (008¥-077€) (0£05-059€)
81¢C T-2€ 0018 0ze6 00571 81T 191 0€/€ 00T 0TEY ueyspyifel
(r-0z-5¥1) (0££1-0811) (0z17-055T) (08££-0£0€) (T'11-98°2) (996-€€9) (0£11-9€8) (o€vT-07TT)
[40) o/t 0EVT 0T8T 00¥€ 689 626 €/ 066 oltt eljobuoyy
(0:61-6-ST) (0o£8z-0122) (06¥£-060€) (068¥-016€) (8T1-16°6) (06£1-09€T) (0€zz-0/81) (0£12-09/1)
0€1 (1 025 06z€ 08ey /58 80T 09ST 0902 0961 ueiszABiAy
(Ly1-1°01) (0¥SS-01E) (0959-0S¥¥) (0T¥6-05¢) (88'9-19%) (0097-0€5T1) (0£0€-0507) (08££-0622)
988 T (a7 0Trs 00€8 607 09§ 0461 025t 09z€ uejsypezey
(S-T1-£58) (€09-28€) (T18-€59) (ooz-08¥1) (01£-92%) (9€€-802) (£5¥-80€) (0521-268)
20/ 0T [4:14 699 ov/1 0 6/-S 99¢ 9/€ 0901 e1b1099
(r-€€-2€2) (0£€5-0£7€) (0169-09/¥) (00T T1-0908) (761-8¥1) (0TTE-0ETT) (066£-0987) (0925-01£€)
STe 9-/T oTEY 084S 0€56 ot 89T 065C (0449 (01474 uefleqlazy
(£-€1-956) (G£5-£5¢€) (2€/-209) (09¥1-0¥11) (T:£-70-9) (z6z-181) (8£€-957) (€£€/-569)
068 ians [474 509 06T 1a4 96'S 0€t 01€ 199 eluawy
(£-€2-€-81) (0o g¥-00z £€) (00 £5-00T T¥) (006 28-007 89) (z-T1-29-6) (009 ¥2-002 £T) (00¥ 62-00612) (00T S€-00£87)
91 10T 00/ 6€ 00€ 677 007752 668 80T 00502 00¥ ST 0091E eISY [e13UR)
eisy |eljuad pue
(g-z1-¥-01) (0ot 2007 29) (006 98-00202) (000 S€T-000 6TT) (25-9-5€-9) (0009£-00192) (008 £7-005 S€) (00819-00£75)  ‘edoinz usvises
¥€6 ST 00119 006/ 000/TT S6Y 88'S 0080€ 00V 6€ 00845 ‘adoing es3ua)
suoibai-1adns ago
(987-95) (00T £5-005¥¥) (009 £5-002 9) (00£88-00018) (0£:T-150) (009 62-00€¥77) (00£ TE-00€ 67) (00E5¥-009 T¥)
205 oLy 009 8¥ 00855 00v 78 /5T 09T 00892 0050€ 00S €Y 1as ybiH
(z:01-99-8) (0002/1-0000£T) (000£12-00008T) (00055%-00000%) (S5S-TZY) (006 06-00T.£9) (000STT-00276) (000€12-000/8T)
9 9¢€:6 0000ST 000/6T 000/t 0€-€ % 0018/ 000%0T 000 66T 135 3|ppiw-ybiH
(0TZ-T-LT) (000018-000€85)  (0000701-000£08) (000058 T-0000T9T) (¢11-11°6) (000 ZEP-000 TTE) (0009%5-0006T) (0005€8-00012/)
€Lt 69T 000989 000716 0000€/4T €91 1-0T 00089€ 0006/% 000/, 14S 3PPIW
(£9¥-g£€)  (0000S£1-00009ZT) (0000STZ-0000¥9T)  (0000E9E-0000VTE) (0vz-£-61) (000586-00091/)  (0000/TT-000€88) (000009 1-0000/ET)
€0€ oy 00006¥T 000068T 00006€€ 61 112 00018 0000207 00008¥ T 13S 3|ppi-mo]
(Szg-€€9) (0000 €-00002ZT) (0000TSE-0000£92) (00009 ¥-00008L€) (8:0£-0v7) (00007€1-000816)  (0000ZET-0000£0T) (000 0¥ET-000 06T T)
oLy 8TL 0000£9¢ 000070 € 0000T0% 71t 0/t 0000TTT 00006TT 000097 T 1S Mo
(L1v-7-€€) (0000209-0000/2F) (0000T69-0000SES) (000 00E0T-0000506) (8-61-€:91) (0000982-000090¢) (00000TE-0000872) (0000Z0H-0000ESE)
9:6C TLE 0000505 0000019 0000596 ST 6-/T 00002V 0000782 00009/€ 1eqo|D
suoibai |gs
+0€0T 6107 610 S10C 0002 <0£07 6107 610 ST0CT 0002
AWSN sy3esp §-13pun JWN SU1e3p |ereuosN

www.thelancet.com Vol 398 September 4, 2021

874



Articles I

(abed 1xau uo sanuiuod 3|qe] )

(S6-7-911) (Sze-Szo) (T€€-962) (¢Sv-11h) (89:2-92°7) (0gt-02T) (£81-591) (zrz-£81)
08€ €5 0/t €1¢ 534 12¢C 9¥C Vi S/1 66T puejeaz maN
(9£-€-17-€) (0971-€/6) (0SzT-08TT) (065T-019T) (81:2-86°T) (15/-859) (¥¥/-089) (z06-v28)
08T /S€ 0TTT ozt 05ST 89T 80T /¥9 (74 €98 eljeisny
(56-€-€5-€) (0651-002T) (08ST-08¥T) (0£0z-0£6T) (922-€00) (T€6-££9) (L26-1¥8) (0TTT-020T)
96°C €/€ 08€T 0€ST 086T Y74 144 Y6/ 988 090T eise[eisny
(¢1-9-8Lv) (00929-00£ 6%) (oo¥¥9-00£29) (00£68-00Z 88) (88-2-0£-2) (005 S€-00V £2) (005 9£-00€ 7€) (000 61-002 9%)
454 S6v 00955 00S€9 00688 6€-C 8/T 00ZTE 00V SE 009V swodul ybiy
(€£6-981) (092¥-0267) (0815-09¢1) (0££/9-0119) (21°5-68°€) (0ZTZ-06£T) (0097-0£12) (080%-09¢€)
S0-L 9/-8 00S€E 0/LY o9 Si-€ Shv 0zt 09€t 09/€ aurenn
(T¥-£-6£-9) (00% €T-0616) (005 ST-0005T) (006 ¥2-002¥7) (8€:€-59:7) (0S09-010Y) (0£2£-061£9) (006 Z1-006 TT)
¥0S €59 00ZTT 00ZST 00S¥¢C 6TC 00-€ 066 oo/ ooy Tt eIssny
(LY1-T01) (505-5T1€) (L¥9-8€Y) (0EPT-060T) (£-01-b1-1) (t9&-¥12) (09%-¥0€) (£¥8-6€9)
968 (e 66€ 9€S over 699 ¥9-8 8/T 743 1474 eAOp|OW
(29¥-25€) (0€T-8-€6) (891-€¥1T) (68€-05€) (86:1-59°T) (¢:95-61¥) (€-8/-7-€9) (L91-5¥1)
€8T 00% 0Tt qST 69€ 0zT 08T 9:8¥ 80/ 95T eIURNU3IT
(S6-7-€9-€) (£66-€-69) (£11-€-86) (882-950) (052-98°T) (S-67-6-€€) (€:09-7:09) (zS1-L21)
10-€ 1744 878 801 Ut ST yI-T (034 -GS 6€T eInje]
(Y1-€-/20) (- €9-5-62) (515-6-0%) (zS1-z€T) (S€1-086:0) (-g1-v-c1) (T-ze-521) (6:2/-229)
91 997 9:G€ 09% wr 010 PTT T-ST 161 ¥/9 e1U01s3
(9%-9-7¥) (bzL-LEY) (¥88-£09) (08/1-087T) (06-2-66'T) (o1€-881) (6E-1L2) (5£8-829)
¥9-€ 165 795 0€/ 0TST 15T 8€-T e 8z€ 124 snieg
(¥S£-97-9) (009 8T-00€£T) (002 7Z-00017) (00T SE-006 €€) (95-€-20°€) (01£8-0¥19) (009 01-0266) (009 g1-00% £T)
62 /89 006ST 00912 005 Y€ a4 [T€ oveL 00€£0T 0008T adoing usisey
(t€z-0L1) (S-67-€-67) (7-95-T¥P) (y01-3-88) (9% 1-60-T) (STE-6-LT) (€-9€-1-87) (0-€9-1€9)
&1 86T 1-8€ -6 1:96 0€6:0 91T 8-€C 1€ 645 BIUSAOIS
(LT-9-€5Y) (06&-7€0) (68€-01€) (595-209) (£6:T-S1°0) (981-901) (£81-09T) (68z-€¥7)
St €€g 10€ ¥9€ €€s Sg1 8T g v/T 99¢ epeno|s
(€6-7-15°€) (T2-€92) (98t-9th) (0981-09€T) (¢6:7-80°0) (She-ST) (T62-052) (ot01-9€/4)
we [484 433 414 06ST 1 Stz 961 69¢ 598 BIqIRS
(€€6-20°2) (0££1-09TT) (0£81-01/1) (0975-0105) (09-%-05-€) (z78-959) (€56-S18) (09zz-026T)
68S €08 0Tt 06/T 0€TS (1€ 86-€ 069 788 060t elUBWIOY
(T1S¥-62:€) (0g81-0£0T) (0581-0891) (089€-08£€) (¢S5 T-vg1) (0901-6£9) (0901-916) (0907-08/1)
09T Gg-€ ozt 0/L1 0€S€ 9€1T %4 181 886 0Z6T puejod
(0-01-€22) (0€2-SST) (€92-510) (Yer-99€) (6%-9-0L1) (6¥1-666) (0/1-0%T) (8¥z-€02) eluopadepy
009 158 161 6€ 66€ a4 A3 a8 QST 9zt y1oN
(8EV-6T-€) (0:0£-9-07) (9¥€-557) (o€1-v0T1) (£9'7-96°T) (€-81-G¢1) (r12-v-51) (£-98-2-89)
85T 1€ 6¢ 867 9Tl 09T 6z 15T 1-8T 1L oibausuopy
(297-9¥-€) (g8zb-2920) (T2S-gSh) (0£01-0£6) (¢r-z-181) (vze-cen) (SLz-620) (S19-0€9)
08T 00 9€¢ (%:14 0z0T /€T 60T €/ 474 /S frebuny
(90-€-82°0) (69€-2€0) (99€-81¢) (€15-¥SP) (£9.T-971) (toz-€c1) (061-8ST) (95¢-912)
/81 ¥9-C €6¢ we {214 80T SrT 65T v/T 9€t dlqnday yrazd
(abed snoinaid wouy panuiuod)
L0€07 610¢ 610 ST0T 0002 L0€07 6T0¢ 6107 ST0T 0007
AWSN sy3eap S-1pun JWN Sy1eap |ejeucaN

875

www.thelancet.com Vol 398 September 4, 2021



I Articles

(abed 1xou uo sanuiuod 3jqe] )

(Lr-€-12:€) (0/9z-05¢2) (06£2-0992) (061%-050%) (€0c-88°1) (0g5T-02€T) (0€/1-06¥1) (0gzz-0261)
€9°C gee ol 0€/t ozty ¥91 S6°T ovbT 0191 (0274 Auew.zn
(6£-€-21-€) (0962-0872) (061€-0%0€) (0Szv-080%) (91-2-56°T) (ozz1-0/21) (0061-065T) (0£Ez-016T)
/8T 09-€ 009 OTTE 09TV Ut S0C 08T ov/1 0STC aduel4
(tv-z-100) (0€T-016) (Yer-£11) (85z-0€2) (621-80°T) (S0L-€-6¥) (6-T£-769) (6¥1-vzT)
€91 0ze [o)as ST 444 0980 8T 685 799 9€T puejui4
(6£-€-07:€) (#9¢-6/1) (85¢-Teo) (e6E-g¥e) (¢S e-er) (6/1-811) (TL1-€9T) (Svz-£81)
€Lt g€ 81T Vixd 1743 06T 1€ SrT /ST 9TC ewuag
(¥6-€-250) (z:€9-7-5€) (v£5-Tth) (£-58-9-69) (z&a@v] (9-96-6:61) (E€E-¥T) (9-g-£-8€)
44 [r€ 6L 274 €L €T 03T (i P2:14 (434 snidfy
(T£-€-LT:€) (505-75€) (c0S-£S¥) (S1£-999) (t0-¢-821) (6£2-681) (t62-tea) (£8€-€0€)
89C g€ € ogl 069 g1 68T 0€¢ 85S¢ 1343 wnibog
(¢r-€-€0€) (91€-250) (zeev60) (€9v-L2t) (01-2-69-T) (¢61-19T) (toz-0/1) ({St-L12)
05T 443 78t L0€ 144 [43¢ 06T 991 98T g€t euIsny
(oT-z-8¥1) (er1-€¥80) (¢91-90T) (§1:€-90-7) (086:0-069-0) (#£9-048€-0) (62£:0-69%-0) (S€-1-006-0)
91T L1 1T 0€T 65T 0v50 0280 9150 9850 ITT eliopuy
(£5€-67:€) (008 91-006 ¢1) (00€£1-009 9T) (002 S2-00£172) (0Tz-16T) (0966-0££/) (00€01-00€6) (000%1-000€T)
69C 443 00T 000/T 006T 191 00T 0558 0186 00S €T adoin3 uRIsom
(8¥-6-92:2) (915-682) (987-56€) (556-818) (6T:5-£6°€) (98z-75T) (9£2-£02) (S¥S-tvv)
119 628 88¢ (34 ¥88 LE€ Sy ars ove €6v Kenbnun
(66-/-2859) (ozoz-00zT) (0€07-0881) (0€62-0522) (S9-v-11-€) (00z1-989) (0811-060T) (0051-09€T)
S ¥8:9 09ST 096T [04:14 TE€ 86:€ L06 ovTT ozvt 3D
(oT1-€-01) (0506-0T19) (0788-0858) (005 €1-00Z £T) (01-9-0£:9) (0915-00€€) (0205-065Y) (019/-0512)
/€8 90T ozl 01/8 00V €T L9V 685 ozt orgy 08¢/ euuabiy
(z:01-606) (009 11-0097) (00£1T-006 0T) (00€ £1-006 91) (2£5-80-9) (0¥99-0v1¥) (02t9-0565) (0256-0906) ey
652 196 0££6 00TTT 00T /T (7 8€S oves 0819 00£6 uije uRYINOS
(09-9-€€9) (00£92-000€2) (008 £z-002 £2) (009 £€-00T £€) (€£:629°€) (00€51-000€T) (00%91-009 ¥1) (008 61-005 £1)
/S 9t-9 00/¥T 005/t 00¥ €€ 9€€ 19°€ 00071 00SST 00/8T +vsn
(6-21-58-9) (r11-26) (911-60-2) (0-7e-6-51) (£6:9-v1°€) (2z:9-990) (zz9-88°€) (§11-958)
699 76 652 60-6 881 8/€ 4% oT¥ 484 866 puejusain
(£0'5-29¥) (o10Z-0V9T) (0902-096T) (060z-0002) (01°€-98:7) (0521-966) (0TET-OVTT) (ogzT-07TT)
1474 98V 0z8t 0toT oot 99T 86T OTTT ozt 00TT epeue)
(£¥-9-819) (00£82-009t7) (008 62-00Z 67) (00£5€-002 5€) (£9°€-55°€) (00591-000171) (00££1-008 5T) (000TZ-00£8T) edUAWY YLON
/55 €9 0099¢ 00562 007 S€ 67€ 19-€ 00ZST 00891 006 6T awodul-ybiy
(9z°€-280) (0S¥T-00TT) (0S91-0£ET) (00z¥-099¢€) (191-€2°1) (899-18%) (Y£/-68S) (0££1-05¥T)
384 €0€ 09zt 00ST 0€6€ STT [ET 195 €/9 009T 2310} YINOS
(60-7-09°T) (o¥1-1-64) (£51-5-96) (STz-€81) (00.T-0££:0) (0T£T5€E) (8-8L-t¥¥) (901-998)
SET [4:R Sot {24 86T 0590 0880 505§ 885 156 alodebuis
(197-9€0) (0Stz-0902) (0£82-0597) (0T75-0615) (068-0-0598-0) (088-£69) (0S0T-088) (0££7-098T)
93T e ovee ov/t 0625 090 0/80 8L 796 0012 uede(
(6-01-€£2) (SLL-L-9Y) (0-5/-7-69) (06£-7:€9) (€£-5-60) (LTv-vvT) (2:6€-8-0€) (TT¥-0-2€)
(T8 616 709 899 80, (9744 gy 6T€E yA%3 ¥°9€ 1aunig
(t£2-250) (0007-05€€) (0S9t-0veh) (0z86-0616) (80'1-0660) (0651-062T) (0£81-065T) (0¥T¥-0£5€) Jyided
€0¢C 79°¢C 0£9€ oy 0056 0180 0T 0EVT 0E/T 0€8€ eISy awodul-ybiy
(abed snoiraid wouy panuiuod)
<0€02 610T 6T0CT ST0C 0002 <0£0T 610T 6T0CT S10C 000¢
AWSN syeap S-19pun 4NN sy3eap |ejeucaN

www.thelancet.com Vol 398 September 4, 2021

876



Articles I

(abed 1xau uo sanuiuod 3jqe] )

(1-81-9-:21) (008 €1-0£0/) (00¥ ST-0EV6) (00£62-001€7) (t16-£€9) (0969-055€) (0zeg-054) (00z z1-0716)
PIT T-ST 0866 00Tt 00% 92 706G 19/ 010S 0629 0090T niad
(1-g1-£-T1) (0¥2£-06L€) (0Eb/-0ELY) (00T €1-0/56) (59:6-61-9) (0€8€-0/81) (066€-0622) (0199-0€FY)
[Ras 16T 00€S 0865 00ETT 79 v/L 0zl 050€ 00¥S lopend3
(T-9€-2:52) (008 11-0087) (00 £1-0996) (00T 02-0059T) (££1-9-21) (0665-088€) (0199-089%) (0£¥£-0869)
Y2 S-6¢ 0€96 00¥ T 00€8T [&a e ovgy 0955 0T/9 einjog
(T12-991) (006 TE-007 6T) (008 ¥€-00057) (00519-00015) (9-01-8€-8) (00£91-0296) (008 ZT-00% ZT) (0o 5z-00102) edRWY
€Y1 9-8T 006T 00962 00095 85/ w6 0092T 006 %1 00/2C uneT uedpuy
(€-zz-z91) (000T€Z-000671)  (000£97-00026T) (000 Zz¥-000 69€) (T-11-82°8) (00091T-006 72) (0001€T-00876)  (00086T-00019T) ueaqquie)
€Y1 06T 000481 000922 000£6€ Ll 956 006 €6 000ZTT 000TI8T  pueedLdWY upe]
(Stv-£6°€) (099€-0182) (055€-00%€) (0€S7-05€) (92:¢¥1-0) (01€2-0651) (0622-008T) (ot9z-02H7)
7€ oty otze oLvE oy 60T g4 0z6T 0/0T 0TS in
(88-€-97-€) (59€-982) (z6€-85€) (SLy-oty) (¢Le-€v0) (652-002) (rge-tha) (F6e-v¥0)
¥0-€ 99-€ {743 743 [S¥ 9zC /5T [T €9t 69¢ puepaZIIMS
(18-2-8€0) (57€-992) (z5€-£1€) (SLE-1¥€) ¥S1-L2T) (T161-171) (80z-€5T) (€oz-z81)
10T 85T 20€ 133 /5€ [ans T S9T 08T €61 uspams
(01-€-88-7) (0621-966) (0€bT-09€T) (0£12-0607) (98-T-6€°1) (TeL-€6Y) (€€8-089) (00z1-€86)
61T 86°C 0ETT 0ovT 0€TT 0zt €91 €09 09/ 060T ureds
(9€¥-€0-€) (vi1-€£80) (19:1-8260) (6€-7-5€T) (€€z-29°T) (€££:0-99%°0) (198:0-€610) (Lz1-¥2L0)
s8¢ €9€ €t €t €31 (5T 6T 9090 $590 1160 ouLely ues
(90-€-09-7) (987-181) (0¥€-682) (r88-z08) (SL1-6V1) (991-001) (cot-¥ST) (SrP-€9¢€)
8/ 1 [4:34 (Y4 €1¢ ] 80T 19T (Ya 8/T Sov [ebniiog
(L9T-vED) (v91-€21) (P£1-£5T) (L67-2L7) (1ST-2€1) (S¥6-0-89) (0-66-€-/8) (¥91-5¥T)
€61 057 wt 99T 78t 0TT 71 1-08 626 QST KemioN
(16-€-¥5°€) (06£-059) (£69-€59) (ot€T-0¥eT) (6¥-2-92:0) (€15-5¥€) (697-€8€) (8zg-€0)
96T (723 659 v/9 08zt Y61 /€T 744 147 1Ll SPUB[I3YION
(orT-€-51-7) (526:0-095-0) (50-1-909-0) (69-1-5680) (€2:1-058-0) (£9€-0-02z°0) (€ev-0-622-0) (£99-0-€2€-0)
€0C 85T [2/0 8080 971 0€80 0T /820 0z€0 11%70 odeuoWy
(€T L¥S) (£-5€-8-91) (T€€-1:€0) (£5¢-¥£0) (€81-967) (0'vz-g-o1) (Lte-tsT) (rzz-zL1)
89 ¥/-S Vaz LlT T-1€ 80-€ 08-€ €91 181 161 eyepy
(8€-€-T£T) (£-€2-68°6) (9-0z-G-€1) (61E-¥€0) (€£8'T-0€6:0) (E-€1-9€°9) (TT1-022) (5-91-£11)
781 e GST /91 €/t 00T €1 958 206 01 Binoquiaxn
(80-€-88-7) (0g¥1-061T) (05£1-0£9T) (0£0€-0£67) (181-69-T) (8£8-089) (0501-906) (0681-015T)
144 86T 0zet oT/T 086¢ 0zt ST 0/L 786 oT/T Ajea
(0£€-90°€) (¥z£-809) (969-959) (F76-968) (6£-1-99-T) (80v-592) (ET¥-52€) (P¥S-Sev)
YAy 8T€ 609 G/9 0z6 [Tt T 433 69¢ 314 [oels|
(¥S-€-00°€) (6¥z-09T) (Zaa%3d) (LoY-+9€) (1z2-88°1) (£81-1-16) (S1-T¥1) (thz-107)
8¥C ST 007 {174 G8¢€ 09T ¥0-C 448 /ST 12 puejay|
(0z:€-59°1) (§:91-12:9) (8-€1-8%-8) (0-6T-T-€T) (00-z-+0T) (56:6-78°€) (85-8-€2°9) (8T1-00-8)
¥8T 16T 566 60T 65T 0zT SrT 879 699 116 pueja)
(TTv-€5°€) (E1¥-6L2) (805-65¥) (1£9-/19) (8€-7-66T) (E€z-2S1) (z9z-¢€z2) (91#-19€)
/8T Gg-€ 6€€ 14214 €79 ST (1T 831 we 06€ 39219
(abed snoinaid wouy panuiuod)
L0€07 610¢ 610 ST0T 0002 L0€07 6T0¢ 6107 ST0T 0007
AWSN sy1eap S-1apun JWN Sy1eap |ejeucaN

877

www.thelancet.com Vol 398 September 4, 2021



I Articles

(abed 3xau uo sanuiuod 3|qe] )

(0€:6-9£9) (£1£-88¢€) (969-689) (o¥01-688) (V6-5-€€ ) (99¥-t¥e) (za¥-5L8) (909-€09)
659 €6/ [439 9 656 14374 £0'S g¢ce [4574 €95 BJ1Y BIS0)
(0-51-9-01) (006 €£T-0T¥/) (00¥ 51-0066) (00T 82-000¢) (S€-8-2T:9) (099/-099€) (o¥€£8-020S (00 ST-00€ TT)
686 971 00€£0T 00S T 006¢ 12§ 899 0T¥S 0199 00¥ €T eIquoj0)
(§/1-¥-21) (00£€8-00£05) (00T ¥6-00T£9) (000 /£51-000 0€T) (£¥°8-59-9) (oozTH-00¥927) (00Z 87-000¥€) (006 6/-00%19) eLRWY
[ 8vT 00759 00108 000 £¥T 209 05 00T €€ 009 0% 0000/ uneT [enua)
(50-8-¥£-5) (0z1-82°9) (E-€1-91-8) (zLT-g-81) (91°5-16-€) (TT-8-TT ) (86-8-05-9) (g:£1-TTT)
9§ 6/-9 9/-8 9-0T [TT /5€ 9v 06§ 80-/ 61T spue|s| uibiip
(z-g1-2-21) (62€-691) (¥5€-612) (525-£6€) (Tz1-8%8) (grz-011) (g€z-ov1) (€6€-¥L2) obeqo]
T-€1 ST g€t 18¢ 8Ly 788 1-0T 9ST 68T [z€ pue pepiui]
(9-0£-9.17) (92€-691) (v¥e-gza) (T8¥-€5€) (0-0z-T¥1) (S12-601) (rez-9v1) (£8z-012)
¥-0C 15T g€t 18¢ 1474 g€ 89T SST [4:] otz aweunng
saulpeualn
(zgr-g-21) (8'ze-v-91) (€£8-9-17) (0-89-€¥¥) (ST1-92°8) (S-0z-S01) (L-€z-8-€1) (6:T7-0-67) ay1 pue
STt [ ¥-€c -8t zSS 618 v/6 8T 1-8T €€ JUDDUIA JUIRS
(r-L1-T2T) (r-£€-0-8T) (6-2v-6'T0) (£:19-5-5¥) (971-68'8) (TLT-6-21) (8-0€-G-91) (0-9%-6-0€)
0€1 9¥1T €9t 1€ (1 /86 90T 68T 97T 1-8€ N uleS
(6:£1-T-€1) (9-€1-2€9) (191-88°6) (zTe-1:91) (6T1-288) (00'6-55°9) (8:01-£59) (S¥1-€-01) SIAN
an €ST 101 V24 68T 118 01 oTL €8 za pue s} JuIeS
(¥0-6-25:9) (65z-g¥1) (85¢-€z2) (989-219) (26:5-LT¥) (T/1-5¥6) (Z91-€€T) (L9¥-66€)
6¥-9 9L /6T 6€C 059 yan4 €0 8CT 0ST [434 021y oudNg
(£-8T-T-€1) (S8/-€0P) (6€8-€19) (o¥z1-L08) (0-51-9-01) (£z9-02€) (0£9-L0Y) (€16-8£9)
€T ST 899 959 0T0T yans 9Tt 14 SzS 1474 edjewe(
(5-6/-£-85) (000£2-008 8T) (006 62-00917) (008 TE-00617) (8-9€-0-€2) (002 21-0692) (006 21-0208) (0686-0582)
8Ly €89 00922 00¥ 5T 002 8T Lagé S6C 0186 00€£0T orgg 1eH
(¥-L/T--61) (z9v-9€2) (S6¥-8/2) (£££-909) (6+/1-9-T1) (E0€-€5T) (61€-6/T) (061-¥5€)
T-61 1-€C €ee 743 769 LTt 0T (1T g4 134 euefno
(991-9-11) (S£2-9-€1) (6-06-T-£1) (EVr-SL0) (z-01-92:/) (T/1-€7-8) (6-g1-¥-01) (9:5z-0-51)
YA 8€L 56T €T ¥ 85, 98 T Tyt 8:61 epeualn
(¢0€-112) (056/-0¢h) (0628-0£¥S) (0ot T1-0988) (zoz-1¥1) (0££5-0082) (0955-09¥€) (06¥9-00£Y) d1gndoy
¥-0C 474 0585 ov/9 00T0T 8T 69T 0T6€ (0124 0/55 uedjujwoq
(0'1€-810) (zog-€91) (T-0€-€-81) (51€-9:00) (€61-9-€1) (6-81-€1°6) (9:g1-T11) (61-9:C1)
16T 09¢ 112 9-€C 85t 06T 9T G€T 9vT 85T eIuIwoq
(EV-S-z1¥) (809-60%) (1¥/-999) (ot€T-0TCT) (65-2-86'T) (T62-881) (89€-¥67) (#99-€59)
ob-€ vLY €05 €0/ 09T /91 97T 9€t 0€€ 809 eqnd
(#5-5-26-€) (V€€-9/1) (€9-€-6€7) (08:5-76-€) (8z€-¥2) (56-1-1£6-0) (S0-z-2€T) (80-€-16°T)
(743 99 a4 96°C 9LY 1€ 1/ orT 99T a4 epnwiag
(9-1-0-€T) (P1-€26) (Lp1-10T) (z0z-051) (9:01-£6°1) (6-€8-7-95) (£-98-€-09) (T01-592)
g4 ST 9Tl v v/T 18 €16 1-69 6 9/8 az1jpg
(S¥1-z-0T1) (£-6V-TvT) (9:8¥-260) (£-89-GL) (Eo1-vT2) (£5€-0-£1) (8¥€-500) (6-g1-5-€€)
60T (e 6v€ 0-8€ ¥ [1:94 ¥9-8 yayd 0/t 9:0% sopeqjeg
(TY1-¥6-6) (z29-0-L8) (TTLTTh) (T¥6-¥£9) (29:L-¥61) (LTe-581) (z6&-1-07) (T-S¥-0-T€)
€0t yans &34 g€ 508 43 809 yad -8 08¢ seweyeg ay |
(ET1-19-9) (9¥1-tTL) (z-91-¥0-6) (-52-6:91) (61-9-19%) (£€:£-08€) (60-8-95) (r-91-g-01) epngieg
168 €01 70T (a4 6-0C Va4 SES Y€ ST9 €1 pue enbruy
(ESP--€€) (0006€-00097) (00SZP-000T€) (00z 6¥-008 0F) (€-€2-g:S1) (0000Z-00€ CT) (00€0z-00T ¥1) (008 61-0059T)
6:8C 8-8€ 000¢€ 00£9€ 006 ¥ S9T €61 008ST 00z/t 00T 8T ueaqque)
(abed snoaaid wouy panunuo))
40€0T 610C 610 ST0CT 0002 +0£0T 610 610 ST0CT 0002
AWSN sy3eap S-1epun AWN sy1eap |ejeucaN

www.thelancet.com Vol 398 September 4, 2021

878



Articles I

(abed 3xau uo sanuiuod 3|qe] )

(- 11-0¥-6) (££6-069) (0£01-2¥8) (0£01-26/) (06:5-98%) (zgt-£5€) (Y95-S¥¥) (€55-got)
(18 ¥-0T 608 856 926 144 8€S a4 %05 8Ly uewq
(712-0-51) (00 51-0984) (006 TZ-00£1T) (00T 8-005 £€) (S-T1-0£-6) (00£8-0715) (005 Z1-0154) (00€ £2-009 ZT)
61T 6/1 00TTT 00Z9T 008 0% 6L T1I 09/9 0286 007 T 0230101\
(L-ST-11) (06€1-698) (0081-08TT) (068€-0792) (69:9-€£1) (€85-15€) (zt/-9€h) (0661-05€T)
¥-0T €€ OTTT (Vaqs obze v 729G 8S¥ 095 059T eAqn
(0TT-152) (08€1-80/) (0€/1-856) (0tkz-014T) (685-z0t) (PeL-€L€) (8€6-L6Y) (0£€T-€T8)
669 668 €86 0621 0z6T S9-€ [4:37 1S 789 0501 uoueqga]
(801-522) (go/-0t7v) (0€/-669) (S¥5-€9) (66-5-0£1) (zov-tva) (cevr-veg) (¢67-¥€0)
€08 816 9SS 659 00§ 1474 60°G )23 69¢€ 79T Hemny
(€-81-0-€1) (0105-0897) (0zSb-05L2) (ozev-ot0g) (9-01-9%/) (0£62-0£5T) (0992-0191) (0zSz-0£81)
€1 €ST or9€ ovSE 0T9€ 29 088 0€TT 0/0¢ 0912 uepiof
(6-81-C-€T) (00£0Z-000TT) (00T 62-00T 8T) (000 9%-008 5€) (S11-26°1) (008 21-0199) (00€ 91-00£6) (00052-0056T)
61T /ST 000ST 000€¢ 00£0% 15/ 616 0€16 00€TT 00122 bey|
(0-z1-7:01) (0ot 81-00£CT) (007 £€-00552) (005 2/-00209) (¥¥-£-60-9) (oot TT-0¥¥/) (008 02-0055T) (00€0¥-005 £2)
€8/ 11 00ZST 00T6¢ 00809 6TS 119 1413 00081 00/ €€ uel|
(€-g1-8°21) (009 2¥-009 ¥2) (009 £5-007 §€) (00£96-009 2/) (0z-£-0T¥) (007 91-0528) (00T 07-0002T) (009 £y-00V €€)
[z8 €ST 009Z€ 00v /¥ 00¥ 78 1€ 65 008TT 0077 ST 005 0% 1dAh3
(9€-£-6£-9) (601-8-69) (L¥1-L0T) (S/1-2v1) (697-€10) (£-8€-9¥2) (715-6-5€) (9:2£-9-£5)
205 €59 €/8 9zT 85T /5T 9T £-0€ (R Sv9 urelyeg
(r-ze-0£1) (005 02-005¥T) (006 $2-0006T) (00 €€-00 S2) (r¥1-€8-6) (0o¥ £1-0728) (001 91-007 TT) (009 81-008 21)
09T S61 00€/T 00z 00% 62 0T 0T 00/0T 009 €T 0095T eLab|y
(5°€9-6-/) (002 £6-006 £9) (00066-0001/) (000 £€1-000 80T) (7-82-912) (00T ¥7-00€1E) (00T T¥-00T 62) (00 S¥-009 2€)
(4743 €95 007718 008€8 00002 S6T 05t 00Y L€ 006 7€ 006 8€ uessjueybyy
(£-92-¢22) (000£5€-000552) (000 ZF¥-000 £€€) (0002¥/-000£29) (e-€1-T11) (000 ££1-000 62T) (0000T2-00065T) (000 8ZE-000897) 1583 3ppIW
(444 {474 00000€ 00028€ 000289 786 za 0000ST 00028t 000867  pueedyy YyuoN
(9-91-8°T1) (ot¥z-08¢T) (0592-085T) (0¥0¥-0567) (06-9-88%) (010T-529) (0011-8%9) (0zTz-065T)
[oRas oL 0//1 0902 06¥€ 1354 08'S 1374 €58 006T Kenbereq
(L-€2-6-91) (000£2-006 6¥) (00£26-00159) (000991-000 S€T) (0'z1-55-8) (00£8€-006 77) (0059%-005 T€) (002 ££-002 69)
€ST 00T 008279 00/1L 0000ST 98 T-0T 009TE 00/ 8€ 00T 89 Ljizeig
(r-€2-£-91) (00T 6/-00€19) (00 56-008 99) (000691-000 8ET) (8TT-1¥-8) (00£6£-00552) (00€ £¥-00€ 2€) (0006/-00019) euRWyY
T-GT 86T 0099 0086/ 000¥ST 018 966 00€ € 009 6€ 0000/ une [edrdos).
(9:/1-¥-21) (0886-0029) (0ogot1-0%718) (0o¥ Z1-00TTT) (S-01-22) (0£85-000€) (0659-058) (02£9-0599)
8Tl 8T ozl 0££6 00/TT ¥9:L €88 ovzy 0¥95 0665 ©[9NZAUBA
(e1-121) (09¥1-818) (o¥¥1-000T) (00/1-002T) (¥9-/-6€-9) (599-55€) (9v9-Lth) (T¥/-605)
STT ST 00TT o1zt 0EVT 86¥ w9 061 6€S /19 eweueq
(T/1-T°21) (00£2-0€5T) (0£87-0€6T) (0£25-0€6€) (T0-3-0%-9) (00T1-€59) (09€1-€28) (0g8zz-085T)
00T VT 0881 05€¢ [oVAy4 14574 859 098 0/0T 0€6T enberediy
(T-/1-T°CT) (00S ZE-002¥2) (00Z S7-0050€) (006 8£-00£19) (€5-8-259) (00Z 0Z-001 ZT) (00T ¥z-00¥ ST) (00 £7-00082)
[0 T 00€0€ 00V /€ 00869 9 YL 00/ST 00Z6T 00€5€ SINGIN
(S-0z-¥1) (o¥67-0¥1€E) (0£95-059¢€) (066/-0065) (TT1-18°2) (0ozLz-0141) (0TTE-066T) (058€-06/2)
671 (748 0£6€ 0/Sy 0889 €5/ €66 0812 00S¢ 00€€ seinpuoy
(8-G7-€-81) (00T ZT-0TH9) (005 71-0258) (00€£02-0009T) (98:6-20-1) (0z£t7-09%27) (089¥-060€) (0078-0/19)
8T 112 0/88 00 0T 00T 8T 79 SE8 [012%3 0€8¢€ 0ETZ e[ewsienn
(T-€1-81:6) (0691-968) (ootz-0vET) (0S6%-0£/E) (65°9-TT-%) (S€g-t1h) (001-909) (0STZ-00¥T)
062 60T over 0891 06zy 98-€ 97§ €65 6L 0//T lopenfes |3
(abed snoinaid wouy panuiuod)
+0€0T 610C 610¢ ST0CT 0002 <0£0T 610 610¢ ST0CT 0002
AWSN Sy1eap G-19pun YWN sy1eap |ejeucaN

879

www.thelancet.com Vol 398 September 4, 2021



I Articles

(abed 31xau UO saNUIUOD B|qe] )

(¥6:2-907) (8¥8:0-£75-0) (0T T-t20) (€€9-/8°€) (TE1-0£6°0) (5L€-0-Evz0) (615:0-92€°0) (18:2-1£1)
86T 9tz 9890 w60 00§ or6:0 0Tt €0€0 o 12C Spue|s| 400D
(0z1-249) (V¥1-56:2) (€-51-19-6) (6-82-£-07) (¢55-€th) (LY-9-¥6°€) (98-9-85%) (0¥1-5-01)
[ oL 80T [&4 9t 88-€ 98¥ 1§ 19§ (&4 BOLLIES UBIIBWY
(S+£5-L-0%) (000 52-008 ST) (00£¥2-00£91) (0000z-0005T) ((Arardy) (0S¥6-0£65) (0¥06-0169) (0089-0805)
06€ -8y 006 6T 00202 0oy /T ¥ST T-8T ovSL 09€/ 0065 elueNQ
(8€-5-58-€) (866-2£9) (0801-886) (0g€z-0€tT) (SLT-£6T) (£6%-0€€) (0£5-86V) (0S01-688) (euryd jo
86-€ 157 q18 0€0T 00€¢ 0€C 1€ Sov 43 196 aduinoad) ueme|
(¥-91-9-01) (0895-0€5€) (0¥718-0009) (00£69-00057) (S¥-8-v/-5) (oTTE-076T) (oLvv-0tL0) (000 81-0856)
956 97T 09ty 0E¥9 00T 6€ 98§ 16:9 ozve 01S€ 00TET 2310) YHON
(1£:6-S1°2) (000 6¥1-000 ¥1T) (000861-0008ST) (000999-000955) (TEY-TE€) (00¥ 79-001 6%) (00€ 26-00012) (000 6%2-000802)
0/ 58 000TET 000//T 000019 11T 8L€ 0095 00/18 000622 euly)
(9£:6-251) (000551-000 61T) (000902-00099T) (000 £1/-000165) (LEV-L€€) (00££9-00519) (009 96-008 ££) (000 £92-000¢Z2)
68°S 958 0009€T 000581 000259 68C €8:€ 00£65 00298 000 €T eISy jse3
elueadQ
(P-91--€1) (000£9%-0006¥€)  (000065-0009S¥)  (00008ET-00000ZT) (Lz-8-62-9) (0000£2-00029T) (000882-0005T2) (000 £75-000TLY) pue ‘eisy 3sed
1T 8Vt 00050¥ 0006TS 00008ZT /19 €L 000161 000052 000205 ‘eIsy 3seayinos
(Ev/-6-€9) (000£05-0009¥€) (000695-00056€) (000%19-00056%) (0:05-T¥€) (000 €€€-000977) (000¥£E-0009%2) (00095€-000%97)
o8k €€9 0000Z¥ 0008/Y 000255 e 9TV 0004/t 000 50€ 000 60€ uelsbied
(T¥e-gv2) (008 TZ-00/¥T) (009 82-00502) (00T ££-00€ 69) (0-€2-9-S1) (00T ¥1-0196) (00081-000¢T) (00£9€-005 87)
68T 1-6C 00081 00ze 00659 G€T 06T 00/TT 00T 00§ € JedaN
(0-€v-2-0€) (0000¥0T-000269)  (0000SE£T-0000/6)  (00008EZ-000006T) (8-82-1-07) (000689-000 95) (0007¥8-000909)  (0000ZZ T-000 8€6)
9t 89 00018 0000STT 0000€T T 88T g€ 000855 00002/ 0000/0T elpuj
(6-9€-£-97) (z09-z28) (88L-€tY) (0€g1-02€ET) (T¥e-511) (€6€-207) (66%-6/2) (626-199)
(4 SIE 44 209 08ST 05T 9-0C /8t 6/€ 96/ ueinyg
(T¥E-6¥7) (002¥6-000€9) (000821-00006) (00052€-000/92) (L-€2-91) (00€£99-00¥ 0F) (009 £8-005¥5) (000 £91-0000€T)
8T 6t 006 /L 00080T 00056¢ [4 7" 86T 00925 00T 0/ 0009¥T ysope|bueg
(0-9v-0-9€) (000019 1-00007TT) (0000202-0000TST) (000OEEE-00008L2) (0-0€-z-v2) (0000901-00019/) (000082 T-000856) (0000E/T-0000THT)
0-6C S-ov 00009€T 000092T 0000¥0€ 8TT 6-9C 000668 0000TTT 00009ST eISY Y3nos
(r¥S-z-ob) (00T £5-00£9€) (008 85-008 0%) (00 78-009£9) (v£z-g-81) (00092-00//T) (007 62-00€ 6T) (00T SE-00€ 57)
T-GE 9% 00z 00Z6¥ 0085/ /8T 8Tt 009TC 006 €2 00T0E USWIBA
(£6:5-6TF) (66€-022) (665-75€) (T¥9-2€9) (01T-€-810) (£61-601) (867-€/1) (T7€-692) sajeliwy
YA Y 96% 56T SSy /85 (24 85T ShT yadd S0¢ qely pauun
(r-g1-6-21) (00£81-00T CT) (00€ ¥2-005 ST) (00£T/-00/15) (z-01-512) (00¥ 01-01£9) (008 £1-0198) (005 €€-00¥ €2)
Lan ST 00T ST 00561 00219 7299 758 08€8 0060T 002 8¢ pnL
(S€1-6¥6) (0g€z-0€ST) (067€-0L12) (081£-0915) (zr8-€L9) (0zv1-€06) (0T07-092T) (0££¥-0067)
S8 [Ras 0z6T 00/ ov19 €€s 789 ovTT 0191 065€ eisiung
(8-S1-211) (066£-0952) (00T 01-086/) (00£11-0000T) (2€-8-2L9) (0061-0Z€T) (0£8€-0587) (0565-0£9%)
0T 9€1 otze ov68 00801 065 889 06ST [i1423 00€S epfs
(0-05-£-5€) (009 89-00€ ££) (008 18-00T19) (000 ZET-000 TTT) (T¥2-6-81) (005 2€-00907) (00€ ££-008¥7) (00£05-008 9€)
00€ 6TV 00£0S 00159 000t 0/t €1¢ 005t 00£0€ 009 €7 uepns
(to-£-11Y) (00£€-0£02) (05£7-090€) (00591-0886) (vze-0t2) (02S1-056) (00TZ-0ZET) (o¥2£-069%)
6€-€ €/ 0192 0€8€ 000€T g1 79T 00CT 0491 0165 elqely Ipnes
(V£6-1L9) (Zkazdav) (T62-961) (6€2-591) (€1°5-25°€) (¥¥1-9:06) (SS1-€0T) (€€1-6-58)
799 208 1474 6€C 66T 43 wy fans [TT {01 lee)
(8¥1-501) (0907-08TT) (0852-0291) (09TH-05€€) (€9-/-8€°9) (0901-909) (oz€T-€08) (000Z-0S¥T)
T-0T YTT 09ST 090¢ 05/€ 19°S 9€9 008 050T 0z/T aunsafed
(abed snoinaid wouy panuiuod)
+0€0T 610C 6102 ST0CT 0002 +0€0¢ 610C 610C ST0T 0002
AWSN Sy1eap G-19pun AWN SU1eap |ejeuosN

www.thelancet.com Vol 398 September 4, 2021

880



Articles I

(abed 31xau U0 SPNUIUOD B|qe] )

(¥61-L€1) (z61-€01) ({1e-1€1) (€82-502) (S11-50') (€11-009) (T€1-792) (6ST-211)
9-€1 9T oyt 69T e 808 856 618 666 YET SOAIPRIN
(65£-€7-9) (0ST¥-06/2) (08Ev-091P) (086¥-02/P) (0z¥-10-€) (0€€Z-0¥ST) (0652-0902) (089z-0¥22)
167 w9 oT¥E olty ovgy [4:54 G5-€ 0161 ovee 09tz eiskefeyy
(5-£¥-058) (0068-0599) (0o€01-022/) (006 €2-00961) (v€e-6-91) (082¥-09/2) (0£9¥-0£2€) (0££8-0969)
88T 607 00T/ 0898 00912 f:¥as 66T oLvE 096€ 06/L soe]
(z0€-9'12) (00012T-00908) (000 £51-00090T) (000 £82-0009€2) (0-£1-6-01) (005 59-006 0F) (00T €8-008 09) (000 621-00020T)
8/T KT 00686 000621 000092 S-0T [€1 00¥ ¢S 00599 000STT eisauopu|
(§£€-5-92) (00€51-0688) (008/1-002T1) (006 8€-009 1€) (E0t-7¥1) (0geg-018t) (0¥26-0085) (0o€€T-00T 1T)
9T €1€ 009TT 00T VT 00TSE T-€T 69T 0829 0€€L 00zt eIpoque)
(9-52-1:07) (000£62-000607) (000£9€-000697) (000599-000£95) (9-€1-26°6) (000951000 Z0T) (000£81-00062T) (000 £82-000 £€2)
S91 97T 000052 000¥TE 000519 /16 91T 000/¢T 000951 000657 eISy 15e311N0S
(z:62-507) (gzz-g¥T) (9¥z-€91) (LL2-511) (8-€1-89:6) (0T1-7-04) (ST1-2°54) (Sz1-1-84)
00T e 58T 10T g€ee €6 91T €88 €6 966 njenuep
(£-9T-¥T1) (06-€-61-7) (2¢5%-99-7) (§-21-006) (01-8-15-9) (€6:1-90°T) (zzz-9z1) (z€-5-00%)
0Tl [€T 6T 05-€ 9-0T 959G €9:9 W 0/T 9v neany.
(€9T-¥11) (ETv-620) (£-8Y-1-627) (T£9-L-9%) (19-/-1€:9) (£-61-5-01) (8-7e-S-€1) (9-2€-0-70)
€T 9€1 1€ 0-8€ ¥-95 4SS 9¢€-9 ST S/T 6:9C ebuo]
(82:6-G7-9) (15€-0-622:0) (0z#-0-592-:0) (6T1-£9£-0) (£6-€¥57) (6%71-0-5€60-0) (9£1:0-01T-0) (905-0-2Z€-0)
¥T9 [ A 982:0 8€€0 1960 /T 6T-€ 61T-0 6€T°0 900 nejx0L
(762-9-07) (8€9-12h) (8zL-v1y) (5€6-079) (8-€1-99-6) (TOE-£6T) (€€€-9120) (86€-192)
61 9z 615 €65 19/ 9¢€:6 [Ras %4 [ 44 (143 SpUB|S| UOWIO|OS
(6-ST-TTT) (T¥9-8:2€) (¥+£9-9-9€) (6-98-T:LY) (¢SL-v29) (0TE-8:S1) (6:2€-5£1) (zer-g12)
71T 431 -9y 667 T-59 SES 879 [ 44 ot 6-0¢ eowes
(6-€9-€-5¥) (0002Z-000¥T) (009 TZ-00T ¥T) (00£91-00€ TT) (€-€2-9-91) (0918-0819) (o¥££-020S) (0£¥5-0T0Y) eaUINy
1434 8-€S 009/T 009/T 00v ¥1 89T 96T 0€99 0829 069 MaN endeqd
(0-/1-£1T) (99-€-11°7) (9£%-28-7) (€-01-8£:9) (8€-/-50-9) (€5T-9£8°0) (£6T-ST°T) (9T¥-¥b7)
€11 ot 11T (/43 8/:L ST-S 09 STT [4AR we nejed
(L-01-€£1) (£8-5-89-€) (6€L-LLY) (ETZ-0¥T1) (62:5-09-€) (69-2-28T) (87:€-5z0) (8TT-0££)  spuejs| eueuepy
108 116 69 009 S/1 68-€ oy [4 & €/C 196 usayIoN
(¢te-551) (565-0-£9€-0) (959:0-66€0) (82-1-5££0) (89°6-189) (652:0-091-0) (¥gz:0-€£1:0) (0%5-0-€T€-0)
0T 98T [ 20 0250 10T 769 4% 5020 Y220 SI7-0 anIN
(1-87-9-6T) (96-8-99-9) (oT1-LT°L) (€-0z-:S1) (zer-vh-g) (68°€-S0) (19-7-967) (6T£-5LY)
181 [ %4 €0 768 YAs 8598 10T ¥0-€ 1€ 98 nineN
(-€c-z-91) (0TE-V+6T) (59€-5€0) (9:99-6°6%) (r11-¥v8-2) (T-S1-2€:6) (9/T-T-11) (9-62-£-6T)
69T €61 {744 6T 645 Y/l 8¢6 yans 6€T Syt Spuejs| |leysiepy
(0-0t-1:820) (LET-01L) (T91-£-88) (06T-0€T) (§£1-€21) (z09-€2€) (7°€9-0-£E) (£99-g7¥)
VA4 9-€€ 10T 91T /ST 0t 9Pt Sy S8 s 13eqUIy
(€-91-9T1) (£-€5-9-5€) (£T5-5TP) (T-9%-8-9€) (0¥-8-91-9) (9-62-8-81) (1-82-9'12) (S-ze-1-81)
97T €1 6€ 09% €17 1€/ 8T/ 9-€C 9¥¢ z0t weno
(6-Gz-7-81) (T25-182) (¥SS-8€€) (065-9£€) (0-z1-1H-8) (tvz-ger) (§Sz-zS1) (¢LT-2L1)
88T 11T /8¢ 434 747 0/-8 00T 1T 86T (17
(r-£1-121) (6-56-T-20) (r¥v-g-L2) (Sz1-€£8) (zTg-t-9) (6-91-7-01) (S-0z-£T1) (r15-0v€) RISSUODIW JO
S-0T ST -8t 9:GE SoT S0 989 €T ¥-91 (444 S91e1S pajeIapa
(abed snoiaaid woly panunuod)
«0€07 610 610 S10C 0002 «0£0T 610C 610 ST0C 000T
JWSN syieap S-13pun AWN Syjeap |ejeuoan

881

www.thelancet.com Vol 398 September 4, 2021



I Articles

(abed 1xau uo sanuUOd d|qe] )

(29-Lvb) (000 £¥2-000 0ST) (000££2-000/8T1) (000 69¥-000£8€) (9T€-9-22) (000921-00T £4) (000 SET-00£ 88) (000191-0000£T)
9-¥€ ¢S 00006T 00062 00092y ST 9:9C 006 /6 0000TT 00011 eidoiyiz
(5£5-8-6€) (006 71-0989) (008 +1-0098) (00T 61-00€€T) (5€e-1-91) (09€5-0087) (0295-081€) (08%5-069¢€)
£-0€ Sty 006 00ETT 0009T [ST €61 0/8€ ozt 01SY ea31I3
(6:95-1-6€) (0g0z-0£€T) (0€52-0891) (0€Te-0922) (8:57-9:£1) (€76-€65) (0901-€69) (0zo1-622)
e 0¥ 0/91T 0807 0/9¢ (43 [ 05z €98 798 1noqifg
(6:65-T-2¥) (o¥01-€99) (0621-9v8) (095¢-0/£1) (8-€6-5€0) (685-69¢€) (089-6€%) (o€t1-€97)
[413 867 9¢8 0501 ov1e 07T 6/t 691 €95 €6 S0Iowo)
(8:£4-1-S5) (00¥ ££-008 £2) (00t 8€-00992) (006 L¥-00T 6€) (¢LT-€10) (o0¥ €1-0T¥6) (006 TT-0/¥6) (009 TT-0£68)
Va4 759 00/6¢ 00T ZE 00EEY €61 oz 00ZTT 00TTT 00£0T Ipuning
(1-89-5-09) (0000107-000859)  (0000TTT-000%6/)  (0000551-00009€1) (062-912) (000 6€7-000987) (000 8¥7-000Z1€) (000/5%-00026€) ey UeeleS
T €8S 000%18 000176 0000S¥T 9:07 6¢ 000€5€ 0008/€ 000¥¥ -qns uiaise]
(r-9€-€-50) (0181-826) (otTZ-002T) (0£5€-0££7) (061-T:€1) (256-£8Y) (0£01-¥6%) (08€1-126)
Y1 T-0€ 00€T 0091 ov6t S€T 8GT 089 16/ ovtT uogen
(€9Y-61€) (ot0z-0501) (00Sz-02¥T) (0€¥7-090€) (912-841) (¢S6-26Y) (0901-689) (0o€T-988) eauIng
e 1-8€ 0S¥T 0681 oTLE 71 YA €89 S6L 0601 [erio3enby
(T-69-2:6%) (000507-000T¥'T) (000€97-000/8T) (00058€-000TTE) (€-97-£-81) (0056/-005€5) (008 88-00829) (001 €6-00£T4)
09€ 645 00089T 000TCT 0009¥€ 9/T 0t 00/V9 00LYL 00618 obuo)ya
(T-9¥-£-€€) (0689-018%) (0££8-01%9) (00 €1-006 01) (0T2-0-97) (0/1€-0522) (0££€-0442) (o¥6€-0162) (dInezzeig)
81T S-6€ 0975 ovSL 001ZT €61 781 0892 ovze [o0)23 obuo)
(9¥1-50T1) (0000€-00Z 6T) (009 2€-00617) (00T 2€-005¥2) (V-Ly-T-€€) (0€66-0519) (00Z 01-02€9) (0£68-0/59) dlqnday
56 a9 000¥T 00692 00€£8¢ ¥-G€ €6€ 0441 0908 0L uedLY [B13U)
(6:29-79t) (008 0/-00T 8¥) (00£58-00609) (000£21-00050T) (S¥z-T1-61) (0oo¥ 82-00T 07) (00T TE-006T27) (001 2€-007 57)
1-€€ s 00885 000€/ 0009TT 69T /1t 000%C 00292 00/8¢ ejobuy
(5°£9-L15) (00001£-00022T) (000£8£-000687) (000 £55-00089¥) (8:5z-8°61) (000021-00858) (000 ZET-00¥ 86) (000 £ET-000 TTT) eIy ueleyes
G9¢ 885 000092 000€€€ 000605 L1 [Rad 000001 000 71T 000¥2T -qns [eua)
(z:98-€:59) (000052 £-0000222) (0000SS€-0000792) (000 0£Z1-00006/€) (9-TE-L¥2) (0000521-000/78)  (0000/Z1-0008€6) (00006TT-0000S0T) ey
a4 |27 000089¢ 0000£0€ 0000201 9-€T 6-Lt 00002Z0T 0000601 0000ZTT uereyes-qng
(0-51-5-01) (00£72-000£T) (00¥ 8z-001 8T) (008 6%-001 6€) (LT-8-9£:9) (00€ z1-010/) (00 S1-0£86) (007 Sz-00% 6T)
w6 e 00T /T 0092¢ 00€ ¥ 12§ €89 0026 00€CT 00zt WeuIRIA
(5-8€-:£2) (0zST-000T1) (0191-011T) (055€-06/2) (9-81-T-€1) (T¥/-98%) (8¥/-219) (0801-698)
0T T-2€ o€t ovET 0STE YTt SST 209 79 996 a1sa7-1ow |
(8t-8-¥8-9) (08¥5-09/¢) (0959-0159) (00061-008 £T) (92¥-667) (0£92-0991) (ogzE-08€0) (o1¥6-0019)
/6% €9/ 0/S¥ 0€09 00191 6€C €9-€ 0zt 06/ 08/L puejreyy
(80-6-8€9) (oSTE-0Y9T) (0€9€-0952) (0¥29-0159) (S¥-5-9¥-€) (0981-288) (o€tz-0EPT) (095€-050€)
8€S 19/ 062t 090€ 0885 9T-€ Vi%d 00€T 0S/1 00£€ jue LS
(-€1-68°6) (9-zz-T-€1) (¢¥2-891) (L-€t-L-LT) (92:8-819) (0¥1-60-8) (0-51-5-01) (£-S1-£-T1)
6/:6 ST €/1 €0t 9:0C 9 ST/ /0T [T 9-€1 s9||ayAas
(£-92-06T) (00T ££-008 1) (00¥ 78-00£59) (00526-009 £/) (0°€1-16°2) (00%79€-00£6T) (00£1¥-008T2) (00T ¥¥-005 7€)
S/1 97T 00009 00069 001/8 658 0T 0ov /T 00ZTE 008£E souddijiyd
(T-L-€¥€) (00£95-00T 2€) (006 £9-008 €F) (0009ST-000/TT) (8vz-¢£1) (00£87-00£91) (00¥ 2€-002 T27) (000£5-0000%)
9-8C €ob 008t 00055 000S€ET 91 0T 00z 00992 00€ 817 TewueApy
(£¥1-8-01) (tre-ver) (90z-£L1) (2£6-92¢) (6€-6-06-9) (9€1-5£4) (z€1-60T1) (6¥2-802)
10T 971 €91 61 943 629 108 0T ozt fead sniuneyy
(abed snoiaaid woly panuiuod)
<0€02 610C 610 ST0CT 0002 «0£0T 610C 610 ST0CT 0002
AWSN syeap G-19pun dWN SU3eap [eeuoaN

www.thelancet.com Vol 398 September 4, 2021

882



Articles I

(abed 1xau uo sanunUOd 3|qe] )

(0¥8-z19) (00z££-00525) (00€68-00T29) (00088-00€2/) (£-0e-5-81) (000/z-00T /1) (00€ 62-00Z 8T) (00T ¥2-002 81)
9:8% VA7 00079 0052 00008 98T [agd 00412 00 €2 0060C uooiawe)
(621-0€6) (000 52T-00€ 8/) (0002TT-008€8) (000601-00% 68) (r¥e-t¥2) (005 ¥€-00112) (00T 2€-00807) (00£¥z-00% 81)
578 601 00886 000T0T 0066 oz 98¢ 00692 00092 00512 ose4 eupjing
(£:66-8-€2) (00S TS-00E 7€) (00€ £5-0006€) (004 S¥-008 8€) (9:96-7-92) (00T 61-009 1) (00£81-00/ 1) (006 ¥1-00Z 0T)
659 068 0002 00£5¥ 0002 8:9¢ G-0€ 007 ST 009ST 00€2T uiuag
(601-£¥8)  (0000981-000082T) (0000961-000067T)  (0000¥0Z-0000Z8T) (r-9€-€:620) (000%¥9-000 gtt) (000 £79-000/8¥) (000£95-000 £8¥) el ueleyes
1L €56 0000€ST 0000T/T 0000€6T 8/t (R4 0005€S 000/55 000225 -qns uIAISIM
(0-29-0'Sb) (006 62-009 8T) (008 1E-0002) (009 ¥7€-006 82) (£-LT-1-07) (005 €T-0T€8) (000¥1-0826) (006 01-0/88)
8:G¥ ¢S 009 €2 00992 009TE 1-C ¥-€C 00501 00V TT 0586 amgequuiz
(9°€7-9-1€) (0ot 6%-00Z 0€) (006 85-009 ££) (006 76-006 £9) (S¥z-LL1) (009 £2-006 9T) (008 1€-00202) (00€5€-00£50)
16T 6-9€ 005 8€ 00T /¥ 00908 98T 10T 00¥ 1T 00€5¢ 00€0€ eIV Y3nos
(¢er-9-62) (0062-089T) (08TE-0£6T) (0oozv-011E) (8-61-5-€1) (09€1-£92) (00¥1-5¥8) (09¥1-00TT)
-8t 0-GE 002z ogiz 019¢ {241 91 0201 00TT 091 elgiwenN
(9:S£-61S) (ov/€-0L€7) (095¥-050€) (0299-0€29) (z9€-1:20) (ovg1-616) (0goz-0Z01) (0£92-0107)
8¢S 9 0€0€ 0S/€ 0685 YA 74 9:8C 0SET obST 0€€T 010597
(€-95-¥-0t) (09/1-0/11) (0£0Z-06£T) (0£5€-08/2) (8-6T-¥¥1) (gz9-€1¥) (8£9-85¥) (£58-5V9)
1-1€ (a4 0EVT 0891 091€ gvT 691 905 /55 174 uems3
(6-61-L€) (0SZz-09¥1) (0887-0£91) (090%-01£2) (052-5-£1) (08€1-5€/) (0E¥1-96/) (0151-026)
0-9€ {04 0002 0612 09€€ 88T 10T 000T 0/0T 002T eueMSsIOg
(£67-€-9€) (008 68-00€ 99) (000101-00% 69) (000 S¥T-000€TT) (1-52-9-81) (00£ S%-009 87) (005 67-008 €€) (00€1S-00T 0F) el ueleyes
09€ oz 0040/ 008€8 000821 66T ¥1T 006 S€E 0001V 00/S¥ -qns uIBYINOS
(819-0-71) (00€ T-002 ¥72) (00S ¥7-008 82) (00£.89-00€95) (¥-Se-6-L1) (00€ £1-0£66) (005 /1-006 0T) (00¥ 91-006 ZT)
8:GE 81G 00STE 0009€ 00£279 /T T1¢ 00T €T 008 €T 009¥T eiquez
(£-89-709) (0002TT-00052) (000%2T-00916) (000¥£1-000 £5T) (0:0€-0'72) (00t 05-00€ £€) (002 05-00£9€) (00T 9%-005 6€)
334 -85 00/16 000/0T 000 €91 6TC 9:5C 0080V 000 £ 009y epuebn
(£:£9-6-8Y) (0000ST-00Z £6) (000191-00001T) (00020Z-000T/T) (€-.8¢-00) (004 £9-00€ 6€) (009 €9-00/2¥) (006 £5-00£9V)
fRnd T-/S 0008TT 000 €€T 000981 0-0C 6-€C 00005 00€¢S 00125 eluezue|
(801-6'84) (009 0¥-00892) (007 05-005 €€) (0oz £5-00TTH) (8'8€-0-82) (006 71-0£96) (00£91-009 0T) (00T ST-00£ TT)
€99 926 00T EE 00v T 00T /¥ 162 0€€ 000¢T 00EET 00ZET uBpNS Y1nog
(¥11-8-08) (000%01-006 29) (000001-00T 59) (00968-00£99) (5£€-6:52) (002 5€-006 07) (00€2€-00507) (00£¥7-00€ £1)
9:/9 756 00908 00€£18 00£LL 414 6-0€ 00072 00852 0080C el[ewos
(8-55-9-6€) (00212-0092T) (00T £2-00€5T) (006 05-006 ) (8:¢t-5L1) (0%798-05/5) (0668-0509) (00T £1-0606)
€8¢ 9:9¥ 00€9T 008 8T 000 /¥ T-ST 66T 0€0/ 06vL 00TTL epuemy
(828-065) (008 €6-00829) (000 501-00/¥7/) (000 €¥T-000/TT) (£:0£-6'12) (008 S€-00£€7) (002 9€-00% 57) (00€ 8€-00T T€)
oLy ¥-69 0059/ 00688 0000€T 0t 8:5¢C 0006¢ 00¥ 0€ 009 %€ anbiquiezoyy
(0:0£-9:09) (008 07006 ¥7) (008 9%-000Z€) (00£98-00T /) (9:67-712) (009 /1-009 0T) (006 /1-000ZT) (00¥ T2-006 /1)
9-6€ -6 0081E 009 8¢ 00008 9:61 05¢ 00/€T 001 00561 Imeeyy
(£-£9-1-8Y) (00065-00T 6€) (008 59-002 S¥) (008 6/-00619) (LLT-v61) (005 72-006ST) (009 52-000 /1) (009 72-005 8T)
€€ 995 00T 8 00155 0090/ /8T o€ 00861 00TTC 0ov 1T ledsebepeyy
(L-LY-9V€) (00£59-00/ £¥) (0089/-0065) (000 TTT-00€ 68) (1-€2-8-91) (00€ 2€-002 1T) (00T S€-006 £2) (00¥9€-00£ £T)
14 9:0% 0015 005%9 00€66 €91 161 00¥7 92 00262 000C€ efuayl
(abed snoiraid woly panuiuod)
+0€0T 610C 610C ST0C 0002 £0€0¢ 610C 6T0C S10C 0002
JWSN Sy1eap G-19pun JWN SU31eap [eeuosN

883

www.thelancet.com Vol 398 September 4, 2021



I Articles

0£0¢ 10} OLIBUADS

9DURIJAI YHM 6TOZ Ul 3381 A}1[E1IOW [eJRUOdU pUe PIUIGUIOD S9XS 10 104 [2A3] [eqo]b ay3 3e pue ‘|gs pue ‘uoibai-1adns ggo ‘uoibai ggo ‘K13unod Aq ‘6T0Z pue ‘STOZ ‘000T Ul SYIeap G-1I9pun pue [e3euod) :ajqoL

‘(60T d) xipuadde ayy i 3|qe|ieae si e1ep puE SALIIUNOD 3S3Y] Ul BUOP BJB SISA[UR [BUONBUGNS ] "OLIBUIS 2IURIRJRY, ApMS

5101084 Y{SIY pue ‘saninfuj ‘saseasi( Jo uaping [eqo|H=gD xapu| diydeibowap-0120s=|qs ‘a1es A1i[eLoW G-19pun=y |\ SN "21el K1I|BLIOW [EIBUOBU=YI\N 'S|BAIdIUI KJUIELIDdUN %56 e sasayiuaied ul eleq ‘sainby Juedyiubis 2a1y3 01 uaAlb ale elep Junod

(€6/-6€9) (00061-0002T) (00€ zz-00¥ ST) (00992-006 02) (8-gt-¥10) (oveL-0LLY) (0£6/-0199) (0¥58-0/19)

8T €9 000ST 00581 00£€2 06T 6c 0€65 0149 0/zl oboy
({11-9-88) (00€ 7€-006 22) (00 8€-009£2) (00 €7-0005€) (L-€e2va) (ootot-019) (00t 01-0€99) (oo¥ 11-02/8)

L19 20t 00187 0052€ 00T 6€ 8:0C 9-8¢ 0€08 0/€8 0000T auod] eulals
(9:£5-8-2¥) (009 8z-00¥ 81) (00t T€-00¥ €2) (00€ £7-009 0%) (6:£¢-572) (00T¥1-0526) (006 ¥1-00ZTT) (009 S1-00% ZT)

9z€ €6 0082 001/t 008 &7 10T 05z 00/TT 0061 006 €T [ebouag

(0-0€-t12) (191-0£8) (€oz-ver) (Th¥-€€€) (€v1-z-01) (r-LL-01¥) (T16-€99) (Sz1-1-26) adpupid

(oA 752 611 091 98¢ 116 T 895 61, 80T pue pwo oes
(021-9-06) (000£56-000829) (000 0€0T-000097) (0000801-0009€6) (Ezh-£18) (0009¥€-000122) (00005€-000£¥7) (00050€-0006£7)

0-8L vot 000€2/ 000988 0000T0T 0z€ 7-9€ 000//2 000%6¢ 0001/t elRbIN
(1€1-56) (000 £¥1-005 66) (000 €¥1-00010T) (000€5T-0005¢T) (9:06-9-€2) (0029€-006 52) (008€€-009 €2) (00567-00T £2)

T it 00007t 000TZT 0008€T T1e 8:9¢ 009 0€ 00€8Z 00797 1RBIN
(8:05-9-9€) (0019-085€) (091/-061Y) (00€01-0928) (6:92-¢10) (0£z€-0€12) (089€-0192) (0£E7-062€)

T6z 8Ty 099% 0985 0€z6 6:gT 6-€C 019z 00T€ 008€ ejuejlney
(g€r-cot) (0005€1-005 68) (000 621-00% 176) (000 £11-00€ 56) (¢9r-2 7€) (002 £7-0080€) (00t #%-009 62) (00£ €€-00€52)

798 81T 0000TT 000TTT 000%0T 0zt S6€ 0008€ 00 9€ 00¥ 62 e
(92£-6'19) (007 T1-0219) (00€€1-0758) (008 22-00€ 61) (€:82-0-07) (0zh-0L€7) (089t-0282) (0z09-018%)

8Lt 6:09 088 0080T 0001Z €81 9-€z (1443 059€ 08€S eaqr
(0-€8-£:09) (0z¥S-0v5€) (0££9-081h) (00£6-0957) (r-5e-6-L0) (0€€z-0€91) (0z£T-04L1) (0€1€-00€2)

95y 474 ogry 0875 0£98 244 S1€ 086T otee 00/t nessig-eauino
(z11-8-€8) (00855-00% 9€) (00809-000€F) (00££9-00195) (r5€--92) (002 81-00911) (00£81-0002T) (002 61-00T9T)

T49 T£6 oo S 00£1S 00819 v€e 9:0€ 0091 00T ST 009 /T eauiny
(£:09-67¥) (00 85-00€ €€) (oo €9-00z £F) (006 2£-00£09) (T-87-£-81) (000 £2-000¥71) (000 £2-008971) (00T £Z-00T12)

Sob &4 00€ Y 00625 00899 S61 2314 00861 00917 00tz eueyo
(S57-6-1€) (089€-066T) (00€7-0552) (0929-069%) (r-€2-91) (oz61-0€0T) (otte-oter) (09€z-0€/1)

&34 8LE (¥4 (11333 09%S LYt v-61 oTvT 0191 020T eiquien ay |
(9:58-8-29) (00T ££-00€ 75) (00526-00899) (000211-00£06) (r1r-6£2) (006 9€-005¥2) (00€ 2#-009 £2) (00t 2#-008 87)

414 €eL 00819 00682 000TOT €8 443 00¥ 0€ 005 € 00€5€ BII0N|,P 230D
(€€T-0-£6) (000 501-00% 0£) (001 66-00727) (006 €8-00007) (0-8€-9-£20) (00T T€-00807) (009 82-00€6T) (00£61-00£91)

&3 €1t 00958 00978 0099/ 6-9¢ Q143 00¥ 52 009 €2 00z 8T peyd
(8-61-2¥1) (€5e-5€1) (60€-v6T) (€£4-4¥S) (011-91-8) (tr1-€v2) (t£1-901) (1£2-681)

9TL 0/1 81 9te 179 S9L 96 €ot Set 9tz apsapade)

(a6ed snoiasud wouy panunuo))

+0€07 610C 6102 StoT 000C  40€0C 610C 610C StoT 0007
WS sty3eap S-19pun AWN SUaeap [ejeuoaN

www.thelancet.com Vol 398 September 4, 2021

884



Articles

to 6-10 million (5-35-6-91) in 2015, and to 5-05 million
(4-27-6-02) in 2019 (table). Of these deaths, 3-76 mil-
lion (95% UI 3-53-4.02; 39%) in 2000, 2-82 million
(2-48-3-20; 46%) in 2015, and 2-42 million (2-06-2-86;
48%) in 2019 occurred in neonates (aged <28 days). In
each year analysed, the largest share of the global
deaths of children younger than 5 years occurred in
the sub-Saharan Africa and south Asia super-regions.
Although U5SMR declined in each successive period in
all super-regions, the proportion of global deaths in
children younger than 5 years in these two super-regions
increased from 73% (7-07 million deaths [95% UI
6-57-7-59]) in 2000 to 80% (4-04 million [3-36-4-86])
deaths in 2019. The share of under-5 deaths also shifted
towards lower SDI groups in this period, with the
proportion of under-5 deaths in the low SDI quintile
increasing from 42% (4-01 million deaths [95% UI
3.784-26]) in 2000 to 53% (2-67 million deaths
[2-22-3-24]) in 2019.

Global USMR and NMR both are falling short of SDG
targets. Global USMR declined from 71-2 (95% UI
68-3-74-0) in 1990 to 37-1 (95% UI 33-2-41.7) deaths
per 1000 livebirths in 2019, with corresponding changes
in NMR from 28-0 (95% UI 26-8-29-5) in 1990 to
17-9 (16-3-19-8) deaths per 1000 livebirths (table). The
countries with the highest USMR in 2019 were Central
African Republic, Mali, and Chad, whereas Andorra,
Singapore, and Slovenia were found to have the lowest
U5SMR. As for 2019 neonatal mortality, the highest
rate was observed in Pakistan, followed by Mali and
Central African Republic. The countries with the lowest
2019 NMR were Andorra, Japan, and Singapore. USMR
and NMR declined in every country between 2000
and 2019, apart from Dominica, Guam, and Northern
Mariana Islands (appendix p 311).

We found evidence of accelerated reduction in global
USMR, but the largest number of deaths, as well as the
slowest progress, occurred in the early neonatal age
group (figure 1A, B). In all SDI quintiles, decline in NMR
lagged behind mortality declines in other age groups
(figure 1C, D). There is evidence of relative progress in
neonatal mortality in the time period between 2015
and 2019, compared with between 2000 and 2015, but
early neonatal progress in this more recent time period is
still slower than overall under-5 progress in low SDI
settings (figure 1D). The proportion of neonatal death
broadly increases as SDI increases: in 2019, in the low
SDI quintile, 1-11 million (41%) of 2-67 million deaths in
children younger than 5 years were neonatal deaths, and
in the high SDI quintile 26800 (55%) of 48600 deaths
in children younger than 5 years were neonatal deaths
(appendix p 120).

In 2015, 128 (63%) of 204 countries already had an
US5SMR below the SDG 3.2 threshold of 25 deaths of
children younger than 5 years per 1000 livebirths
(figure 2A). By 2019, eight additional countries—Syria,
Uzbekistan, Guatemala, Philippines, Guyana, Nauru,
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Figure 1: Global all-cause under-5 mortality by age, year, and SDI
(A) Under-5 deaths (in millions) for 2000-19. (B) ARC in gx for each year between 2000 and 2019. (C) Proportion
of under-5 deaths in 2000 compared with the ratio of age-specific to total under-5 absolute change in deaths
between 2000 and 2015 by SDI quintile. (D) Proportion of under-5 deaths in 2015 compared to ratio of
age-specific to total under-5 absolute change in deaths between 2015 and 2019 by SDI quintile. The shaded areas
in panels A and B represent 95% uncertainty intervals. The black line in panels C and D represents line of
equivalence, such that points above the line indicate age and SDI groups in which change outpaces overall under-5
mortality change and points below the line indicate age and SDI groups in which change underperforms relative to
overall under-5 mortality change. ARC=annualised rate of change. qx=probability of death. SDI=Socio-

demographic Index.

Vanuatu, and Solomon Islands—had a USMR below
this threshold, making a total of 136 (67%; table).
In 2015, 126 (62%) of 204 countries had an NMR
below the SDG 3.2 threshold of 12 neonatal deaths
per 1000 livebirths (figure 2B). By 2019, an additional
seven countries—Syria, Iraq, Kyrgyzstan, Uzbekistan,
Morocco, Solomon Islands, and Vanuatu—had achieved
an NMR below this threshold, making a total of

133 (65%).

Under-5 mortality in each analysed year was
somewhat higher in males than in females, although
this difference was not statistically significant at the
global level (appendix p 99). USMR declined in both
males and females in the periods between 2000
and 2015, and between 2015 and 2019 (appendix p 99).
The 2019 male-to-female ratio of USMR does not
change meaningfully with SDI; this ratio ranges
from 1-08 in low-middle SDI to 1-18 in high SDI

in 2019 (appendix p 99).
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Figure 3: Neonatal and remaining under-5 cause-specific mortality, by region and SDI

Values presented are cause fractions: the proportion of total age-specific deaths with a particular underlying cause of death. Causes are presented at Level 2 in the
hierarchy, with other non-communicable diseases disaggregated to include congenital birth defects, sudden infant death syndrome, haemoglobinopathies and
haemolytic anaemias, endocrine, metabolic, blood, and immune disorders, and urinary diseases and male infertility separately. Total under-5 mortality is split at
28 days to include neonatal (<28 days) separately from children between 28 days and 5 years of age. SDI=Socio-demographic Index.

Levels and trends in cause-specific mortality

The leading level 3 causes of global under-5 mortality
in 2019 were neonatal disorders, which accounted
for 37-3% (95% UI 35-6-38-8) of deaths in children
younger than 5 years, followed by lower respiratory
infections (13-3% [12-1-14-4]), diarrhoeal diseases
(9-9% [8-3-11-6]), congenital birth defects (9-4%
[8-0-11-8]), and malaria (7-1% [3-5-12-0]; figure 3;
appendix p 100). Leading subcauses of neonatal
disorders and congenital birth defects and leading
global aetiologies of lower respiratory infections and
diarrhoeal disease can be found in the appendix
(pp 106, 121).

Of the 15 level 3 causes that accounted for more
than 30000 global under-5 deaths in 2019, the greatest
reduction in deaths between 2000 and 2015 was
observed in measles, which saw a -9-2% (95% UI
-10-4 to —-8-0) mean annual percentage change
(appendix p 129). Measles was followed by protein-
energy malnutrition (—6-5% [-8-2 to —4-7]) and HIV/
AIDS (-6-0% [-6-9 to —5-0]). Among these same 15 high-
mortality causes, and for the period 2015-19, the three
with the greatest reduction in deaths were measles

www.thelancet.com Vol 398 September 4, 2021

(-11-3% [95% UI —13-7 to —9-0]), HIV/AIDS (-10-2%
[-12-3 to —7-8]), and tuberculosis (-7-8 [-9-9 to -5 6]).
In 2019, causes of death varied by age, sex, and SDI
(figure 3; appendix p 100). The most common level 3
causes of death in children younger than 5 years were
neonatal disorders, lower respiratory infections, and
diarrhoeal diseases in the low SDI quintile, and neonatal
disorders, congenital birth defects, and sudden infant
death syndrome in the high SDI quintile (appendix
p 100). The level 3 causes with the largest male-to-female
ratio of mortality in the under-5 age group at the global
level in 2019 were vascular intestinal disorders (5-99)
and inguinal, femoral, and abdominal hernia (2-90), and
those with the lowest ratio were gallbladder and biliary
diseases (0-29) and pancreatitis (0-29; appendix p 100).

Scenarios for 2030 and beyond

In our reference scenario, by 2030, 154 (75%) of
204 countries are projected to have a USMR lower than
the SDG threshold of 25 under-5 deaths per 1000 livebirths,
and 139 (68%) are expected to have an NMR lower than
the SDG threshold of 12 neonatal deaths per 1000 livebirths
(figure 2, appendix p 93). In the better-than-reference
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scenario, 164 (80%) countries would reach the SDG
USMR target, and 145 (71%) countries would reach the
SDG NMR target (appendix p 93). In the neonatal
scenario, 155 (76%) countries would meet the USMR
target, and in the child scenario, 158 (77%) countries
would meet the USMR target. In the counterfactual
scenario without the COVID-19 pandemic, our results
suggest 154 (75%) countries would have a USMR below
the SDG threshold and 140 (69%) countries would have
an NMR below the SDG threshold by 2030.

Global optimum and survival potential frontier

There were an estimated 9-45 million (95% UI
8-86-10-05) under-5 deaths more than the global
optimum in 2000 and 4-85 million (4-09-5-80) more
than the global optimum in 2019 (appendix p 130). These
deaths represent 98% of all 9-65 million under-5 deaths
in 2000 and 96% of all 5-05 million under-5 deaths
in 2019. In 2019, only 198000 (95% UI 169 000-224000)
under-5 deaths worldwide were below the global
optimum, and of these 108000 (93000-122000; 55%)
were neonatal deaths. Based on this analysis, and on
current technology and health delivery systems, the
global optimum NMR is 0-80 (95% UI 0-71-0-86) and

the global optimum U5MR is 1-44 (95% UI 1-27-1-58).
Sex differences in mortality are similar below the global
optimum as compared to overall mortality, with an NMR
male-to-female ratio of 1-05 (95% UI 1-00-1-09) and a
US5SMR male-to-female ratio of 1-12 (95% UI 1-05-1-18).
16 causes of death have a global optimum of zero
deaths and are therefore classified as 100% preventable
by this framework. With the exceptions of exposure to
forces of nature and conflict and terrorism, all of these
preventable deaths are infectious conditions. If all
countries reduced mortality to the global optimum,
the leading level 3 global under-5 causes of death would
be neonatal disorders; congenital birth defects; lower
respiratory infections; sudden infant death syndrome;
and endocrine, metabolic, blood, and immune disorders.
When looking at mortality along the spectrum of
HAQ Index, our analysis suggests that in 2000, as many
as 1-50 million (95% UI 1-31-1-72) neonatal deaths were
above the survival potential frontier, accounting for 40%
(95% UI 37-43) of 376 million neonatal deaths. In the
same year, analysis suggests that 3-94 million (95% UI
3-49-4-40) under-5 deaths were above the survival
potential frontier: 41% (95% UI 39-43) of 9-65 million
under-5 deaths). In 2019, the number of deaths occurring
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above the survival potential frontier was smaller, but the
fraction of the overall mortality above the survival
potential frontier remained similar: 0-88 million (95% UI
0-62-1-20; 36% [95% UI 30—42]) of 2-42 million neonatal
deaths and 1-87 million (1-35-2-58; 37% [32—43]) of
5-05 million under-5 deaths (figure 4). If all 204 countries
were to improve performance to meet the survival
potential frontier without changing their HAQ Index
level from 2019, 143 (70%) would have mortality below the
NMR SDG threshold and 149 (73%) would have mortality
below the USMR SDG threshold, and 43 (70%) out of
61 countries not achieving both SDG targets would be
from the sub-Saharan Africa super-region. The countries
where USMR lags the most relative to HAQ Index in 2019
are Nigeria, Turkey, Mali, and Maldives. The countries
where NMR lags the most relative to HAQ Index in 2019
are Maldives, Turkey, and Azerbaijan. The countries with
the most success at preventing under-5 mortality and
neonatal mortality relative to their HAQ Index are Cook
Islands, United Arab Emirates, and Tokelau (figure 4).
Global under-5 mortality above the survival potential
frontier in 2019 consisted of 1-56 million (95% UI
1-11-2-17; 83%) deaths due to communicable, maternal,
neonatal, and nutritional (CMNN) diseases, 0-23 million
(0-15-0-33; 12%) deaths due to non-communicable
diseases, and 0-08 million (0-06-0-11; 5%) deaths due to
injuries (appendix p 130). If all regions had mortality
rates at their survival potential frontier levels in 2019,
the distribution of under-5 deaths would skew slightly
towards non-communicable diseases but would not
fundamentally change; 2-58 million (95% UI 2-35-2-81;
81%) deaths would be due to CMNN diseases,
0-46 million (0-40-0-52; 15%) deaths would be due
to non-communicable diseases, and 0-13 million
(0-11-0-15; 4%) deaths would be due to injuries
(appendix p 130). Of the 48 level 3 causes that were
accountable for more than 5000 global under-5 deaths
in 2019, those with the lowest proportion of cause-specific
deaths above the survival potential frontier were
sudden infant death syndrome (27% [95% UI 15-43] of
SIDS deaths above the survival potential frontier), other
malignant neoplasms (28% [21-36]), varicella and herpes
zoster (29% [23-36]), and congenital birth defects
(30% [23-37]; appendix p 94). Of the same 48 causes,
those with the highest proportion of cause-specific deaths
above the survival potential frontier were invasive
non-typhoidal salmonella, other neglected tropical dis-
eases, haemoglobinopathies and haemolytic anaemias,
and malaria, all with over 50% above the survival
potential frontier. The leading causes of death overall
were also those with the highest above-survival potential
frontier mortality rates, and the rank order would remain
similar even if all regions had cause-specific mortality
rates at their survival potential frontier levels in 2019:
33% of each of neonatal disorders and lower respiratory
infections deaths were above the survival frontier
(neonatal disorders ranked first and lower respiratory
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infections ranked second in both observed and expected),
while 40% of diarrhoea deaths were above the frontier
(ranked third in observed and fourth in expected;
appendix p 94).

Discussion

Main findings

Declines of USMR and NMR have continued to
accelerate worldwide. Of 204 countries, our reference
scenario suggests that, by 2030, 154 (75%) are likely to
meet the USMR SDG target and 139 (68%) the NMR
SDG target. However, the concomitant findings of
growing relative inequity and a large remaining
proportion of preventable deaths shows there is much
more work to be done. If every country were at the
global optimum in 2019, global USMR would have
been 1-44 (95% UI 1-27-1-58) deaths per 1000 livebirths
and NMR would have been 0-80 (95% UI 0-71-0-86)
deaths per 1000 livebirths.

Thankfully, although children have been found to be at
risk of developing multisystem inflammatory syn-
drome? as result of COVID-19, they appear to be less at
risk of severe illness and death. It is important to
reiterate, however, how the complex, multisector
determinants of health that substantially affect child
survival could be negatively affected by COVID-19, an
understanding that is likely to continue to evolve in the
coming months and years. Risks include,® but are not
limited to, the potential disruption of routine perinatal
and clinical care for children, worsened in-facility
outcomes due to overburdened medical systems, loss of
caretakers from the pandemic impacting child health
and wellbeing, suspended vaccination campaigns,
financial and economic pressures leading to food
insecurity and malnutrition, disruption of supply chains
leading to decreased availability of highly active
antiretroviral therapy medications for HIV/AIDS, inter-
rupted prevention of mother-to-child transmission
programmes, decreased malaria prevention and
treatment, and disruption of domestic economies and
education systems. Mitigating these risks will require
even more focus and attention on an equilibrium
strategy for neonatal and child health.

Our analysis suggests the need for a five-pronged
strategy to optimise child survival in the SDG era that
augments community-based strategies and efforts to
address social determinants of health (eg, education,
family planning, financial security) that proved effective
during the MDG era. The central theme is that, to achieve
SDG targets by 2030, investments should strive for
equilibrium and overall system strengthening, with a
particular focus on inequality, rather than simply shifting
attention to individual priorities.

Comprehensive neonatal care
Neonatal deaths comprise an increasing share of global
under-5 deaths, indicating a generalised need to improve
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neonatal programmes along the entire SDI spectrum.
Although not explicitly stated in SDG targets or in our
analysis, reductions in stillbirths should also be targeted
through comprehensive maternal and neonatal care.
Reducing early neonatal mortality, and stillbirth
mortality, should start with expansion of community and
facility-based strategies targeted towards pregnancy,
labour, delivery, and the postnatal period.” Nepal is an
example of a country that explicitly prioritised the
neonatal period and integrated community and facility-
based approaches, leading to accelerated improvements
in neonatal and under-5 mortality.”® The first step is
encouraging and supporting facility-based delivery
by skilled providers with the training and resources
available to perform resuscitative efforts for women and
neonates when needed.’ Basic activities include skin-to-
skin contact, timely breathing assistance for intrapartum
asphyxia, chlorhexidine umbilical cord cleansing for
sepsis prevention, and early screening for congenital
birth defects.” Improvements also need to be made to
neonatal care after delivery. Advancements are needed
for in-hospital activities such as intensive care for
prematurity, advanced resuscitation for intrapartum
asphyxia, full support for sepsis beyond antibiotics,
breastfeeding education and support, and surgical care
for neonatal emergencies and birth defects that have
been shown to be associated with improved neonatal
survival.”?* Postnatal check-ups are also required for
prompt diagnosis and treatment of new illnesses that
can be life-threatening in young neonates. Crosscutting,
longitudinal neonatal care is not possible without
augmenting hospital infrastructure, supply chains, and
qualified health-care workers, and must be accounted for
in national health plans.’

Optimising health systems to scale up interventions

Providing technology and supplies alone, without
coordinated investment in the strengthening of health
systems, will be insufficient for achieving the SDG
targets. Moving beyond survival is the cornerstone of
the SDGs, which requires enabling environments,
as outlined in the UN Global Strategy for Women’s,
Children’s and Adolescents’ Health 2016-30 agenda.
Per our analysis, more than 90% of countries have the
potential to achieve the SDG targets by optimising their
current health systems. Efforts to counter shortages and
retain skilled health-care workers, reinforce facility
infrastructure and supplies including oxygen,” develop
and strengthen referral networks, and expand integrated
services’ are needed to achieve access and quality of care
for improving survival rates for children younger than
5 years, particularly around the time of birth.”* Liberia is
an example of a country that has made important
progress in health system strengthening. Despite the
odds of civil war and the Ebola virus epidemic, Liberia
heavily invested in paying and supervising community
health workers, providing medical supply chains to

remote areas, and creating a health information system,
leading to better survival.”

Continued investment and scale-up of community-
based initiatives

Community-based strategies such as primary health-care
promotion and integrated management of childhood
illness® are an important pillar of prevention. Successful
community activities include vaccination campaigns,
insecticide-treated bednets for malaria, and mother-
to-child HIV/AIDS transmission prevention.* Further
efforts are required, however, to increase uptake and
coverage of additional community-based activities such
as ensuring optimal maternal nutrition and iron and folic
acid supplementation® (to target low birthweight and
neural tube defects), reducing household air pollution
and second-hand smoke, Haemophilus influenzae type B
and pneumococcal vaccination, and access to antibiotics*
for lower respiratory infections. Similarly, treatment
campaigns for diarrhoea such as oral rehydration
solution, zinc, and rotavirus vaccines have been
successful, but must be accompanied by reductions in
malnutrition and improvements in clean water and
sanitation to achieve more than 90% reduction in rates
of diarrhoea from the 2015 levels.”

Targeting inequity across and within countries

Relative inequity has grown over the 29 years since the
first GBD study, with the 51 countries in the Countdown
to 2030 initiative in sub-Saharan Africa and south Asia
now accounting for 80% of all child mortality and
facing stark within-country disparities.®*® Within-country
disparities exist throughout the SDI spectrum and are
related to race and ethnicity, urban-rural geography,
mother’s education, and income.** Global and national
achievement of SDG 3.2 will hinge on our collective
ability to target inequality both across and within
countries.

Progress for the countries in the Countdown to 2030
programme is monitored by key intervention coverage
milestones,® but must be met with national ownership
and effective international investment. On an inter-
national level, the World Bank’s Global Financing Facility
is an example of a performance-based, country-led
mechanism to strengthen health systems and multi-
sectoral approaches,® but the promise of this programme
has not reached countries like Central African Republic
and Chad, which are not only the furthest from achieving
the SDG targets with lowest key intervention coverage,
but are also cited as receiving the least development
assistance funding.” These countries contrasts with
countries like Rwanda and Bangladesh. In Rwanda, a
revised national health policy successfully aligned
international donors to nationally driven goals of
comprehensive child health care and health system
strengthening, and were associated with a dramatic
reduction in under-5 mortality.” In Bangladesh, the

www.thelancet.com Vol 398 September 4, 2021



Articles

government partnered with domestic and international
non-governmental organisations to target areas of the
country most in need with delivering known inter-
ventions, performing local effectiveness research, and
prioritising women’s empowerment.”

Peru and Brazil are examples of middle and high-middle
SDI countries that have targeted inequity internally. Peru
substantially reduced under-5 mortality by adopting
the 2002 Acuerdo Nacional,® a national health policy
targeting extreme poverty that deployed health workers to
impoverished communities, completed community-based
intervention research to increase perinatal care coverage,
and codified collective responsibility for improving health
outcomes. Brazil sanctioned governmental conditional
cash transfers targeting prenatal care, immunisation,
child health check-ups, and nutritional education.”
Although the specific solutions for targeting inequity and
marginalised populations vary, the essential component
is that the efforts to increase equity must be explicit,
sustained, and universal because it is present throughout
the world.

Prioritising research into specific causes of child mortality
Many of the leading causes of death are also the source of
the most mortality above both the global optimum and
the survival potential frontier, include neonatal disorders,
congenital birth defects, sudden infant death syndrome,
many childhood cancers, and important infections like
lower respiratory infections, diarrhoea, and meningitis.
These causes are prime targets for additional dedicated
primary research on disease mechanisms for effective
prevention, detection, and treatment. Sudden infant
death syndrome is particularly notable as only 27% of the
mortality burden is above the survival potential frontier,
it is the top cause of death in older infants and children
in the high SDI quintile, and comparatively little is
known about its pathophysiology.

This entire analysis draws on the overall strength and
rigour of GBD 2019, the only comprehensive analysis
of fertility, population, mortality, and outcomes for
specific diseases and injuries that currently exists. The
UN Inter-agency Group for Child Mortality Estimation
last published estimates for 2017" but has not reported
on causes of mortality since 2015,%* at which time there
was broad agreement in the top causes of death globally,
but some important differences existed in cause
categories that limited our ability to make direct
comparisons.

Measuring preventable death with the intersection of
HAQ Index and SDG targets has not been explored in
previous literature and necessarily extends beyond the
scope of the OECD and Eurostat taskforce that only
focuses on adult health outcomes.* This method is
more holistic than previous avertable mortality frame-
works such as the Countdown to 2030 report that
analysed only a composite coverage index of specific
interventions, but did not measure the health system
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performance as a whole.® Uses of our preventable
mortality analyses include being able to identify the
causes with the most potential for improvement
(largest proportion above the global optimum or
stochastic frontier analysis), the regions with potential
imbalances in health priorities (largest ratio above
frontier or discrepancies in ratio between neonates and
children aged 1-59 months), causes where there are
needs for better distributional allocation of resources,
expertise, or delivery (those where the frontier is largely
flat until decreasing sharply in high HAQ Index
settings), and the causes where there is the greatest
need for basic research into prevention and treatment
(largest proportion below the global optimum). This
preventable death framework thus introduces a novel,
useful, and potentially powerful tool for developing
comprehensive, evidence-based strategies for advancing
child survival on multiple fronts.

Limitations

This analysis has several limitations. First, it shares the
limitations of the overall GBD analysis,®* including it
being a descriptive study; limitations on data availability
because of reporting lags or because of disruptions
in settings with conflict, natural disasters, or domestic
governance crises; variable data granularity with respect
to age, sex, and cause detail; varying quality and com-
pleteness of mortality reporting systems; and the core
GBD assumption of each death having only a single
underlying cause, where, clinically, there is close inter-
relatedness of many causes, especially in the very young.
Second, our future health scenario analyses are
benchmarked against past trends and are ecological in
nature. This limits the ability of the analysis to be used for
causal inference, and also means it is limited in its ability
to capture disruptions that could arise as a consequence
of future crises, such as the COVID-19 pandemic. Third,
although our framework for preventable mortality is
conceptually simple, reproducible, and a powerful tool
for tracking context-specific progress, it is also limited by
its inherently retrospective nature, its inability to
parse competing risks or factors that might influence
geographical variability, and that it does not make special
consideration for causes like vaccine-preventable diseases
that some experts contend are entirely preventable.
Finally, the definition of livebirth has varied in countries
and over time. Although our study has utilised a large
amount of empirical data on death in the under-5 age
groups, directly or indirectly measured, such information
is based on potentially different definitions of livebirths,
thus affecting the accuracy of our results. Although we do
account for source specific biases, difference in definitions
of livebirths as one of them, in our USMR estimation
process, future model development should be done to
explicitly account for the effect of definition of livebirths
on the accurate estimation of mortality in the under-5
age groups.
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Future directions

Future work is required to measure and understand the
direct (severeillness and death) and indirect (determinants
of health) effects of COVID-19 on child mortality. First,
this work will include collecting data on disruptions in
basic childhood health services (eg, vaccines, integrated
management of childhood illness, well-child visits),
nutritional status (eg, food supply and distribution),
perinatal health (eg, maternal and neonatal care), and
socioeconomic indicators such as fertility, education, and
household income. A second direction is to work towards
an integrated framework for women’s, maternal, and
child health because of the inherent links between the
health of mothers and their children. Third, integrating
information from prevention and intervention trials
into developing future health scenarios is a priority in
order to provide information to motivated policy makers
as to what their most effective options might be. Fourth,
following the momentum of the Institute for Health
Metrics and Evaluation’s Local Burden of Disease project,
developing increasing local estimates of cause-specific
and age-specific disease burden is crucial to guide local
efforts at improving survival, and assess within-country
disparities further.

Achieving SDG 3.2 will require focus on equilibrium,
which will involve balancing early newborn care with
continuing prenatal and older child health initiatives,
strengthening quality health systems, scaling up inter-
ventions, addressing within-country disparities, and
pursuing integrative action on social determinants of
health. All these steps forward promote the SDG agenda
of moving beyond mere survival, for the wellbeing of
young children worldwide.
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