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Small babies, big risks: global estimates of prevalence and 
mortality for vulnerable newborns to accelerate change and 
improve counting
Joy E Lawn*, Eric O Ohuma*, Ellen Bradley, Lorena Suárez Idueta, Elizabeth Hazel, Yemisrach B Okwaraji, Daniel J Erchick, Judith Yargawa, 
Joanne Katz, Anne C C Lee, Mike Diaz, Mihretab Salasibew, Jennifer Requejo, Chika Hayashi, Ann-Beth Moller, Elaine Borghi, Robert E Black†, 
Hannah Blencowe†, with The Lancet Small Vulnerable Newborn Steering Committee‡, the WHO/UNICEF Preterm Birth Estimates Group‡, 
the National Vulnerable Newborn Measurement Group‡, and the Subnational Vulnerable Newborn Measurement Group‡ 

Small newborns are vulnerable to mortality and lifelong loss of human capital. Measures of vulnerability previously 
focused on liveborn low-birthweight (LBW) babies, yet LBW reduction targets are off-track. There are two pathways to 
LBW, preterm birth and fetal growth restriction (FGR), with the FGR pathway resulting in the baby being small for 
gestational age (SGA). Data on LBW babies are available from 158 (81%) of 194 WHO member states and the occupied 
Palestinian territory, including east Jerusalem, with 113 (58%) having national administrative data, whereas data on 
preterm births are available from 103 (53%) of 195 countries and areas, with only 64 (33%) providing national 
administrative data. National administrative data on SGA are available for only eight countries. Global estimates for 
2020 suggest 13·4 million livebirths were preterm, with rates over the past decade remaining static, and 23·4 million 
were SGA. In this Series paper, we estimated prevalence in 2020 for three mutually exclusive types of small vulnerable 
newborns (SVNs; preterm non-SGA, term SGA, and preterm SGA) using individual-level data (2010–20) from 
23 national datasets (~110 million livebirths) and 31 studies in 18 countries (~0·4 million livebirths). We found 
11·9 million (50% credible interval [Crl] 9·1–12·2 million; 8·8%, 50% Crl 6·8–9·0%) of global livebirths were preterm 
non-SGA, 21·9 million (50% Crl 20·1–25·5 million; 16·3%, 14·9–18·9%) were term SGA, and 1·5 million (50% Crl 
1·2–4·2 million; 1·1%, 50% Crl 0·9–3·1%) were preterm SGA. Over half (55·3%) of the 2·4 million neonatal deaths 
worldwide in 2020 were attributed to one of the SVN types, of which 73·4% were preterm and the remainder were 
term SGA. Analyses from 12 of the 23 countries with national data (0·6 million stillbirths at ≥22 weeks gestation) 
showed around 74% of stillbirths were preterm, including 16·0% preterm SGA and approximately one-fifth of term 
stillbirths were SGA. There are an estimated 1·9 million stillbirths per year associated with similar vulnerability 
pathways; hence integrating stillbirths to burden assessments and relevant indicators is crucial. Data can be improved 
by counting, weighing, and assessing the gestational age of every newborn, whether liveborn or stillborn, and 
classifying small newborns by the three vulnerability types. The use of these more specific types could accelerate 
prevention and help target care for the most vulnerable babies.

Introduction
In 2020, there were 8·6 million stillbirths and deaths in 
newborns, children, and adolescents, of which more 
than half died during pregnancy or around the time of 
birth.1,2 Notably, almost two million stillbirths occurred in 
the last 3 months of pregnancy3,4 and 2·3 million liveborn 
babies died within their first 28 days of life 
(ie, neonatal deaths).1,3 Additionally, an estimated 
287 000 women died of pregnancy complications with 
linked underlying causes.5

The Every Newborn action plan set targets of 12 or 
fewer neonatal deaths per 1000 livebirths, adopted as 
sustainable development goal (SDG) 3.2, and for 12 or 
fewer stillbirths per 1000 total births by 2030, which was 
not set as an SDG.6,7 At the halfway point for the SDGs, 
the countries needing the greatest acceleration to meet 
these targets are in sub-Saharan Africa and southern Asia, 
where the risk of death around the time of birth is the 
highest, yet data availability is lowest—also known as the 
inverse data law.8 Vulnerability at birth and global 

inequalities in the care for these newborns is driving 
these high numbers of deaths for babies around the time 
of birth.9,10

For over a century, the assessment of vulnerability at 
birth has traditionally focused on low-birthweight (LBW) 
babies defined as less than 2500 g.11 LBW is a marker for 
early death and long-term health, being a foundational 
metric underpinning life-course epidemiology and the 
develop mental origins of health and disease theory.12 
Globally, an estimated 19·8 million babies were born with 
LBW in 2020.13 There have been global targets for LBWs 
since 1990; however, none of these targets have been met 
and currently the Global Nutrition Target for LBW, set at 
the World Health Assembly, which aims for a 
30% reduction in the prevalence of LBW babies between 
2012 and 2030, is far off track.13,14 The estimated annual 
rate of reduction is 0·3%, which would need to be eleven 
times faster to achieve the target.13

LBW is caused by two underlying pathways: short 
pregnancy gestation (ie, preterm birth before 
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37 completed weeks of gestation, also known as born too 
soon15) and fetal growth restriction (FGR) typically 
identified as a baby who is a small-for-gestational-age 
(SGA) assessment (ie, below tenth centile of birthweight 
for gestational age and sex, also known as born too 
small).16 Clinical obstetric and neonatal risk prediction 
for viability rely primarily on gestational age thresholds. 
There are more than 20 published scoring models for 
risk prediction and most note that gestational age is 
more highly predictive than birthweight alone.17 The 
dichotomous classification of LBW at 2500 g is not 
granular enough to understand the continuous gradients 
of risk for vulnerability. In addition, historical thresholds 
might be less relevant given medical advances, especially 
regarding the care of preterm neonates, with many 
neonates born at 23 weeks gestation surviving if neonatal 
intensive care is available.11,18

More accurately identifying types of vulnerable 
newborns is crucial to individual-level care and to faster 
progress for primary prevention, including delineating 
causal mechanisms and improving targeted clinical care. 
Defining vulnerability on the basis of LBW or preterm 
birth alone also omits the consideration of newborns who 
are term and SGA. Separate measures do not account for 
overlapping categories; for example, newborns could be 
both preterm and SGA.

Stillbirths can result from the same pathways affecting 
liveborn newborns, but are currently not in relevant 
tracking or burden assessments.19 For instance, the 
denominator for both LBW and preterm rates is per 
1000 livebirths.20 Stillbirths are strongly associated with 
FGR and might be SGA at birth.21 Preterm labour can 
result in stillbirth and, conversely, a stillbirth might 
result in preterm labour. If measurement and research 
for SVNs focuses only on livebirths, the true burden and 
major effects on women, families, and society are 
missed.22 Omitting information on stillbirths from efforts 
to quantify and address the burden of SVNs can be 
misleading. With better obstetric monitoring of 
vulnerability in utero, inductions of labour and caesarean 
sections might be increased to prevent stillbirth, yet this 
might also increase preterm and SGA rates among 
livebirths.23 The opposite might be seen when obstetric 
care is restricted; for example, during the COVID-19 
pandemic lockdowns, some analyses showed reductions 
in LBW and preterm birth among livebirths24 but omitted 
stillbirth data, which is potentially misleading given the 
increased stillbirth rates during lockdowns.25

Evidence regarding preterm births, SGA, and stillbirths 
are impeded by gaps in data availability and quality.
However, there have been improvements in data 
availability and some low-income and middle-income 
countries have achieved remarkable shifts in the past two 
decades within routine national data systems, notably for 
measuring LBW (Ohuma EO and colleagues, 
unpublished). Learning from improvements in the data 
systems of these countries could help to accelerate the 

Key messages

Small babies, big numbers, slow progress 
Preterm birth rates have not changed measurably in the past 
decade, and low birthweight (LBW) targets are off track. 
One in ten livebirths (13·4 million) were preterm (known as 
born too soon) and one in five (23·4 million) were small for 
gestational age (SGA; known as born too small) in 2020. Of 
135 million livebirths in 2020, 35·3 million (26·2%) were small 
vulnerable newborns (SVNs), defined as any baby born 
preterm, or SGA or both preterm and SGA. Together, these 
three vulnerable newborn types account for 99·5% of the 
world’s 20 million LBW babies. Nearly two thirds (63·0%) of 
the world’s term SGA newborns are in southern Asia 
(14·8 million, 40·9% of livebirths). Preterm birth rates have 
less regional variation but are also highest in southern Asia 
(13·2%).

Big risks inform targeting for prevention and care
Mortality risk is highest for preterm birth, especially at lower 
gestational ages. Newborns who are born both preterm and 
small for gestational age (SGA) are less prevalent at 
1·1% (50% credible interval [Crl] 0·9–3·1) of births worldwide 
in 2020, but have the highest mortality risk. SGA, including 
many non-LBW newborns, has an elevated mortality risk but 
lower risk than that of preterm births. Just over half of 
neonatal deaths (1·4 million) were attributable to SVN types, 
with most (73·4%) attributable to preterm or preterm with 
SGA and the reminder to term SGA. Applying these newborn 
types could accelerate the evaluation of mechanisms, 
diagnostics, and interventions. 

Stillbirths are more likely to be preterm and small
For 12 middle-income and high-income countries with 
individual-level data, around three-quarters of stillbirths were 
preterm. Around a fifth of term stillbirths were SGA. 
Compared with term non-SGA, the median stillbirth rate ratio 
was 84·4 for preterm SGA, 25·8 for preterm non-SGA, 
and 5·9 for term SGA, showing a clear association between 
stillbirth and SVN types. More data are needed, especially 
from high-SGA contexts.

Counting every newborn
158 (81%) of 194 WHO member states and the occupied 
Palestinian territory, including east Jerusalem, have national 
LBW or survey data, yet only 103 (53%) have preterm data 
(64 national administrative data and 40 from research studies). 
Given that more than 80% of births are now in facilities, 
routine national data can be improved through increasing the 
coverage of gestational age measurement. In addition to 
aggregate data, countries and areas need electronic individual-
level data on gestational age information, sex, and birthweight 
to calculate SGA. More investment will enable every baby 
(including stillbirths) everywhere to be classified by SVN types, 
thereby improving individual care, the tracking of outcomes, 
and accountability for progress. 
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availability and use of data regarding SVNs, which is 
urgently needed in the time remaining to reach SDG 
targets. 

This paper is part of a four-paper Lancet Series on 
SVNs. We aim to provide novel, epidemiological data 
and estimates for all SDG regions regarding SVNs to 
inform faster progress for primary prevention and 
improved data collection and use. New analyses 
presented in this Series paper include: (1) preterm 
estimates for 2020, and trends between 2010 and 2020 
with population-level aggregate data, described in detail 
elsewhere, are used in this paper as an input to the first 
worldwide SGA estimates; (2) individual-level data 
analyses and Bayesian modelling for the first prevalence 
estimates for three mutually exclusive types of SVN 

among liveborn neonates (preterm and non-SGA, 
including appropriate for gestational age [AGA] and 
large for gestational age [LGA]; preterm and SGA; and 
term and SGA, including full term and post-term); (3) 
neonatal mortality risk for types of liveborn SVNs 
worldwide and stillbirth rates and rate ratios across 
multiple countries; and (4) better measurement for every 
baby, everywhere, including stillbirths, based on 
descriptive analyses of data from 194 WHO member 
states and the occupied Palestinian territory (including 
east Jerusalem; herein referred to as countries and 
areas). We also outline implications of better data on 
these SVN types for guiding basic research, clinical 
practice, and country programmatic and policy 
responses.

Figure 1: Input data for vulnerable newborn types and regional and global estimates
(A) Aggregate data available for national rates of preterm birth used in UNICEF and WHO 2020 estimates (Ohuma EO and colleagues, unpublished). For more details, 
see the appendix (pp 9–14). (B) Individual-level data available for estimation of SGA and SVN types. National data available from 23 countries and areas (110 million 
livebirths for 2010–20) and study or subnational data from 18 countries and areas (0·4 million livebirths).40,41 In total, 41 countries and areas contributed data as 
Argentina, Brazil, and Mexico had both national and subnational data sets. The UK provided inputs for Scotland, Northern Ireland, England, and Wales, but was 
modelled as one nation. For more details, see the appendix (pp 19–20). The maps show 42 countries with permission to be named. Dotted and dashed lines on maps 
represent approximate border lines for which there might not be full agreement. The boundaries shown on these maps do not signify any official endorsement of 
borders or the legal status of any country or territory. SGA=small for gestational age. SVN=small vulnerable newborn.
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Preterm and SGA estimates worldwide
The history of data for SVNs varies for the different 
measures, with LBW receiving over a century of focus, 
30 years of prevention targets, and now 20 years of 
national time trends with two rounds of UN estimates 
(ie, 2020 and 2015).14 Preterm birth rate is a newer 
measure, even in high-income countries, with more 
variability in measurement ranging from the gold 
standard of early-pregnancy ultrasound to more uncertain 
methods, such as last menstrual period, but with 
promising innovations in the pipeline.26–30 There are now 
preterm time trends for 10 years, 2010–20, with three 
WHO estimation exercises for the years 2010 (for the Born 
Too Soon report), 2014, and 2020.9,15,31

In contrast, SGA has had two sets of estimates by use 
of two different growth standards. However, these 
estimates were only for some regions and there are no 
worldwide estimates or time trends.32–34 To categorise 
size for gestational age the baby’s sex, gestational age, 
and birthweight are needed and compared with a 
standard. Until the past decade, comparable 
multicountry estimates were impeded by the absence of 

an international standard for newborn size at birth 
according to gestational age and sex, but a standard is 
now available as provided in the INTERGROWTH-21st 
project.35,36 These standards are becoming widely used 
and we applied them in our analyses given the need for 
international comparisons. In the past, observed 
differences in human growth were attributed to 
biological differences leading to descriptive population-
specific charts. However, evidence shows similarities in 
the growth trajectories in healthy, optimally nourished 
populations across different geographical contexts 
worldwide, giving a scientific basis for international, 
prescriptive growth charts.37–39

Preterm birth-rate estimates are based on aggregate 
national data, often from facility-based routine health 
information systems. For WHO and UNICEF preterm 
estimates for 2020, 64 (33%) of 195 countries and areas 
had nationally representative, administrative, preterm 
birth-rate data that met the inclusion criteria, compared 
with 113 (58%) with administrative data for LBW. Input 
data for these preterm estimates are shown in figure 1A. 
National routine data gaps are most notable across 
southern and southeast Asia and sub-Saharan Africa. 
Details of data collation, quality assessment, and the 
Bayesian modelling approach used to generate these 
estimates are provided elsewhere.42

In 2020, there were an estimated 13·4 million 
preterm livebirths or babies born too soon, constituting 
one in every ten newborns (9·9%; 95% credible interval 
[Crl] 9·1–11·2; appendix p 5; Ohuma EO and colleagues, 
unpublished). Trend estimates for 2010–20 suggest no 
measurable change in preterm birth rates for most 
regions and no downward trend, especially in the 
highest burden regions (figure 2A). Preterm rates vary 
within most regions, with rates above the global 
average in some high-income countries, such as the 
USA at 10·0% (95% Crl 9·6–10·4). For preterm 
subgroups, globally, 15·0% of all preterm births are 
born before 32 weeks, 10·4% at 28–32 weeks (95% CI 
9·5–10·6), and 4·2% before 28 weeks (95% CI 
3·1–5·0).

National aggregate data for SGA are lacking, with just 
eight countries reporting on SGA rates and, among 
these countries, various growth references were used.
Therefore, population-level estimation approaches used 
for preterm birth or LBW cannot currently be used for 
SGA (Okwaraji Y and colleagues, unpublished; Ohuma 
EO and colleagues, unpublished). Given these gaps in 
knowledge and the imperative for burden estimation, 
we estimated overall SGA from the modelling of SVN 
types using a Bayesian approach with individual-level 
data, applying a single, common, international standard 
(figure 2B).35,36 We estimated 23·4 million (17·4%) 
liveborn babies were born SGA in 2020 (figure 2B). 
There was marked regional variation in SGA, with more 
than a third (40·9%) of all newborns in southern Asia 
being SGA compared with 10·7% in sub-Saharan Africa 

Figure 2: Preterm birth and SGA: regional and global estimated numbers
(A) Preterm birth numbers by region for 2020, with trends from 2010–20, based 
on WHO/UNICEF estimates.42 (B) SGA estimated numbers by region for 2020. 
No time trend data available. For more details, see the appendix (pp 5, 15–30). 
SGA=small for gestational age. *Excluding Australia and New Zealand.
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and less than 10% in other regions. Time trends for 
SGA could not be estimated due to insufficient data but 
should be a future priority.

SVN types worldwide
Given the imperative for addressing overlaps between 
preterm and SGA babies, The Lancet Small Vulnerable 
Newborn Series team proposed a novel framework to 
categorise newborn types on the basis of gestational age 
(ie, term vs preterm), size for gestational age (ie, SGA vs 
AGA), and birthweight (ie, LBW vs non-LBW).10 The 
original framework had six types, but in this Series paper 

we present a simplified grouping based on three mutually 
exclusive SVN types not including the dimension of LBW: 
preterm non-SGA, term SGA, and preterm SGA. We 
combined preterm AGA and preterm LGA into the 
preterm non-SGA group as the mortality risk associated 
with these types is very similar and the prevalence of 
preterm LGA was low (appendix pp 6–8).40,41,43 No previous 
multicountry analyses have been published with these 
SVN types.

To conduct these analyses, large, individual-level 
datasets were required from around the world. The 
Vulnerable Newborn Measurement Collaboration41 was 

Preterm non-SGA Term and SGA Preterm and SGA Total (any type of SVN)

% (50% credible 
interval)

Number in 
thousands 
(50% credible 
interval) 

% (50% credible 
interval)

Number in 
thousands 
(50% credible 
interval)

% (50% credible 
interval)

Number in 
thousands 
(50% credible 
interval)

% (50% credible 
interval)

Number in 
thousands (50% 
credible interval)

Latin America and the 
Caribbean

8·1 
(7·9–8·2)

794·9 
(770·1–808·9)

7·0 
(6·1–8·6)

687·0 
(599·6–846·5)

0·8 
(0·6–1·0)

75·0 
(61·0–99·8)

15·9 
(15·0–17·5)

1556·8 
(1469·5–1716·3)

Eastern Asia, 
southeast Asia, and 
Oceania*

6·2 
(6·0–6·3)

1569·6 
(1517·1–1602·6)

7·3 
(5·9–10·0)

1831·5 
(1485·9–2519·7)

0·6 
(0·5–0·8)

148·1 
(115·1–200·6)

14·1 
(12·7–16·8)

3549·2 
(3203·5–4237·3)

North America, 
Australia and New 
Zealand, central Asia, 
and Europe

7·2 
(7·0–7·4)

949·8 
(920·5–968·1)

5·9 
(4·1–8·6)

769·7 
(544·8–1133·2)

0·7 
(0·5–0·9)

89·2 
(71·0–118·6)

13·8 
(12·1–16·5)

1808·7 
(1583·9–2172·3)

Southern Asia 11·2 
(3·7–12·2)

4037·3 
(1339·2–4400·0)

38·8 
(34·9–42·9)

14 022·3 
(12 608·8–15 472·3)

2·1 
(1·0–9·5)

740·8 
(378·1–3438·9)

52·1 
(48·2–56·1)

18 800·4 
(17 386·9–20 250·4)

Sub-Saharan Africa 9·2 
(8·9–9·4)

3575·6 
(3463·5–3647·2)

9·8 
(8·0–13·2)

3798·9 
(3097·1–5126·9)

0·9 
(0·7–1·2)

338·1 
(266·6–450·3)

19·9 
(18·1–23·3)

7712·7 
(7010·9–9040·7)

Western Asia and 
northern Africa

8·3 
(8·0–8·5)

964·9 
(935·0–988·5)

7·2 
(4·3–11·7)

833·8 
(499·8–1365·5)

0·8 
(0·6–1·0)

91·3 
(67·6–121·2)

16·2 
(13·4–20·8)

1890·0 
(1555·9–2421·7)

Global 8·8 
(6·8–9·0)

11 892·0 
(9138·4–12 155·7)

16·3 
(14·9–18·9)

21 943·2 
(20 064·6–25 462·6)

1·1 
(0·9–3·1)

1482·6 
(1218·9–4236·3)

26·2 
(24·8–28·8)

35 317·9 
(33 439·2–38 837·2)

SGA=small for gestational age. SVN=small vulnerable newborn. *Excluding Australia and New Zealand. 

Table 1: Estimates of prevalence of three SVN types per 100 livebirths by region for 2020

Number of 
countries and areas 
in NMR group 
(2020)

Term non-SGA 
(neonatal mortality 
rate per 1000 
livebirths; reference 
group; median, 
IQR)

Neonatal mortality RR

Preterm SGA 
(median, IQR)

Preterm non-SGA 
(median, IQR)

Term SGA 
(median, IQR)

6 subnational studies (100 913 livebirths, 4016 deaths)

30 to <45 deaths per 1000 livebirths 15 13·8 (7·5, 14·5) 12·4 (8·8, 18·7) 11·6 (5·7, 19·9) 3·4 (2·2, 4·9)

5 subnational studies (40 339 livebirths, 1078 deaths)

15 to <30 deaths per 1000 livebirths 48 10·1 (7·3, 11·6) 12·7 (6·0, 14·4) 10·6 (5·1, 11·8) 2·7 (2·5, 2·7)

5 subnational studies (96 860 livebirths, 1247 deaths) and 2 national studies (26 906 355 livebirths, 182 454 deaths)

5 to <15 deaths per 1000 livebirths 65 6·3 (3·4, 7·0) 10·4 (7·3, 39·6) 4·0 (2·6, 11·7) 2·7 (1·5, 4·1)

13 national datasets (96 020 388 livebirths, 286 777 deaths)

<5 deaths per 1000 livebirths 67 0·6 (0·4, 0·6) 76·8 (70·3, 89·1) 36·5 (32·7, 40·9) 5·9 (4·6, 6·8)

NMR=neonatal mortality rate. RR=relative risk. SVN=small vulnerable newborn. See the appendix (pp 31–34). 

Table 2: Neonatal mortality RR for three SVN types by neonatal mortality rate group
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initiated in 2020 to identify datasets meeting inclusion 
criteria and collate both national datasets and subnational 
studies (figure 1B; appendix pp 9–15). Details of sourcing, 
data quality, and analyses are given elsewhere.40,41 The 
national datasets and some study datasets were analysed 
by the relevant teams using shared code and standardised 
tables. Most of the study datasets were analysed by the 
central study team. Each livebirth was characterised into 
one of three SVN types on the basis of gestational age (ie, 
preterm <37 weeks vs term ≥37 weeks) and size for 
gestational age and sex according to the INTERGROWTH-
21st new born standards (ie, SGA <10th centile or non-
SGA ≥10th centile).40,41 The comparison was term non-SGA 
newborns.

Using these data inputs, but restricted to 2010–20,  
combined with the WHO and UNICEF preterm birth 
estimates for 2020, we developed a Bayesian framework 
to estimate the prevalence of the three SVN types at a 
national level for 195 countries and areas. The Bayesian 
approach for SVN modelling is outlined in the 
appendix (pp 21–30). SGA estimates were then derived 
from the Bayesian-modelled estimates of the SVN 
types.

Overall, of 135 million livebirths worldwide 
in 2020, 35·3 million (26·2%, 50% Crl 24·8–28·8%) were 
classifiable into one of the three vulnerable newborn 
types, with 11·9 million (8·8%, 6·8–9·0%) preterm non-
SGA, 21·9 million (16·3%, 14·9–18·9%) term SGA, and 
1·5 million (1·1%, 0·9–3·1%) preterm SGA (table 1). The 
distribution varied by geographical region (table 1). The 
highest rates of SVN types are in southern Asia, where 
more than half (52·1%, 48·2–56·1%) of all newborns are 
affected, and sub-Saharan Africa, where 19·9% 
(18·1–23·3%) of all newborns are affected. The lowest 
rates of SVN newborns were in countries and areas with 

low neonatal mortality, such as in the SDG region of 
North America, Australia, New Zealand, central Asia, and 
Europe (13·8%, 12·1–16·5%).

Neonatal mortality and stillbirth risk for SVN 
types
Neonatal mortality effects
Data from 15 national datasets (125·5 million livebirths) 
in high-income and middle-income settings and 
16 subnational, population-based cohort studies 
(238 000 livebirths) in low-income and middle-income 
settings with exposure data and linked neonatal survival 
between 2000 and 2020 were included. National data had 
a high degree of completeness for sex, gestational age, 
and birthweight required to estimate newborn types. 
However, for subnational (ie, study) data, we used 
multiple imputation for birthweight and the recalibration 
of infant weight measured after birth to the time of 
delivery in view of higher rates of missing birthweight 
data (appendix pp 31–33).43–45

Given that within-region variation can be wide in 
obstetric and newborn care over time, we grouped 
countries and areas by neonatal mortality rate (NMR) 
bands using NMRs in the input dataset so that risks were 
applied to a similar context for estimation (appendix p 33). 
We used NMR bands that have been previously used for 
epidemiological and health system analyses.8,46,47

We estimated the relative neonatal mortality risk for 
each of the three SVN types compared with term non-
SGA within each NMR band. The relative risk (RR) was 
highest for babies who were preterm, SGA or not, 
compared with term non-SGA (table 2; appendix p 34). 
Risks associated with being both preterm and SGA 
were higher than for preterm alone in all mortality 
settings (table 2). The highest RRs were observed in 

Figure 3: Distribution of attributable neonatal deaths by three SVN types by SDG regions
The map is coloured to show SDG regions. The areas of the pie charts are proportional to region-specific numbers of attributable deaths. Each pie chart presents 
neonatal deaths by vulnerable newborn type. Dotted and dashed lines on maps represent approximate border lines for which there might not be full agreement. 
The boundaries shown on this map do not signify any official endorsement of borders or the legal status of any country or territory. For more details, see the 
appendix (pp 35–36). SDG=Sustainable Development Goal. SVN=small vulnerable newborn.
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the lowest mortality settings due to the very low 
mortality risk in the comparison group (ie, term SGA). 
More accurate counting of preterm neonates and 
deaths at the extremes of viability might also contribute.

More than half (almost 1·4 million, 55·3%) of the 
2·4 million neonatal deaths in 2020 were attributable to 
SVN types, with 32·8% (50% Crl 23·1–33·7%) attributed 
to preterm non-SGA, 14·7% (12·5–15·8%) attributed to 
term SGA, and 7·7% (6·2–16·9%) attributed to preterm 
SGA (figure 3; appendix pp 35–37). The regions of North 
America, Australia, New Zealand, central Asia, and 
Europe had the highest population attributable fraction of 
deaths to SVNs (68·0%), of which 90·8% were attributed 
to preterm babies (appendix pp 36–37). Term SGA 
has a lower RR (2·7–3·4) than preterm non-SGA 
(4·0–11·6; table 2), but given the high SGA prevalence, 
does account for 14·7% (50% Crl 12·5–15·8%) of 
attributed mortality globally and 21·1% (16·0–21·8%) in 
southern Asia, where more than half of the world’s term 
SGA babies are born.

Stillbirth effects
Stillbirth is an extreme outcome of the SVN aetiological 
pathways. Small vulnerable babies frequently die before 
or during labour before 37 weeks of gestation, resulting 
in preterm stillbirth. There were an estimated 
1·9 million late-gestation stillbirths (ie, at ≥28 weeks of 
gestation) worldwide in 2021 and the overall burden, 
including all stillbirths from 22 or more weeks of 
gestation, is even higher.3 Despite this large burden, 
most of which is preventable, there has been little 
attention to stillbirths and progress in reducing them 
has been slow.4,48 Stillbirths have not been included in 
most burden estimates and indicators for small babies, 
including LBW and preterm birth. Few previous 
analyses have estimated gestational age distribution for 
stillbirths and the contribution of suboptimal fetal 
growth to stillbirths with comparable multicountry data. 
We sought to close these gaps using stillbirth data from 
12 of 23 high-income and middle-income countries and 
areas participating in the Vulnerable Newborn 
Measurement collaboration, including 605 557 stillbirths 
after 22 weeks of gestation (figure 4A; panel; appendix 
pp 38–39; Okwaraji Y and colleagues, unpublished).

In this analysis, three-quarters of the stillbirths were 
preterm. Approximately a fifth of term stillbirths were 
SGA, although this value varied by country (figure 4A). 
Compared with term non-SGA, the median stillbirth rate 
ratio was 86·8 for preterm SGA, 24·2 for preterm non-
SGA, and 5·9 for term SGA. Future analyses with data 
from lower-income contexts would be important, notably 
southern Asia given the very high prevalence of SGA 
babies (figure 4B).

Implications for programmes
Our findings show that, in 2020, around one in four 
liveborn newborns worldwide (26·2%) were estimated to 

have at least one SVN type, which is a larger number at 
risk than when the LBW threshold alone is used. Globally, 
13·4 million of these liveborns were preterm and 
21·9 million were term SGA newborns (figure 5). Southern 
Asia has higher rates of preterm birth than the global 
average and very high rates of SGA, and accounts for 
26·8% of global livebirths, but 63·0% of all SVNs. This 
high number of SGA newborns is multifactorial, including 
intergenerational.49

SVNs were estimated to account for 1·7 million (67·0%) 
of the 2·4 million neonatal deaths worldwide in 2020, of 
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Figure 4: Stillbirth rates and rate ratio by vulnerable newborn type 
(B) Stillbirth rate ratio for 12 countries and areas (n=605 557). Box and whisker plots show median rate ratio and 
IQR. SGA=small for gestational age.
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which the majority (~1·0 million) were preterm. Globally, 
over half (55·3%) of neonatal deaths were attributed to 
being SVN, with preterm births accounting for 73·4% of 
these attributable deaths. In the highest mortality 
settings, there is still an excess of newborn deaths who 
were not within the small vulnerable types, but in regions 
with lower rates of mortality a higher proportion of 
deaths are attributable to SVN types.

Neonatal mortality is only part of the overall burden 
associated with SVN types. Small babies are at increased 
risk of complications throughout their life course, 

including stunting, non-communicable disease, long-
term disability, and reduced learning potential (figure 5). 
Southern Asia’s exceptionally high SGA newborn rates 
have many implications, including fuelling the epidemic 
of non-communicable conditions in later life, particularly 
diabetes and hypertension.

At the individual-level, more investment is needed in 
closing major survival gaps for newborns in low-income 
settings. Most of the progress in reducing neonatal 
deaths in middle-income and high-income settings can 
be attributed to improved neonatal care,50 and there is 
potential to save an estimated 742 700 lives per year in 
low-income and middle-income countries and areas with 
more investment in the care of small and sick newborns, 
including respiratory support and other neonatal care.51

Primary prevention is crucial, given the large numbers, 
high risk, and slow progress in reduction; yet, few 
countries and areas have shown convincing reductions. 
With high-income and many middle-income countries 
reaching the thresholds of viability, more progress for 
survival and, importantly, disability-free survival will be 
increasingly dependent on primary prevention. Research 
on mechanisms, diagnostics, and interventions might 
benefit from more specific evaluation against these three 
specific vulnerable newborn types.49 Including stillbirths 
is crucial to assessing the full loss of human capital due 
to small babies because most of these 2·0 million annual 
stillbirths are likely to be preterm or associated with 
suboptimal growth in utero (figure 5).

Measuring better for every newborn, 
everywhere
Improving aggregate data in routine systems
Data availability in national routine systems has increased 
over the last two decades, notably with higher facility births 
rates and expanded data systems, including both health 
information systems and birth registration (Ohuma EO 
and colleagues, unpublished). Of 195 countries and areas, 
117 have data on stillbirth rates, but still have a reliance on 
surveys.3,4 For LBW data, 113 countries and areas have 
national routine data included in estimates for 2000–20 
(Okwaraji Y and colleagues, unpublished). All babies born 
in health facilities should have a birthweight recorded, 
therefore collating national LBW data should be possible. 
In most regions, there is a gap between countries with 
more than 80% facility births, but missed opportunities for 
reporting LBW data that is usable for national estimates. 
This is notable in southern Asia, where most countries 
have high facility birth rates, yet few have useable national 
LBW data (figure 6).

National routine health information systems collect 
aggregate data through tallies at the facility level; for 
example, from labour ward registers counting each 
woman and her baby. Routine birthweight data in labour 
ward registers have been shown to have good 
completeness and be valid with little heaping, with even 
less heaping when digital scales are used.52 Aggregated 

Panel: Stillbirths and vulnerability related to being 
preterm and small for gestational age (SGA)

Methods
We included 605 557 stillbirths beyond 22 weeks gestation and 
119 644 788 total births between 2000 and 2020 from 
12 countries and areas in three SDG regions: North America, 
Australia, New Zealand, and Europe; southeast Asia; and 
western Asia (Okwaraji Y and colleagues, unpublished). Some 
countries and areas have variation in their threshold for stillbirth 
definition; for example, at 20 or 24 weeks of gestation. 
However, these analyses used 22 weeks and standard measures 
including standards for size by gestational age and sex 
according to the INTERGROWTH-21st project. All births were 
classified according to the three small vulnerable newborn 
(SVN) types (ie, preterm non-SGA, term SGA, and preterm SGA) 
or the reference type (term non-SGA).

Results
Around three-quarters of stillbirths included were born 
preterm, with a fifth being preterm SGA (figure 4A). 
Approximately one-fifth of term stillbirths were SGA, 
although this value varied by country. The median rate ratio 
(RR) for the association of stillbirth with SVN types was 
highest for preterm (preterm SGA RR 86·8 [IQR 71·9–115·7] 
or preterm non-SGA 24·2 [20·0–29·3]) compared with babies 
born term non-SGA (figure 4B). The risk was highest for the 
most preterm (<28 weeks gestation, RR 146·3 [110·7–200·7] 
and 28–31 weeks gestation, RR 59·4 [49·9–66·9]), but 
remained raised even in the late preterm period of 
34–36 weeks gestation (RR 7·7 [6·9–8·6]). Babies born SGA 
remained at increased risk of stillbirth even after term 
(5·6 [2·8–13·8]).

Implications
Our analysis has strengths, including high data quality 
and comparability of standards and approach, but the data 
included were all from high-income and upper-middle-
income countries and areas; more data are needed from 
other contexts. Improved data on the timing of fetal death in 
relation to gestational age, and the relative contribution of 
fetal growth restriction to these deaths, could inform 
interventions now and in future research towards ending 
preventable stillbirths. Improved data use at the individual 
and population level is possible now.
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data are collated at facility, district, and national levels in 
electronic platforms, such as DHIS2, which is operational 
in over 80 low-income and middle-income countries and 
areas. In countries and areas with high levels of facility 
births and functional national electronic data systems, 
closing data gaps should be achievable (figure 6). In 
countries and areas with low facility birth rates or weak 
routine information systems (eg, in humanitarian 
contexts), other strategies might be needed.

Preterm birth data have more gaps, with only 
64 of 195 countries and areas having national routine 
data meeting inclusion criteria for the latest WHO and 
UNICEF preterm birth estimates (Ohuma EO and 
colleagues, unpublished). Although dating by the first-
trimester pregnancy ultrasound is the gold standard, 
sonography up to 22–24 weeks is considered 
acceptable.53,54 Innovations in late pregnancy ultrasound 
might increase the accuracy of dating after 24 weeks.29,55 
With the indicator of four antenatal care (ANC4) contacts, 
large data gaps were evident in all regions between ANC4 
and the availability of national data on preterm birth rate 
(figure 6). ANC4 is very high in almost all countries and 
areas and closing these gaps requires wider use of dating 
ultrasound technology. Improvements in gestational age 
data are important for both individual clinical care and 
improving national routine preterm birth data.

Regarding SGA data, almost no national data were 
available in the public domain with only eight countries 
reporting. National SGA data quality was further 
impeded by variation in standards for SGA classification 
(Ohuma EO and colleagues, unpublished). For countries 
and areas already collecting data on both LBW and 
preterm birth, closing the gap for SGA data should be 
feasible (figure 6) and innovations could help 
(eg, electronic medical record systems that automatically 
calculate Z-scores and percentiles, software applications, 
or smartphone-based apps).56

Survey data from households every 3 to 5 years, such as 
the Demographic and Health Surveys, are still used in 
low-income contexts for LBW national estimates and will 
continue to be important in contexts with few facility 
births or with humanitarian emergencies. Although these 
surveys have biases for birthweight data, notably 
missingness and heaping,57 some can be adjusted in a 
standardised way with individual-level datasets.14 Current 
survey tools are not sensitive for accurate gestational age 
information, but there is potential for improvement; 
notably, if women have and know their gestational age.58 
In view of the shift towards facility births, investment in 
improving the data of routine health information systems 
for small babies could be the most sustainable way to 
ensure high-quality, timely data for every birth.

Improving and the use of individual-level data for SVN 
types
Improving SVN data will require counting every baby, 
whether liveborn or stillborn, with information on 

birthweight, sex, and gestational age. Information systems 
require aggregate data at a national level, but being able to 
link the aggregate data to individual-level data, ideally 
electronically, is crucial; for example, on maternity or 
newborn care wards. Having multicountry, standardised, 
electronic-data platforms is key for tracking individual 
care for the improvement of quality and linking for longer 
term outcomes. Such systems enable inbuilt data checks 
and timeliness to accelerate action and improve outcomes 
for all babies, liveborn and stillborn.

The SGA assessment has additional challenges and is 
influenced by the choice of standards, which might result 
in an apparent varying of SGA rates.59 Differences observed 
in growth patterns in low-income and middle-income 
countries arise largely due to socioeconomic and health 
constraints on fetal growth, such as maternal nutritional 
status, pregnancy morbidity, and environ mental exposures. 
To compare across multiple populations requires an 
international standard,39 of which the most widely used is 
the INTERGROWTH-21st newborn standards.35

We originally proposed six newborn types, including a 
birthweight dimension (ie, LBW vs non-LBW), preterm 
birth, and SGA.10 The types have been simplified by 
focusing on three SVN types in this Series paper, noting 
that 99·5% of LBW newborns are in the three categories 
of preterm, SGA, or preterm SGA.41 Combining preterm 
AGA and preterm LGA is justifiable because the mortality 
risks are very similar (appendix pp 7–8).43 Given that a 
short length of gestation is the strongest predictor of 
mortality risk and long-term adverse neurodevelopmental 
outcomes,43,60 splitting the preterm categories into 
subgroups based on maturity could provide useful 
additional information for policy and programming and 
individual care. Further categorisations of severity of SGA 
(eg, <3rd centile) could be informative.61 Although the 
smallest newborns have the highest mortality risk, the 

Figure 5: Population-level implications of the burden of SVNs and neonatal mortality by SVN type
For more details, see the appendix (pp 35–36). AGA=appropriate for gestational age. LGA=large for gestational 
age. SGA=small for gestational age. SVN=small vulnerable newborn.
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prevalence of LGA newborns is increasing and might, in 
some settings, be associated with an increase in risk; 
including LGA also provides a more complete overview 
(Suárez-Idueta L and colleagues, unpublished). More 
work is still needed to better understand and link these 
types of newborns, including LGA, to life-course 
outcomes. More granular types according to gestational 
age could be useful for specific questions, notably research 
on aetiological pathways or interventions, but are likely to 
be too complex for programmatic use. In addition, other 
data on both causes and outcomes will be needed to 
inform action. Individual-level data mortality risk ratios 
were not possible to adjust for confounders due to 
multicountry variation in the measurement of potential 
confounders. The unadjusted mortality is likely to have 
led to biases in the calculation of population-attributable 
risk with Levin-type formulas instead of alternatives,62 
which is an acknowledged limitation.

Research gaps for better measurement, 
including long-term consequences
Improving quantity, quality, and the use of SVN data will 
require having information systems that count every baby 
and ensuring data from every facility flow into national 
aggregate data with interoperability so that individual-level 
datasets can be linked to track later outcomes (eg, mortality 
or disability). Innovations are available for the measurement 
of gestational age, but more are needed, with an evaluation 

of the cost and the feasibility of implementation at scale 
and the accuracy in different populations. Implementation 
research in various contexts is required to inform efforts to 
improve data quantity, quality, and flow to enable SVN-type 
characterisation at individual, national, and global levels. A 
parsimonious, standard dataset is needed for every 
newborn at birth and to track quality and outcomes for the 
care of small and sick newborns.7 As well as improving data 
availability and data quality, more focus is required on 
increasing data use at all levels, including building the 
capacity to recognise implausible data and gaps in reporting 
(eg, caused by missing the smallest babies). Evidence 
regarding the full effect of SVN, including long-term life-
course outcomes and the effect on human capital, such as 
morbidity, education, and socioeconomic outcomes, could 
be generated with these more granular SVN types from 
routinely collected data.

International approaches to assess size for gestational 
age include the use of a prescriptive or descriptive 
approach.63 Prescriptive fetal growth standards are the 
only option that enables international comparisons, 
whereas descriptive charts are commonly used to 
produce a reference based on the anthropometry of a 
given population at a particular time and place, such as a 
hospital, region, or country, with varying risk-factor 
exposures and access to care. 63–65

Studies to examine aetiological pathways and basic 
mechanisms could benefit from measuring these specific 
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SVN types rather than crude markers, such as LBW. The 
third paper in this Series examines current evidence and 
notes the challenges of inconsistent outcomes, as well as 
multiple exposures including nutrition, infectious and 
obstetric conditions, and congenital anomalies.49

Intervention research would also gain from assessing 
these more specific SVN types and including stillbirths as 
an outcome when relevant.66 For example, most studies of 
insecticide-treated bednets in pregnancy measured LBW, 
yet omitted outcomes of preterm, SGA, or stillbirths.

Conclusions
In every country worldwide, large numbers of SVNs each 
year—almost 35 million—disproportionately contribute 
to early deaths and long-term loss of human capital. 
Vulnerability for small babies was identified centuries 
ago and for the last 30 years the world has set, and missed, 
global targets for LBW reduction. These more specific 
SVN types enable us to advance beyond the crude marker 
of LBW, now measuring the two underlying pathways of 
preterm birth and FGR. Stillbirths also need to be 
included in counting. With these SVN types, we can 
better inform individual-level care, enable more precise 
research on aetiological pathways and interventions, and 
accelerate unacceptably slow progress on primary 
prevention, thereby improving outcomes for every baby, 
everywhere.
The Lancet Small Vulnerable Newborn Steering Committee
Finland Per Ashorn, Ulla Ashorn. USA Robert E Black. UK Joy E Lawn, 
Nigel Klein. Switzerland Sufia Askari. Botswana G Justus Hofmeyr. 
Kenya Marleen Temmerman.

WHO/UNICEF Preterm Birth Estimates Group
Eric O Ohuma, Ann-Beth Moller, Ellen Bradley, Samuel Chakwera, 
Laith Hussain-Alkhateeb, Alexandra Lewin, Yemisrach B Okwaraji, 
Wahyu Retno Mahanani, Emily White Johansson, Tina Lavin, 
Diana Estevez Fernandez, Giovanna Gatica Domínguez, 
Ayesha de Costa, Jenny A Cresswell, Julia Krasevec, Joy E Lawn, 
Hannah Blencowe, Jennifer Requejo, Allisyn C Moran.

National Vulnerable Newborn Measurement Group
Vicki Flenady, Adrienne Gordon, Kara Warrilow, Jessica K Sexton, 
Harriet Lawford, Veronica Pingray, Luz Gibbons, Gabriela Cormick, 
Jose Belizan, Carlos Guevel, Enny S Paixao, Mauricio Lima Barreto, 
Ila Rocha Falcão, Sarka Lisonkova, Qi Wen, Francisco Mardones, 
Raúl Caullier-Cisterna, José Acuña, Petr Velebil, Jitka Jírová, 
Erzsébet Horváth-Puhó, Henrik T Sørensen, Luule Sakkeus, 
Liili Abuladze, Mika Gissler, Mohammad Heidarzadeh, 
Maziar Moradi-Lakeh, Narjes Khalili, Khalid A Yunis, Ayah Al Bizri, 
Pascale Nakad, Shamala Devi Karalasingam, 
J Ravichandran R Jeganathan, Nurakman binti Baharum, 
Lorena Suárez-Idueta, Arturo Barranco Flores, 
Jesus Felipe Gonzalez Roldan, Sonia Lopez Alvarez, Lisa Broeders, 
Aimée E van Dijk, Hugo G Quezada-Pinedo, Kim N Cajachagua-Torres, 
Wilmer Cristobal Guzman-Vilca, Carla Tarazona-Meza, 
Rodrigo M Carrillo-Larco, Luis Huicho, Fawzia Alyafei, Mai AlQubaisi, 
Tawa O Olukade, Hamdy A Ali, Mohamad Rami Alturk, 
Geum Joon Cho, Ho Yeon Kim, Neda Razaz, Jonas Söderling, 
Lucy K Smith, Bradley N Manktelow, Ruth J Matthews, Elizabeth Draper, 
Alan Fenton, Jennifer J Kurinczuk, Estelle Lowry, Neil Rowland, 
Rachael Wood, Celina Davis, Kirsten Monteath, Samantha Clarke, 
Isabel Pereyra, Gabriella Pravia.

Subnational Vulnerable Newborn Measurement Group
Lee SF Wu, Sachiyo Yoshida, Rajiv Bahl, Carlos Grandi, 
Alain B Labrique, Mabhubur Rashid, Salahuddin Ahmed, 

Arunangshu D Roy, Rezwanul Haque, Saijuddin Shaikh, 
Abdullah H Baqui, Samir K Saha, Rasheda Khanam, Sayedur Rahman, 
Roger Shapiro, Rebecca Zash, Mariângela F Silveira, Romina Buffarini, 
Patrick Kolsteren, Carl Lachat, Lieven Huybregts, Dominique Roberfroid, 
Lingxia Zeng, Zhonghai Zhu, Jianrong He, Xiu Qui, 
Seifu H Gebreyesus, Kokeb Tesfamariam, Delayehu Bekele, Grace Chan, 
Estifanos Baye, Firehiwot Workneh, Kwaku P Asante, 
Ellen Boamah-Kaali, Seth Adu-Afarwuah, Kathryn G Dewey, 
Stephaney Gyaase, Blair J Wylie, Betty R Kirkwood, Alexander Manu, 
Ravilla D Thulasiraj, James Tielsch, Ranadip Chowdhury, Sunita Taneja, 
Giridhara R Babu, P Shriyan, Per Ashorn, Kenneth Maleta, Ulla Ashorn, 
Charles Mangani, Sandra Acevedo-Gallegos, Maria J Rodriguez-Sibaja, 
Subarna K Khatry, Steven C LeClerq, Luke C Mullany, Fyezah Jehan, 
Muhammad Ilyas, Stephen J Rogerson, Holger W Unger, Rakesh Ghosh, 
Sabine Musange, Vundli Ramokolo, Wanga Zembe-Mkabile, 
Marzia Lazzerini, Rishard Mohamed, Dongqing Wang, Wafaie W Fawzi, 
Daniel TR Minja, Christentze Schmiegelow, Honorati Masanja, 
Emily Smith, John PA Lusingu, Omari A Msemo, Fathma M Kabole, 
Salim N Slim, Paniya Keentupthai, Aroonsri Mongkolchati, 
Richard Kajubi, Abel Kakuru, Peter Waiswa, Dilys Walker, 
Davidson H Hamer, Katherine EA Semrau, Enesia B Chaponda, 
 R Matthew Chico, Bowen Banda, Kebby Musokotwane, 
Albert Manasyan, Jake M Pry, Bernard Chasekwa, Jean Humphrey, 
Abu Ahmed Shamim, Parul Christian, Hasmot Ali, Rolf DW Klemm, 
Alan B Massie, Maithili Mitra, Sucheta Mehra, Kerry J Schulze, 
Abu Ahmed Shamim, Alfred Sommer, Barkat Ullah, Keith P West Jr, 
Nazma Begum, Nabidul Haque Chowdhury, Shafiqul Islam, 
Dipak Kumar Mitra, Abdul Quaiyum, Modiegi Diseko, Joseph 
Makhema, Yue Cheng, Yixin Guo, Shanshan Yuan, Meselech Roro, 
Bilal Shikur, Frederick Goddard, Sebastien Haneuse, Bezawit 
Hunegnaw, Yemane Berhane, Alemayehu Worku, Seyram Kaali, 
Charles D Arnold, Darby Jack, Seeba Amenga-Etego, Lisa Hurt, 
Caitlin Shannon, Seyi Soremekun, Nita Bhandari, Jose Martines, 
Sarmila Mazumder, Yamuna Ana, Deepa R, Lotta Hallamaa, 
Juha Pyykkö, Mario I Lumbreras-Marquez, Claudia E Mendoza-Carrera, 
Atiya Hussain, Muhammad Karim, Farzana Kausar, Usma Mehmood, 
Naila Nadeem, Muhammad Imran Nisar, Muhammad Sajid, Ivo Mueller, 
Maria Ome-Kaius, Elizabeth Butrick, Felix Sayinzoga, Ilaria Mariani, 
Willy Urassa, Thor Theander, Phillippe Deloron, Birgitte Bruun Nielsen, 
Alfa Muhihi, Ramadhani Abdallah Noor, Ib Bygbjerg, 
Sofie Lykke Moeller, Fahad Aftab, Said M Ali, Pratibha Dhingra, 
Usha Dhingra, Arup Dutta, Sunil Sazawal, Atifa Suleiman, 
Mohammed Mohammed, Saikat Deb, Moses R Kamya, 
Miriam Nakalembe, Jude Mulowooz, Nicole Santos, Godfrey Biemba, 
Julie M Herlihy, Reuben K Mbewe, Fern Mweena, Kojo Yeboah-Antwi, 
Jane Bruce, Daniel Chandramohan, Andrew Prendergast.

Contributors
JEL and REB conceptualised the Vulnerable Newborn Measurement 
Collaboration. LSI, YBO, EH, DJE, EOO, and MD did descriptive 
analyses of the pooled datasets. EBr did the analyses of Bayesian 
modelling and mortality risk estimates with statistical oversight by EOO, 
epidemiological oversight by HB and JEL, SGA and population-
attributable risk oversight by ACCL, and reviewed by MS and REB. 
A-BM, CH, and EBo were part of the WHO/UNICEF estimation group 
for preterm birth and LBW. JEL, HB, EOO, and REB drafted the 
manuscript. All authors reviewed and revised the manuscript and 
approved the final version. The content of this Series paper represents 
the position of the authors and does not constitute the official position of 
any of the relevant institutions.

Declaration of interests
We declare no competing interests. 

Acknowledgments
Firstly and most importantly we thank the women and families whose 
data were included in the national and subnational datasets. We are 
grateful to all the wider teams in the Vulnerable Newborn Measurement 
Groups and the UNICEF and WHO estimation groups. We thank 
Claudia DaSilva and relevant administrative staff for their support. 
The Vulnerable Newborn Measurement Collaboration was funded by the 
Children’s Investment Fund Foundation through grants awarded to the 



Series

12 www.thelancet.com   Published online May 8, 2023   https://doi.org/10.1016/S0140-6736(23)00522-6

London School of Hygiene & Tropical Medicine (1803–02535) with 
subawards, and to Johns Hopkins Bloomberg School of Public Health 
(2004–04670). We thank all relevant national governments and other 
funders for their investments to enable the input data. Data sharing and 
transfer agreements were jointly developed and signed by all 
collaborating partners. Pooled summary tables generated will be 
deposited online at the time of publication at https://doi.org/10·17037/
DATA.00003095 with data access subject to approval by collaborating 
parties. The Vulnerable Newborn Measurement Collaboration was 
granted ethical approval from the Institutional Review Boards of the 
London School of Hygiene & Tropical Medicine (ref 22858) and Johns 
Hopkins University. All collaborators received local ethical permissions 
for their data when relevant (appendix pp 9–14). The designations 
employed and the presentation of the material in this publication do not 
imply the expression of any opinion whatsoever on the part of the 
authors concerning the legal status of any country, territory, city, or area 
or its authorities, or concerning the delimitation of its frontiers or 
boundaries. 

 Editorial note: The Lancet Group takes a neutral position with respect to 
territorial claims in published maps and institutional affiliations.

References
1 United Nations Inter-agency Group for Child Mortality Estimation 

(UN IGME). Levels and trends in child mortality. New York: United 
Nations Children’s Fund, 2021.

2 Black RE, Liu L, Hartwig FP, et al. Health and development from 
preconception to 20 years of age and human capital. Lancet 2022; 
399: 1730–40.

3 United Nations Inter-agency Group for Child Mortality Estimation 
(UN IGME). Stillbirth and child mortality estimates. https://
childmortality.org/ (accessed March 29, 2023).

4 United Nations Inter-agency Group for Child Mortality Estimation 
(UN IGME). Never forgotten: the situation of stillbirth around the 
globe. New York: United Nations Children’s Fund, 2023.

5 WHO, UNICEF, UNFPA, World Bank Group, United Nations. 
Trends in maternal mortality 2000 to 2020: estimates by WHO, 
UNICEF, UNFPA, World Bank Group and UNDESA/Population 
Division. Geneva: World Health Organization, 2023.

6 WHO, UNICEF. Every Newborn: an action plan to end preventable 
deaths. Geneva: World Health Organization, 2014.

7 Lawn JE, Blencowe H, Oza S, et al. Every Newborn: progress, 
priorities, and potential beyond survival. Lancet 2014; 
384: 189–205.

8 Lawn JE, Cousens S, Zupan J. 4 million neonatal deaths: when? 
Where? Why? Lancet 2005; 365: 891–900.

9 Chawanpaiboon S, Vogel JP, Moller AB, et al. Global, regional, and 
national estimates of levels of preterm birth in 2014: a systematic 
review and modelling analysis. Lancet Glob Health 2019; 7: e37–46.

10 Ashorn P, Black RE, Lawn JE, et al. The Lancet Small Vulnerable 
Newborn Series: science for a healthy start. Lancet 2020; 
396: 743–45.

11 Ashorn P, Ashorn U, Muthiani Y, et al. Small vulnerable 
newborns—big potential for impact. Lancet 2023; published online 
May 8. https://doi.org/10.1016/S0140-6736(23)00354-9.

12 Hanson MA, Gluckman PD. Early developmental conditioning of 
later health and disease: physiology or pathophysiology? Physiol Rev 
2014; 94: 1027–76.

13 Krasevec J, Blencowe H, Coffey C,et al. Study protocol for UNICEF 
and WHO estimates of global, regional, and national low 
birthweight prevalence for 2020 to 2020. Gates Open Res 2022; 
6: 80.

14 Blencowe H, Krasevec J, de Onis M, et al. National, regional, and 
worldwide estimates of low birthweight in 2015, with trends 
from 2000: a systematic analysis. Lancet Glob Health 2019; 
7: e849–60.

15 March of Dimes, Partnership for Maternal Newborn & Child 
Health, Save the Children, WHO. Born Too Soon: the global action 
report on preterm birth. Geneva: World Health Organization, 2012.

16 WHO. International classification of diseases 11th revision. 
Dec 30, 2017. https://icd.who.int/en (accessed March 29, 2023).

17 Del Río R, Thió M, Bosio M, Figueras J, Iriondo M. Prediction of 
mortality in premature neonates. An updated systematic review. 
An Pediatr 2020; 93: 124–33.

18 Hughes MM, Black RE, Katz J. 2500-g low birth weight cutoff: 
history and implications for future research and policy. 
Matern Child Health J 2017; 21: 283–89.

19 Lawn JE, Gravett MG, Nunes TM, Rubens CE, Stanton C. Global 
report on preterm birth and stillbirth (1 of 7): definitions, 
description of the burden and opportunities to improve data. 
BMC Pregnancy Childbirth 2010; 10 (suppl 1): s1.

20 Temmerman M, Lawn JE. Stillbirths count, but it is now time to 
count them all. Lancet 2018; 392: 1602–04.

21 Lawn JE, Blencowe H, Pattinson R, et al. Stillbirths: where? When? 
Why? How to make the data count? Lancet 2011; 377: 1448–63.

22 Ray JG, Urquia ML. Risk of stillbirth at extremes of birth weight 
between 20 to 41 weeks gestation. J Perinatol 2012; 32: 829–36.

23 Joseph KS, Demissie K, Kramer MS. Obstetric intervention, 
stillbirth, and preterm birth. Semin Perinatol 2002; 26: 250–59.

24 Klumper J, Kazemier BM, Been JV, et al. Association between 
COVID-19 lockdown measures and the incidence of iatrogenic 
versus spontaneous very preterm births in the Netherlands: 
a retrospective study. BMC Pregnancy Childbirth 2021; 21: 767.

25 Yang J, D’Souza R, Kharrat A, Fell DB, Snelgrove JW, Shah PS. 
COVID-19 pandemic and population-level pregnancy and neonatal 
outcomes in general population: a living systematic review and 
meta-analysis (update#2: November 20, 2021). 
Acta Obstet Gynecol Scand 2022; 101: 273–92.

26 Majola L, Budhram S, Govender V, et al. Reliability of last menstrual 
period recall, an early ultrasound and a smartphone app in 
predicting date of delivery and classification of preterm and post-
term births. BMC Pregnancy Childbirth 2021; 21: 493.

27 Sazawal S, Ryckman KK, Das S, et al. Machine learning guided 
postnatal gestational age assessment using new-born screening 
metabolomic data in south Asia and sub-Saharan Africa. 
BMC Pregnancy Childbirth 2021; 21: 609.

28 Yamauchi T, Ochi D, Matsukawa N, et al. Machine learning 
approaches to predict gestational age in normal and complicated 
pregnancies via urinary metabolomics analysis. Sci Rep 2021; 
11: 17777.

29 Deb S, Mohammed MS, Dhingra U, et al. Performance of late 
pregnancy biometry for gestational age dating in low-income and 
middle-income countries: a prospective, multicountry, population-
based cohort study from the WHO Alliance for Maternal and 
Newborn Health Improvement (AMANHI) Study Group. 
Lancet Glob Health 2020; 8: e545–54.

30 Alliance for Maternal and Newborn Health Improvement 
(AMANHI) Gestational Age Study Group. Simplified models to 
assess newborn gestational age in low-middle income countries: 
findings from a multicountry, prospective cohort study. 
BMJ Glob Health 2021; 6: e005688.

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

32 Katz J, Lee AC, Kozuki N, et al. Mortality risk in preterm and 
small-for-gestational-age infants in low-income and middle-
income countries: a pooled country analysis. Lancet 2013; 
382: 417–25.

33 Lee AC, Kozuki N, Cousens S, et al. Estimates of burden and 
consequences of infants born small for gestational age in low and 
middle income countries with INTERGROWTH-21st standard: 
analysis of CHERG datasets. BMJ 2017; 358: j3677.

34 Lee AC, Katz J, Blencowe H, et al. National and regional estimates 
of term and preterm babies born small for gestational age in 
138 low-income and middle-income countries in 2010. 
Lancet Glob Health 2013; 1: e26–36.

35 Villar J, Cheikh Ismail L, Victora CG, et al. International standards 
for newborn weight, length, and head circumference by gestational 
age and sex: the Newborn Cross-Sectional Study of the 
INTERGROWTH-21st Project. Lancet 2014; 384: 857–68.

36 Villar J, Giuliani F, Fenton TR, Ohuma EO, Ismail LC, Kennedy 
SH. INTERGROWTH-21st very preterm size at birth reference 
charts. Lancet 2016; 387: 844–45.

37 WHO Multicentre Growth Reference Study Group. Assessment of 
differences in linear growth among populations in the WHO 
Multicentre Growth Reference Study. Acta Paediatr Suppl 2006; 
450: 56–65.



Series

www.thelancet.com   Published online May 8, 2023   https://doi.org/10.1016/S0140-6736(23)00522-6 13

38 Villar J, Papageorghiou AT, Pang R, et al. The likeness of fetal 
growth and newborn size across non-isolated populations in the 
INTERGROWTH-21st project: the Fetal Growth Longitudinal Study 
and Newborn Cross-Sectional Study. Lancet Diabetes Endocrinol 
2014; 2: 781–92.

39 Habicht JP, Martorell R, Yarbrough C, Malina RM, Klein RE. Height 
and weight standards for preschool children. How relevant are 
ethnic differences in growth potential? Lancet 1974; 1: 611–14.

40 Erchick DJ, Hazel EA, Katz J, et al. Vulnerable newborn types: 
analysis of subnational, population-based birth cohorts for 
541,285 livebirths in 23 countries, 2000 to 2021. BJOG (in press).

41 Suárez-Idueta L, Yargawa J, Blencowe H, et al. Vulnerable newborn 
types: analysis of population-based registries for 165 million births in 
23 countries, 2000 to 2021. BJOG (in press).

42 De Costa A, Moller AB, Blencowe H, et al. Study protocol for WHO 
and UNICEF estimates of global, regional, and national preterm 
birth rates for 2010 to 2019. PLoS One 2021; 16: e0258751.

43 Suárez-Idueta L, et al. Neonatal mortality risk for vulnerable 
newborn types in 15 countries using 125·5 million nationwide 
linked records from 2000 to 2020. BJOG (in press).

44 Hazel EA, Erchick DJ, Katz J, et al. Neonatal mortality risk of 
vulnerable newborns: a descriptive analysis of subnational, 
population-based birth cohorts for 238 143 live births in low-and-
middle income settings from 2000 to 2017. BJOG (in press).

45 Hazel EA, Mullany LC, Zeger SL, et al. Development of an 
imputation model to recalibrate birth weights measured in the early 
neonatal period to time at delivery and assessment of its impact on 
size-for-gestational age and low birthweight prevalence estimates: 
a secondary analysis of a pregnancy cohort in rural Nepal. 
BMJ Open 2022; 12: e060105.

46 Knippenberg R, Lawn JE, Darmstadt GL, et al. Systematic scaling 
up of neonatal care in countries. Lancet 2005; 365: 1087–98.

47 Lawn JE, Kinney M, Lee AC, et al. Reducing intrapartum-related 
deaths and disability: can the health system deliver? 
Int J Gynaecol Obstet 2009; 107 (suppl 1): S123–42.

48 de Bernis L, Kinney MV, Stones W, et al. Stillbirths: ending 
preventable deaths by 2030. Lancet 2016; 387: 703–16.

49 Hunter PJ, Awoyemi T, Ayede AI, et al. Biological and pathological 
mechanisms leading to the birth of a small vulnerable newborn. 
Lancet 2023; published Online May 8. https://doi.org/10.1016/
S0140-6736(23)00573-1.

50 Lawn JE, Kinney MV, Belizan JM, et al. Born Too Soon: accelerating 
actions for prevention and care of 15 million newborns born too 
soon. Reprod Health 2013; 10 (suppl 1): s6.

51 WHO. Survive and thrive: transforming care for every small and 
sick newborn. Geneva: World Health Organization, 2019.

52 Kong S, Day LT, Zaman SB, et al. Birthweight: EN-BIRTH 
multi-country validation study. BMC Pregnancy Childbirth 2021; 
21 (suppl 1): 240.

53 Committee on Obstetric Practice American Institute of Ultrasound 
in Medicine Society for Maternal–Fetal Medicine. Committee 
opinion summary no. 700: methods for estimating the due date. 
Obstet Gynecol 2017; 129: 967–68.

54 WHO. WHO recommendations on antenatal care for a positive 
pregnancy experience. Geneva: World Health Organization, 2016.

55 Papageorghiou AT, Kemp B, Stones W, et al. Ultrasound-based 
gestational-age estimation in late pregnancy. 
Ultrasound Obstet Gynecol 2016; 48: 719–26.

56 The Global Health Network, The International Fetal and Newborn 
Growth Consortium for the 21st Century. Standards and tools. 
June 29, 2017. https://intergrowth21.tghn.org/standards-tools/ 
(accessed Oct 5, 2022)

57 Biks GA, Blencowe H, Hardy VP, et al. Birthweight data 
completeness and quality in population-based surveys: 
EN-INDEPTH study. Popul Health Metr 2021; 19 (suppl 1): 17.

58 Haider MM, Mahmud K, Blencowe H, et al. Gestational age data 
completeness, quality and validity in population-based surveys: 
EN-INDEPTH study. Popul Health Metr 2021; 19 (suppl 1): 16.

59 Katz J, Wu LA, Mullany LC, et al. Prevalence of small-for-
gestational-age and its mortality risk varies by choice of birth-
weight-for-gestation reference population. PLoS One 2014; 9: e92074.

60 Sarda SP, Sarri G, Siffel C. Global prevalence of long-term 
neurodevelopmental impairment following extremely preterm 
birth: a systematic literature review. J Int Med Res 2021; 
49: 3000605211028026.

61 Meler E, Martinez-Portilla RJ, Caradeux J, et al. Severe smallness as 
predictor of adverse perinatal outcome in suspected late small-for-
gestational-age fetuses: systematic review and meta-analysis. 
Ultrasound Obstet Gynecol 2022; 60: 328–37.

62 Ferguson JP, Alvarez A, Mulligan M, Judge C, O’Donnell M. 
A correction for Levin’s formula in the presence of confounding. 
medRxiv 2023; published online Feb 7. https://doi.
org/10.1101/2023.02.02.23284941 (preprint).

63 Bertino E, Milani S, Fabris C, De Curtis M. Neonatal 
anthropometric charts: what they are, what they are not. 
Arch Dis Child Fetal Neonatal Ed 2007; 92: F7–10.

64 Ohuma EO, Altman DG. Design and other methodological 
considerations for the construction of human fetal and neonatal 
size and growth charts. Stat Med 2019; 38: 3527–39.

65 Hirst JE, Knight HE, Ohuma EO, et al. Social gradient of 
birthweight in England assessed using the INTERGROWTH-21st 
gestational age-specific standard. Arch Dis Child Fetal Neonatal Ed 
2019; 104: F486–92.

66 Hofmeyr GJ, Black RE, Rogozińska E, et al. Evidence-based 
antenatal interventions to reduce the incidence of small vulnerable 
newborns and their associated poor outcomes. Lancet 2023; 
published online May 8. https://doi.org/10.1016/
S0140-6736(23)00355-0.

Copyright ©2023 World Health Organization. Published by Elsevier Ltd. 
All rights reserved


	Small babies, big risks: global estimates of prevalence and mortality for vulnerable newborns to accelerate change and improve counting
	Introduction
	Preterm and SGA estimates worldwide
	SVN types worldwide
	Neonatal mortality and stillbirth risk for SVN types
	Neonatal mortality effects
	Stillbirth effects

	Implications for programmes
	Measuring better for every newborn, everywhere
	Improving aggregate data in routine systems
	Improving and the use of individual-level data for SVN types

	Research gaps for better measurement, including long-term consequences
	Conclusions
	Acknowledgments
	References


