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Abstract

Objective: To compare neonatal mortality associated with six novel vulnerable new-
born types in 125.5million live births across 15 countries, 2000-2020.

Design: Population-based, multi-country study.

Setting: National data systems in 15 middle- and high-income countries.

Methods: We used individual-level data sets identified for the Vulnerable Newborn
Measurement Collaboration. We examined the contribution to neonatal mortality
of six newborn types combining gestational age (preterm [PT] versus term [T]) and
size-for-gestational age (small [SGA], <10th centile, appropriate [AGA], 10th-90th
centile or large [LGA], >90th centile) according to INTERGROWTH-21st newborn
standards. Newborn babies with PT or SGA were defined as small and T + LGA was
considered as large. We calculated risk ratios (RRs) and population attributable risks
(PAR%) for the six newborn types.

Main outcome measures: Mortality of six newborn types.

Results: Of 125.5 million live births analysed, risk ratios were highestamong PT + SGA
(median 67.2, interquartile range [IQR] 45.6-73.9), PT + AGA (median 34.3, IQR 23.9-
37.5) and PT + LGA (median 28.3, IQR 18.4-32.3). At the population level, PT + AGA
was the greatest contributor to newborn mortality (median PAR% 53.7, IQR 44.5-
54.9). Mortality risk was highest among newborns born before 28 weeks (median RR
279.5, IQR 234.2-388.5) compared with babies born between 37 and 42 completed
weeks or with a birthweight less than 1000g (median RR 282.8, IQR 194.7-342.8)
compared with those between 2500 g and 4000 g as a reference group.

Conclusion: Preterm newborn types were the most vulnerable, and associated
with the highest mortality, particularly with co-existence of preterm and SGA. As
PT+AGA is more prevalent, it is responsible for the greatest burden of neonatal

KEYWORDS

1 | INTRODUCTION

In 2021, 2.3 million liveborn babies died within the first
28 days of life (neonatal deaths)."* Worldwide, over 80%
of these newborn deaths are in low birthweight (LBW)
babies, two-thirds of which are preterm (<37 weeks).?
Defined as less than 2500 g, LBW has been used for more
than a century as a marker of vulnerability for newborns,
yet the Global Nutrition Plan target for a 30% reduction in
LBW is off track.* LBW is the result of being born preterm
or small for gestational age (SGA) i.e. below the tenth cen-
tile of birthweight for gestational age and sex, or both.*
Babies who are born preterm or SGA have an increased
risk of complications including neonatal morbidity and
mortality, stunting and developmental delay in child-
hood and long-term chronic conditions.” *° Traditionally,
preterm birth and SGA have been described as separate
conditions even though they may co-exist. Each of these
classifications alone is not granular enough to understand
varying risks for individual small newborns."" For exam-
ple, newborns born preterm and SGA simultaneously are
at particularly high risk of severe clinical complications,
requiring neonatal intensive care or leading to death com-
pared with those who are preterm and appropriate for ges-
tational age (AGA, 10th-90th centiles).'>'> Whereas the

deaths at population level.

neonatal mortality, preterm birth, size for gestational age, vulnerable newborn

smallest are at the highest risk, it is also important from
a public health perspective to understand which groups
of babies contribute to the highest levels of mortality at a
population level.**

In 2020, as part of the Lancet Small Vulnerable Newborn
Series, a set of newborn types were proposed to advance the
classification of newborn vulnerability, by considering gesta-
tional age, birthweight and size for gestational age in the same
individual."” In addition to the well-described risk of small
babies, being large for gestational age (LGA, >90th centile)
has been associated with birth trauma, hypoglycaemia, hospi-
talisation, overweight and obesity.'**® Therefore, categorising
each baby based on gestational age (term [T] versus preterm
[PT]) and size for gestational age (SGA, AGA and LGA) could
enable a more detailed investigation of neonatal vulnerabili-
ties and their potential causal pathways." This comprehensive
identification of newborn types could be useful to implement
targeted interventions at the individual clinical and public
health levels to improve progress for children, ensuring no
one is left behind and all newborns survive and thrive.

This paper aims to fulfil three objectives, namely to quan-
tify the neonatal mortality risk and population attributable
risks (PAR%) associated with the following groupings: (1)
birthweight categories, (2) gestational age categories and (3)
newborn types with six categories combining gestational age
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(PT versus T) and size for gestational age (SGA, AGA, LGA)
in the same individual (Table 1).

2 | METHODS

2.1 | Compilation of data sets

We aimed to identify population-based data using routine
data of births and neonatal deaths of babies born between 1
January 2000 and 31 December 2020. Potential collaborators
and government agencies with national individual-level data
sets with high population-level coverage (including more
than 80% of births in the country) were invited to partici-
pate in a new collaboration focused on the multi-country de-
scription of types of vulnerable newborn babies (Vulnerable
Newborn Measurement Collaboration). An open call was

TABLE 1 Key findings.

1. What was known?

Babies born preterm (<37 weeks), Small for gestational age (SGA,
<10th centile), and Large for Gestational Age (LGA, >90th centile)
are at higher risk of dying during the neonatal period. Previous
studies have usually estimated the association of preterm birth,
SGA, and LGA with neonatal mortality separately even though
these conditions can overlap.

2. What was done that is new?

In this study, we used 15 national livebirth and linked neonatal death
datasets collected between 2000 to 2020 to compare neonatal
mortality and population attributable fractions associated
with strata of birthweight, gestational age, and newborn types
combining information on gestational age (preterm (PT), or term
(T)) and size for gestational age (SGA, appropriate-for-gestational
age (AGA), LGA). Six newborn types were defined: four small
(PT+SGA, PT+AGA, PT+LGA, T+SGA), one large (T +LGA),
and one reference (T+AGA).

3. What was found?

Our pooled dataset of 125.5 million livebirths from 15 countries
provides the first multi-country mortality estimates of these
newborn types. Of the six newborn types, babies born preterm
and SGA (PT+SGA) had the highest risk of neonatal death
(median relative risk: 67.2, interquartile range, IQR, 45.6, 73.9),
but this group are low prevalence. Hence at the population level,
most neonatal deaths were attributable to PT + AGA newborn type
(median population attributable risk (PAR%): 53.7, IQR 44.5, 54.9).
Mortality was highest among babies born <28 weeks and those
<1000 g (median risk ratio (RR) =280-fold).

4. What next?

Action in preventive programmes: These six newborn types are
relevant for identifying the most vulnerable newborn babies at the
clinical level (PT+SGA), and the greatest contributors to neonatal
mortality at the population level (PT+AGA).

Research gaps: Additional analyses of newborn types in lower-
income settings, such as South Asia where SGA rates are very
high is needed. Innovative use at the bedside could help target
interventions and improve care. Cohort analyses using these types
would be valuable to provide more granular information than
LBW alone for non-fatal lifecourse outcomes including non-
communicable conditions.
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published in a Lancet comment'” and widely disseminated
through email lists, social media and by contacting authors
who had previously published analyses using national rou-
tine administrative data sets.

Teams with data sets including live-birth records and
meeting criteria provided analyses to describe the national
prevalence of newborn types, as published in another paper
on this series.”” Among these countries, those with infor-
mation on neonatal deaths formed a subgroup to perform
further analyses on neonatal mortality, which is the focus
of this paper.

This is a retrospective analysis of routinely collected
data and therefore we followed the Reporting guidelines of
studies Conducted using Observational Routinely-collected
Data, the RECORD checklist (Table S1). Ethical approval is
summarised in Table S2 for all 15 participating countries
and a summary of relevant definitions used is presented in
Table S3.

2.2 | Inclusion and exclusion criteria

We included national data sets compiled for the Vulnerable
Newborn Measurement Collaboration with information
on live births and neonatal deaths that were collected from
1 January 2000 with high completeness (at least 80%) for
birthweight, gestational age and sex variables. We excluded
individual birth records missing either birthweight, gesta-
tional age, sex or with a gestational age below 22" weeks
or more than 44"®weeks of gestation, for which it was not
possible to assess size for gestational age. Birth records with
implausible birthweights (<250 g or 26500g) or implausible
combinations of birthweight and gestational age (defined as
birthweight +5 standard deviations from the mean birth-
weight at each completed week of gestational age) were also
excluded. We evaluated the plausibility of these data sets by
comparing the difference between the calculated neonatal
mortality rate (NMR) in the data set and the nationally
reported NMR for the same year (Table S4). We excluded
specific years of data collection for which we could not un-
dertake this assessment because of the lack of availability of
nationally reported neonatal mortality (e.g. Lebanon 2002-
2016 and 2018-2019) or when we were not able to calculate
NMR due to small or masked cells (e.g. Northern Ireland;
Figure 1).

2.3 | Data quality

Those who die in the early neonatal period, many of whom
are the smallest, are most likely to have missing variables or
be missing from data sets entirely. Therefore, to assess the po-
tential impact of this we calculated the percentage of missing
variables (birthweight, gestational age and sex) for included
country-years (Table S5). Table S6 describe the metadata
and reporting criteria for the very preterm for each of the 15
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(A)

232 national teams with data on 269 country-years meet
eligibility criteria (165 million live births)

7 countries were not able to provide data on mortality

(Argentina, Finland, Chile, Korea, Peru, Iran, Malaysia)

16 national teams with data on 167 country-years provided
linked data (126 million live births and 580 129 deaths)

23 country-years from 2 countries excluded®

Northern Ireland (6 years excluded),
Lebanon (2002—-2016 and 2018-2019)

15 national teams with data on 144 country-years
including 125.5 million live births and 576 018 deaths
with birthweight reported

15 national teams with data on 144 country-years
including 122.9 million live births and 468 579
deaths with gestational age reported

15 national teams with data on 144 country-years
including 122.9 million live births and 469 237 deaths
with newborn types

(B8

Denmark
1.1 million live births and 2570 deaths

Scotland

1.1 million live birthsand 2721 deaths

Sweden
2.1 million live births and 2758 deaths

England & Wales

4.4 million live births and 10 177 deaths

3.2 million live births and 7169 deaths

st

Estonia
0.08 million live births and 95 deaths

Czech Republic
0.1 million live births and 174 deaths

Netherlands
1.8 million live births and 6866 deaths

Mexico L
5.5 million live births and 34 036 deaths

Brazil
23.4 million live births and 173 155 deaths

Uruguay
0.5 million live births and 672 deaths

,
Qatar
0.09 million live births and 297 deaths

Lebanon
0.02 million live births and 123 deaths

e A

Australia
1.2 million live births and 2734 deaths

SDG Regions

M Latin America and the Caribbean
M Northern America, Australia and New Zealand, Central Asia and Europe
M Western Asia and Northern Africa

FIGURE 1 Input data set of Vulnerable Newborn Mortality study. (A) Flowchart. (B) Number of live births in millions and neonatal deaths, by
country. “Twenty-three countries from the Vulnerable Newborn Collaboration were invited to participate in the Mortality study.2’ "Lebanon 2002-2016
and 2018-2019 were excluded due to the lack of availability of neonatal mortality reported to UNIGME, Northern Ireland was excluded because we were
not able to calculate neonatal mortality rate due to small, masked cells. Map legends show the distribution of the 125.5 million babies with birthweight

recorded included in these analyses.

countries. We also assessed the impact of registration prac-
tices on mortality estimates for each country and region by
calculating gestation-specific NMR among babies born be-
tween 22 and 32weeks of gestation (Figures S1 and S2) and
by comparing the NMR for babies born at or after 22 weeks
versus born at or after 24 weeks of gestation (Table S7).

2.4 | Exposure definitions

Each baby was categorised based on strata of birthweight
(objective 1), gestational age (objective 2) and newborn types

(objective 3) combining gestational age, size for gestational
ageand sexusingamodified version ofthe INTERGROWTH-
21st international newborn size standards extended to in-
clude from 22%° to 44 ®weeks of gestation.” **

For objective 1, all live births with birthweight re-
corded were included in the analysis using strata of 500-g
increment (e.g. <1000, 1000-1500g, etc.), and a refer-
ence group between 2500 and 4000g. For objective 2,
live births at 22" weeks or later were included in analy-
ses using classification for preterm birth based on sever-
ity (e.g. extremely preterm: <28*"weeks, very preterm:
28%°-31" weeks, moderate preterm: 32°°-33*° weeks, late
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preterm: 34"°-36"¢ weeks, post-term: =42 weeks of gesta-
tion) with term births as a reference group (37"°-41*¢ com-
pleted weeks of gestation). For objective 3, we categorised
every newborn based on gestational age (preterm birth
<37 completed weeks [PT] or term >37"weeks [T]),
and size for gestational age (defined as SGA <10th centile;
LGA >90th centile; or AGA between 10th and 90th cen-
tile). We created a mutually exclusive set of six newborn
types: one reference group T + AGA; four with small babies
(PT+SGA, PT+AGA, PT+LGA, T+SGA) and one with
large babies (T + LGA; Figure S3a).

Also, we performed a sensitivity analysis combining ges-
tational age (PT versus T), size (SGA, AGA, LGA) and add-
ing birthweight (LBW <2500 g or nonLBW >2500 g) to assess
a secondary set of ten newborn types including one refer-
ence group T+AGA +nonLBW; eight including small ba-
bies (T+AGA +LBW, T+SGA +nonLBW, T+SGA +LBW,
PT+LGA +nonLBW, PT+LGA+LBW, PT+AGA +non-
LBW, PT+AGA+LBW, PT+SGA+LBW) and one with
large babies (T + LGA + nonLBW; Figure S3b).

2.5 | Data analysis

The relative risk of an event (death) is the likelihood of its oc-
currence among babies within the risk groups (gestational
age, birthweight or neonatal types) compared with a reference
group, and the population attributable risk is the percentage
of cases (deaths) that would be attributable to the risk factor
of interest (gestational age or birthweight groups or newborn
types).”* Among the included newborn records, we calculated:

o Prevalence=the number of live births reported in each
group of interest/total number of live births.

o Risk (neonatal mortality rate) =the number of live births
that experienced the event (neonatal death)/total number
of live births exposed to the risk of that event per 1000.

o Risk ratio=risk (neonatal mortality rate) in each group of in-
terest/risk (neonatal mortality rate) in the reference group.

o Population attributable risk =the prevalence multiplied by
the relative risk in each group of interest/the sum of the
prevalence multiplied by the relative risk of all categories
in the population of interest.

Each country team analysed their data sets using stan-
dardised StaTA (STATACORP, College Station, TX, USA), R
or SAS (SAS Institute, Cary, NC, USA) programming codes
developed centrally by the London School of Hygiene &
Tropical Medicine (LSHTM). Standard summary results ta-
bles were shared in a hub administered online by LSHTM.

3 | RESULTS

Information on 144 country-years including 125.5million
live births and 576018 deaths collected between 2000 and
2020 in 15 countries was included for analysis (Figure 1

2 0 An International Journal of
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and Table S4). Overall, NMR was highest in Brazil (7.4) and
Mexico (6.1) with most countries reporting NMR lower than
5 deaths per 1000 live births (Lebanon: 4.5, the USA: 4.1,
the Netherlands: 3.7, Qatar: 3.1, Canada: 2.3, Denmark: 2.4,
England & Wales: 2.2, Scotland: 2.4, Czech Republic: 1.6,
Sweden: 1.3, Uruguay: 1.3, and Estonia: 1.2).

3.1 | Objective 1: Neonatal mortality risk
associated with birthweight categories

Mortality was highest among the smallest babies: the me-
dian relative risk (RR) of neonatal mortality was 280-fold
for babies less than 1000g (median RR 282.8, interquartile
range [IQR] 194.7-342.8), 60-fold for those between 1000
and 1500g (median RR 60.7, IQR 51.0-66.2), 20-fold for
those between 1500 and 2000 g (median RR 20.3, IQR 17.4-
23.8) and 6-fold (median RR 6.1, IQR 5.6-7.7) for babies be-
tween 2000 and 2500 g, compared with those between 2500
and 4000 g (Table 2 and Figure 2A).

At the population level, most neonatal deaths were LBW
babies, particularly babies born below 1000 g (median PAR%
41.2, IQR 30.0-50.4), followed by those between 1000 and
1500g (median PAR% 11.8, IQR 8.1-12.9), 1500 and 2000 g
(median PAR% 7.2, IQR 6.4-9.5) and 2000-2500 g (median
PAR% 6.1, IQR 5.7-8.6; Table 2).

For bigger babies, the median relative risk among those
born above 4500g was 1.2 (IQR 1.0-2.2) when compared
with the reference group between 2500 and 4000g. This
measure showed greater variability among the group heavier
than 5000g (median 1.5, IQR 0.0-4.1) with higher rela-
tive mortality risk in Canada (RR 18.8, 95% CI 14.3-24.8),
Australia (RR 17.1, 95% CI 8.5-34.4) and Brazil (RR 6.9, 95%
CI 6.2-7.8), no evidence of an increased risk in Denmark,
Scotland, Sweden, England & Wales, and zero observed
deaths in Czech Republic, Estonia, Lebanon, Mexico, Qatar
and Uruguay (Figure 2A and Table S8).

3.2 | Objective 2: Neonatal mortality risk
associated with gestational age

Extremely preterm babies, born before 28weeks, had the
highest neonatal mortality rate (median 273.2 deaths per
1000 live births, IQR 190.0-322.7), followed by those very
preterm babies born from 28 to 31 weeks (median 32.4, IQR
22.8-38.7), moderate preterm babies born from 32 to 33 weeks
(median 13.6, IQR 11.8-17.3) and late preterm, born from 34
to 36 weeks (median 4.3, IQR 2.6-5.9) (Table 2 and Table S9).

The risk of dying increased with lower gestational age;
babies born extremely preterm had an almost 300-fold in-
creased risk (median RR 279.5, IQR 234.2-388.5) compared
with babies born between 37 and 42 completed weeks as a
reference group, followed by those very preterm (median RR
49.8, IQR 41.7-54.9), moderate preterm (median RR 21.0,
IQR 17.0-22.6) and late preterm (median RR 6.0, IQR 4.7-
7.1; Table 2, Figure 2B and Table S9).
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TABLE 2 Number of live births, deaths, median prevalence, neonatal mortality rate, relative risk and population attributable risk (PAR) in 15
countries, results by fine strata of birthweight, gestational age and six newborn types.

Live births Deaths Prevalence NMR Relative risk PAR (%)

Categories Number (%) Number (%) Median (IQR) Median (IQR) Median (IQR)  Median (IQR)

Birthweight, fine stratain g

<1000g 806220 298351 0.4 286.3 282.8 41.2

0.6 51.8 (0.3-0.5) (149.4-359.1) (194.7-342.8) (30.0-50.4)
1000-1500¢g 889149 53206 0.6 38.7 60.7 11.8

0.7 9.2 (0.5-0.7) (32.8-44.5) (51.0-66.2) (8.1-12.9)
1500-2000g 1907 640 42583 1.4 13.2 20.3 7.2

15 7.4 (1.2-1.6) (11.2-16.5) (17.4-23.8) (6.4-9.5)
2000-2500g 6282035 43319 4.4 4.7 6.1 6.1

5.0 75 (4.0-5.0) (3.4-5.6) (5.6-7.7) (5.7-8.6)
2500-4000g 105710403 130077 83.8 0.7 Reference Reference

84.2 22.6 (80.2-85.2) (0.4-0.8)
4000-4500g 8532051 6308 8.4 0.5 0.6 -1.1

6.8 1.1 (5.6-11.3) (0.3-0.6) (0.6-0.8) (-1.7 to —0.4)
4500-5000g 1233821 1506 1.1 0.7 1.2 0.1

1.0 0.3 (0.7-1.8) (0.7-1.0) (1.0-2.2) (0.0-0.3)
>5000¢g 142370 673 0.1 0.9 1.5 0.1

0.1 0.1 (0.1-0.2) (0.0-3.2) (0.0-4.1) (0.0-0.1)

Gestational age, fine strata in completed weeks

<28 661172 197292 0.4 273.2 279.5 40.2

0.5 42.1 (0.3-0.5) (190.0-322.7) (234.2-388.5) (30.8-43.7)
28-31 1129628 56329 0.7 32.4 49.8 10.9

0.9 12.0 (0.7-0.9) (22.8-38.7) (41.7-54.9) (9.5-13.5)
32-33 1494543 27192 0.9 13.6 21.0 5.7

1.2 5.8 (0.9-1.1) (11.8-17.3) (17.0-22.6) (5.1-7.5)
34-36 8786215 51030 5.5 4.3 6.0 9.3

7.1 10.9 (5.0-7.0) (2.6-5.9) (4.7-7.1) (8.3-10.4)
37-42 110525200 135690 92.3 0.7 Reference Reference

89.9 29.0 (90.4-93.0) (0.4-0.8)
>42 354266 1043 0 0 0 0.0

0.3 0.2 (0-0) (0-1.6) (0-1.5) (0.0-0.0)

Newborn types

PT+SGA 909260 61109 0.7 32.0 67.2 10.5

0.7 13.0 (0.6-0.8) (24.1-50.7) (45.6-73.9) (8.8-12.1)
PT+AGA 8906867 233632 6.0 20.9 34.3 53.7

7.2 49.8 (5.6-7.1) (15.9-25.0) (23.9-37.5) (44.5-54.9)
PT+LGA 2251550 38166 1.0 16.7 28.3 7.5

1.8 8.1 (0.8-1.3) (13.8-20.2) (18.4-32.3) (6.3-8.3)
T+SGA 5706866 33978 4.1 3.5 5.4 4.3

4.6 7.2 (3.2-5.4) (2.6-4.6) (4.4-6.3) (3.3-5.7)
T+AGA 84137711 87500 68.8 0.6 Reference Reference

68.4 18.6 (67.3-70.9) (0.4-0.7)
T+LGA 20016260 14852 18.2 0.5 0.8 -1.1

17.1 3.2 (13.5-22.0) (0.3-0.5) (0.7-0.8) (0.7 to -1.4)
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FIGURE 2 Mortality risk ratios by birthweight and gestational age, for 15 countries from 2000 to 2020. (A) Live births with birthweight recorded
(n=125503910). (B) Live births with gestational age recorded (n=122951125). Each point represents the mortality risk ratio. Box plots summarise

median values and interquartile ranges (25th and 75th centiles).

Across the 15 countries, most neonatal deaths were at-
tributed to babies born below 28weeks (median PAR%
40.2, IQR 30.8-43.7), followed by the group between 28 and
31 weeks (median PAR% 10.9, IQR 9.5-13.5), 34 to 36 weeks
(median PAR% 9.3, IQR 8.3-10.4) and 32 to 33 weeks (me-
dian PAR% 5.7, IQR 5.1-7.5; Table 2).

3.3 | Objective 3: Neonatal mortality risk
associated with newborn types

Applying the six newborn types, reported neonatal deaths
were more common among PT+SGA live births (median

mortality rate 32.0 deaths per 1000 live births, IQR 24.1-50.7),
followed by PT + AGA (median mortality rate 20.9, IQR 15.9-
25.0) and PT+LGA (median mortality rate 16.7 deaths per
1000 live births, IQR 13.8-20.2), T+SGA (median mortality
rate 3.5 deaths per 1000 live births, IQR 2.6-4.6), T+AGA
(median mortality rate 0.6, IQR 0.4-0.7), and T+LGA (me-
dian mortality rate 0.5 per 1000 live births, IQR 0.3-0.5).

The highest relative risk was around 70-fold for PT + SGA
(median RR 67.2, IQR 45.6-73.9), followed by PT+AGA
(median RR 34.3, IQR 23.9-37.5), PT+LGA (median RR
28.3,IQR 18.4-32.3) and T+ SGA (median RR 5.4, IQR 4.4~
6.3) when compared with the reference category T+AGA
(Table 2, Figure 3 and Table S10).
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At population level, most neonatal deaths were attributed
to PT+ AGA (median PAR% 53.7, IQR 44.5-54.9), PT + SGA
(median PAR% 10.5, IQR 8.8-12.1), PT+LGA (median
PAR% 7.5, IQR 6.3-8.3) and T+SGA (median PAR% 4.3,
IQR 3.3-5.7; Table 2 and Table S10).

A sensitivity analysis considering ten newborn types in-
stead of six, showed that the highest relative risks were among
types with the co-existence of preterm and LBW such as
those PT+LGA+LBW (median RR 114.0, IQR 102.6-139.5),
PT+SGA+LBW (median RR 66.8, IQR 45.3-76.7) and
PT+AGA+LBW (median RR 54.3, IQR 44.1-60.6). The me-
dian mortality risk ratio for preterm and non-LBW types was
ten-fold (median 10.2, IQR 7.7-13.2) for PT+LGA +nonLBW
and four-fold (median 4.2, IQR 3.3-5.4) for PT+AGA +non-
LBW. Among the term types, the median relative risk was
nine-fold (median 9.0, IQR 7.6-13.2) among T+SGA +LBW,
three-fold (median 3.1, IQR 1.8-4.3) for T+ AGA+LBW and
2.6-fold (IQR 1.9-3.4) for T+SGA+nonLBW. Large babies
(T+LGA +nonLBW) did not show a greater risk of dying com-
pared with the reference group (T + AGA +nonLBW; Table S11).

4 | DISCUSSION

4.1 | Main findings

Our data set of more than 125.5million live-birth records
collected in 15 countries over two decades has provided the
first multi-country estimates of mortality related to novel
newborn types across regions of North America, Australia,
Central Asia and Europe (ten countries), Latin America and
the Caribbean (three countries), and western Asia and North
Africa (two countries; Figure 1). Data quality was high at
least for completeness of three core variables (birthweight,
gestational age and sex; completeness >80%).

We found that being both preterm and SGA was the most
predictive type in identifying vulnerability to neonatal mor-
tality risk across all countries (PT+SGA median RR 67.2),
followed by those PT + AGA (median RR 34.3) and PT+LGA
(median RR 28.3). However, as PT + SGA has low prevalence,
the PAR% is highest for PT+AGA. As both PT+AGA and
PT+LGA had median relative risks around 30, in future,
collapsing these two groups into a single ‘preterm not SGA’
group could further simplify the newborn types to only three,
without losing the ability to identify neonatal mortality risk.

The four categories of preterm birth were found to be
useful to identify infants at risk of neonatal death. However,
neonatal mortality risk was driven particularly by lower
gestational age with a clear dose-response (median RR for
<28 weeks 279.5, for 28-31 weeks 49.8, for 32-33 weeks 21.0
and for 34-36 weeks 6.0). Birthweight strata also showed a
dose-response, with the highest risk at the lower weights
(median RR for <1000g 282.8, for 1000-1500g 60.7, for
1500-2000g 20.3 and for 2000-2500¢g 6.1), however, this is
likely to be driven by the association between birthweight
and gestational age. Given the major variation in risk by ges-
tational age, we underline the value of considering this as a
continuum, rather than a dichotomous cutoff at 37 weeks.

Mortality rates for babies born before 28 weeks varied by
country, with the highest rates reported in Lebanon (542.9
deaths per 1000 babies) and Brazil (428.6 deaths per 1000
babies) and the lowest rates in Sweden (136.8 deaths per 1000
babies) and Estonia (137.1 deaths per 1000 babies). These
large national variations could be reflective of true differ-
ences in population risk (e.g. higher mortality rates expected
with more restrictive policies about abortions for congenital
anomalies), or variations in access to high-quality neonatal
intensive care.”” However, it is well recognised that registra-
tion systems can selectively miss liveborn newborns at the ex-
tremes of gestational age and birthweight and international
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or inter-hospital comparisons of neonatal mortality may be
misleading if these biases are not considered.”**

Bigger babies also had an increased risk of neonatal death,
as noted overall for babies born after 42weeks in Brazil
and the USA (compared with 37-42weeks) and those born
heavier than 4500g (compared with normal birthweight).
The T +LGA category did not show additional risk for early
mortality. A more detailed analysis of vulnerability in LGA
babies is the focus of another paper in this supplement.®

4.2 | Interpretation

Our analysis uses and adapts the recently described Lancet
Small Vulnerable Newborn classification' to better delin-
eate underlying causal pathways, identify the most vulner-
able babies and target interventions. Our paper helps to
inform future applications of this classification. The use
of six newborn types (combining gestational age and size)
versus ten (combining gestational age, size and birthweight)
may be helpful for clinical practice, public health policy and
research. Using the six newborn types confirmed the find-
ing that the coexistence of preterm and SGA drives a higher
mortality risk.” Given that LBW is a consequence of being
born preterm and/or SGA age, dropping the LBW outcome
may offer a more parsimonious and still useful approach to
identifying newborns with common determinants.” Given
that gestational age is the main driver of neonatal mortal-
ity risk, further research could consider splitting newborn
types by gestational age bands. Also, future research is
needed to clarify the best category to approach the vulner-
ability of bigger babies, such as those above the 97th centile
or post—term.lé’18

4.3 | Strengths and limitations

This multi-country collaboration has substantial strengths
regarding the analysis of large national routine administra-
tive data sets with more than 125.5million live births and
almost 600000 neonatal deaths. These results are likely to
be representative of the overall populations in these coun-
tries because these data sets included more than 80% of all
live births in the country with high levels of completeness
for three key variables to assess newborn types. Another
strength is the use of a common international standard
(INTERGROWTH-21st) for direct comparisons among 15
countries data.

Although data quality was high in terms of completeness,
there were some remaining limitations due to missing vari-
ables and record linkage quality (Tables S5 and S6). More
importantly, we cannot fully account for inter-country vari-
ability in perceived viability and reporting of very preterm
babies (Table S6), which still poses challenges to interna-
tional comparisons of neonatal mortality.**?” Variability
in the registration of very premature babies was particu-
larly noted among babies born between 22*° and 23*®weeks

2 0 An International Journal of
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(Figures S1 and S2), impacting the ranking of national mor-
tality rates for babies born at or after 22 versus at or after 24
completed weeks of gestation (Table S7). Another limitation
is the lack of confirmation of the method for gestational age
estimation, this may drive potential misclassifications on
size for gestational age as some data sets only provided ges-
tational age data in completed weeks and not exact days.

In addition, no eligible data sets were identified from Sub-
Saharan Africa or southern Asia where more than 80% of all
neonatal deaths occur and where neonatal survival progress
is needed the most.? To seek to close this gap, the Vulnerable
Newborn Measurement Collaborative group have analysed
sub-national data from research studies in these regions.*
This paper focuses only on neonatal deaths following live
birth, but stillbirths are presented in another paper in this
series.”’

Many important research gaps are highlighted by this
work. Although accurate gestational age assessment is widely
available in countries participating in this study, such infor-
mation is more limited in many high-burden settings, which
could limit the applicability of these newborn types in these
settings. Innovative bedside tools to assess both gestational
age and size-for-gestational age could help to target inter-
ventions and improve care and survival. Cohort analyses
using these types would be valuable to provide more gran-
ular information on medium to long-term risk of non-fatal
life-course outcomes including non-communicable condi-
tions than traditional analyses based on LBW alone.

This novel multi-country analysis is based on large and
nationwide data sets with 125.5 million live births and more
than half a million neonatal deaths collected in 15 high- and
upper-middle-income countries. These six newborn types
were found to be predictive of those most vulnerable to
neonatal mortality and could be useful clinically to identify
newborn vulnerability. Our analysis underlines again the
large burden driven by preterm birth, with the greatest risk
being PT +SGA and the largest population-attributable im-
pact being PT + AGA. The use of these newborn types could
potentially help research studies to better delineate under-
lying causal pathways, rather than a focus on LBW dichot-
omous cutoffs, and accelerate progress for the prevention of
15 million preterm births per year.

AUTHOR CONTRIBUTIONS

The Vulnerable Newborn collaborative was planned by
JEL, REB and co-ordinated by JY. This analysis was de-
signed by HB and EOO with JEL. YBO, JY and all authors
contributed to the study protocol, with inputs from the
wider Vulnerable Newborn Measurement Collaboration.
Country data analyses were undertaken and revised by
AG, VF, ESP, MLB, SL, QW, PV, JJ, EHP, HTS, LS, LA,
KAY, AAB, AB, LB, AED, FA, TOO, NR, JS, LKS, ESD, EL,
NR, RW, KM, IP, and GP. Pooled analysis was undertaken
by LSI with EB and EOO. The manuscript was drafted by
LSI with HB, EOO and JEL. All authors helped revise the
manuscript. All authors reviewed and agreed on the final
version.

85UB0|7 SUOWIWIOD 381D 3|dealidde auy Ag pauienob ae Sspoie YO ‘8sN JO S3|NJ 10} A%iq1 T 8UIIUO AB|IAN UO (SUOIPUOD-PUR-SLLBY/LID" A3 | IMAe1q U UO//SANY) SUORIPUOD pUe SWLB | 8L 88S *[£202/20/6T] U0 AriqiTaulluO A8]iM ‘opuo JO Aisienun A usend Aq 905218250~ Ty T/TTTT OT/I0p/LI00 A8 |1m ARIq Ul U0 UABAOy/:Sdny Wiy pepeojumod ‘0 ‘82S0TLYT



SUAREZ-IDUETA ET AL.

10 B OG An International Journal of
Obstetrics and Gynaecology

ACKNOWLEDGEMENTS

We thank all women and families included in national data sets,
those who have led the data systems in these 15 countries, and
all members of national teams. We thank all relevant national
governments and other funders for their investments to enable
the input data. We thank the Australian Institute of Health and
Welfare (AIHW) for their role in the analysis of the Australian
national data for 2016-2019. Many thanks to Claudia DaSilva
and all the relevant administrative staff for their support.

FUNDING INFORMATION

This analysis was funded by Children's Investment Fund
Foundation, prime grant 1803-02535. The funders had no
role in the study design, data collection, analysis or inter-
pretation of the paper. ESP and MLB received funding from
Wellcome Trust UK (202912/B/16/Z). NR received funding
from Swedish Research Council (VR 2979/2020). ED re-
ceived funding from the MBRRACE-UK programme.

CONFLICT OF INTEREST STATEMENT
None declared.

DATA AVAILABILITY STATEMENT

Data sharing and transfer agreements were jointly devel-
oped and signed by all collaborating partners. All data
used in these analyses are available in the Supplementary
Information. The pooled aggregate data will be available at
https://doi.org/10.17037/DATA.00003095 at the time of pub-
lication with the exception of those from countries where
data sharing is not permitted.

ETHICS APPROVAL

The Vulnerable Newborn Measurement Collaboration was
granted ethical approval from the Institutional Review
Boards of the London School of Hygiene & Tropical
Medicine (ref: 22858, date of approval: 17 May 2021) and
Johns Hopkins Bloomberg School of Public Health (IRB
No: 16439, date of approval 8 May 2021). All the 15 coun-
try teams had ethical approval for use of data or exemptions
based on the current remit.

DISCLOSURES

We are grateful to Consultative Council on Obstetric and
Paediatric Mortality and Morbidity (CCOPMM) for pro-
viding access to the data used for this project and for the as-
sistance of the staff at Safer Care Victoria. The conclusions,
findings, opinions and views or recommendations expressed
in this paper are strictly those of the author(s). They do not
necessarily reflect those of CCOPMM. We would like to ac-
knowledge and thank the NT Perinatal Data team for access
to the Northern Territory perinatal data collection. Australian
data were provided to the CRE team and international team
with small numbers, those less than 5, suppressed.

ORCID
Lorena Sudrez-Idueta
Hannah Blencowe

https://orcid.org/0000-0003-0909-7737
https://orcid.org/0000-0003-1556-3159

Yemisrach B Okwaraji ® https://orcid.org/0000-0002-4541-2856
Judith Yargawa ‘© https://orcid.org/0000-0002-6299-2215
Ellen Bradley ® https://orcid.org/0009-0009-4457-0762
Adrienne Gordon (© https://orcid.org/0000-0002-2328-1066
Vicki Flenady © https://orcid.org/0000-0001-8114-7677
Enny S. Paixao (¥ https://orcid.org/0000-0002-4797-908X
Mauricio L. Barreto (® https://orcid.org/0000-0002-0215-4930
Sarka Lisonkova © https://orcid.org/0000-0002-1220-310X
Petr Velebil (2 https://orcid.org/0009-0001-0643-1069
Erzsebet Horvdth-Puhd (© https://orcid.org/0000-0002-3594-2212
Henrik Toft Sorensen © https://orcid.org/0000-0003-4299-7040
Luule Sakkeus (= https://orcid.org/0000-0003-3785-183X
Liili Abuladze © https://orcid.org/0000-0002-0109-9757
Khalid A. Yunis © https://orcid.org/0000-0002-6384-2745
Ayah Al Bizri ® https://orcid.org/0000-0002-0677-7879
Fawziya Alyafei (© https://orcid.org/0000-0001-6851-0654
Tawa O. Olukade @ https://orcid.org/0000-0002-2103-5355
Neda Razaz @ https://orcid.org/0000-0002-1273-0110
Jonas Soderling ‘© https://orcid.org/0000-0001-9006-2835
Lucy K. Smith ® https://orcid.org/0000-0001-9470-0793
Elizabeth S. Draper (© https://orcid.org/0000-0001-9340-8176
Estelle Lowry @ https://orcid.org/0000-0002-4655-416X
Neil Rowland © https://orcid.org/0000-0001-9755-1682
Isabel Pereyra ‘© https://orcid.org/0000-0002-4696-8063
Gabriella Pravia © https://orcid.org/0009-0006-5871-6257
Eric O. Ohuma © https://orcid.org/0000-0002-3116-2593
Joy E. Lawn © https://orcid.org/0000-0002-4573-1443

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. UN Inter-agency Group for Child Mortality Estimation. Stillbirth
and child mortality estimates. 2022 [cited 2023 Feb 01]. Available
from: https://childmortality.org/

3. Lawn J, Blencowe H, Oza S, You D, Lee A, Waiswa P, et al. Every
newborn: progress, priorities, and potential beyond survival. Lancet.
2014;384(9938):189-205.

4. Blencowe H, Krasevec J, de Onis M, Black RE, An X, Stevens GA,
et al. National, regional, and worldwide estimates of low birthweight
in 2015, with trends from 2000: a systematic analysis. Lancet Glob
Health. 2019;7(7):e849-60.

5. Sania A, Smith ER, Manji K, Duggan C, Masanja H, Kisenge R, et al.
Neonatal and infant mortality risk associated with preterm and small
for gestational age births in Tanzania: individual level pooled analysis
using the Intergrowth standard. ] Pediatr. 2018;192:66-72.

6. Christian P, Lee SE, Donahue Angel M, Adair LS, Arifeen SE, Ashorn
P, et al. Risk of childhood undernutrition related to small-for-
gestational age and preterm birth in low- and middle-income coun-
tries. Int ] Epidemiol. 2013;42(5):1340-55.

7. Kristensen S, Salihu HM, Keith LG, Kirby RS, Fowler KB, Pass MA.
SGA subtypes and mortality risk among singleton births. Early Hum
Dev. 2007;83(2):99-105.

8. Jornayvaz FR, Vollenweider P, Bochud M, Mooser V, Waeber G,
Marques-Vidal P. Low birth weight leads to obesity, diabetes and in-
creased leptin levels in adults: the CoLaus study. Cardiovasc Diabetol.
2016;15:73.

9. Grisaru-Granovsky S, Reichman B, Lerner-Geva L, Boyko V,
Hammerman C, Samueloff A, et al. Population-based trends in
mortality and neonatal morbidities among singleton, very preterm,
very low birth weight infants over 16 years. Early Hum Dev.
2014;90(12):821-7.

85UB0|7 SUOWIWIOD 381D 3|dealidde auy Ag pauienob ae Sspoie YO ‘8sN JO S3|NJ 10} A%iq1 T 8UIIUO AB|IAN UO (SUOIPUOD-PUR-SLLBY/LID" A3 | IMAe1q U UO//SANY) SUORIPUOD pUe SWLB | 8L 88S *[£202/20/6T] U0 AriqiTaulluO A8]iM ‘opuo JO Aisienun A usend Aq 905218250~ Ty T/TTTT OT/I0p/LI00 A8 |1m ARIq Ul U0 UABAOy/:Sdny Wiy pepeojumod ‘0 ‘82S0TLYT


https://doi.org/10.17037/DATA.00003095
https://orcid.org/0000-0003-0909-7737
https://orcid.org/0000-0003-0909-7737
https://orcid.org/0000-0003-1556-3159
https://orcid.org/0000-0003-1556-3159
https://orcid.org/0000-0002-4541-2856
https://orcid.org/0000-0002-4541-2856
https://orcid.org/0000-0002-6299-2215
https://orcid.org/0000-0002-6299-2215
https://orcid.org/0009-0009-4457-0762
https://orcid.org/0009-0009-4457-0762
https://orcid.org/0000-0002-2328-1066
https://orcid.org/0000-0002-2328-1066
https://orcid.org/0000-0001-8114-7677
https://orcid.org/0000-0001-8114-7677
https://orcid.org/0000-0002-4797-908X
https://orcid.org/0000-0002-4797-908X
https://orcid.org/0000-0002-0215-4930
https://orcid.org/0000-0002-0215-4930
https://orcid.org/0000-0002-1220-310X
https://orcid.org/0000-0002-1220-310X
https://orcid.org/0009-0001-0643-1069
https://orcid.org/0009-0001-0643-1069
https://orcid.org/0000-0002-3594-2212
https://orcid.org/0000-0002-3594-2212
https://orcid.org/0000-0003-4299-7040
https://orcid.org/0000-0003-4299-7040
https://orcid.org/0000-0003-3785-183X
https://orcid.org/0000-0003-3785-183X
https://orcid.org/0000-0002-0109-9757
https://orcid.org/0000-0002-0109-9757
https://orcid.org/0000-0002-6384-2745
https://orcid.org/0000-0002-6384-2745
https://orcid.org/0000-0002-0677-7879
https://orcid.org/0000-0002-0677-7879
https://orcid.org/0000-0001-6851-0654
https://orcid.org/0000-0001-6851-0654
https://orcid.org/0000-0002-2103-5355
https://orcid.org/0000-0002-2103-5355
https://orcid.org/0000-0002-1273-0110
https://orcid.org/0000-0002-1273-0110
https://orcid.org/0000-0001-9006-2835
https://orcid.org/0000-0001-9006-2835
https://orcid.org/0000-0001-9470-0793
https://orcid.org/0000-0001-9470-0793
https://orcid.org/0000-0001-9340-8176
https://orcid.org/0000-0001-9340-8176
https://orcid.org/0000-0002-4655-416X
https://orcid.org/0000-0002-4655-416X
https://orcid.org/0000-0001-9755-1682
https://orcid.org/0000-0001-9755-1682
https://orcid.org/0000-0002-4696-8063
https://orcid.org/0000-0002-4696-8063
https://orcid.org/0009-0006-5871-6257
https://orcid.org/0009-0006-5871-6257
https://orcid.org/0000-0002-3116-2593
https://orcid.org/0000-0002-3116-2593
https://orcid.org/0000-0002-4573-1443
https://orcid.org/0000-0002-4573-1443
https://childmortality.org/

MORTALITY RISK FOR NEWBORN TYPES IN 15 COUNTRIES

11

10. Gu H, Wang L, Liu L, Luo X, Wang J, Hou F, et al. A gradient rela-
tionship between low birth weight and IQ: A meta-analysis. Sci Rep.
2017;7(1):18035.

11. 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(2):283-9.

12. Katz J, Lee AC, Kozuki N, Lawn JE, Cousens S, Blencowe H, 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(9890):417-25.

13. Regev RH, Reichman B. Prematurity and intrauterine growth retar-
dation - double jeopardy? Clin Perinatol. 2004;31(3):453-73.

14. Kramer MS, Demissie K, Yang H, Platt RW, Sauvé R, Liston R. The
contribution of mild and moderate preterm birth to infant mortal-
ity. Fetal and infant health study Group of the Canadian Perinatal
Surveillance System. JAMA. 2000;284(7):843-9.

15. Ashorn P, Black RE, Lawn JE, Ashorn U, Klein N, Hofmeyr J, et al.
The lancet small vulnerable newborn series: science for a healthy
start. Lancet. 2020;396(10253):743-5.

16. Hong YH, Lee JE. Large for gestational age and obesity-related co-
morbidities. ] Obes Metab Syndr. 2021;30(2):124-31.

17. Younes S, Samara M, Salama N, Al-Jurf R, Nasrallah G, Al-Obaidly S,
et al. Incidence, risk factors, and feto-maternal outcomes of inappro-
priate birth weight for gestational age among singleton live births in
Qatar: a population-based study. PLoS One. 2021;16(10):e0258967.

18. Scifres CM. Short- and long-term outcomes associated with large
for gestational age birth weight. Obstet Gynecol Clin North Am.
2021;48(2):325-37.

19. Mendez-Figueroa H, Truong VTT, Pedroza C, Chauhan SP. Large for
gestational age infants and adverse outcomes among uncomplicated
pregnancies at term. Am J Perinatol. 2017;34(7):655-62.

20. Suarez-Idueta L, Yargawa ], Blencowe H, Bradley E, Okwaraji YB,
Pingray V, et al. Vulnerable newborn types: analysis of population-
based registries for 165 million births in 23 countries, 2000 to 2021.
BJOG. 2023. DOI: 10.1111/1471-0528.17505.

21. Villar J, Cheikh Ismail L, Victora CG, Ohuma EO, Bertino E, Altman
DG, et al. International standards for newborn weight, length,
and head circumference by gestational age and sex: the newborn
cross-sectional study of the INTERGROW TH-21st project. Lancet.
2014;384(9946):857-68.

22. The International Fetal and Newborn Growth Consortium for the
21st Century. INTERGROWTH-21st. 2020 [cited 2014 Sep 06, and
2016 Feb 27]. Available from: https://intergrowth21.tghn.org/

23. Villar ], Giuliani F, Fenton TR, Ohuma EO, Ismail LC, Kennedy SH.
INTERGROWTH-21st very preterm size at birth reference charts.
Lancet. 2016;387(10021):844-5.

24. Andrade C. Understanding relative risk, odds ratio, and related
terms: as simple as it can get. ] Clin Psychiatry. 2015;76(7):e857-61.

25. Lawn JE, Davidge R, Paul V, Von Xylander S, de Graft Johnson J,
Costello A, et al. Born too soon: care for the preterm baby. Reprod
Health. 2013;10(Suppl 1):S5.

26. Smith LK, Blondel B, Zeitlin J. Producing valid statistics when leg-
islation, culture and medical practices differ for births at or before
the threshold of survival: report of a European workshop. BJOG.
2020;127(3):314-8.

27. Delnord M, Hindori-Mohangoo AD, Smith LK, Szamotulska K,
Richards JL, Deb-Rinker P, et al. Variations in very preterm birth
rates in 30 high-income countries: are valid international compari-
sons possible using routine data? BJOG. 2017;124(5):785-94.

28. Suarez-Idueta L, Blencowe JYH, Yargawa J, Bradley E, Okwaraji Y,
Lawn EOJE, et al. Large for gestational age. BJOG. 2023.

29. Paixao ES, Blencowe H, Falcao IR, Ohuma EO, AdS R, Alves FJO, et al.
Risk of mortality for small newborns in Brazil, 2011-2018: a national

2 0 An International Journal of
J Obstetrics and Gynaecology

birth cohort study of 17.6 million records from routine register-based
linked data. Lancet Reg Health Am. 2021;3:100045.

30. Erchick D, Hazel E, Katz J, Lee ACC, Diaz M, Wu LSF, et al.
Vulnerable newborn types: analysis of subnational, population-based
birth cohorts for 541,285 live births in 23 countries, 2000 to 2021.
BJOG. 2023.

31. Okwaraji YB, Suarez-Idueta L, Ohuma EO, Bradley E, Yargawa J,
Pingray V, et al. Stillbirths: contribution of preterm birth and size-
for-gestational age for 125.4 million total births from nationwide re-
cords in 13 countries, 2000 to 2020. BJOG. 2023.

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: Sudrez-Idueta L, Blencowe H,
Okwaraji YB, Yargawa ], Bradley E, Gordon A, et al.
Neonatal mortality risk for vulnerable newborn types
in 15 countries using 125.5 million nationwide birth
outcome records, 2000-2020. BJOG. 2023;00:1-11.
https://doi.org/10.1111/1471-0528.17506

APPENDIX 1

National Collaborative Group for Vulnerable Newborn
Mortality

Australia: Vicki Flenady; Adrienne Gordon; Kara Warrilow;
Harriet Lawford. Brazil: Enny S. Paixao; Mauricio Lima
Barreto; Ila Rocha Falcao. Canada: Sarka Lisonkova; Qi
Wen. Czech Republic: Petr Velebil; Jitka Jirova. Denmark:
Erzsébet Horvath-Puhd, Henrik T. Serensen. Estonia: Luule
Sakkeus; Liili Abuladze. Lebanon: Khalid A. Yunis; Ayah Al
Bizri; Pascale Nakad. Mexico: Lorena Sudrez-Idueta; Arturo
Barranco Flores; Jesus Felipe Gonzalez Roldan; Sonia Lopez
Alvarez. Netherlands: Lisa Broeders; Aimée E. van Dijk. Qatar:
Fawziya Alyafei; Mai AlQubaisi; Tawa O. Olukade; Hamdy
A. Ali; Mohamad Rami Alturk. Sweden: Neda Razaz; Jonas
Soderling. UK_England and Wales: Lucy K. Smith; Bradley N.
Manktelow; Ruth J. Matthews; Elizabeth Draper; Alan Fenton;
Jennifer J. Kurinczuk. UK_Northern Ireland: Estelle Lowry;
Neil Rowland. UK_Scotland: Rachael Wood; Celina Davis;
Kirsten Monteath; Samantha Clarke. Uruguay: Isabel Pereyra,
Gabriella Pravia. USA: Sarka Lisonkova; Qi Wen.

VULNERABLE NEWBORN MEASUREMENT CORE
GROUP

LSHTM: Joy E. Lawn; Hannah Blencowe; Eric Ohuma;
Yemisrach B. Okwaraji; Judith Yargawa; Ellen Bradley. JHU:
Robert E. Black; Joanne Katz; Daniel J. Erchick; Elizabeth A.
Hazel; Michael Diaz; Anne C. C. Lee.

85UB0|7 SUOWIWIOD 381D 3|dealidde auy Ag pauienob ae Sspoie YO ‘8sN JO S3|NJ 10} A%iq1 T 8UIIUO AB|IAN UO (SUOIPUOD-PUR-SLLBY/LID" A3 | IMAe1q U UO//SANY) SUORIPUOD pUe SWLB | 8L 88S *[£202/20/6T] U0 AriqiTaulluO A8]iM ‘opuo JO Aisienun A usend Aq 905218250~ Ty T/TTTT OT/I0p/LI00 A8 |1m ARIq Ul U0 UABAOy/:Sdny Wiy pepeojumod ‘0 ‘82S0TLYT


https://doi.org/10.1111/1471-0528.17505
https://intergrowth21.tghn.org/
https://doi.org/10.1111/1471-0528.17506

	Neonatal mortality risk for vulnerable newborn types in 15 countries using 125.5 million nationwide birth outcome records, 2000–­2020
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Compilation of data sets
	2.2|Inclusion and exclusion criteria
	2.3|Data quality
	2.4|Exposure definitions
	2.5|Data analysis

	3|RESULTS
	3.1|Objective 1: Neonatal mortality risk associated with birthweight categories
	3.2|Objective 2: Neonatal mortality risk associated with gestational age
	3.3|Objective 3: Neonatal mortality risk associated with newborn types

	4|DISCUSSION
	4.1|Main findings
	4.2|Interpretation
	4.3|Strengths and limitations

	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS APPROVAL
	DISCLOSURES
	REFERENCES


