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1 | INTRODUCTION

Newborns who are low birthweight (LBW, <2500g) have
an increased risk of short-term complications including
death during the first 28 days after birth (neonatal mortal-
ity) and long-term adverse health outcomes.'” Around 80%

births in 23 countries from 2000 to 2021.

Design: Population-based, multi-country analysis.

Setting: National data systems in 23 middle- and high-income countries.
Population: Liveborn infants.

Methods: Country teams with high-quality data were invited to be part of the
Vulnerable Newborn Measurement Collaboration. We classified live births by six
newborn types based on gestational age information (preterm <37 weeks versus term
>37 weeks) and size for gestational age defined as small (SGA, <10th centile), appro-
priate (10th-90th centiles), or large (LGA, >90th centile) for gestational age, accord-
ing to INTERGROW TH-21st standards. We considered small newborn types of any
combination of preterm or SGA, and term + LGA was considered large. Time trends
were analysed using 3-year moving averages for small and large types.

Main outcome measures: Prevalence of six newborn types.

Results: We analysed 165017 419 live births and the median prevalence of small types
was 11.7% —highest in Malaysia (26%) and Qatar (15.7%). Overall, 18.1% of newborns
were large (term + LGA) and was highest in Estonia 28.8% and Denmark 25.9%. Time
trends of small and large infants were relatively stable in most countries.
Conclusions: The distribution of newborn types varies across the 23 middle- and
high-income countries. Small newborn types were highest in west Asian countries
and large types were highest in Europe. To better understand the global patterns of
these novel newborn types, more information is needed, especially from low- and
middle-income countries.

low birthweight, newborn, preterm birth, size for gestational age

of the world's 2.4 million neonatal deaths are among LBW
infants.' Although used for more than a century as an in-
dicator of a suboptimal birth outcome, LBW can arise as
the result of preterm birth (‘born too soon’) and small-for-
gestational age (SGA) (<10th centile for gestational age and
sex; ‘born too small’) or both. Reduction in LBW prevalence
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VULNERABLE NEWBORN TYPES IN 23 COUNTRIES

has been a global target since 1990, but very little progress
has been achieved to date."

Globally, an estimated 20.5million babies were born
LBW in 2015," and 14.8 million babies were born preterm
in 2014."2 LBW and preterm birth have been estimated at the
global, regional and national levels as separate indicators,
omitting the important contribution of SGA. This dichoto-
mous approach does not consider the overlap of adverse con-
ditions or the well-recognised risk for large for gestational
age (LGA, >90th centile for gestational age). The prevalence
of LGA is increasing globally with the increasing prevalence
of women who are overweight and obese, which has been
associated with an increase in birth trauma, hospitalisation
and long-term health complications.*>"*"">

Using information on gestational age (being born preterm
[PT] versus term [T]), size for gestational age, (SGA, LGA
or appropriate for gestational age [AGA]), and birthweight
(LBW vs nonLBW), we can obtain a set of ten mutually ex-
clusive newborn types. However, given that LBW is caused
by preterm and/or SGA, a simplified set of six types (exclud-
ing birthweight) could be a practical alternative to describe
pathways and patterns of vulnerability and subsequent risks
of complications.

A recent Lancet commentary called for a better descrip-
tion of the prevalence and mortality risk of newborn types
to delineate vulnerability.'® This level of granularity could
identify babies at the highest risk of complications, help
better understand biological mechanisms, inform more
targeted and innovative interventions, and accelerate prog-
ress towards global LBW and neonatal mortality reduc-
tion targets.” " The Vulnerable Newborn Measurement
Collaboration is a multi-country partnership that aims to
close this measurement gap by applying standard definitions
to classify newborn types and estimate prevalence, mortality
risks and mortality attributable to these newborn types.

This paper aims to calculate the prevalence of six new-
born types among live births using individual-level national
data and to describe time trends for these types (Table 1).

2 | METHODS

We analysed routinely collected data on 165million live
births from 1 January 2000 to 31 December 2021 from
23 participating countries. We followed the guidelines
for Reporting of Studies conducted using Observational
Routinely collected Data (RECORD)* (Appendix S1).
Details on ethics approval for all 23 participating countries
are in Appendix S2 and all relevant definitions used are pro-
vided in Appendix S3.

2.1 | Data collection and management

An open call for participating countries was widely dissemi-
nated through a Lancet commentary,'® social media and per-
sonal emails to researchers who have previously conducted
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TABLE 1 Key findings.

1. What was known?

Babies born preterm (<37 weeks gestation), low birthweight
(<2500g), or small- or large-for gestational-age (SGA < 10th
centile and LGA >90th centile) are at higher risk of early
mortality and adverse health outcomes later in life. Prevalences
of LBW, preterm birth, and SGA/LGA have historically been
analysed separately, even though babies may be classified in
more than one of these categories, e.g., preterm and SGA

2. What was done that is new?

We have analysed prevalences of novel newborn types in high and
middle-income countries using information on gestational
age to classify preterm (PT) vs. term (T) and information
on birthweight, gestational age, and newborn sex to classify
size-for-gestational age as small (SGA), appropriate (AGA), or
large (LGA). We identified 23 national datasets with individual-
level information on infants born between 2000 and 2021
and described six newborn categories: four small (PT +SGA,
PT+AGA, PT+LGA, T +SGA), one large (T + LGA), and one
reference category (T+AGA).

3. What was found?

Our large, pooled dataset of 165 million livebirths provides the first
published multi-country prevalence estimates of vulnerable
newborn types. The median prevalence of small types was
11.7%, and was highest in Malaysia (26%) and Qatar (15.7%).
Large (T +LGA) types were more common (median prevalence:
18.1%), and comprised over a quarter of all births in Estonia and
Denmark. The proportion of small and large newborn types
was relatively stable in most countries for the period 2000-2021;
however, we observed some increasing time trends of small
newborn types in Lebanon and decreasing time trends of large
newborn type (T +LGA) in Denmark, Finland, and Sweden.
These time trends could be related to shifts and improvements
in data systems, data capture, and changes in healthcare such as
increases in caesarean section rates.

4. What next?

Improving the identification of vulnerable newborns in programmes:
These six newborn types could be used in clinical practice and
population health to identify subgroups of most vulnerable
newborns such as those born preterm and SGA. Compared
with the classification of a single indicator of preterm birth or
size-for-gestational age, the classification of newborns based
on a combination of preterm birth and size-for-gestational age
to define vulnerable newborn types can provide more granular
information on baby’s health for targeted interventions, and for
tracking changes.

Research gaps: More work is needed to assess the prevalence of
vulnerable newborn types in regions with the highest burden
of small babies such as Sub-Saharan Africa and Southern
Asia. Improvements are also needed in the ascertainment
and reporting of reliable gestational age information to
enable classification of newborns according to newborn types
everywhere.

perinatal studies using national routinely collected data.
Potential collaborators with population-level data were in-
vited to complete details in an online survey from August to
October 2021.

Collaborators from countries with strong data systems
for births defined as having high-quality criteria based
on previous United Nations (UN) preterm birth'>*" and
LBW'' estimates, and with national individual-level data
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* |
sets with information on birthweight and gestational
age were invited to be part of the Vulnerable Newborn
Measurement Collaborative Group: an equitable part-
nership facilitated by the London School of Hygiene &
Tropical Medicine (LSHTM) and the Johns Hopkins
University (JHU).

Individual-level data that met prespecified quality crite-
ria and were collected from the year 2000 in participating
countries were included. Quality criteria were defined as:
(1) relatively high coverage with at least 80% of live births
included in the data set according to the UN reference pop-
ulation, (2) at least 80% of births occurring in healthcare
facilities and (3) at least 80% completeness overall for birth-
weight, gestational age and newborn sex.”? For analytical
purposes, the three devolved nations from the UK were pre-
sented separately, i.e. England & Wales, Northern Ireland
and Scotland.

Additional data quality assessment included quantifying
the percentage of records for each country-year by review-
ing the median and interquartile range (IQR) of birthweight
and gestational age, and detecting evidence of heaping.”’
Birthweight heaping index was quantified as the number of
live births reported at exactly 2500 g divided by the number
of live births with reported birthweight that was 249 g below
(i.e. 2250-2499 g) and 249 g above (i.e. 2501-2750 g)*** with
low values indicating better reporting practices and lower
probability of birthweight heaping. The distribution of
birthweight and gestational age was assessed visually and by
quantifying the proportion of live births with birthweight
below 500g, below 1000g or gestational age up to and in-
cluding 28* weeks of gestation.

Individual live-birth records missing birthweight, gesta-
tional age or newborn sex were excluded because the size for
gestational age could not be calculated. Live-birth records
with implausible values on birthweight (<250g or 26500g),
gestational age (<22*” weeks or >44"®weeks) or an implau-
sible combination of birthweight and gestational age (de-
fined as birthweight +5 standard deviations from the mean
birthweight at each completed week of gestational age) were
also excluded. We described the frequency of key baseline
characteristics of the women (age, educational attainment,
parity) and newborn babies (sex, multiplicity, mode of de-
livery). Finally, we assessed the proportion of records with
insufficient information to categorise them into vulnerable
newborn types.

2.2 | Prevalence of newborn types

Each national team used their data to categorise each in-
cluded live birth based on gestational age (preterm birth,
up to 36"°weeks [PT] or term, 37°weeks and above
[T]), size for gestational age (SGA, AGA, LGA) using the
INTERGROWTH-21st international newborn size for age
and sex standards (extended to include newborns from 22*°
to 44%)*° (Appendix S4a), and birthweight (LBW <2500g
or nonLBW >2500g).

Using gestational age (PT/T) and size for gestational
age (SGA/AGA/LGA), we constructed a mutually exclu-
sive set of six newborn types including four small groups
(PT+SGA, PT+AGA, PT+LGA, T+SGA), one large group
(T+LGA) and one reference group (T +AGA; Figure 1 and
Appendix S4b). We defined vulnerable newborn types as
‘small’ (PT and/or SGA) or ‘large’ (T + LGA).

We also performed a secondary analysis with ten cat-
egories using all three variables: gestational age (PT/T),
size for gestational age (SGA/AGA/LGA) and birth-
weight (LBW/nonLBW). The ten category types included:
eight small groups (T+AGA+LBW, T+SGA +nonLBW,
T+SGA+LBW, PT+LGA+nonLBW, PT+LGA+LBW,
PT +AGA +nonLBW, PT +AGA +LBW, PT+SGA +LBW),
one large group (T+LGA+nonLBW) and one reference
group (T + AGA + nonLBW; Figure 1, Appendix S4b).

All analyses were undertaken by the national collaborat-
ing teams using standard code in StaTA (StataCorp, College
Station, TX, USA), SAS (SAS Institute, Cary, NC, USA) or
R programming languages, co-developed with the LSHTM/
JHU team, to undertake data set cleaning and output results
in a standard format. Aggregate national data tables were
shared with the coordinating team at LSHTM and pooled
into a single data set for further analysis. We performed a
sensitivity analysis in countries where missing values for
birthweight, sex or gestational age were reported as more
than 20% for any country-year. We compared the prevalence
of each newborn type with a subgroup excluding country-
years with more than 20% missingness.

2.3 | Temporal trends

Temporal changes in the proportion of vulnerable new-
born types were estimated for countries reporting data for
at least four country-years. We used 3-year moving averages
to obtain smoothed trends and uncertainty bounds of the
calculated annual percentages for small and large vulnerable
newborn groups. We defined 3-year moving average changes
of more than 0.5% to denote changes in trend for a particu-
lar country-year. We described changes over two periods of
time (from 2000 to 2009 and from 2010 to 2021) to identify
changes over two decades.

3 | RESULTS

Individual-level data on 169906956 live births collected
from 23 countries between 2000 and 2021 were consid-
ered for analysis. Of the 169906956 total live births iden-
tified, 4889537 (2.9%) records were excluded (Figure 2,
Appendix S5a). The most common reason for exclusion
was the lack of reporting of gestational age (n1=2752082;
1.6% of the total records) and this percentage was highest
in Malaysia (16.9%) and Brazil (8.7%). Overall, 1605371
(0.9%) of records were excluded because of missing birth-
weight, with Mexico (5.8%) and Lebanon (3.9%) reporting
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FIGURE 1 Overview of vulnerable newborn types based on gestational age, size for gestational age and birthweight. This figure illustrates the six
newborn types (A) used in the main analysis and more granular expansion of these types adding the birthweight dimension (B) used in the secondary
analysis in this paper. Original newborn types proposed by Ashorn et al. are shown as Appendix S4b.

the highest percentage of missingness. Fewer than 0.3%
of records were excluded for missing both gestational age
and birthweight in the same registry, missing information
on sex, implausible birthweight, gestational age records or
combinations of birthweight/gestational age. The final data
set consisted of 165017419 records (97.1% of identified live
births). The SDG region of North America, Australia, New
Zealand, Central Asia and Europe contributed with 100.9
(61.2%) million live births, followed by Latin America and

the Caribbean with 53.7 million (32.6%), western Asia and
North Africa contributed 5.4 million (3.3%) and eastern
Asia, South-East Asia, and Oceania had 4.9 (3.0%) million
live births. No data were available from southern Asia and
Sub-Saharan Africa (Figure 2).

There were some notable differences in maternal char-
acteristics by region, for instance, there were higher rates of
adolescent mothers in Mexico (18.6%) and Brazil (16.3%),
and higher rates of caesarean deliveries in Brazil (50.9%),
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FIGURE 2 Inputdata set for Vulnerable Newborn national prevalence. (A) Flow chart for data inclusions and exclusions. *Focus of searches for

subnational data see ref. 49 for further details. ®Defined as having input data meeting high-quality criteria for previous UN preterm birt

h'** and low

birthweight estimates,'" or the country having a strong national health system defined as at least 80% facility births. (B) Distribution of 165 million live
births included from national data sets in 23 countries, by Sustainable Development Goal (SDG) Region.

Mexico (42.8%) and Uruguay (42.8%) compared with
countries in other regions. Births outside healthcare facil-
ities were more common in the Netherlands where around
one-quarter of births were supervised by a primary care
midwife as outpatients in the hospital or at home (26.7%;
Table S5b).

More than 97% of birth records had sufficient infor-
mation to enable classification into vulnerable newborn

types (Table 2). In terms of data quality, countries reported
a plausible median of birthweight and gestational age for
each country-year of observation with overall proportions
of babies below 1000g (0.6%; range: 0.2-0.8%), and pro-
portion up to and including 28"®weeks of gestation (0.5%;
range: 0.3-0.7%; Table 2). The proportion of the smallest
babies (<500g) was 0.1% (range: <0.1% in most countries to
0.3% in Malaysia). There was some evidence of birthweight
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heaping at 2500g (3.1%), with the greatest heaping observed
in Malaysia (12.9%) and the lowest in Sweden (<0.01%;
Table 2).

3.1 | Prevalence of newborn types

Preterm and SGA median proportions were higher in east-
ern and southern Asia (preterm 9.9%, SGA 11%), followed by
western Asia (preterm 9.6%, SGA 6.6%) and Latin America
and the Caribbean (preterm 8.2%, SGA 5.4%). Malaysia re-
ported the highest prevalence of preterm (11.8%) and SGA
(15.7%) babies. In contrast, LGA infants were more com-
mon in North America, Australia, Central Asia, and Europe
(median 22.9%) ranging from 15% in the Czech Republic to
29.7% in Estonia (Appendix S6a).

The median prevalence of any type of small newborn
type (preterm or SGA) was 11.7% (IQR 9.9-14.2%) ranging
from 7.6% in Estonia (IQR 7.6-7.7%) to 26% (25.7-26.3%)
in Malaysia. Among small babies, preterm types were: 6%
for PT+AGA, 1% for PT+LGA and 0.6% for PT +SGA.
The prevalence of small babies at term (T +SGA) was 4.2%
(Table 3 and Table S6b). The median prevalence for large
babies (T +LGA) was 18.1% (IQR 12.6-22.1%) ranging from
5.6% (IQR 5.5-5.7%) in Malaysia to more than one-quarter
(28.8%, IQR 28.3-29.4%) in Estonia. In all countries, most
live births were T+ AGA (median 68.4%, IQR 67.5-72.1%;
Figure 3, Table S6b,c).

Regional variation was noted, with small vulnerable new-
born types more common in western Asia (Malaysia 26.9%,
Qatar 15.7%), Latin America (Brazil 18.6%, Argentina 14.3%)
and North America and Europe (USA 14.1%, Scotland 12.1%;
Figure 4). We found that large (LGA +T) babies were more

TABLE 3
Sustainable Development Goal Region.

Six newborn types

common in European countries (e.g. Estonia 28.8%, Denmark
25.9%, Northern Ireland 24.8%), Australia (21.2%), Canada
(21.0%) and in some countries in Latin America, including
Chile (20.4%) and Argentina (17.8%; Figure 4, Table S6b,c).

Using the classification of ten newborn types, four
types were split into two smaller groups (LBW and non-
LBW). The group PT+AGA (median 6%) included
PT+AGA +LBW (median 3.6%) and PT+ AGA + nonLBW
(median 2.3%). The group PT+LGA (median 1%) included
those PT + LGA + LBW (median 0.2%) and PT + LGA + non-
LBW (median 0.8%). Of the term infants, the group T + SGA
(median 4.2%) comprised babies that were T +SGA +LBW
(median 1.9%) and T+ SGA + nonLBW (median 2.3%). The
reference group T+ AGA (median 68.4%) included mainly
nonLBW babies (T + AGA + nonLBW, median 68.1%) and a
very small group of LBW babies (T +AGA +LBW, median
0.5%; Appendix S6d).

In the sensitivity analyses ten individual country-years
with more than 20% missing data were excluded; as such
the proportions of six newborn types were reassessed in two
countries, Malaysia (3years) and Brazil (1year). The sensi-
tivity analyses showed similar results to the main analyses
concerning the overall prevalence for each type in both
Malaysia and Brazil (Appendix S6e).

3.2 | Temporal trends

Time trends in the prevalence of newborn types were esti-
mated for 20 of the 23 countries with at least four individual
years of data (Figure 5). Two national data sets were excluded
as they provided data of only two individual years (Argentina
and Czech Republic) and one as it provided aggregated data

Median and interquartile range of national prevalences of six newborn types and small types among 165017419 live births, overall and by

Small
PT +SGA PT +AGA PT+LGA T+SGA T+AGA T+LGA types®
Median Median Median Median Median Median Median
Variables IQR IQR IQR IQR IQR IQR IQR
Overall’ 0.6 6.0 1.0 4.2 68.4 18.1 11.7
(0.6-0.8) (5.4-7.0) (0.8-1.4) (4.2-3.3) (67.5-72.1) (12.6-22.1) (9.9-14.2)
Eastern, South-East Asia 1.0 7.3 1.5 9.9 73.5 6.7 19.8
and Oceania (0.8-1.2) (7.0-7.7) (1.1-1.9) (7.8-12.1) (71.0-76.0) (6.1-7.3) (16.7-22.9)
Latin America and the 0.7 6.3 1.0 4.6 69.6 16.5 12.9
Caribbean (0.6-0.8) (5.4-7.0) (0.8-1.6) (4.0-6.0) (69.0-72.7) (13.2-17.8) (11.6-14.0)
North America, 0.6 5.7 0.9 3.3 67.5 22.1 10.5
Australia/New (0.6-0.7) (5.1-6.1) (0.7-1.0) (3.0-4.1) (66.6-67.9) (19.9-24.0) (9.5-11.7)
Zealand, Central
Asia and Europe
Western Asia and North 0.9 7.2 14 5.7 72.7 11.9 154
Africa (0.8-0.9) (6.9-7.5) (1.4-1.5) (5.6-5.7) (72.1-73.2) (11.9-12.3) (14.8-15.5)

*Small types include: PT+SGA, PT+AGA, PT+LGA, T+SGA.
"Twenty-three national data sets.
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(Northern Ireland). In general, data availability increased
with calendar years as more countries contributed data be-
tween 2010 and 2021 (19 countries and 173 country-years)
compared with the period from 2000 to 2009 (ten countries
and 87 country-years; Table S6f).

Small vulnerable newborn types appeared to decrease
over time in Brazil (20.3% in 2012, 19.7% in 2013 and 19.1%
in 2014) and fluctuate in Lebanon (from 15.5% in 2010 to
16.1% in 2011 and from 15.4% in 2015 to 17.6% in 2016).
Reduction in the proportion of large newborns was noted in
Denmark (27.1% in 2006, 26.4% in 2007 and 25.7% in 2008),
Finland (24.1% in 2004, 23.5% in 2005 and 22.8% in 2006)

and Sweden (24.5% in 2005 to 23.3% in 2006), whereas this
proportion increased in Uruguay during the second decade
(16.7% in 2011 to 17.7% in 2012).

4 | DISCUSSION

4.1 | Main findings

We have, for the first time, analysed a multi-country na-
tional data set of 165million live births from 23 countries
according to vulnerable newborn types. We found that

85U8017 SUOWILIOD BAITEa1 3[qedtjdde au Aq peussnob afe ssjole VO ‘88N Jo Seini Joj Aeiq1T8UlUO 48]/ UO (SUOTPUOD-PUB-SWLIBYW0 A8 | 1M ARIq U1 [UO//:SANY) SUORIPUCD pue S | 84} 885 *[Z02/T0/LT] Uo Ariqi78uljuO A8 |1 ‘Zniooi- Znid openmsO dedepund Ad 505.T'82S0-TZYT/TTTT 0T/I0p/woo A8 | 1mAselq i put|uo uABaoy/:sdny wouy papeojumod ‘0 ‘82S0TLYT



B 0 G An International Journal of SUAREZ-IDUETA ET AL.
Obstetrics and Gynaecology
Small vulnerable newborns | Large vulnerable newborns: term and LGA
Eastern Asia, South-East Asia and Oceania
30 30
P et
%zo %20-
PE as.factor(countries) § as.factor(countries)
< = <
ol Korea ol — Korea
! PR — Malaysia ! — Malaysia
€ 10 & 104
—_—
P ———
0 o
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
Year Year
Latin America and the Caribbean
30 30
i . ) —_—_— T T .
20 \ as.factor(countries) 8,20 as.factor(countries)
& &
5 — Bradl ] /~4 ~ Bradl
< — Chile < S — Chie
Ed __>—d£\ ~— Mexico Ed ~— Mexico
£ — Penn = e & Pem
& 104 /’_’7 ~ Uruguay & 104 ~ Uruguay
——
0 0
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
Year Year
North America, Australia and NZ, Central Asia and Europe
30 30
as.factor(countries) as.factor(countries)
~ Australia ~ Australia
201 ~ Canada 9,201 ~ Canada
§ ~ Denmark g ~— Denmark
é ~ England & Wales é ~ England & Wales
| — e — - ~— Estonia | ~— Estonia
o o
8 e ~ Finland 8 ~ Figland
3 — ~— Netherlands 3 — Netherlands
SRS [=————— ~ Scotland # 101 ~ Scotland
T ~ Sweden ~ Sweden
o UsA ~ UsA
0 01
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
Year Year
Western Asia and North Africa
30 30
9,20 8,20
g as.factor(countries) g as.factor(countries)
<T:I \/“’/6,\ B fan <’:I B b
o — — Lebanon @ — Lebanon
£ “— Qutar = _’,_’_———;;%/ " Qatar
& 10 2 10
0 0
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
Year Year

FIGURE 5 Rolling average of the percentage of live births of different newborn types in 20 countries. Excluding Argentina, the Czech Republic and
Northern Ireland for providing pooled data or less than three disaggregated years. Small vulnerable newborns include: PT +SGA, PT+AGA, PT +LGA,
T+SGA. Coloured lines are Loess smoothers, grey shading shows the confidence intervals.

85U8017 SUOWILIOD BAITEa1 3[qedtjdde au Aq peussnob afe ssjole VO ‘88N Jo Seini Joj Aeiq1T8UlUO 48]/ UO (SUOTPUOD-PUB-SWLIBYW0 A8 | 1M ARIq U1 [UO//:SANY) SUORIPUCD pue S | 84} 885 *[Z02/T0/LT] Uo Ariqi78uljuO A8 |1 ‘Zniooi- Znid openmsO dedepund Ad 505.T'82S0-TZYT/TTTT 0T/I0p/woo A8 | 1mAselq i put|uo uABaoy/:sdny wouy papeojumod ‘0 ‘82S0TLYT



VULNERABLE NEWBORN TYPES IN 23 COUNTRIES

babies with at least one condition for being small were more
likely to be born in western Asian (Middle Eastern) and
Latin American countries (Malaysia 26% of all live births,
Qatar 15.7%, Lebanon 15.4%, Brazil 18.6%, Argentina 14.3%
and Mexico 12.9%). However, even in the high-income set-
tings of North America and Europe, which generally had
lower rates of small vulnerable newborn types, had relatively
high rates (USA 14.1%, Scotland 12.1%). In contrast, large
(LGA +T) babies were more common in Europe (e.g. Estonia
28.8%, Denmark 25.9%, Northern Ireland 24.8%), Australia
(21.2%), Canada (21.0%) and Chile (20.4%).

Time trends in vulnerable newborn types over the last
two decades were assessed in 20 countries. We found that
most of the included countries did not experience reduc-
tions in rates of small newborn types, supporting the evi-
dence from other data sources and global estimates on the
lack of progress in reducing LBW and preterm birth.'>*'
Minor fluctuations in small babies were noted in some
countries, which could be explained partially by temporal
improvements in the identification of preterm babies in rou-
tine systems and improvements in data capture, which are
country-specific.”! For instance, the increase in small types
in Lebanon can be explained by the influx of Syrian refugees
who are at particular risk of suffering maternal and neo-
natal adverse outcomes® > and the increased reporting of
preterm babies (<28% weeks) from 0.2% in 2012 to 0.3% in
2019. We found reductions in T+LGA in Denmark, Finland
and Sweden during the period 2000 to 2009, this effect can
be related to delivery practices, screening and control of ges-
tational diabetes.***

4.2 | Interpretation
Low birthweight has been a widely used marker of newborn
vulnerability associated with an elevated risk of mortality
and chronic health conditions.""”** The use of this thresh-
old (<2500g) offers some advantages in identifying at-risk
newborns in settings where gestational age assessment is not
accurate and underlying reasons for LBW cannot be identi-
fied."" Delineating short gestation (preterm) and potentially
suboptimal intrauterine growth (SGA as a proxy) is key to
informing preventive programmes and policies in all set-
tings to implement targeted public health interventions
during pregnancy and the perinatal period. Though the
prevalence of babies born both preterm and SGA is low (me-
dian 0.6%, IQR 0.6-0.8%), these infants are at higher risk of
mortality®® and chronic diseases later in life compared with
those born either preterm only or SGA only."”*”*® There is
inadequate research on the impacts of being born LGA. LGA
babies born preterm may differ from those born at term and
the vulnerable newborn types classification helps to identify
particular determinants and further examine the outcomes
of these babies.

Using six newborn type categories rather than ten is a
more parsimonious approach and the reduced number of
categories may be easier to implement in routine practice

2 OG An International Journal of 1
J Obstetrics and Gynaecology

while still identifying newborn babies with relatively homo-
geneous characteristics and consequent premature mortality
risks,36-39-41

Preterm birth is a strong predictor of mortality and
longer-term adverse neurodevelopmental outcomes, but
these risks differ depending on gestational age (e.g. ex-
tremely preterm versus late preterm). Future work should
examine several preterm categories based on maturity,
e.g. extremely preterm, very preterm and moderate or late
preterm, and further classifications allowing differentiation
between spontaneous and clinician-initiated births.*?

4.3 | Strengths and limitations

This novel analysis of newborn types has several strengths,
notably the large study size including 165 million live births
collected in 23 countries via routine national data systems
with high coverage of the national newborn populations.
The national data sets had a high level of completeness for
the key variables of birthweight, gestational age and sex, and
covered a wide period from 2000 to 2021 enabling a com-
prehensive assessment of the prevalence of these types in
different national populations over time. We were also able
to extend the original INTERGROWTH-21st models that
initially covered the period from 24" to 42*°weeks by ex-
trapolating the range of gestational age in very preterm and
post-term babies enabling consistency with International
Classification of Diseases periods of gestational cut-offs.*’
The differences in reporting practices for births between
countries may impact the comparability between countries
(Appendix S5g). For example, the high percentage of all live
births that occur before 28 weeks of gestation in the USA
(0.7%) may be due to more complete registration of very pre-
mature babies associated with the 20-week threshold for re-
porting fetal deaths.****

Gestational age assessment methods are known to vary in
accuracy, with methods including first-trimester ultrasound
measurement being the most accurate, and last menstrual
period dating being less accurate and leading to overestima-
tion of the proportion of preterm babies.*® Most data sets
from high-income settings with widespread coverage of early
ultrasound assessments use the best obstetric estimates. The
method of gestational age assessment was not stated in data
sets collected in Asia, North Africa and Latin America. If
last menstrual period was the predominant method used
in these countries, this might have led to some misclassifi-
cation and impacted the comparability between countries.
In addition, although this analysis included only live births,
stillbirths are an important part of the overall assessment
of adverse birth outcomes accounting for 2 million deaths
annually,"”*® so they are the focus of another paper in this
supplement.*

Sub-Saharan Africa and southern Asia account for about
70% of the world's births and a disproportionate burden
of adverse birth outcomes, notably stillbirths and neona-
tal deaths. Despite extensive attempts, we did not identify
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countries meeting the inclusion criteria from these regions
to join our collaborative project. To address this gap, our
collaboration included data from population-based research
studies from these regions. These research studies were
relatively small (a total of 0.5million live births from 45
studies), and none were designed to be nationally represen-
tative, which limits their generalisability. Analyses of these
studies suggested a higher prevalence of small newborn
types (median 37.6%), and fewer LGA babies (median 3.3%),
however, these results were mainly driven by community-
based data in southern Asia.*” With over 80% of the world's
births occurring in facilities and increasing coverage of rou-
tine health management information systems, there are op-
portunities to improve the collection and use of these data.
Unfortunately, most data are available only in an aggregated
form and so preclude the identification of specific newborn
types, which requires individual-level data.”

5 | CONCLUSIONS

This study provides the first multi-country analysis of specific
newborn types, based on 165 million live births from 23 high-
and upper-middle-income countries across four Sustainable
Development Goal regions. Identification of specific new-
born types was highly feasible provided individual-level data
were available. Overall, small vulnerable newborn types were
highly prevalent in participating countries, and large new-
born types were even more common. These analyses provide
a baseline overview of vulnerable newborn types, an impor-
tant next step is to examine these groups with respect to mor-
tality, which is reported in another paper in this supplement.*’
Elsewhere we also report regional and global estimates for the
six vulnerable newborn type categories.”’ Longer follow up,
and possible electronic cohort analyses would be a useful next
step to examine the lifelong impact of each newborn type.
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