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1 | INTRODUCTION

Globally, substantial focus has been placed on babies who
are small at birth, because of their elevated risks of neona-
tal morbidity and mortality, and the associated long-term
health implications.'> However, the effects of being large for
gestational age (LGA) at birth have received relatively less
attention, despite this condition has been also associated
with maternal and perinatal morbidity.°"'° Maternal com-
plications include prolonged labour, increased rate of cae-
sarean section, perinatal trauma, postpartum haemorrhage
and uterine rupture,'’ whereas large babies are at higher
risk of shoulder dystocia, brachial plexus injury, fractures,
hypoglycaemia and prolonged hospitalisation.® Later in life,
being born LGA has been associated with an increased risk
of being overweight, obese, or suffering from psychiatric
conditions, diabetes, hypertension or cancer, in childhood
and adulthood." "

Large size at birth may result from excessive fetal weight
gain during pregnancy or from prolonged pregnancy.®'*"
Commonly used measures for large infants include the fol-
lowing: LGA, defined as birthweight above the 90th cen-
tile for sex and gestational age; and ‘macrosomia’, defined
as birthweight above 4000, regardless of gestational age.'s
LGA include subgroups of constitutionally large and over-
nourished babies who experience different risks of clinical
complications.'”'®

To date, no worldwide systematic assessment of the pro-
portion of babies with large size at birth has been performed.
Existing assessments of the proportion of LGA babies at the
population level may differ according to maternal, social and
environmental factors, as well as the growth chart used.®"
By definition, approximately 10% of babies are found to be
LGA when national descriptive growth charts are used.”*"*
However, when prescriptive international standards are
used, the prevalence of LGA can vary widely among popula-
tions. Using the INTERGROW TH-21st standards, previous
studies have reported LGA rates of 8.0%-25.1% in Australia
and in 16 European cohorts.**** Published prevalences of
macrosomia have ranged from 5% to 20% in high-income
countries and from 1% to 14.9% in low- and middle-income
countries.*>*®

mortality risk compared with AGA (RR0.83, 95% CI 0.77-0.89). Around one in ten
babies were >4000g (median prevalence 9.6% (IQR 6.4%-13.3%), with 1.2% (IQR
0.7%-2.0%) 24500g and with 0.2% (IQR 0.1%-0.2%) >5000g). Overall, macroso-
mia of 24000 g was not associated with increased neonatal mortality risk (RR 0.80,
95% CI 0.69-0.94); however, a higher risk was observed for birthweights of >4500g
(RR1.52, 95% CI 1.10-2.11) and >=5000g (RR4.54, 95% CI 2.58-7.99), compared with
birthweights of 2500-3999 g, with the highest risk observed in the first 7 days of life.
Conclusions: In this population, birthweight of 24500 g was the most useful marker
for early mortality risk in big babies and could be used to guide clinical management

fetal macrosomia, infant, large for gestational age, neonatal mortality, pregnancy

Although perinatal outcomes associated with large ba-
bies have been studied, whether these medical complications
contribute to early mortality, and which cut-offs are most
predictive of neonatal death, remain unclear. Studies have
suggested that subgroups of macrosomia (4000, 24500 and
>5000g) could better identify newborn vulnerability and
risk 61527

This article is one of a series aimed at advancing the as-
sessment and measurement of newborn vulnerability that
propose a set of six newborn types, combining gestational
age (term, T, versus preterm, PT) and newborn size (small
for gestational age, SGA; appropriate for gestational age,
AGA; or LGA), and using the INTERGROWTH 21st inter-
national standards as the reference population.”*° Herein,
we aimed to quantify the prevalence and neonatal mortality
risk of large babies by exploring the groupings by newborn
type (term+LGA vs term+ AGA) in objective 1 and by birth-
weight (24000, 24500 and >5000 g, regardless of gestational
age, vs a comparison group weighing 2500-3999 g) in objec-
tive 2 (Figure 1).

2 | METHODS

2.1 | Compilation of data sets

Collaborators and governmental agencies with national
individual-level data sets with high population-level cov-
erage (including more than 80% of births in each country)
were invited to participate in a collaboration, focusing on
the multi-country description of types of vulnerable new-
born babies. An open call was published in a Lancet com-
mentary,” and was widely disseminated through email lists,
social media and by contacting authors of previously pub-
lished analyses using national routine administrative data
sets. A detailed description of how the data were extracted
and handled can be found elsewhere.””

Among the national data sets identified in the
Vulnerable Newborn Measurement Collaboration, this
analysis considered 15 national data sets with electronic
records of births and neonatal deaths collected be-
tween 1 January 2000 and 31 December 2020.% Relevant
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1. WHAT WAS KNOWN?

Size of this specific problem:

Large for gestational age (LGA, >90th centile) and macrosomia (above 4000g regardless of gestational age) are associated with

short-term complications including birth trauma and long-term metabolic conditions.
Key gap to address/aim of this paper:

There have been few multicounty analyses regarding the impact of LGA on early mortality. This paper is part of the Vulnerable
Newborn Measurement Collaboration which aims to advance the knowledge around newborn vulnerability. Here we explore

the prevalence and neonatal mortality risk of LGA and macrosomic livebirths.

2. WHAT WAS DONE THAT IS NEW?

We identified nationally representative datasets from 15 middle- and high-income countries with >80% data available on

birthweight, sex, and gestational age.

Datasets included 115.6 million live births between 2000 to 2020. To enable international comparisons, we assessed newborn
size using INTERGROWTH-21st standards (appropriate for gestational age, AGA, 10-90th centiles or large for gestational age,
>90th centile, LGA). We investigated the neonatal mortality risk of LGA (vs AGA), birthweight >4000g (vs 2,500 g-3999 g), and
LGA subgroups (>95th, >97th centiles).

3. WHAT WAS FOUND?

The median prevalence of term+LGA was 18.2% (Interquartile Range, IQR, 13.5%-22.0%), which is more than small babies
(preterm +/- small-for-gestational age 12%) in these national datasets. Overall, being born LGA (>90th centile) was associated
with a 17% lower neonatal mortality risk (RR 0.83, 95%CI, 0.77-0.89) compared to those born term+AGA in these countries
(13% lower risk at day 0-6 and 19% lower risk at day 7-27).

Using birthweight strata, around 10% of live births were 24000g (median prevalence 9.6%, IQR 6.4%-13.3%), 1.2% were 24500g,
and 0.2% were >5000g. The overall mortality risk was 1.5-fold higher among babies >4500g (67% increased risk at early vs 33%
at late), and 4.5-fold among >5000g (7.3-fold higher at early vs 5-fold at late), compared to those between 2500 g-3999 g.

4. WHAT NEXT?

Action in programmes and measurement now:

Our analysis showed that Term+LGA is common, but in these countries, the 90th centile threshold does not predict neonatal
mortality risk. These analyses support the use of a birthweight >4500g as a marker of potentially increased neonatal mortality

risk in high and upper-middle-income settings.

Future research could focus on more detailed analyses of neonatal mortality risk using more subgroups of LGA e.g. >97th or
99th centile across a larger number of countries, including those with lower prevalence LGA e.g. within Southern Asia, and
those where routine induction of post-term babies is not practiced. Diabetes is an important risk factor for LGA and has an
inherent risk for neonatal mortality and stillbirths and would be important to study more.

These analyses have focussed on livebirths only, however, as large size at birth may be associated with obstructed labour,
including stillbirths in future analyses will be critical to measure the true burden of mortality, especially in settings where access
to high-quality, timely obstetric care is not yet universal.

FIGURE 1 Key findings.

definitions and variables are summarised in Table SI. Using Observational Routinely Collected Data (RECORD)
This was an analysis of routinely collected data; there- guidelines (Table S2). Ethical approvals for all 15 partici-
fore, we followed the Reporting of Studies Conducted  pating countries are compiled in Table S3.
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2.2 | Data quality, and inclusion and
exclusion criteria

The data quality of 15 national data sets was examined by
quantifying the number of missing values for three core var-
iables (birthweight, gestational age and sex) used to assess
newborn size (Table S4). Reporting practices and metadata
are summarised in Table S5. We included national data sets
with information on live births and deaths with high com-
pleteness (at least 80%) for birthweight, gestational age and
sex of the child.

Birth records with implausible values for birthweight
(<250g or =26500g) or gestational age (<22weeks or
>44 weeks), or with implausible combinations of birthweight
and gestational age (defined as birthweight +5 standard de-
viations from the mean birthweight at each completed week
of gestational age) were excluded.

2.3 | Exposure and outcome definitions

To fulfil objective 1, we assessed the size of the newborn using
an extended version of the INTERGROW TH-21st standards
from 22*° to 44*° weeks of gestation (Figure Sla).”>*®** Each
baby was categorised by combining the size at birth (defined
as SGA, <10th centile; AGA, between 10th and 90th centiles;
or LGA, >90th centile) and gestational age (defined as pre-
term, <37 weeks of gestation; or term, >37 weeks of gesta-
tion including post-term births up to 42 weeks of gestation).
Given that this analysis only focuses on those at term + LGA
and term+ AGA, we excluded babies born preterm or SGA
(Figure S2).

To fulfil objective2, we categorised each live birth ac-
cording to the recorded weight at birth as macrosomic (using
three cut-offs: 24000, 24500 and >5000 g) or low birthweight
(<2500g). The comparison group included babies weigh-
ing 2500-3999g. Live births with weights of <2500g were
excluded.

To estimate mortality risks, neonatal survival status
was reported at 28 days after delivery. We defined neonatal
deaths as deaths occurring from 0 to 27 days after a live birth.
Neonatal deaths were further classified into early (0-6 days)
or late (7-27 days).'®

2.4 | Statistical analysis
Each country's team analysed national data sets by using
standard code in STATA (StataCorp, College Station, TX,
USA), SAS (SAS Institute, Cary, NC, USA) or R program-
ming languages developed centrally by the London School of
Hygiene & Tropical Medicine (LSHTM). Standard summary
tables were shared in a hub administered online by LSHTM.
We calculated prevalence by dividing the number of live
births in the group of interest by the total number of live
births reported per 100. Neonatal mortality rates (NMRs)
were defined as the number of live births experiencing the

event (neonatal death) divided by the total number of live
births exposed to the risk of that event per 1000. Crude rela-
tive risk (RR) values and corresponding 95% confidence in-
tervals (95% CIs) were calculated as the risk in each exposure
group of interest divided by the risk in the reference group
(e.g. LGA vs AGA and macrosomic vs 2500-3999g). To de-
scribe which thresholds of macrosomia are most predictive
for neonatal mortality risk, we calculated relative risk using
three levels of exposure: 24000, 24500 and >5000g.

We performed a secondary analysis including livebirth
subgroups AGA (10-90th centiles) and LGA (>90th, >95th
and >97th centiles) occurring at each gestational age in four
countries where more detailed information regarding new-
born size by centiles was available (Figure S1b). We quan-
tified the neonatal mortality risk of LGA babies compared
with their AGA counterparts born during the same gesta-
tional week.

The overall prevalence and NMR were summarised using
medians and interquartile ranges. Additionally, we explored
early (0-6days), late (7-27days) and neonatal (0-27 days)
mortality risks, pooling results using a random effects meta-
analysis in view of the substantial heterogeneity observed
across countries.***’

3 | RESULTS

3.1 | Prevalence and neonatal mortality risk
associated with LGA

Data were collated from 15 countries, representing three
Sustainable Development Goals regions (Latin America &
the Caribbean; North America, Australia, New Zealand,
Central Asia & Europe; and Western & North Asia), total-
ling 144 country-years from 2000 to 2020. We identified
123 million live births and 469231 neonatal deaths with in-
formation on size for gestational age at birth (Figure 2).

Almost one-fifth (21.0million) live births were
term+LGA (median prevalence, 18.2%; interquartile range,
IQR, 13.5%-22.0%), and 84.1 million (median prevalence,
68.8%; IQR, 67.3%-70.9%) were term + AGA. The prevalence
of term + LGA babies ranged from 8.4% in Mexico to 28.8%
in Estonia. Neonatal mortality was lower in the LGA group
(median NMR, 0.5 per 1000 live births; IQR, 0.3-0.5) com-
pared with the AGA group (median NMR, 0.6 per 1000 live
births; IQR, 0.4-0.7). Overall, term + LGA had a 17% lower
neonatal mortality risk (RR0.83, 95%CI 0.77-0.89) com-
pared with term + AGA (Figure 3). The overall mortality risk
of term LGA (vs AGA) showed little variation between early
(RR0.87, 95% CI 0.81-0.94) and late (RR0.81, 95% CI 0.69-
0.94) neonatal periods (Figure S3).

Among countries with data using the 95th and 97th cen-
tiles of LGA, the risk of neonatal mortality was higher for
those born >95th centile from 39 weeks of gestation onwards
in Brazil than their AGA counterparts. Whereas in Canada,
an increased risk was only observed among post-term babies
born above the 97th centile (RR 3.39, 95% CI 1.02-11.2), and
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15 national teams with data on 144 country-years
included in the dataset

|

}

123.0 million livebirths and 469,231
deaths with size-for-gestational-age

125.5 million livebirths and 576,018
deaths with birthweight reported

Excluded 17.8 million
livebirthsand 366,886 [+ |

Excluded 9.8 million
livebirths and 437,459

deaths preterm or SGA

105.1 million livebirths and 102,345
deaths from 37 to 44 weeks

deaths LBW (<2500 g)

115.6 million livebirths and 138,558
deaths >2500g

Objective 1

84.1 million livebirths
and 87,500 deaths
Term+AGA

and 14,852 deaths
Term+LGA

21.0 million livebirths

Objective 2

105.7 million livebirths
and 130,077 deaths
2500 g-3999 g

9.6 million livebirths
and 8,453 deaths
24000 g

(B) Number of livebirths in millions and neonatal deaths, by country

1 million livebirths, 587 deaths

Denmark

Scotland

0.9 million livebirths, 609 deaths

Sweden
1.9 million livebirths, 871 deaths

England & Wales

Canada
3.8 million livebirths, 940 deaths

2.8 million livebirths, 1607 deaths

2

Estonia
/ 0.07 million livebirths, 26 deaths

Czech Republic
0.1 million livebirths, 35 deaths

68.9 million livebirths, 40410 deaths Netherlands
1.6 million livebirths, 1021 deaths ’
Qatar
Mexico % 0.07 million livebirths, 48 deaths
4.8 million livebirths, 24086 deaths
Lebanon
0.02 million livebirths, 28 deaths
Brazil
17.3 million livebirths, 31,602 deaths Y
Australia
Uruguay 1 million livebirths, 352 deaths
0.4 million, 130 deaths
SDG Regions

I Latin America and the Cariboean

W Northern America, Australia and New Zealand, Central Asia and Europe
M Western Asia and Northern Africa

Map legends show the distribution of the 105.1 million babies included in Objective 1

FIGURE 2
deaths, by country.

no increased mortality risk was observed for post-term LGA
babies born >97th centile in the USA or in Sweden (Table S6).

3.2 | Prevalence and neonatal mortality
associated with macrosomia

We identified 125.5million live births and 576018 deaths
with birthweight recorded. Of these, 9.9million live births
were born weighing >4000g (median prevalence, 9.6%; IQR,
6.4%-13.3%) and 105.7 million live births were born weighing
2500-3999¢g (median prevalence, 83.1%; IQR, 80.2%-85.2%).
Among macrosomic live births, 1.3million had birthweights
of 24500g (median prevalence, 1.2%; IQR, 0.7%-2.0%) and

Input data set of the Vulnerable Newborn Mortality study. (A) Flowchart. (B) Number of live births in millions and number of neonatal

0.1million had birthweights of >5000g (median prevalence,
0.2%; IQR, 0.1%-0.2%). The prevalence of macrosomic live
births was relatively higher in Sweden (18.5%), Estonia (17.9%)
and Denmark (17.7%), and was relatively lower in Brazil (5.1%),
Lebanon (4.4%), Qatar (4.9%) and Mexico (2.7%) (Figure 4).
The median mortality risk showed a gradient from 0.5
deaths per 1000 live births in the group born weighing >4000g
(IQR 0.4-0.6 deaths per 1000 live births) to 0.8 deaths per
1000 live births among those born weighing >4500g (IQR
0.7-1.4 deaths per 1000 live births) and to one death per 1000
live births among those weighing >5000g (IQR 0-3.2 deaths
per 1000 live births). Overall, macrosomic live births weigh-
ing >4000g had a lower risk of neonatal mortality than those
with birthweights of 2500-3999 g (RR0.80, 95% CI 0.69-0.94);
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Total T+AGA T+LGA
Country Livebirths Livebirths NMR Livebirths ~ NMR

N N (%) per 1000 N (%) per 1000
Australia 1216172 836833 (68.8) 0.3 247536 (20.4) 0.3
Brazil 21345439 14678798 (68.8) 1.8 2674855 (12.5) 1.7
Canada 4388387 2970502 (67.7) 0.3 918405 (20.9) 0.2
Czech Republic 109492 80651 (73.7) 0.4 15731 (14.4) 0.2
Denmark 1100854 709716 (64.5) 0.6 285471 (25.9) 0.5
England & Wales 3212492 2251910 (70.1) 06 583155 (18.2) 0.5
Estonia 82298 52294 (63.5) 0.4 23729 (28.8) 0.3
Lebanon 25515 18280 (71.6) 1.4 3105 (12.2) 1.0
Mexico 5560916 4342347 (78.1) 5.0 464516 (8.4) 4.9
Netherlands 1846558 1235592 (66.9) 0.7 424807 (23) 0.5
Qatar 94337 67589 (71.6) 0.6 11941 (12.7) 0.5
Scotland 1124817 757774 (67.4) 0.7 230858 (20.5) 0.5
Sweden 2102671 1412703 (67.2) 0.5 498570 (23.7) 0.4
Uruguay 493040 341543 (69.3) 0.3 87590 (17.8) 0.2

14545991
USA 80225526 54401479 (67.8) 0.6 (18.1) 0.5
' 68.8 . . .

Median (IQR) (67.3,70.9) (0.4, o(.);; (13.5, 212%2) (0.3, o?s?

The percentage of livebirths in each country does not sum 100% because SGA babies were excluded.

95%-Cl Weight

[058,1.00] 4.7%
[0.91;097] 13.8%
[0.76;1.04] 8.3%

— [0.15;1.56] 0.4%

[0.66;097) 7.1%
[0.68;0.89] 9.6%
[0.37,092] 2.1%

Study RR Risk Ratio
Australia 0.77 —'—i
Brazil 0.94

Canada 0.89 <
Czech Republic 048 ———
Denmark 0.80 -
England 0.78 =
Estonia 0.58 —
Lebanon 0.70

Mexico 0.98

Netherlands 0.76 =
Qatar 0.91 —
Scotland 0.75 =
Sweden 087 =
USA 0.77 ]
Uruguay 0.76 —*
Random effects model 0.83 4

[021;232] 04%
[0.94;1.03] 135%
[065,088] 8.7%

— [0.38;2.15] 0.7%

[061,092] 66%
[074;1.01] 8.4%
[0.75,0.79] 13.9%
[0.48;1.21] 2.0%

[0.77; 0.89] 100.0%

Heterogeneity: 1° = 91%, 32, = 149.12 (p < 0l01)
02 05

Canada excluding Quebec

1

Relative risk comparing term LGA vs term AGA considered as the comparison group.

FIGURE 3
15 countries, by size of the newborn.

however, the subset of babies born weighing >4500g had an
elevated risk (RR1.52, 95% CI 1.10-2.11) (Figure 4). The high-
est risk for those born weighing >4500g was observed in the
early neonatal period (days 0-6). Babies born weighing >4500 g
had a 67% increase in early neonatal mortality (RR 1.67, 95% CI
1.17-2.38), compared with 33% in the later period (days7-27;
RR1.33,95% CI 0.88-2.02). The greatest risk was seen in babies
born weighing >5000g (days0-6, RR5.96, 95% CI 3.29-10.80;
days7-27, RR4.24, 95% CI 2.40-7.46) (Figure 5).

Five countries (Czech Republic, Lebanon, Mexico, Qatar
and Uruguay) had no deaths in the group weighing >5000g,
but the RR was the highest for all countries with deaths in this
group. For instance, live births weighing >5000g in Australia
(RR17.25, 95% CI 8.59-34.63), Brazil (RR7.03, 95%CI 6.26-
791), Canada (RR18.92, 95%CI 14.34-24.96) and the USA
(RR4.36, 95% CI 3.90-4.87) had the highest risk of neonatal
mortality overall, followed by those born weighing >4500g in

Number of live births, prevalence of newborn types (%), neonatal mortality rate (NMR) and pooled relative risks ratios (LGA vs AGA) in

Australia (RR3.27, 95% CI 2.09-5.12), Brazil (RR2.47, 95% CI
2.31-2.65), Canada (RR4.44, 95%CI 3.64-5.42) and the
USA (RR1.53, 95%CI 1.44-1.62), compared with those born
weighing 2500-3999¢, which are considered as the reference
group. England & Wales (RR2.30, 95%CI 1.03-5.13) and the
Netherlands (RR3.77, 95% CI 1.96-7.26) showed an increased
risk of mortality among the group born weighing >5000g but
not among those born weighing >4500¢g (Figure 4).

4 | DISCUSSION

4.1 | Main findings

Our data set of more than 115million live births enabled a
multi-country analysis of LGA and macrosomia associated
with neonatal mortality in 15 middle- and high-income
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Count Total 2500g to 3999g 240009 245009 25000g
y Livebirths  Livebirths N (%) NMR Livebirths N (%) NMR Livebirths N (%) NMR Livebirths N (%) NMR
Australia 1217328 1020141 (83.8) 0.4 116410 (9.6) 0.3 14303 (1.2) 1.4 1085 (0.1) 7.4
Brazil 23426090 20247168 (86.4) 22 1192242 (5.1) 25 147816 (0.6) 55 17477 (0.1) 15.8
Canada 4429455 3655142 (82.5) 03 490351 (11.1) 0.4 76254 (1.7) 1.4 8781 (0.2) 5.9
Czech Republic 112231 94014 (83.7) 0.4 9173 (8.2) 0.2 920 (0.8) 1.1 56 (<0.1) 0.0
Denmark 1100854 848717 (77.1) 0.8 194679 (17.7) 0.5 35338 (3.2) 0.8 4023 (0.4) 1.2
England & Wales 3212492 2636657 (82.1) 0.7 340714 (10.6) 0.5 45691 (1.4) 08 3725 (0.1) 16
Estonia 82310 64153 (77.9) 04 14721 (17.9) 0.2 2205 (2.7) 05 186 (0.2) 0
Lebanon 26257 22859 (87.1) 17 1156 (4.4) 1.7 130 (0.5) 77 13 (<0.1) 0
Mexico 5560916 5039848 (90.6) 5.1 151152 (2.7) 5.0 2570 (<0.1) 5.1 223 (<0.1) 0
Netherlands 1861306 1498550 (80.5) 0.8 249838 (13.4) 0.5 35903 (1.9) 0.6 2929 (0.2) 3.1
Qatar 94337 81009 (85.9) 07 4624 (4.9) 0.6 427 (0.5) 0 30 (<0.1) 0
Scotland 1126627 900470 (79.9) 0.8 147793 (13.1) 05 22917 (2) 07 2251 (0.2) 0.9
Sweden 2102671 1626048 (77.3) 0.6 389734 (18.5) 0.5 74877 (3.6) 0.7 8824 (0.4) 0.9
USA 80652053 67554421 (83.8) 0.8 6567090 (8.1) 0.6 912311 (1.1) 1.2 92370 (0.1) 3.3
Uruguay 498765 421206 (84.4) 0.4 38565 (7.7) 0.3 4529 (0.9) 07 397 (0.1) 0
Median (IQR) 83.1(80.2,85.2) 0.7 (0.4, 0.8) 9.6 (6.4,13.3) 0.5(0.4, 0.6) 1.2(0.7,2.0) 0.8(0.7,1.4) 0.2(0.1,0.2) 0.9 (0.0, 3.2)
The percentage of livebirths in each country does not sum up 100%, because LBW (<2500g) live births were excluded
24000g
245009 25000g
Study RR Risk Ratio 95%-Cl Weight  study RR Risk Ratio 95%Cl Weight ~ St9Y RR Risk Ratio 95%-Cl Weight
. 078 056:109 69%  Austal 327 - 200 512 g1%  Australa 1725 — [850; 3463 8.9%
Brazil 113 i 10117 98%  Bragt 247 Bor 36 am S [ 1626, 7911 10.5%
Canada 139 [} [120,161] 91%  Canada 444 [364 542] 92% anada 1892 [1434 2496] 10.1%
Caech Republic 049 (012,202 11%  CzechRepubiic 243 —+—— [034,1766] 21%  CZechRepubic B | [12231424 30%
Denmark 069 = (056,085 84%  Denmark 103 - [070, 150) 84%  Denmark 161 . 1067, 389 82%
England 072 B [061,084] 90%  England 110 = [0.78; 153]  86% E;‘(gc"f“ff ggg [ [[ 014023, 2? lg} ig;
Estonia 039 —=— (021,073 39% Est 072 - 023 226]  44% ) g
Lebanon 099 (024409 11% Lebanon 440 iﬁ% [{) 61,31 74} 21%  Lebanon 2090 T [135,32289) 30%
Mexico 098 [091,1.06] 96%  Mexico 099 — [057, 170  75% Mexico 044 1003, 696 30%
Netherlands 064 = [054,077) 87%  Netherlands 079 (052 119] 83%  Netherands ar - [196, 726) 9.0%
Qatar 096 [030;305] 15%  Qatar 171 ————— [0.11,2759]  12% gs{‘;"and 2? ?2 [ 305129373 gg} g 30’?’
Scotland 062 - 049,079] 80%  Scotland 096 - 059, 155 79% — g %
S\j{oe:enn 077 = {o 66, 0. 90{ 89% S;JOedaenn 1.10 = {0 83,1 47} 89% 3;‘;"9" l gg = %g ;g 32;} 13 g:/ﬂ
USA 075 073,078] 98% USA 153 . (144, 162] 95% - ; %
Uruguay 086 —F— %o 481 54% 41%  Uruguay 182 —1E— [058, 571]  44% Uruguay 345 B s [022,5534]  30%
: %  Random effects model 1.52 - 140 241] 1000%  Random effects model 454 - [2.58; 7.99] 100.0%
3323)33:.33’7:“: g‘t;fe/lf?fgae 1p<0 m)‘ [0:6%;0.94] 100.0% H:(:m‘g’;;lye%s:;::% e-,_fi 225019 (h <0.0) f ! Heterogeneity: I = 91%, 7, = 155.53 {p < 0.01)
02 05 1 2 5 01 0512 10 001 01 1 10 100

Relative risks comparing vs birthweight between 2500g-3999g.

FIGURE 4 Number of livebirths, prevalence (%), neonatal mortality rate (NMR), and relative risks in 15 countries, by birthweight categories.

countries. LGA was common, affecting around 20% of
births, but this group did not show a greater risk of neonatal
mortality compared with AGA; in contrast, whereas overall
macrosomia of >4000g was not associated with increased
neonatal mortality, birthweights of >4500g were associ-
ated with higher mortality, with the highest increased risk
for those born weighing >5000g during the early neonatal
period.

We observed substantial variation in the prevalence and
mortality risk of macrosomia in the 15 national cohorts.
Overall, the threshold of >4500¢g was a useful marker for
mortality risk, but not all countries showed an increased risk
in this group. These national variations might reflect true
differences in maternal risk factors (including, for instance,
overweight, obesity and diabetes)*® as well as differences in
care, including access to intensive obstetric monitoring and
labour induction practices, delivery mode preferences and
access to high-quality postnatal care.'***”*® Given the vari-
ability in the neonatal mortality risk among the macrosomic
group, we emphasise the value of conceptualising macroso-
mia considering a broader clinical picture throughout the
continuum of care, rather than a single threshold, with re-
spect to the clinical and prognostic value of birthweights of
>4000g.

Although LGA >90th centile was not associated with an
increased risk of neonatal mortality, analysis by centiles and
gestational age showed a higher risk of mortality among
LGA babies over the 97th centile (vs AGA) born post-term
in Brazil and Canada, but not in the USA or Sweden. Of
note, very few births or neonatal deaths occurred in these

post-term groups, probably because of active induction pro-
tocols for post-term delivery in these settings. However, in
Brazil, where there is greater variation in obstetric care prac-
tices, the increased neonatal risk of mortality for those born
>95th centile from 39 weeks of gestation onwards requires
additional investigation, to determine which potential mod-
ifiable factors could contribute to this risk and inform future
clinical management pathways.

4.2 | Interpretation

Our analysis adapted a recent classification of ‘vulnerable
newborns’ to identify the most vulnerable babies at risk for
neonatal mortality. Our research indicated that LGA does
not reflect vulnerability in a newborn but helps to identify
extreme thresholds of birthweight to predict early mortal-
ity. The elevated risk of fatal outcomes for neonates born
with birthweights of 4500g and above, or >97th centile,
was genfgz;lglgy 0in agreement with findings from previous
studies.'**>*%*

We hypothesised that big babies were at the highest
risk of death during the first week after birth, probably
associated with birth trauma and subsequent asphyxia.
Moreover, the mortality risk remained elevated in the
late neonatal period (especially among those weighing
5000 g and above), probably because of delayed effects of
intrapartum complications, hypoglycaemia, congenital
anomalies and infection during prolonged hospitalisa-
tions.*"*? Future applications of this analysis include a
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Early mortality (0-6 days)

Late mortality (7-27 days)

By birthweight, 24000g vs 2500g-3999g

Study RR Risk Ratio 95%-Cl Weight
Australia 1.26 [0.75; 213]  7.0%
Brazil 0.99 [0.93; 1.07] 12.3%
Canada 1.28 [0.88; 1.87] 8.9%
Czech Republic 0.51 — [0.07;, 3.82] 1.0%
Denmark 0.52 = [0.34; 0.80] 82%
England 0.64 =5 [0.47, 0.87] 9.8%
Estonia 0.67 —— [0.15; 297] 1.7%
Lebanon 220 ——— [0.28;17.32] 1.0%
Mexico 0.91 ; [0.80; 1.03] 11.9%
Netherlands 0.37 - [0.20; 0.65] 6.4%
Qatar 0.92 - E— [0.12; 6.89] 1.0%
Scotland 0.57 = [0.37, 0.88] 8.1%
Sweden 0.62 = [0.45; 0.84] 9.8%
USA 0.61 d [0.58; 0.64] 12.4%
Uruguay 0.20 H— [0.01; 3.26] 0.5%
Random effects model 0.74 * [0.60; 0.91] 100.0%

Heterogeneity: F= 90%, lf. =146.55 (p £ 0.01,
01 0512 10

By birthweight, 24500g vs 2500-3999g

Study RR Risk Ratio 95%-Cl Weight
Australia 097 - [0.66;1.43] 6.8%
Brazil 1.19 [1.14;124] 98%
Canada 1.46 [1.25;1.70] 9.2%
Czech Republic 0.47 [0.06;3.46] 0.8%
Denmark 0.49 - [0.37,066] 7.9%
England 0.75 || [0.63;0.90] 9.0%
Estonia 0.36 —— [0.18;0.71] 4.2%
Lebanon 0.64 [0.09;467] 0.8%
Mexico 1.02 [0.94;1.11] 9.6%
Netherlands 0.70 = [0.58;0.84] 8.9%
Qatar 0.97 —_— [0.23;4.04] 1.4%
Scotland 0.65 = [0.48,0.87] 7.9%
Sweden 0.87 ] [0.72;1.04] 89%
USA 0.86 il [0.82;0.89] 9.8%
Uruguay 1.04 —E— [0.58;1.88] 4.9%
Random effects model 0.84 > [0.70; 1.01] 100.0%
Heterogeneity: /° = 93%, 7%, = 207.63 (p < 0.01)
0.1 05 1 2 10

Study RR Risk Ratio 95%-Cl Weight
Australia 338 i [1.90; 6.03] 82%
Brazil 273 i [2.52; 2.95] 10.4%
Canada 461 [3.75; 568] 10.1%
Czech Republic 227 [0.14,37.39] 1.4%
Denmark 0.03 [0.00; 0.42] 1.4%
England 1.18 [0.81; 1.73] 9.3%
Estonia 0.81 [0.26; 2.53] 5.0%
Lebanon 567 [0.78;41.24] 25%
Mexico 1.14 [061; 211] 7.9%
Netherlands 0.86 [0.56; 1.32] 9.0%
Qatar 2.60 [0.16,42.23] 1.4%
Scotland 1.11 [064; 1.92] 8.4%
Sweden 1.22 [0.88; 1.70] 9.6%
USA 1.93 [1.80; 2.08] 10.4%
Uruguay 221 [0.70; 6.96] 5.0%

Random effects model _1.67

t : [1.17; 2.38] 100.0%
Heterogeneity: /I“ = 91%, 7, = 157.30

Study RR Risk Ratio 95%-Cl Weight
Australia 5.14 P [2.51; 10.54] 9.7%
Brazil 1.86 [1.61;, 2.15] 13.4%
Canada 2.06 e [1.02; 419] 9.8%
Czech Republic 5.11 [0.69; 38.02] 3.3%
Denmark 006 —— [0.00; 1.00] 1.9%
England 0.88 = [0.44; 1.77) 9.8%
Estonia 1.08 [0.06; 1821] 1.9%
Lebanon 9.28 [0.54;158.57)  1.9%
Mexico 0.69 —&r- [022; 213] 6.8%
Netherlands 0.42 [0.11; 171 54%
Qatar 4.86 [0.29; 80.31] 1.9%
Scotland 0.66 —& [0.25; 1.78] 7.7%
Sweden 1.14 L. [069; 188 11.3%
USA 0.96 | [0.86; 1.08] 13.4%
Uruguay 1.69 —— [0.10; 27.72) 1.9%
Random effects model 1.33 > [0.88; 2.02] 100.0%

Heterogeneity: /% = 82%, xf‘ = 79,48|(p <001)
001 0.1 1 10 100

By birthweight, 25000g vs 2500-3999g

Study RR Risk Ratio 95%-Cl Weight
Australia 2973 . [14.74; 59.95] 9.3%
Brazil 8.18 [7.18; 9.31] 10.7%
Canada 1963 [14.70; 26.20] 10.5%
Czech Republic 36.98 ——*——[227,602.19] 32%
Denmark 023 — [0.01; 366] 3.2%
England 321 B F [1.44;, 716] 9.0%
Estonia 333 [0.47; 2373] 4.9%
Lebanon 26.88 ——%— [1.73;417.21] 33%
Mexico 065 [0.04; 10.42] 32%
Netherlands 450 = [2.34, 867] 95%
Qatar 36.38 ——=——[228;57952] 32%
Scotland 174 —— [0.43; 696] 6.8%
Sweden 224 - [1.11; 449] 93%
USA 592 : [5.22; 6.72] 10.7%
Uruguay 419 S [0.26; 67.21] 3.2%
Random effects model  5.96 - [3.29; 10.80] 100.0%

Heterogeneity: /° = 87%, 32, = 108.31 (b < 0.01)
001 01 1 10 100

Canada excluding Quebec

FIGURE 5
babies born weighing 2500-3999g.

more granulated description of subgroups of macroso-
mia, a consideration of maternal risk factors and impli-
cations for the early detection, monitoring and medical
care of metabolic conditions that can lead to hypergly-
caemia, the excessive secretion of insulin, fat deposition
and fetal organomegaly,®**** such as overweight, obesity
and gestational diabetes."" The increase in obesity and
diabetes among women of childbearing age in recent de-
cades has potential public health importance, because of

Study RR Risk Ratio 95%-Cl Weight
Australia 424 — [0.26; 68.24] 3.4%
Brazil 436 [3.30; 575] 18.8%
Canada 9.00 HE [3.34;, 2422] 123%
Czech Republic 40.58 ——— [248; 662.76] 3.4%
Denmark 0.54 [003; 874 34%
England 0.68 [0.04; 10.83] 3.4%
Estonia 13.47 [0.80; 225.64] 3.3%
Lebanon 89.00 ——— [5.45;145381]  3.4%
Mexico 1.31 [0.08; 20.89] 3.4%
Netherlands 1.30 [0.08; 20.82] 3.4%
Qatar 68.07 ——— [4.20;1102.32] 3.4%
Scotland 0.84 [0.05; 1350] 3.4%
Sweden 242 o [0.90; 6.48] 12.3%
USA 220 [1.73; 281 19.0%
Uruguay 19.26 [1.18; 31520] 3.4%
Random effects model 4.24 > [2.40; 7.46] 100.0%

Heterogeneity: I = 64%, 3, = 38.58 (p < 0.01) !
0001 01 1 10 1000

Forest plots summarising the relative risks of early and late neonatal mortality in macrosomic babies (4000, 24500 and >5000g) versus

the consequent rise in the proportions of LGA or ‘macro-
somic’ babies.***’

In clinical practice, the prenatal identification of maternal
risk factors and large estimated fetal size may be beneficial to
inform labour management decisions, including induction,
planned delivery in higher-level facilities with appropriate
skilled personnel and reliable infrastructure to facilitate
intrapartum monitoring and timely interventions, includ-
ing caesarean section, when indicated.***™*® Although we
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recognise the modest predictive performance and consider-
able costs to detect big babies using routine third-trimester
ultrasounds, in particular in low- and middle-income set-
tings, this may perform better by combining maternal fea-
tures, first-trimester parameters and fetal biomarkers.>**>
For clinicians, the recognition of increased risks associated
with large size at birth can inform neonatal management, in-
cluding monitoring for early detection and intervention for
metabolic, neurological and respiratory complications.*"!

4.3 | Strengths and limitations

This multi-country analysis including over 115million live
births and half a million neonatal deaths provided sample
statistical power to examine relatively rare outcomes by
using nationwide administrative data sets from 15 high-
and middle-income countries. The INTERGROW TH-21st
standards for gestational age and sex enabled international
comparisons and exploration of the prevalence and mortal-
ity risks of LGA babies. We were able to examine various
combinations of LGA and macrosomic thresholds to iden-
tify degrees of risk for neonatal mortality.

Although we were able to compile information on live
births and neonatal deaths by using large administrative
data sets, our findings pose a challenge for generalisability,
because of the substantial variability to the expected 10% of
LGA and the lack of data from low-income countries.

In addition, we recognise that the proportion of missing
values, for example birthweight (<0.1%-2.0%), gestational
age (<0.1%-8.7%) and sex (<0.1%-2.5%), pose some limita-
tions in calculating mortality risks, and there is also varia-
tion in the completeness of the linkages between live births
and neonatal deaths across countries (Tables $4 and S5).°%>

In terms of mortality risk, we were unable to adjust
for potential confounding factors, such as maternal age,
ethnicity, overweight, obesity and diabetes, which affects
the interpretation of our results.”® Our analysis examined
neonatal mortality in large liveborn infants and should be
interpreted with consideration, and further analysis in-
cluding stillbirths would be valuable to explore perinatal
mortality overall.*s

5 | CONCLUSION

This study revealed a high prevalence of babies born LGA
in high-income countries, who have a relatively lower risk of
neonatal mortality than those born as AGA infants. In con-
trast, macrosomia was less common but was a stronger risk
factor for neonatal mortality, particularly during the first
week. These findings are valuable to guide clinical manage-
ment, monitoring and information for parents.
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Additional supporting information can be found online in
the Supporting Information section at the end of this article.
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