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Abstract
Background: Large-for-gestational-age (LGA) or macrosomic infants are associated with adverse maternal and neonatal outcomes. It is unclear if these associations are stronger using customised birthweight centiles. We compared
outcomes between term infants defined macrosomic by birthweight >4000 g (Macro4000) or LGA by population
centiles (LGApop) with those defined LGA by customised centiles (LGAcust).
Methods: This is a prospective cohort study of 2668 term nulliparous women recruited into the Screening for
Pregnancy Endpoints (SCOPE) study centres in Auckland, New Zealand and Adelaide, Australia. Maternal (caesarean delivery, postpartum haemorrhage) and infant (severe neonatal morbidity/mortality and admission to
neonatal intensive care) outcomes in Macro4000 and LGA groups were compared with appropriate-for-gestationalage infants by customised centiles using logistic regression.
Results: Customised centiles defined fewer infants as LGA (10.3% LGAcust, 14.8% Macro4000, 11.2% LGApop).
However customised centiles showed stronger association with adverse outcomes. Pre-labour and intrapartum
caesarean section were increased twofold in LGAcust pregnancies, including those that were not Macro4000 or
LGApop. Postpartum haemorrhage was increased twofold in mothers of LGAcust infants only when infants were
also LGApop. Severe neonatal morbidity/mortality or admission to neonatal intensive care was increased twofold
in LGAcust who were also either Macro4000 or LGApop. Importantly 52.3% of Macro4000 and 25.5% of LGApop infants
were AGAcust and not at increased risk of most adverse maternal or neonatal outcomes.
Conclusions: The use of customised centiles are more strongly associated with adverse birth outcomes and its use
should be considered in the definition of LGA.
Keywords: macrosomia, large for gestational age, caesarean section, postpartum haemorrhage, severe neonatal morbidity or
mortality.

Pregnancies complicated by macrosomia or large-forgestational-age (LGA) infants are at increased risk
of adverse perinatal outcomes including caesarean
section, operative and traumatic vaginal delivery,
post-partum haemorrhage (PPH), shoulder dystocia,
brachial plexus injury, low Apgar scores, admission to
neonatal intensive care, neonatal hyperbilirubinaemia
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and hypoglycaemia.1–7 There are no universally agreed
criteria for defining macrosomia and LGA. Macrosomia has been defined as birthweight greater than 4000
or 4500 g.8,9 Traditionally, population birthweight centiles, which correct for infant sex and gestation at
delivery, have been used to classify size at birth and
LGA has been defined as birthweight greater than the
90th or 95th population centile.3 These definitions do
not adjust for maternal characteristics known to affect
fetal growth.
Customised birthweight centiles, which adjust for
parity, ethnicity, maternal height and weight in early
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pregnancy as well as infant sex and gestational age,
have been increasingly used to assess size at birth. A
customised centile in the normal range is considered
to reflect physiologically appropriate growth for the
maternal constitution.10 When considering infants
who are small for gestational age (SGA), several
studies have now reported that defining SGA using
customised birthweight centiles better identifies those
small infants with increased rates of morbidity and
mortality.11,12 Furthermore it has been suggested that
these customised SGA infants have failed to reach
their optimal growth potential.11–13 If the same is also
true among large infants, those categorised as LGA
by customised centiles are more likely to have
exceeded their growth potential, require caesarean
delivery and experience neonatal morbidity. Conversely some infants defined as ‘macrosomic’ or
‘LGA’ by conventional measures in previous studies
were likely to have been appropriately grown for
maternal constitution and the labour and delivery of
these infants may not be associated with increased
morbidity.
To further understand the relationship between
LGA by customised centiles and pregnancy-related
complications, we have investigated the relationship
between LGA by customised standards and severe
neonatal morbidity in term infants and the risk of caesarean delivery and maternal postpartum haemorrhage in a prospective cohort of primigravidae.
The aim of our study was to compare the risk of
adverse maternal and infant outcomes between term
infants defined as LGA by customised centiles with
infants defined as macrosomic by birthweight greater
than 4000 g or LGA by population centiles.

Methods
The participants were ‘healthy’ primigravidae with
singleton pregnancies, and their infants, recruited into
the Screening for Pregnancy Endpoints (SCOPE)
study between November 2004 and August 2008 in
Auckland, New Zealand and Adelaide, Australia.
SCOPE is a prospective, multi-centre cohort study,
which aims to develop screening tests for the prediction of preeclampsia, preterm birth and SGA.14,15
Women were recruited at 14–16 weeks of gestation.
Women considered at high risk of preeclampsia, SGA
or preterm birth because of underlying medical conditions including pre-gestational diabetes, gynaecological history, three or more previous miscarriages or

terminations of pregnancy, known major fetal
anomaly or abnormal karyotype or those that received
interventions that may modify pregnancy outcome
were not eligible.15 Additional exclusion criteria in
the present study were fetal losses or termination of
pregnancy before 20 weeks of gestation, infants born
before 37 completed weeks of gestation and SGA
defined as infants with birthweight less than the 10th
customised centile.
The estimated date of delivery was calculated from
a certain last menstrual period (LMP) date. The estimated date of delivery was only adjusted if either (i) a
scan performed before 16 weeks of gestation found a
difference of ⱖ7 days between the scan gestation and
that calculated by the LMP, or (ii) a difference of ⱖ10
days was found between the 20-week scan gestation
and that calculated from the LMP. If the LMP date was
uncertain, then scan dates were used to calculate the
estimated date of delivery. Participants were interviewed and examined by a research midwife at 15 ⫾ 1
and 20 ⫾ 1 weeks of gestation and underwent an
ultrasound scan at 20 ⫾ 1 weeks. Detailed sociodemographic data, medical, family history, dietary and life
style in current pregnancy and physical measurements were obtained.15 Ninety-three per cent of participants were screened for gestational diabetes.
Pregnancy, birth and neonatal outcome data were collected usually within 72 h of birth. All data were
entered into an internet accessed database (MedscinetAB, Stockholm, Sweden) and monitored for accuracy
and completeness.
Customised birthweight centiles were calculated
correcting for gestational age, maternal ethnicity,
weight and height in early pregnancy, parity and
infant sex.16 Data on ethnicity in the study was collected consistent with the information on ethnicity
required for calculation of customised birthweight
centile. In contrast to previous centile calculators,
which adjusted birthweight only for maternal body
mass index (BMI) within the limits of 20–30, BMI
limits were removed from this calculator consistent
with recent recommendations by Gardosi.17 Population birthweight centiles were calculated, correcting
for gestational age and fetal sex from the study cohort
of low risk primigravidae. LGA by customised or
population centiles was defined as birthweight above
the 90th centile and appropriate for gestational age
(AGA) as birthweight between the 10th and the 90th
centile. In the comparison between customised birthweight centiles and absolute birthweight, infants were
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classified into one of the following four categories:
(i) AGA by customised centiles with birthweight
ⱕ4000 g (AGAcust not Macro4000), (ii) AGA by customised centiles with birthweight >4000 g (AGAcust but
Macro4000), (iii) LGA by customised centiles with birthweight ⱕ4000 g (LGAcust not Macro4000), and (iv) LGA
by customised centiles with birthweight >4000 g
(LGAcust and Macro4000). Similarly in the comparison
between customised birthweight centiles and population birthweight centiles, infants were classified into
one of the following categories: (i) AGA by both customised and population centiles (AGAcust and AGApop),
(ii) AGA by customised centiles but LGA by population centiles (AGAcust but LGApop), (iii) LGA by customised centiles but AGA by population centiles
(LGAcust but AGApop), and (iv) LGA by both customised and population centiles (LGAcust and LGApop).
The primary maternal outcomes were caesarean
delivery and major PPH defined as estimated blood
loss greater than 1000 ml. Caesarean delivery was
further subclassified into two groups; pre-labour caesarean section (defined as caesarean section before
the onset of labour) and intrapartum caesarean
section (defined as caesarean section during labour).
The primary neonatal outcome was a composite of
severe neonatal morbidity or mortality defined as one
or more of the following: stillbirth, neonatal death
or severe neonatal morbidity, which includes one or
more of the following: grade II or III hypoxic
ischaemic encephalopathy, Apgar score of less than 4
at 5 min, cord arterial pH < 7.0 and or base excess less
than -15, neonatal seizures, neonatal ventilation for
longer than 24 h or admission to the neonatal unit
for longer than 4 days. Secondary neonatal outcome
was any admission to the neonatal intensive care
unit.
Observed continuous variables were summarised
by the median and interquartile range, and comparisons between birthweight groups were made by
the Kruskal–Wallis test. Univariable comparisons of
dichotomous data were made using the Chi-square
test. Data were available for more than 98% of the participants for all variables included in the study.14
Missing data were imputed for multivariable analyses
using expected maximisation,18 or for variables unrelated to other data points that had <1% missing data,
single imputation was performed using the median
(continuous variables) or mode (binary/categorical
variables). Logistic regression analysis was used to
estimate the odds of adverse maternal and neonatal
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outcome for each birthweight category. The referent
category for the comparison between customised
birthweight centiles and absolute birthweight was
AGA infants by customised centiles with birthweight
equal or less than 4000 g and for the comparison
between customised and population birthweight centiles the referent category was AGA infants by both
population and customised centiles. Multivariable
analysis was performed adjusting for known risk
factors for each outcome. For all caesarean section and
pre-labour caesarean section adjustments were made
for maternal age, height, BMI, socio-economic index,
ethnicity, smoking, assisted reproduction, gestational
hypertension, preeclampsia, gestational diabetes,
history of antepartum haemorrhage and maternity
care provider. Additional variables in the model for
intrapartum caesarean section were induction of
labour and gestational age at delivery. Adjustment
for risk factors for major postpartum haemorrhage
included maternal age, BMI, socio-economic index,
ethnicity, preeclampsia, history of antepartum haemorrhage, induction of labour, gestational age and
mode of delivery. Because of the low rate of adverse
neonatal outcomes in each birthweight category,
univariable comparison of events by birthweight category was performed using Fisher’s exact test and
multivariable analysis was only performed using combined primary and secondary neonatal outcomes. This
model was adjusted for maternal age, height, BMI,
socio-economic index, ethnicity, smoking, gestational
hypertension, preeclampsia, gestational diabetes,
history of antepartum haemorrhage, induction of
labour, gestational age at delivery and mode of delivery. All women in the study provided written
informed consent; ethical approval in New Zealand
was gained from the Northern Region Ethics Committee and in Australia approval was granted by Central
Northern Adelaide Health Service Ethics of Human
Research Committee.

Results
Of the 3426 primigravidae who agreed to participate
in the study, 3234 women were recruited and
follow-up was complete in 3196 women (99%)
(Figure 1). After exclusion of late miscarriages and terminations, preterm births and SGA infants, the final
study cohort consisted of 2668 primigravidae with
singleton births between 37+0 and 43+0 completed
weeks of gestation.
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Figure 1. Study profile.

The prevalence of LGAcust was 10.3% (274 of 2668).
The mothers of these LGA infants were less likely to
be European, to continue smoking in pregnancy and
were more likely to develop gestational diabetes and
deliver by caesarean compared with appropriately
grown infants by customised standards (Table 1).
Among LGAcust infants, 187 (68.3%) were Macro4000
and 222 (81.0%) were LGApop (Figure 2). Of the 394
(14.8%) Macro4000 infants, 207 (52.5%) were AGAcust.
Among the 298 (11.2%) LGApop infants, 76 (25.5%)
were AGAcust and of the 2394 AGAcust infants, 207
(8.7%) were also Macro4000 and 76 (3.2%) were LGApop
(Table 1).
The overall rate of caesarean delivery in the study
cohort was 30.3% (n = 809). Caesarean was performed
before the onset of labour in 7.1% and during labour
in 23.2% women. In the adjusted comparison between
customised centiles and absolute birthweight and
with reference to mothers of AGA infants with birthweight equal or less than 4000 g (AGAcust not
Macro4000), the overall rate of caesarean delivery was
1.6-fold in mothers of AGAcust but Macro4000 infants,
2-fold in mothers of LGAcust not Macro4000 infants and
3-fold in mothers of LGAcust and Macro4000 infants
(Table 2a). After exclusion of cases of pre-labour
caesarean performed because of suspected fetal
distress, the increased rate of pre-labour caesarean

persisted in both LGAcust groups (Table 2a). Similar
associations were also seen in the comparison
between customised and population birthweight
centiles (Table 2b). In both comparisons, the risk of
pre-labour caesarean was not increased in Macro4000
or LGApop infants who were AGA by customised centiles (Table 2a–b).
Major PPH occurred in 4.8% pregnancies. Women
with AGAcust but Macro4000/LGApop infants were not at
increased risk of major PPH (Table 2a–b). After adjustment for confounders including mode of delivery,
major PPH was more common in both LGA customised groups independent of absolute birthweight
(Table 2a). In contrast, in the comparison between
customised and population centiles, major PPH
was increased only in LGAcust and LGApop group
(Table 2b), and remained significant after adjusting
for confounders (n = 25, 11.5%).
Overall, 6.7% of infants delivered at term were
admitted to a neonatal unit, 1.6% had severe neonatal
morbidity or mortality with 6.8% experiencing
either adverse outcome. The risk of severe neonatal
morbidity/mortality was increased approximately
fourfold in infants classified as LGAcust independent
of absolute birthweight or LGApop classification

(a). LGAcust vs. Macro4000

LGAcust only
n = 87

LGAcust &
Macro4000
n = 187

Macro4000 only
n = 207

(b). LGA cust vs. LGA pop

LGAcust only
n = 52

LGAcust &
LGApop
n = 222

LGApop only
n = 207

Figure 2. Classification of large for gestational age (LGA) by
customised centiles (LGAcust) vs. conventional measures of high
birthweight. (a) LGAcust vs. infants with birthweight greater than
4000 g (Macro4000). (b) LGAcust vs. LGA by population centile
(LGApop).
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Table 1. Maternal characteristics and pregnancy outcomes by appropriate (AGAcust) and large (LGAcust) for gestational age
customised status
AGAcust
(n = 2394; 89.7%)
Maternal characteristicsa
Age (years)
Ethnicity
European (n = 2317)
Asian (n = 127)
Maori/Pacific Islanders (n = 96)
Other (n = 128)
Socio-economic index
Maternal weight (kg)
Maternal height (cm)
BMI
Smoking in pregnancyc
Antepartum haemorrhage
End of pregnancya
Gestational diabetesd (n = 67)
Gestational hypertension (n = 183)
Preeclampsia (n = 115)
Induction of labour (n = 730)
Gestational age at delivery (weeks)
Mode of delivery
Spontaneous vaginal delivery (n = 1296)
Assisted vaginal delivery (n = 563)
Caesarean delivery (n = 809)
Infant characteristicsa
Birthweight (g)
Birthweight >4 kg (n = 394)
Birthweight >90th population centile (n = 298)

29 (24–32)

LGAcust
(n = 274; 10.3%)

28 (24–32)

P valueb

0.94

2091
114
83
106
45
67
165
24.4
268
136

(87.3)
(4.8)
(3.5)
(4.4)
(26–50)
(60–77)
(161–169)
(21.9–27.8)
(11.2)
(5.7)

226
13
13
22
45
67
165
24.7
19
16

(82.5)
(4.7)
(4.7)
(8.0)
(27–50)
(60–76)
(160–169)
(22.3–28.0)
(6.9)
(5.8)

0.02
0.99
0.28
0.01
0.88
0.84
0.28
0.20
0.03
0.91

54
165
99
656
40.0

(2.3)
(7.0)
(4.1)
(27.4)
(39.0–41.0)

13
18
16
74
39.5

(4.7)
(6.6)
(5.8)
(27.0)
(38.5–41.0)

0.03
0.84
0.18
0.89
<0.001

1,209 (50.5)
515 (21.5)
670 (28.0)
3480 (3230–3740)
207 (8.7)
76 (3.2)

87 (31.8)
48 (17.5)
139 (50.7)
4170 (3910–4435)
187 (68.3)
222 (81.0)

<0.001
0.13
<0.001
<0.001
<0.001
<0.001

a

Results are reported as median Inter Quartile Range (IQR) or number (%) as appropriate.
Univariate comparison using Chi-squared, Fisher’s exact or Kruskal–Wallis test as appropriate.
c
Smoking at both 15- and 20-week visit.
d
A total of 157 (5.9%) records with unknown status for gestational diabetes. There is no statistical difference in unknown status for
gestational diabetes by birthweight categories (P = 0.3).
AGA, appropriate for gestational age; BMI, body mass index; LGA, large for gestational age.
b

(Table 3a–b). The risk of admission to neonatal intensive care was only increased in infants who were both
LGAcust and Macro4000 or also LGApop. This was also the
only group of infants who were at increased risk of
the combined end-point of severe neonatal outcome
or NICU admission. Neither of the adverse neonatal
outcomes was increased in infants AGAcust regardless
of whether they were Macro4000 or LGApop and these
associations persisted following multivariable analysis
(Table 3a–b).

Comment
In a large prospective cohort of low-risk primigravidae, we found that term infants who were LGA
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by a customised standard had a fourfold increase in
risk of severe neonatal morbidity/mortality compared
with appropriately grown infants defined by similar
standards. Importantly, this increased risk of neonatal
complications was not observed among appropriately
grown infants by customised standards with birthweight greater than 4000 g or LGA by population
standards. Furthermore the subgroups of LGA infants
by customised standards with birthweight greater
than 4000 g who were also LGA by population
standards were at increased risk of admission to neonatal care. Thus the use of customised centiles defines
a subpopulation of at-risk high-birthweight term
infants that might otherwise remain unrecognised.
Importantly these data have also shown that adverse
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Table 2a. Comparison of maternal outcomes between infants classified by customised centiles and absolute birthweight

Maternal outcomes
Caesarean delivery
No. (%)
All
Pre-labour
Intrapartum
Unadjusted OR [95% CI]
All
Pre-labour
Intrapartum
Adjusted OR [95% CI]
All
Pre-labour
Intrapartumc
Postpartum haemorrhage
No. (%)
Unadjusted OR [95% CI]
Adjusted OR [95% CI]

AGAcust not Macro4000a
(n = 2187, 82.0%)

AGAcust but Macro4000
(n = 207, 7.8%)

LGAcust not Macro4000
(n = 87, 3.2%)

LGAcust and Macro4000
(n = 187, 7.0%)

P valueb

<0.001
<0.001
<0.001

603 (27.6)
144 (6.5)
459 (20.1)

67 (32.4)
9 (4.3)
58 (28.0)

39 (44.8)
13 (14.9)
26 (29.9)

100 (53.5)
24 (12.8)
76 (40.6)

Reference
Reference
Reference

1.3 [0.9–1.7]
0.6 [0.3–1.3]
1.4 [1.0–2.0]

2.1 [1.4–3.3]
2.5 [1.3–4.6]
1.9 [1.0–3.0]

3.0 [2.2–4.1]
2.1 [1.3–3.3]
3.0 [2.2–4.2]

Reference
Reference
Reference

1.6 [1.1–2.2]
0.7 [0.3–1.5]
1.4 [0.9–2.0]

2.1 [1.3–3.3]
2.7 [1.4–5.3]d
2.2 [1.3–3.8]

3.4 [2.4–4.7]
2.0 [1.2–3.3]d
3.4 [2.4–4.9]

88 (4.1)
Reference
Reference

14 (6.9)
1.7 [1.0–3.1]
1.2 [0.7–2.3]

8 (9.2)
2.4 [1.1–5.1]
2.7 [1.2–6.2]

19 (10.4)
2.7 [1.6–4.6]
2.0 [1.2–3.4]

<0.001

a

Referent category.
Univariable comparison of primary and secondary outcomes by birthweight categories using Chi-squared.
c
Also adjusted for induction of labour and gestational age.
d
After exclusion of cases of pre-labour caesarean delivery performed because of suspected fetal distress the increased rate of pre-labour
caesarean delivery persisted in LGAcust not Macro4000 infants (adjusted OR 3.2 [95% CI 1.6–6.2]) and also in LGAcust and Macro4000
(adjusted OR 2.1 [95% CI 1.3–3.5]).
AGA, appropriate for gestational age; CI, confidence interval; LGA, large for gestational age; No., number; OR, odds ratio.
b

birth outcomes are not increased in those infants who
are defined as high birthweight by conventional
measures, but appropriately grown by customised
standards.
We recommend that the definition of LGA by customised centiles should be considered for adoption in
clinical practice; this conclusion is also strengthened
by the observation that the mothers of LGA infants by
customised standards, regardless of absolute infant
birthweight, had a higher rate of both pre-labour and
intrapartum caesarean section and twice the rate of
major PPH.
Furthermore, although mothers of infants with
birthweight greater than 4000 g who were appropriately grown by customised standards had a 1.6-fold
increase in the overall rate of caesarean, this was not
accompanied by an increase in pre-labour caesarean
or postpartum haemorrhage. Given the sample size, it
is likely the 40% increase in intrapartum caesarean
delivery in this group did not reach statistical significance because of insufficient power. We noted a
similar observation in the comparison between customised and population birthweight centiles in rela-

tion to maternal morbidity; however, in contrast the
twofold increased risk of postpartum haemorrhage
was confined only to mothers of infants who were
LGA by both customised and population standards.
Obesity is rising among pregnant women in most
developed countries, as is the mean birthweight and
the incidence of fetal macrosomia and LGA.19–21 It is
therefore important to better understand which pregnancies with ‘larger’ infants are at greatest risk of
important morbidity.9,22,23 Previous definitions of fetal
macrosomia and LGA have not distinguished ‘macrosomic’ infants who may be appropriately grown for
maternal constitution from infants who have exceeded
their growth potential.7,24 Some LGA infants by customised centiles will be classified as appropriately
grown based on absolute birthweight or population
centiles. Using customised centiles, in our cohort of
term infants approximately 4% of infants with birthweight equal or less than 4000 g and 2% of appropriately grown infants by population standards were
LGA by customised standards, a group that would
not be detected by traditional measures of high birthweight. Conversely, 53% of infants with birthweight
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Table 2b. Comparison of maternal outcomes between infants classified by customised and population centiles

Maternal outcomes

AGAcust and AGApopa
(n = 2318, 86.9%)

Caesarean delivery
No. (%)
All
Pre-labour
Intrapartum
Unadjusted OR [95% CI]
All
Pre-labour
Intrapartum
Adjusted OR [95% CI]
All
Pre-labour
Intrapartumc
Postpartum haemorrhage
No. (%)
Unadjusted OR [95% CI]e

AGAcust but LGApop
(n = 76, 2.9%)

LGAcust but AGApop
(n = 52, 2.0%)

LGAcust and LGApop
(n = 222, 8.3%)

644 (27.8)
147 (6.3)
497 (21.4)

26 (34.2)
6 (7.9)
20 (26.3)

25 (48.1)
7 (13.5)
18 (34.6)

114 (51.4)
30 (13.5)
84 (37.8)

Reference
Reference
Reference

1.4 [0.8–2.2]
1.3 [0.5–3.0]
1.3 [0.8–2.3]

2.4 [1.4–4.2]
2.3 [1.0–5.2]
2.2 [1.2–4.1]

2.7 [2.1–3.6]
2.3 [1.5–3.5]
2.6 [1.9–3.5]

Reference
Reference
Reference

1.5 [0.9–2.6]
1.3 [0.5–3.2]
1.6 [0.9–2.9]

2.4 [1.3–4.4]
2.5 [1.0–6.2]d
2.2 [1.1–4.2]

2.9 [2.2–4.0]
2.2 [1.4–3.5]d
3.2 [2.3–4.5]

98 (4.3)
Reference

4 (5.4)
1.3 [0.5–3.6]

2 (3.9)
0.9 [0.2–3.7]

25 (11.5)
2.9 [1.8–4.6]

P valueb

<0.001
<0.001
<0.001

<0.001

a

Referent category.
Univariate comparison of primary and secondary outcomes by birthweight categories using Chi-squared.
c
Also adjusted for induction of labour and gestational age.
d
After exclusion of cases of pre-labour caesarean section performed because of suspected fetal distress the increased rate of pre-labour
caesarean section persisted in LGAcust but AGApop infants (OR 2.9 [95% CI 1.2–7.2]) and also in LGAcust and LGApopn infants
(OR 2.4 [95% CI 1.5–3.8]).
e
Multivariable was analysis was not performed because of the small number of events in some categories.
AGA, appropriate for gestational age; CI, confidence interval; LGA, large for gestational age; No., number; OR, odds ratio.
b

greater than 4000 g and 25% of LGA infants by population standards born at term were appropriately
grown by customised centiles. Apart from a slightly
higher rate of caesarean section, this group of pregnancies were not at increased risk of other maternal
and neonatal complications. Clinical algorithms
focused on antenatal detection of LGA infants by
ultrasound and induction of labour to reduce morbidity associated with labour have not been found to be
cost-effective.25,26 We propose that implementation and
evaluation of customised fetal growth charts in cases
of suspected fetal macrosomia may improve the detection of infants who have truly exceeded their growth
potential, which could be advantageous for clinical
management.27 The adverse outcomes in LGA infants
by customised standards may be a consequence of
excessive overall growth relative to maternal constitution or a result of altered body composition, possibly
because of an increase in infant adiposity. Specific
measures of neonatal adiposity were not available in
the Australasian SCOPE cohort reported here, but will
be available for future assessment in the recently
recruited SCOPE cohort in Ireland.
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Our findings are consistent with those from a single
study in a North American cohort, which also concluded that a customised standard of LGA identifies a
previously unrecognised high risk population of large
infants.28 Larkin and colleagues28 compared outcomes
between macrosomia defined as birthweight greater
than 4000 or 4500 g and LGA defined as birthweight
greater than the 90th population or customised
centile. Neonates identified as LGA by customised
standards who were not macrosomic by absolute
birthweight or LGA by population standards were at
increased risk of shoulder dystocia. Mothers of these
infants were at increased risk of third or fourth degree
perineal laceration and caesarean delivery for cephalopelvic disproportion. The rate of these adverse outcomes was also increased in infants with birthweight
greater than 4000 g and LGA by population standards, with the risk being a similar order of magnitude in these two groups. Other more common
complications associated with macrosomia such as
caesarean section, postpartum haemorrhage and
severe neonatal morbidity were not reported in this
retrospective study. In contrast to that study we did
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Table 3a. Comparison of neonatal outcomes between infants classified by customised centiles and absolute birthweight
Birthweight categories

Infant characteristics
Gestational age (weeks)
Birthweight (g)
Customised birthweight centile
Neonatal outcomes
Severe neonatal outcome
No. (%)
Unadjusted OR [95% CI]
NICU admission
No. (%)
Unadjusted OR [95% CI]
Combined neonatal outcomec
No. (%)
Unadjusted OR [95% CI]
Adjusted OR [95% CI]

AGAcust not Macro4000a AGAcust but Macro4000 LGAcust not Macro4000 LGAcust and Macro4000
(n = 2187, 82.0%)
(n = 207, 7.8%)
(n = 87, 3.2%)
(n = 187, 7.0%)
P valueb
40 (39–40)
3440 (3200–3660)
45 (27–64)

41 (40–41)
4110 (4055–4200)
80 (71–85)

38 (37–39)
3810 (3690–3905)
94 (92–98)

40 (39–41)
4350 (4160–4520)
96 (94–98)

<0.001

29 (1.3)
Reference

1 (0.5)
0.4 [0.1–2.7]

5 (5.8)
4.5 [1.7–12.0]

9 (4.8)
3.8 [1.8–8.0]

<0.001

140 (6.4)
Reference

8 (3.9)
0.6 [0.3–1.2]

9 (10.3)
1.7 [0.8–3.4]

21 (11.2)
1.8 [1.1–3.0]

0.01

141 (6.5)
Reference
Reference

8 (3.9)
0.6 [0.3–1.2]
0.6 [0.3–1.3]

9 (10.3)
1.7 [0.8–3.4]
1.1 [0.5–2.5]

23 (12.3)
2.0 [1.3–3.3]
1.9 [1.2–3.2]

0.003

a

Referent category.
Univariate comparison of primary and secondary outcomes by birthweight categories using Chi-squared or Fisher’s exact test as
appropriate.
c
Either severe neonatal outcome or admission to NICU.
AGA, appropriate for gestational age; CI, confidence interval; LGA, large for gestational age; NICU, neonatal intensive care;
No., number; OR, odds ratio.
b

not find an increased risk of maternal or neonatal morbidity in pregnancies of infants with birthweight
greater than 4000 g or LGA by population centiles but
appropriately grown by customised standards. In
addition the authors focused on maternal morbidity
(caesarean section and third and fourth degree tears)
and detailed neonatal outcomes other than rates of
shoulder dystocia were not reported.28
The strengths of our study include the large prospective design of the cohort with detailed maternal
and neonatal outcome data available for 99% of participants. As the SCOPE study’s primary aim is prediction of preeclampsia, SGA and preterm birth, data on
perineal trauma and shoulder dystocia and detailed
indications for caesarean delivery (other than prelabour caesarean performed for fetal distress) were
not collected on all participants. We consider it likely
that in mothers of LGA infants by customised standards the higher rate of pre-labour caesarean relates
to the obstetric decision to avoid labour following
clinical examination or ultrasound assessment of fetal
size, but this cannot be corroborated further with
available data. It is also probable that the higher rate of
intrapartum caesarean is secondary to failure to

progress or fetal distress. A weakness of the study is
the limited generalisability of our findings to high risk
and/or mixed parity populations, as the study was
conducted in a population of low-risk primigravidae.
In conclusion, in our study adverse pregnancy outcomes were strongly associated with LGA as determined by customised centiles. Similar analyses in
different cohorts are required for confirmation, and to
elucidate mechanisms underlying the associated
maternal and neonatal morbidities observed. If confirmed, a birthweight greater than the 90th customised centile may be a better indicator of morbidity
associated with ‘macrosomia’ rather than absolute
birthweight per se.
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Table 3b. Comparison of neonatal outcomes between infants classified by customised and population centiles
Birthweight categories

Infant characteristics

AGAcust and AGApopa
(n = 2318, 86.9%)

AGAcust but LGApop
(n = 76, 2.9%)

LGAcust but AGApop
(n = 52, 2.0%)

LGAcust and LGApop
(n = 222, 8.3%)

40 (39–41)
3465 (3220–3710)
47 (28–66)

40 (39–41)
4110 (3945–4215)
85 (82–88)

40 (39–41)
3835 (3580–4075)
92 (91–94)

40 (39–41)
4250 (4020–4475)
97 (94–99)

Gestational age (weeks)
Birthweight (g)
Customised birthweight centile
Neonatal outcomes
Severe neonatal outcome
No. (%)
Unadjusted OR [95% CI]
NICU admission
No. (%)
Unadjusted OR [95% CI]
Combined neonatal outcomec
No. (%)
Unadjusted OR [95% CI]
Adjusted OR [95% CI]

P valueb
<0.001
<0.001

29 (1.3)
Reference

1 (1.3)
1.1 [0.1–7.8]

3 (5.8)
4.8 [1.4–16.4]

11 (5.0)
4.1 [2.0–8.4]

<0.001

144 (6.2)
Reference

4 (5.3)
0.8 [0.3–2.3]
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1.3 [0.4–3.5]
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2.0 [1.3–3.1]

0.01

145 (6.3)
Reference
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0.8 [0.3–2.3]
0.5 [0.2–1.6]

4 (7.7)
1.2 [0.4–3.5]
1.0 [0.3–3.1]

28 (12.6)
2.2 [1.4–3.3]
1.8 [1.1–2.9]

0.004

a

Referent category.
Univariate comparison of primary and secondary outcomes by birthweight categories using Chi-squared or Fisher’s exact test as
appropriate.
c
Either severe neonatal outcome or admission to NICU.
AGA, appropriate for gestational age; CI, confidence interval; LGA, large for gestational age; NICU, neonatal intensive care;
No., number; OR, odds ratio.
b
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