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ABSTRACT

Background and Aim:

Large-for=gestational age (LGA) infants are at increasstdof intrapartum
complications. However, some infants classified as LGA may be appropriate-for-
gestational'age (AGA) if adjusted for maternal stature. We determined whether
customisation of birthweight centiles by maternal heighheight and weight,

improves the,detection of LGA infants at risk of complications.

Methods:

We conducted a retrospective analysis of 38,246 term, singleton nulliparous women.
We compared population birthweight centiles to those customised by height, or height
and weight for complications including intrapartum caesarean section, instrumental

delivery, postpartum haemorrhage, anal sphincter injury and neonatal outcomes.

Results:
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Those considered LGA when customised for heightdtah by population centile
(LGA-ht-only) were at increased risk of intrapartum emergency caesarean section
compared with infants AGA on all charts (AGA-all); OR 4.64, 95%CI 3.22-6.76. In
contrast, infants considered LGA on population charts, but AGA when customised by
height (LGA=pop-only) were not at increased risk compared to the AGA-all group
(OR 1.43, 95%CI 0.70-1.88). Infants classified as LGA-ht-only compared to LGA-
pop-only remained at significantly higher risk after adjustment for potential
confounders (aOR 3.27; 95%CIl 2.02-5.31). No difference was searyfother
outcomes. No benefit was seen with customisation by both maternal height and

weight:

Conclusion

Women withjan infant classified as AGA on population centiles but LGA when
customised for height are at increased risk of intrapartum caesarean section. This is a
population unrecognised in current practice. Fetal growth should be customised for

maternalsheight when making assessments regarding the LGA infant.

INTRODUCTION

There are many intrapartum risks associated with babies that are large for gestational
age (LGA). For the infant, difficulties passing through the bony maternal pelvis can
lead toshoulder dystocia and associated birth asphyxia. For the mother, labour can be
prolonged.er associated with complications such as postpartum haemorrhage and soft
tissue injury, including third and fourth degree perineal tears. Ultimately, the infant
may simply be too large to fit through the pelvis, leading to obstructed labour and

increased risks of emergency caesarean setfion.

In 2015, Boulvain et al published a multi-centre randomised controlled trial which
demonstrated an increase in spontaneous vaginal delivery rata raoldiction in
clinically significant shoulder dystocia if women with a suspected macrosomic fetus
(>95th centile at a 36-38 week ultrasound) were induced between 37+0 and 38+6
weeks gestatiofi’ In many obstetric units internationally, this has led to an increase

in elective inductions at term for this indication. However, as with small for
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gestational age (SGA) infants, not every LGA infant is inappropriately grown, and
some may be considered appropriate for gestational age when adjusted for maternal
stature. If it were possible to identify which LGA fetuses were at greatest risk, it

would be easier to tailor obstetric intervention to those most likely to benefit.

Using customised fetal growth centiles has been shown to improve detection of LGA
infants"at greatest risk of intrapartum complications such as operative delivery and
shoulder dystocia and have shown stronger relationships with perinatal morbidity and
mortality.”* :2 Customisation adjusts for both maternal height and weight, as well as
other factors, but to date no studies have determined whether customisation by
maternal height alone, or alternatively both height and weight, better predicts the risk
of adverse "outcomes in labour among LGA infants. Increasing maternal weight is
typically associated with increasing birthweight, yet in the absence of an
accompanying increase in pelvic diameters. Customisation of LGA infants by both
maternal height and weight may therefore artificially normalise the fetal size, and
underestimate the risk of obstructed labour and intrapartum caesarean section. In
contrast; ‘customisation by maternal height alone, may better identify the
disproportionately large fetus at increased risk of obstruction and caesarean section,
ie. a tallerwoman may have greater pelvic capacity for what is a constitutionally large

fetus, compared to a shorter woman carrying a disproportionately large fetus.

Using the primary outcome of emergency caesarean section in labour, this study
aimed [to assess i) whether customisation of birthweight centiles by maternal height,
compared with uncustomised population birthweight centiles, improves the prediction
of the".LGA infant at risk of intrapartum caesarean section, and ii) whether

customisation by maternal height alore preferable to customisation by both

maternal*height and weight.

METHODS

Study population and data collection:

A retrospective population cohort study was conducted on all term, nulliparous
women who delivered from 1994 to 2016 at the Mercy Hospital for Women (MHW)
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in Melbourne, Victoria, a tertiary obstetric centre. Data for all women giving birth at
MHW is recorded by midwives on the Birthing Outcomes System (BOS) and all data

included in the study was extracted from this database.

Women were considered term from 37.0 to 42.0 wegkstation at delivery. Height
and weight used in this analysis was the earliest recorded height or weight taken at the
obstetric booking visit for each woman. Women were excluded from all analyses if

data on the maternal height or weight, gestation or birthweight was missing.

Customised/centile groups:

Gestation/Related Optimal Weight (GROW) centiles were used for customised
standards (version 6.7.8, 2017), which incorporated data up to 2015 and used
coefficients developed and validated previously by Gardosi'éfTak baseline
birthweight centiles are derived from Australian population birthweight statistics, and
are provided for each completed day of gestation. The GROW charts provide the
option of.eustomisation by multiple maternal characteristics including maternal
height,'weight ethnic origin, parity and infant sex. If a variable was not customised
for, standard average values were then used by default. These included a maternal
weight of 64.3kg, ethnic origin of European Australian and infant sex neutral. We
calculated three centiles for the birthweight of each neonate in the $juaty
uncustomised birthweight celet2) a birthweight centile customised only for

maternal height, and &)birthweight centile customised for both maternal height and

weight.

Infants ‘were classified as LGA (>90th centile) or AGA (<90™ centile) for each
birthweight.classification chart, ie. LGA-pop, LGA-ht, LGA-ht+wt. The group of
women-that'were AGA by all charts (AGA-all) were used as a baseline low-risk

comparisengiven that they were not LGA by any definition used in this study.

Of most interest were those infants classified as LGA by one definition but not by
another, as follows:
a) LGA when customised for height but AGA on population charts (LGA-ht-
only; i.e. ‘missed’ by current population charts but identified as LGA on

height-customised charts). This group includes infants considered average by
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population standards, but when the mother’s short stature was accounted for,
the infant was considered LGA.

b) LGA on population charts but AGA on height-customised charts (LGA-pop-
only; i.e. thosémissed’ on customised charts but identified as LGA on current
population charts). This group includes infants considered large by population
standards, but when accounting for the mother’s tall height, were considered
appropriately grown.

Similarg comparisons were performed for heigbgtomised versus both height &
weight-customised charts. The comparison between groups of infants who were
identified_exclusively on one chart enabled a quantification of the risk of adverse

outcome amongst those overlooked under each alternative method.

Outcomes:

The primary outcome was intrapartum caesarean section rate, defined as the
proportion of women who were delivered by unplanned emergency caesarean section
Women.who had an elective caesarean section were excluded from analysis.
Secondary, maternal outcomes included the rates of instrumental birth, severe perineal
trauma (third or fourth degree tears) and massive post-partum haemorrhage (PPH)
(>1000missloss). Secondary neonatal outcomes included Apgars <7 at five minutes,
shoulder dystocia, and admission to the Special Care Nursery (SCN) or Neonatal
Intensive Care Unit (NICU).

Statistical analysis:

Statistical_analysis was conducted using GraphPad Prism Version 7 and Stata
statistical software (StataCorp, 2017. Stata Statistical Software: Release 15. Stata
Corp,LP..College Station, TX).

Meansy=standard deviations, medians and percentages of the total study population
were_used to describe baseline characteristics. Chi-square tests and odds ratios were
used to determine the significance of the associations between categorical variables.
Multivariate logistic regression analysis was used to further assess the odds of
emergency caesarean section, adpifir gestation, maternal age and BMI. P-values

<0.05 were considered statistically significant.
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Ethics Approval:

Ethics approval for the project was obtained from the Mercy Hospital for Women

Human Research Ethics Committee (approval project number R16-61).

RESULTS

From 1994 to 2016, there were 38,246 term, nulliparous women with a singleton
pregnaney=identified througthe hospital’s obstetric database. Centile charts were
applied-te=all study participants and 35,854 (93.7%) were considered AGA by all
charts (AGA:-all). LGA by population birthweight charts (LGA-Bagentified 1,917

(5%) infants, LGA customised by height (LGA-Ht) identified 1,754 (4.6%) infants,
and LGA/by/charts customised on height and weight (LGAWA4) identified 1,904
(5.0%)sinfants.

Comparison between population birthweight centileend height-

customised centiles

Of the 1,917 women considered LGA by population charts, 1627 were LGA on both
charts while 290 (15.1%) were considered AGA when customised for maternal height
(LGA=pop-only). Of the 1,754 women considered LGA by charts custonbged
height, 127 (7.2%) were considered AGA on population charts (LGA-ht only) (Figure
1). The difference attributable to maternal height can be seen in Table 1, with infants
classified™as, LGA-pop-only coming from taller mothers (mean height of 174cm),
compared,with infants classified as LGA-ht-only coming from shorter mothers (mean
height of 156cm).

Overall, infants classified as LGA, by population or height customised birthweight
centiles, were at significantly increased risk of emergency caesarean section than the
infant that was AGA on all charts (AGA-all) (Table Il). Compared with AGA-all
infants, LGA-ht-only infants were at greater risk for emergency caesarean section
(OR 4.64; 95%CI 3.22-6.76), but LGA-pop-only infants were not (OR 1.43; 95%ClI
0.70-1.88).
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Multivariate analysis, adjusting for age, gestation and BMI, was performed to
compare the sub-groups identified by only one chart. Infants considered LGA-ht-only
remained at significantly higher odds of an emergency caesarean section than LGA-

pop-only after adjustment for potential confounders (aOR 3.27; 95%CI 2.02-5.31).

Comparison between the two main sub-groups of interest, LGA-pop-only and LGA-
ht-only, revealed a small difference in absolute mean birthweight (4015g vs 4140g,
p<0.001) (Table 1). Consistent with the increase in emergency caesarean section rate,
there was a higher rate of caesarean section birth overall in the LGA-ht-only group
compared to the LGA-pop-only group (34.5% vs 61.4%, p<0.001). There was no
differenm€e’ in incidence of instrumental vaginal birth between the groups. No
significant differences were seen in any adverse neonatal outcomes, although there
was a trend towards higher rates of low Apgars <7 (1.6% vs 0.0%, p=0.092) and
shoulder_dystocia (10.2% vs 4.2%, p=0.068) in the LGA-ht-only group. Similarly,
there were trends towards increased rates of massive PPH >1[%afidi&gree tears

but these,also did not reach statistical significance.

Comparison between height-customised charts witighteand weight-

customised charts

Of the 1,904 infants identified as LGA based on height and weight-customised charts,
413 (21.6%) were considered LGA based solely on height and weight-customised
charts (LGA-ht+wt only). Of the 1,754 infants considered LGA by height-customised
charts, 263 (15.0%) were considered LGA by height-customised charts only (LGA-ht-
only) (Rigure 2).

Customisation by height and weight in the LGA-ht-plusgroup enables taller and
heaviermwomen to have a larger infant classified as AGA. Accordingly, those
classified as LGA-ht-only but AGA-ht+wt were heavier with a mean BMI of 34.1
(Table 3);while infants classified as LGA-ht+wt-only had a mean BMI of 21.4. These
were infants considered appropriately grown when maternal height only was

considered, but LGA when customised for her (lower) bodyweight.
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There were significant differences in baseline birthweight, with larger birthweight
identified in the LGA-ht-only group (4144 vs 4001g, p<0.001). Again, women with
LGA infants customised on maternal height only, had a higher rate of emergency
caesarean section than those customised on both height and weight (OR 1.85, 95% ClI
1.322.61747.8% vs 33.1%, p<0.001).

Comparison between height and weight-customised rteshaand un-

customised population charts

Of the 1,904 infants classified as LGA based on height and weight-customised charts,
440 (283'1%) were considered AGA by population charts (LGA-ht+wt-only). Of the
1,917 infants considered LGA by population charts, 453 (23.6%) were only
considered LGA by population charts (LGA-pop-only) (Figlije 1491 infants were
considered LGA by both height and height and weight customisation. The LGA-pop-
only group included infants whose mothers were either tall, had a heavy weight, or a
combination” of both, as the infants were considered average weight after
customisation. The LGA-ht+wt-only group were the inverse, with either short
maternal stature or low weight, or a combination of both. Unsurprisingly, BMI and
birthweight-were both higher in the LGA-pop-only (AGA-ht+wt-only) compared to
the LGA-ht+wt-only AGA-pop-only). There were no significant differences between
these two groups in emergency caesarean section rate (OR 1.06, 95% CI1 0.80 to 1.41),

overall chance of having a vaginal birth, or instrumental birth rate (Table III).

DISCUSSION

Summairy.of findings:

Customisation of fetal weight by maternal height has a twofold benefit. Firstly, we
have identified that these LGA-ht only infants are at increased risk of intrapartum
caesarean section, even though they are considered AGA on uncustomised
population-based birthweight centiles. These LGA-ht-only pregnancies are not
currently identified using population centiles, and this group might represent a more
targeted group likely to benefit from obstetric intervention, such as induction for
macrosomia. Secondly, it identifies the group of fetuses (AGA-ht-only, LGA-pop)
that do not appear to be at higher risk of emergency caesarean section or other adverse
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outcomes than an AGA infarithese large infants of tall mothers have no increase in
Caesarean section risk and so reclassification as AGA could reduce unnecessary
induction of labour.  These findings remained significant after adjustment for
maternal age, BMI and gestation at delivery. These findings were also irrespective of
absolute=birthweight, which was lower in the high-risk group identified only by
maternal height.

We didinot find that customisation by maternal height and weight added any benefit
in comparison to an uncustomised, population chart, and was clearly inferior to charts
customised.on maternal height alone. This suggests that in the case of macrosomia,
makingradditional allowance for maternal weight will artificially normalise fetal size

in the setting of maternal obesity, yet these women may not have a corresponding
increase in skeletal size, particularly of the maternal pelvis. This contrasts with
customisation by height, where delivery of a larger fetus to a taller mother will to
some extent be assisted by a corresponding increase in pelvic dimensions. With the
rising prevalénce in obesity worldwide, and the associated rise in fetal macrosomia, it
is important: to identify accurately which LGA populations are at higher risk of

intrapartum complications and who may benefit most from timely intervention.

Our findings are consistent with the growing body of literature reinforcing the
importance of accounting for maternal characteristics in determining optimal fetal
weight. Larkin et al. in 2011 found that those identified as LGA by customised
standards, even if not macrosomic using an absolute birthweight cut-off, or LGA by
population_standards, were at increased risk of shoulder dyStdessupathy et al

also found that the group considered LGA by population standards, if AGA by
custoniised. éharts, were not at increased risk of adverse outtbMeee recently,

Gonzales=et df! also found benefit of customised centiles in a diabetic antenatal

populatiengwhen assessing for macrosomia.

What studies to date have not teased out is which maternal characteristics contribute
most to the observed benefit of customisation. Our study is the first to directly
compare the differences between customisdippmaternal height, or both maternal
height and weight. While height and weight are routinely included in customisation,

this study suggests that adjusting for maternal weight may be less beneficial in
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assessment of the LGA infant. This contrasts with assessment of the small fetus.
Obesity is a known risk factor for placental dysfunction, small for gestational age
(SGA) and stillbirth*> Customisation for maternal height and weight will identify
more infants of bigger mothers as being SGA and these are more likely to be
pathologically growth restricted. While customisation by both maternal height and
weight/may be beneficial in these circumstances, the opposite is true when assessing

excessive fetal growth.

Strengths and limitations:

This study provides a unique analysis of the benefits of customisation on maternal
factorsdn the detection of the LGA infant. Specifically, this study demonstrates which
LGA infants are most at risk of emergency caesarean section. This may inform
clinical practice. By optimising detection of the LGA group at highest risk of
obstructed labour and intrapartum caesarean birth, resources can be directed toward
the group of women who may benefit most from induction for macrosomia.
Potentiallys«this could in turn reduce the health and economic burden associated with

unnecessary induction of labour and reduce the rate of emergency caesarean sections.

An inherent difficulty in comparing different growth charts is the large degree of
overlap. As the differences with customisation can be subtle, most infants will be
considered LGA by more than one chart. This means that very large sample sizes are
required to achieve sufficient power to detect a difference. By comparing subgroups
identified by only one chart, we were able to differentiate between customised and
population_charts. Infants classified as LGA on all charts are at uneqlyvocal

increased risk already, and do not require further study.

Our study-excluded multiparous women, and as such may not be generalizable to that
populatien=“However, in subsequent pregnancies, clinical delivery decisions are
significantly informed by whether a vaginal birth has previously been achieved. This
is a different scenario than the setting of the ‘untried’ pelvis and counselling can be

more individualisedThis study did not customise for ethnicity. Although ‘country of

birth” was available for most women, extrapolating to ethnicity can be unreliable,

especially given the high level of immigration in Australia.9,14
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We were unable to reliably capture conditions more likely to be associated with
pathological macrosomia, particulamgestational and pre-existing diabetes, which is
likely to be of higher prevalence in groups with increased BMI. However, there is
already substantial evidence demonstrating that the anthropometry of infants of
diabeticmothers makes them at increased risk of intrapartum complichfitns.
should/already be incorporated into the clinical decision making process. It is possible
that growth restricted infants, on the opposite end of the spectrum, may also be at
increased risk of emergency caesarean section. These were included within our
comparison. group of <§0centile, and may have led to an underestimation of the
difference between the LGA infant, and the appropriately grown one.

Conclusion

This study demonstrates that height-customised charts, but not height and weight-
customised charts, improve the prediction of emergency caesarean section associated
with the LGA infant. By identifying a high-risk subgroup currently unrecognised on
uncustomised, population charts, and by excluding a low-risk subgroup that is not at
increased risk of caesarean section, use of height-customised charts provides the
opportunity for more accurately targeted obstetric intervention. Consideration should
be given.to validation of height-adjusted charts in external populations, and to

introduction of these birthweight standards into clinical practice.
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Figure |I: Comparison of height-customised charts with uncustomised population ¢tartber of women identified by both charts (LGA-
pop+LGA-ht), a population chart only (LGA-pop-only) or height-customised charts only (LGA-ht-only).

: "."':- .:_.:: <
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Tablel: Eparison between the participants identified by population charts only or height-customised charts only

: AGA-all LGA-pop+ LGAht  LGA-ht-only L GA-pop-only p-valuef
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(n=35,854) (n=1627) (n=127) (n=290)
Baseline'’char acteristics
Age (years)y-mean (SD) 30.0 (4.9) 30.3 (5.0) 30.0 (4.8) 30.3(4.9) 0.70
BMI (kg/m?), mean (SD) 24.5 (5.1) 27.3 (6.2) 27.3 (6.05) 25.7 (5.3) 0.01
Height (¢m),)mean (SD) 164 (7.0) 166 (6.6) 156 (4.4) 174 (4.7) <0.001
Gestation atidelivery 279 (8.3) 277 (8.9) 277 (9.1) 278 (8.9) 0.12
(days), mean (SD)
Birthweight (grams), 3346 (413) 4294 (335) 4015 (276) 4140 (276) <0.001
mean (SD)
Other delivery outcomes
Emergeney CS (%) 7121 (21.2) 594 (42.7) 61 (55.5) 73 (27.8) <0.001
Elective-CS+(%) 2,193 (6.1) 235 (14.4) 17 (13.4) 27 (9.3) 0.23
Induction of labour%)i 14,332 (40.1) 685 (42.1) 56 (50.9) 108 (41.1) 0.19
Vaginal delivery (%) 26,540 (74.0) 798 (49.0) 49 (38.6) 190 (65.5) <0.001
Instrumental.delivery 9,429 (35.5) 362 (45.4) 23 (46.9) 88 (46.3) >0.999
(%)8
Neonatal-eutcomes
Apgars <7 661 (1.8) 24 (1.5) 2 (1.6) 0 (0.0) 0.09
SCN/NICJ.admission 2355 (6.6) 177 (10.9) 10 (7.9) 14 (4.8) 0.22
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Shoulder dystocia8 348 (1.3) 93 (11.7) 5(10.2) 8 (4.2) 0.07

M ater nal outcomes

Massive-PPH->1L 1,750 (4.9) 180 (11.1) 13 (10.2) 17 (5.9) 0.11
3 4" degree tear§ 994 (3.8) 54 (6.8) 6 (12.2) 11 (5.8) 0.12
Regional anaesthesia§ 11,663 (43.9) 425 (53.3) 30 (61.2) 86 (54.7) 0.41

1 p-value’based on comparison between LGA-ht-only and LGAepdp-1 Proportion based on total population, excluding women who had an

elective eaesarean section. 8 Proportion out of those who had a vaginal delivery.

Table Il .~intrapartum caesarean section rate.

Classification (n) Number Rate/100 Unadjusted Odds Ratio (95% CI)
AGA-all"33661) 7121 21.2 Reference
LGA-pop-(1655) 656 40.3 2.52 (2.27- 2.78)
LGA-ht (1502) 655 43.6 2.88 (2.60- 3.2)
LGA-ht+EGA-pop (1627) 594 42.7 2.77 (2.49 - 3.10)
LGA-pop-only (290) 73 27.8 1.43 (0.70 - 1.88)
LGA-htonly(127) 61 55.5 4.64 (3.22 - 6.76)

1 Excludes-women that had an elective caesarean section.

Figure I'wi) Comparison of height-customised and height and weight-customised charts. Number of women identified by height-customised and

height and weight-customised (LGA-ht+LGA-ht+wt), height-customised charts only (LGA-ht-only) and height and weight-customised charts
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only (LGA-ht+wt). ii) Comparison of height and weight-customised with population charts. Number of women identified by height and weight-
custorﬂﬁ:d uncustomised charts (LGA-pop + LGA-ht+wt), height and weight-customised charts only (LGA-ht+wt-only) and uncustomised
charts o A-pop-only).

i) w_ i)

-
)

Tablell IBmparison between the groups identified by charts customised on height only or charts customised on height and weight only

< Height-customised vs height and weight-customised Uncustomised vs height and weight-customised
charts charts
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L GA-ht-only LGA-ht+wt-only  p-value L GA-pop-only LGA-ht+wt  p-value
(n=263) (n=413) (n=453) only (n=440)
Basdline.characteristics
Age (years), mean 30.5 (4.8) 29.8 (5.0) 0.059 30.5(5.2) 29.8 (4.9) 0.04
(SD)
BMI (kg/m?)ymean 34.1 (6.2) 21.4 (21.2) <0.001 30.6 (6.9) 22.0 (2.8) <0.001
(SD)
Gestation at delivery 275 (9.2) 278 (8.4) 0.020 277 (8.9) 277 (8.5) 0.90
(days), mean (SD)
Birthweight (grams), 4144 (304) 4001 (275) <0.001 4151 (283) 3983 (304) <0.0001
mean (SD)
Deliveny-outecomes
Emergency C$%)  108/226 (47.8) 125/378 (33.1) <0.001 141/397 (35.5) 146/396 0.69
(36.9)
Elective CS (%) 37 (14.1) 35 (8.5) 0.022 56 (12.4) 44 (10.0) 0.29
Vaginal-delivery (%) 118 (44.9) 253 (61.3) <0.001 256 (56.5) 250 (56.9) 0.93
¥
Instrumental delivery 55 (46.6) 101 (39.9) 0.224 121 (47.3) 102 (40.8) 0.14

(%)8

1 Proportion of the total population. § Proportion out of those who had a vaginal delivery.
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Figure |I: Comparison of height-customised charts with uncustomised population ¢tariber of women identified by botthars (LGA-

7
poptLG a population chart onfl. GA-pop-only) or heightustomised chastonly (LGA-ht-only).
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Tablel: Comparison between tiparticipantsdentified by population charts only or height-customised charts only

AGA-all LGA-pop+ LGAht  LGA-ht-only L GA-pop-only p-valuet
(n=35,854) (n=1627) (n=127) (n=290)
BaselineCharacteristics
Age (years),ymean (SD) 30.0 (4.9) 30.3 (5.0) 30.0 (4.8) 30.3 (4.9) 0.70
BMI (kg/m%):=mean (SD) 24.5 (5.1) 27.3 (6.2) 27.3 (6.05) 25.7 (5.3) 0.01
Height (cm), mean (SD) 164 (7.0) 166 (6.6) 156 (4.4) 174 (4.7) <0.001
Gestation-at-delivery 279 (8.3) 277 (8.9) 277 (9.1) 278 (8.9) 0.12
(days), mean (SD)
Birthweight (grams), 3346 (413) 4294 (335) 4015 (276) 4140 (276) <0.001
mean (SD)
Other delivery outcomes
Emergeney"CS (%) 7121 (21.2) 594 (42.7) 61 (55.5) 73 (27.8) <0.001
Elective CS (%) 2,193 (6.1) 235 (14.4) 17 (13.4) 27 (9.3) 0.23
Induction‘oftabouf%)t 14,332 (40.1) 685 (42.1) 56 (50.9) 108 (41.1) 0.19
Vaginal delivery (%) 26,540 (74.0) 798 (49.0) 49 (38.6) 190 (65.5) <0.001
Instrumental.delivery 9,429 (35.5) 362 (45.4) 23 (46.9) 88 (46.3) >0.999

(%)8
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Neonatal outcomes

Apgars <7 661 (1.8) 24 (1.5) 2 (1.6) 0 (0.0) 0.09
SCN/NICU-admission  235533,499(6.6) 177 (10.9) 10 (7.9) 14 (4.8) 0.22
Shoulder. dystocia8 348 (1.3) 93 (11.7) 5(10.2) 8 (4.2) 0.07
Mater nal outcomes

Massive/PPH >1L 1,750 (4.9) 180 (11.1) 13 (10.2) 17 (5.9) 0.11
3% 4" degree tear§ 994 (3.8) 54 (6.8) 6 (12.2) 11 (5.8) 0.12
Regional anaesthesia8 11,663 (43.9) 425 (53.3) 30 (61.2) 86 (54.7) 0.41

T p-value*based on comparison between LGA-ht-only and LGA-pop-only.  Proportion based on totabpppxtduding women who had an

elective caesarean section. § Proportion out of those who had a vaginal delivery.
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Tablell. Intrapartum caesarean section rhate.

Classification (n) Number Rate/100 Unadjusted Odds Ratio (95% CI)
AGA-all (33661) 7121 21.2 Reference

LGA-pop (1655) 656 40.3 2.52 (2.27 - 2.78)
LGA-ht (1502) 655 43.6 2.88 (2.60 — 3.2)
LGA-ht+LGA-pop (1627) 594 42.7 2.77 (2.49 - 3.10)
LGA-pop=only (290) 73 27.8 1.43 (0.70 - 1.88)
LGA-ht-only’(127) 61 55.5 4.64 (3.22 - 6.76)

T Excludes'women that had an elective caesarean section.
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Figurell. i) Comparison of height-customised and height and waigstemised chartdlumbe of women identified by heightustomisednd
height and weightustomisedLGA-ht+LGA-ht+wt), heightcustomised charts on{t GA-ht-only) and height and weiglatistomised charts
only (LGA:ht+wt). ii) Comparison of height and weightistomised witlpopulationcharts. Number of women identified by height and weight-
customised and unstomised charts (LGAop + LGA-ht+wt), height and weight-customised charts only (L@Awt-only) anduncustomised

charts only (LGA-pop-only).

i) ii)
LGA WL | | GA- . = LGA-ht-only -pop- | -htswt-
orfpmasn; | LOAREFLEASEMEINZASL) | T e only (redsay | LOAPORELGADbewE | R
(n=1464)
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Tablelll. Conparison between the groups identified by charts customised on height only or chartssedstonineight and weight only

Height-customised vs height and weight-customised Uncustomised vs height and weight-customised
charts charts
L GA-ht-only LGA-ht+wt-only  p-value L GA-pop-only LGA-ht+wt  p-value
(n=263) (n=413) (n=453) only (n=440)
Baselinecharacteristics
Age (years)mean  30.5 (4.8) 29.8 (5.0) 0.059 30.5 (5.2) 29.8 (4.9) 0.04
(SD)
BMI (kg/m?),mean 34.1 (6.2) 21.4 (21.2) <0.001 30.6 (6.9) 22.0 (2.8) <0.001
(SD)
Gestation-at'delivery 275 (9.2) 278 (8.4) 0.020 277 (8.9) 277 (8.5) 0.90
(days), mean (SD)
Birthweight«(grams) 4144 (304) 4001 (275) <0.001 4151 (283) 3983 (304) <0.0001
mean (SD)
Delivery outcomes
Emergency C$%)  108/226 (47.8) 125/378 (33.1) <0.001 141/397 (35.5) 146/396 0.69
(36.9)
Elective CS (%) 37 (14.1) 35 (8.5) 0.022 56 (12.4) 44 (10.0) 0.29
Vaginal delivery(%) 118 (44.9) 253 (61.3) <0.001 256 (56.5) 250 (56.9) 0.93
.'.
Instrumental delivery 55 (46.6) 101 (39.9) 0.224 121 (47.3) 102 (40.8) 0.14
(%)8

T Proportion of the total population. 8 Proportion out of those who had a vaginal delivery.
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