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New Australian birthweight centiles
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Centile curves of birthweight by gestational age are widely 
used in obstetric, paediatric and general medicine. During 
pregnancy, they are used to assess fetal growth and to 

screen for small and large fetuses at increased risk of antenatal 
and intrapartum complications; in the postnatal period, they are 
used to identify neonates at increased risk of complications such 
as hypoglycaemia and to assess their growth. The 10th centile, in 
particular, is often used to define small for gestational age (SGA) 
babies, who are at increased risk of perinatal complications and 
death.1,2 The exact centile cut-offs therefore have important im-
plications for diagnosis and management during the ante- and 
postnatal periods. Given the potential consequences of inaccu-
rate birthweight charts, it is essential to review and update them 
to incorporate the most recent population data and methodology 
for constructing the charts.3,4

Birthweight charts can be descriptive (population-based) or 
prescriptive (based on a restricted subset of “normal” pregnan-
cies).5 They can also be derived from two different methods of 
measurement: ultrasound estimates of fetal weight in utero6,7 
or birthweights recorded at birth.8 Each approach has limita-
tions. Ultrasound estimates are subject to measurement error,9,10 
while a descriptive chart based on actual birthweights from an 
unselected birth cohort will be skewed to lower birthweights 
for pre-term babies (earlier than 37 weeks’ gestation) because a 
disproportionate number of infants born pre-term are SGA.11,12 
This bias may influence the diagnosis of intra-uterine growth 
restriction in a pre-term fetus, affecting the decision to expedite 
delivery and subsequent neonatal care.

Births can be classified as deliveries by intervention (in which the 
obstetric team has made a decision to intervene to end the preg-
nancy) or as spontaneous deliveries (in which labour has com-
menced without intervention). Removing the intervention group 
from birthweight-based growth curves excludes a significant 
source of bias and leads to more accurate diagnosis of pre-term 
SGA, better identifying infants at risk of stillbirth and neonatal 
problems.13

In our study, we applied this improvement in methodology to 
develop new birthweight-based reference charts for Australian 
neonates, incorporating updated population data from the 
National Perinatal Data Collection.

Methods

Design

We undertook a population-based, retrospective observational 
study.

Data source

Data were extracted from the Australian Institute of Health 
and Welfare (AIHW) National Perinatal Data Collection, a 
population-based surveillance system for all births of at least 
400 g birthweight or at least 20 weeks’ gestation.14 The National 
Perinatal Data Collection includes data on gestational age, birth-
weight, infant sex, and onset of labour for each birth. The onset 
of labour is described as “spontaneous”, “induced”, or “no la-
bour”; for our analysis, the latter two categories were deemed to 
indicate delivery by intervention.
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Abstract
Objectives: To prepare more accurate population-based Australian 
birthweight centile charts by using the most recent population 
data available and by excluding pre-term deliveries by obstetric 
intervention of small for gestational age babies.
Design: Population-based retrospective observational study.
Setting: Australian Institute of Health and Welfare National 
Perinatal Data Collection.
Participants: All singleton births in Australia of 23–42 completed 
weeks’ gestation and with spontaneous onset of labour, 2004–
2013. Births initiated by obstetric intervention were excluded to 
minimise the influence of decisions to deliver small for gestational 
age babies before term.
Main outcome measures: Birthweight centile curves, by 
gestational age and sex.
Results: Gestational age, birthweight, sex, and labour onset 
data were available for 2 807 051 singleton live births; onset of 
labour was spontaneous for 1 582 137 births (56.4%). At pre-
term gestational ages, the 10th centile was higher than the 
corresponding centile in previous Australian birthweight charts 
based upon all births.
Conclusion: Current birthweight centile charts probably 
underestimate the incidence of intra-uterine growth restriction 
because obstetric interventions for delivering pre-term small for 
gestational age babies depress the curves at earlier gestational 
ages. Our curves circumvent this problem by excluding 
intervention-initiated births; they also incorporate more recent 
population data. These updated centile curves could facilitate more 
accurate diagnosis of small for gestational age babies in Australia.

The known: Most population-based birthweight centile 
charts are biased at pre-term gestational ages because a 
disproportionate number of small for gestational age babies are 
delivered before term by obstetric intervention.
The new: We derived new birthweight charts, based upon the 
most recent available Australian population data for births with 
spontaneous onset of labour. Excluding deliveries by intervention 
minimised the influence of pre-term small for gestational age 
babies on the definition of the threshold 10th centile.
The implications: Our new birthweight charts may facilitate 
more accurate diagnosis of small for gestational age babies and 
improve obstetric and neonatal care.
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Population and setting

Our study population comprised all Australian liveborn sin-
gleton infants during the ten calendar years 2004–2013, the 
most recent 10-year period for which National Perinatal Data 
Collection data were available. Perinatal data are collected by 
birth attendants and collated by the relevant state or territory 
health department. The estimated gestational age is based on 
the last menstrual period (if known), ultrasound earlier in the 
pregnancy, or clinical examination at birth if there was no prior 
antenatal care; the exact method of estimation, however, is not 
recorded in the database.

Given the paucity of data for shorter and longer gestations, we 
limited our analysis to infants with recorded gestation periods of 
23–42 completed weeks, allowing construction of centile growth 
curves for 24+0 to 42+0 weeks’ gestation. Birthweights below 400 g 
or exceeding 6000 g were excluded from our analysis because of 
the dubious accuracy of such weights. Records with missing val-
ues for gestational age, onset of labour, or birth outcome, and for 
babies of indeterminate sex were also omitted.

Statistical analysis

Our analysis and reporting of results were informed by the 
STROBE guidelines.15

Statistical analysis was performed in SAS 9.4 for Windows. 
Centile curves for birthweight by gestation for each sex were 
prepared by quantile regression, as previously used for pre-
paring growth curves,13,16 including the additional explanatory 
variable of labour onset (spontaneous, intervention). The statis-
tical significance of the interaction between labour onset and 
gestational age was also determined. Polynomial functions of 
order 4 were fitted to the data, an approach we have previously 

validated.13 The centile curves were checked against raw centiles 
for additional validation.

In a sensitivity analysis, curves prepared after removing outliers 
with a modification of the Tukey method17 were compared with 
our main centile curves.

Ethics approval

Ethics approval was granted by the Human Research Ethics 
Committee of the University of New South Wales (refer-
ence, HC16370) and the AIHW Ethics Committee (reference, 
EO2016/3/291).

Results

The initial dataset included 2 833 571 singleton births of at least 
20 weeks’ gestation; 26 520 births (0.9%) were excluded by our 
selection criteria. Of the 2 807 051 eligible births, 1 582 137 were 

1  Selection of births for inclusion in our analysis for deriving 
birthweight centiles

2  Singleton births of 23–42 weeks’ gestation in the Australian 
Institute of Health and Welfare National Perinatal Data 
Collection, 2004–2013*

Birth mode

Spontaneous Intervention Total

All births 1 582 137 (56.4%) 1 224 914 (43.6%) 2 807 051

Sex

Girls 767 117 (56.3%) 596 278 (43.7%) 1 363 395

Boys 815 020 (56.5%) 628 636 (43.5%) 1 443 656

Gestational age (completed weeks)

23 658 (78.0%) 186 (22.0%) 844

24 974 (77.2%) 287 (22.8%) 1261

25 1078 (70.5%) 452 (29.5%) 1530

26 1160 (62.8%) 687 (37.2%) 1847

27 1190 (56.4%) 921 (43.6%) 2111

28 1435 (52.5%) 1298 (47.5%) 2733

29 1554 (52.1%) 1429 (47.9%) 2983

30 2096 (50.9%) 2022 (49.1%) 4118

31 2783 (52.5%) 2521 (47.5%) 5304

32 4226 (53.3%) 3698 (46.7%) 7924

33 6639 (56.4%) 5126 (43.6%) 11 765

34 12 008 (57.0%) 9048 (43.0%) 21 056

35 20 257 (58.1%) 14 633 (41.9%) 34 890

36 39 955 (55.7%) 31 778 (44.3%) 71 733

37 87 450 (50.2%) 86 861 (49.8%) 174 311

38 221 692 (41.1%) 318 232 (58.9%) 539 924

39 422 838 (57.8%) 308 930 (42.2%) 731 768

40 562 224 (72.1%) 217 746 (27.9%) 779 970

41 183 420 (47.5%) 202 831 (52.5%) 386 251

42 8500 (34.4%) 16 228 (65.6%) 24 728

* Exclusions: birthweights below 400 g or exceeding 6000 g; records with missing values 
for gestational age, onset of labour, or birth outcome, and for babies of indeterminate 
sex. ◆
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recorded as spontaneous births (56.4%) and 1 224 914 
as births following obstetric intervention (43.6%) (Box 
1, Box 2).

In the quantile regression model, gestational age, la-
bour onset, and the interaction between gestational 
age and labour onset were each significantly asso-
ciated with birthweight at the 10th and 50th centiles 
(P < 0.001), indicating that the relationship between 
birthweight and gestational age differs by labour 
onset type. The interaction term was not significant 
at the 90th centile (Supporting Information, file 1).

Our centile birthweight curves for singleton infants 
born to mothers in Australia after spontaneous la-
bour onset are depicted in Box 3 and Box 4. The 
birthweights for selected centiles are listed in Box 5; 
more comprehensive tables are included in the online 
Supporting Information, file 2.

In a sensitivity analysis in which we recalculated 
the 10th, 50th, and 90th birthweight centiles after re-
moving outliers (birthweight data points more than 
four times the interquartile range from the mean), 
the largest resulting difference was 10  g (data not 
shown).

To check for consistency across the 10-year data 
period, we also divided the births into two 5-year 
periods (2004–2008, 2009–2013) and calculated the 
10th centile curve for each period. The 10th centile 
birthweights in the more recent group were slightly 
larger (1–2% for most gestational ages) (data not 
shown).

Comparison of our curves with previously 
published curves

The 10th centile curves for spontaneous and inter-
vention births are compared in Box 6 with the 1991 
ultrasound estimates by Hadlock and colleagues,6 an 
example of a widely used prescriptive fetal growth 
chart for a population of healthy pregnant women 
(that is, excluding pre-term deliveries of SGA ba-
bies). Consistent with our previous report,13 we found 
that the birthweights of infants born pre-term after 
obstetric intervention were generally lower than for 
spontaneous births, and that the curves for infants 
born following spontaneous labour approximated 
ultrasound-based curves for a healthy population.

In Box 7, the 10th, 50th and 90th centiles for our spon-
taneous birth cohort are compared with the descrip-
tive birthweight reference based on all Australian 
births (1998–2007) published by Dobbins and col-
leagues.8 Only 3.0% of spontaneous births of less 
than 34 weeks’ gestation in our cohort (1071 of 35 801 
births) lie beneath the Dobbins 10th centile for birth-
weight; conversely, the Dobbins 90th centile for term 
gestations is higher than our 90th centile for sponta-
neous births.

Discussion

We report new birthweight charts based on data for spontane-
ous singleton births in Australia. By restricting our analysis 
to spontaneous births, our charts more closely reflect normal 

growth and delivery trajectories by excluding the impact on 
growth curves for pre-term fetuses of the early delivery by inter-
vention of SGA babies. Our curves will allow more accurate as-
sessment of fetal growth in Australia than previous charts based 
on unselected populations, which tend to underdiagnose SGA 

3  Birthweight centiles for live, spontaneous singleton births, Australia, 
2004–2013: girls

4  Birthweight centiles for live, spontaneous singleton births, Australia, 
2004–2013: boys
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5  Birthweight centiles for live, spontaneous singleton births, Australia, 2004–2013: by sex and gestational age
Birthweight (grams, by centiles)

Gestation (weeks) 3rd 5th 10th 25th 50th 75th 90th 95th 97th

Girls

24+0 388 447 499 560 620 673 729 761 775

25+0 541 574 618 667 724 773 828 873 932

26+0 661 682 726 776 838 895 959 1022 1117

27+0 762 781 830 890 964 1036 1117 1201 1325

28+0 854 879 937 1014 1103 1196 1299 1406 1550

29+0 946 982 1052 1148 1257 1373 1502 1629 1788

30+0 1047 1095 1177 1295 1425 1567 1721 1868 2035

31+0 1160 1222 1316 1456 1606 1773 1952 2115 2286

32+0 1290 1364 1469 1630 1800 1990 2193 2368 2537

33+0 1438 1521 1636 1815 2005 2216 2438 2621 2786

34+0 1603 1694 1816 2010 2217 2446 2685 2872 3030

35+0 1784 1879 2007 2212 2433 2677 2928 3115 3264

36+0 1976 2072 2203 2416 2649 2905 3165 3349 3488

37+0 2172 2267 2400 2618 2862 3125 3390 3569 3699

38+0 2366 2458 2592 2813 3064 3334 3600 3774 3895

39+0 2547 2636 2770 2993 3250 3525 3791 3960 4075

40+0 2702 2791 2925 3152 3413 3693 3959 4126 4238

41+0 2820 2911 3048 3280 3546 3833 4100 4270 4383

42+0 2883 2984 3126 3369 3641 3938 4208 4390 4509

Boys

24+0 477 495 541 600 657 716 791 846 873

25+0 597 620 657 710 767 827 889 937 964

26+0 699 728 765 821 885 954 1017 1070 1108

27+0 792 828 872 938 1015 1098 1174 1239 1294

28+0 885 929 983 1064 1158 1258 1354 1437 1513

29+0 983 1036 1102 1202 1315 1435 1556 1659 1757

30+0 1092 1153 1233 1353 1487 1628 1775 1898 2016

31+0 1215 1284 1378 1518 1672 1835 2009 2150 2285

32+0 1355 1431 1537 1696 1871 2055 2253 2410 2558

33+0 1511 1593 1710 1887 2080 2284 2503 2673 2828

34+0 1684 1769 1895 2087 2298 2520 2757 2935 3091

35+0 1869 1958 2090 2295 2521 2759 3009 3191 3345

36+0 2063 2154 2291 2506 2744 2997 3255 3438 3585

37+0 2261 2354 2492 2715 2964 3228 3492 3673 3810

38+0 2455 2549 2688 2916 3175 3449 3715 3892 4019

39+0 2637 2732 2871 3104 3371 3652 3919 4093 4212

40+0 2797 2892 3032 3270 3544 3831 4101 4273 4389

41+0 2922 3020 3162 3406 3686 3979 4254 4431 4550

42+0 3001 3101 3249 3503 3791 4089 4376 4563 4699
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in pre-term fetuses. The potential magnitude of underdiagnosis 
of SGA is illustrated by the fact that only 3.0% of all spontaneous 
births of less than 34 weeks’ gestation in our study lay beneath 
the Dobbins 10th centile for birthweight,8 suggesting that a sub-
stantial proportion of SGA pre-term fetuses are not recognised 
as such in Australia, where descriptive birthweight charts are 
commonly used.

Although the bias associated with obstetric intervention deliv-
eries is most marked for the pre-term period, we restricted our 
analysis of birthweight at all gestational ages to spontaneous 

births. This approach reduces potential bias at later 
gestational ages, such as that associated with term 
intervention deliveries of babies with suspected 
macrosomia. We also found that more complex an-
alytic approaches (eg, including only spontaneous 
births up to an arbitrary gestational age limit, and 
all births thereafter) yielded very similar centile 
curves (data not shown).

It would be appropriate to test the effect of using our 
birthweight charts in clinical settings. Some fetuses 
previously regarded as “normal” will now be identi-
fied as SGA and may benefit from additional surveil-
lance. More frequent diagnosis of SGA will increase 
the burden on health care, but may reduce the inci-
dence of poor clinical outcomes for neonates.

The National Perinatal Data Collection does not re-
cord head circumference and length data, important 
neonatal parameters. The birthweight centiles in the 
Fenton charts,18 widely used in Australian nurseries, 
are derived from six studies (3 986 456 births), but the 
Fenton head circumference (173 612 births) and length 
centiles (151 527 births) are based on only two stud-
ies. That is, the Fenton charts effectively include one 
set of charts for birthweight and another for head cir-
cumference and length. Until the National Perinatal 
Data Collection includes these parameters, it would 
be reasonable to use our new birthweight charts for 
neonatal birthweight, and the Fenton charts for head 
circumference and length assessment.

With one notable exception,19 most published 
birthweight-based growth charts have not taken 
the problem of pre-term SGA bias into account. 
Ultrasound-based charts, such as the Hadlock charts6 
and those of the Fetal Growth Longitudinal Study,7 
circumvent this problem, but at the cost of measure-
ment error; further, they are limited to select popula-
tion samples, introducing selection bias that does not 
affect population-based birthweight charts.

Another approach is to construct prescriptive stan-
dardised charts based on birthweights for a co-
hort of women with low risk pregnancies, as in the 
INTERGROWTH-21st project; however, the small 
number of early pre-term births limited the value of 
the resulting curves to later gestational ages.20 Such 
standardised charts also inevitably include some 
pregnancies with fetal growth restrictions that re-
sult in obstetric intervention, as it is not possible to 
prospectively exclude all such pregnancies.

Strengths and limitations

The major strength of our study was the size of the 
dataset, comprising more than 1.5 million spontaneous labour 
births and with few exclusions, thereby avoiding selection bias 
and producing robust estimates. The dataset is sufficiently large 
to allow confident estimation of birthweights for as early as 
24 weeks’ gestation.13 Our centile curves are applicable across 
Australia, and possibly also in other multi-ethnic populations 
with similar demographic features.

An additional strength was the use of quantile regression, 
which produces smoothed centile curves with no assumptions 
about the distribution of error terms, unlike traditional least 

6  Birthweight curves, 10th centile: comparison of data for Australian 
births, 2004–2013, by birth type, and in utero ultrasound data reported 
by Hadlock and colleagues6

7  Birthweight curves, 10th, 50th and 90th centiles: comparison of data for 
Australian spontaneous births, 2004–2013, with reference curves for all 
Australian births, 1998–2007, published by Dobbins and colleagues8,*

* The Dobbins curves are raw centiles, not regression curves. ◆
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squares regression.21 The method could be used to generate 
birthweight charts that are also adjusted for factors such as 
maternal height by including these variables in the regression 
models.

The major weakness of our analysis is that it depends on the ac-
curacy of the included data, particularly information about onset 
of labour. The classification of labour is not always straightfor-
ward, and events such as artificial rupture of membranes or aug-
mentation with oxytocin can obscure whether labour onset was 
ultimately spontaneous or induced. This uncertainty could bias 
our centile curves in either direction. National Perinatal Data 
Collection reporting could be improved in this regard by more 
reliably differentiating between induction of labour and inter-
ventions during spontaneous labour.

We also assumed that spontaneous onset of labour is less likely 
to be associated with abnormal fetal growth. Spontaneous pre-
term birth is associated with acute chorioamnionitis22–24 and, as 
expected given its acute onset, is less likely to be associated with 
fetal growth restriction.25 However, there is still a weak associa-
tion between fetal growth restriction and spontaneous pre-term 
birth, and our charts will be subject to some residual downward 
bias in the pre-term 10th centile.

The impact of interventions for delivering large for gestational 
age (LGA) babies at term is more complex. Delivery by interven-
tion of LGA fetuses at 38–40 weeks’ gestation probably pushes 
the 90th centile up, leading to underdiagnosis of LGA at gesta-
tions of this length. However, our 90th centile for spontaneous 
births may be low from 40 weeks, as the proportion of LGA fe-
tuses that reach this gestational age is small. Comparison with 
cross-sectional ultrasound-based charts6,13 suggests that this 
bias is small (Box 6). Accurate diagnosis of LGA is becoming in-
creasingly important as rates of maternal obesity and diabetes 

rise.26 Maternal health, nutrition, and ethnic background may 
also influence fetal weight, but data on these parameters were 
not available for our study.

Finally, we noted a small increase between 2004–2008 and 2009–
2013 in the 10th centile birthweights at all gestational ages. We 
could not assess the significance of this result, nor whether it 
was linked with earlier interventions for delivering SGA fe-
tuses, a change in population demographic characteristics, or 
another factor. However, it would be advisable to periodically 
recalculate and update centile curves using the most recent data 
available.

Conclusion

We have reported a new set of fetal birthweight charts that, in 
particular, allow improved diagnosis of SGA in Australia. Our 
methods could be applied to constructing growth charts for 
other populations for which the local obstetric database reliably 
differentiates between spontaneous deliveries and deliveries by 
intervention.
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