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Key points 
• Low birthweight is commonly used as

a population-level indicator of infant
health, however it conflates preterm
birth and intrauterine growth restriction
which require different approaches to
prevention. This study finds that low
birthweight as a single indicator masks
opposing trends in these two conditions

• Infants born preterm or small for
gestational age have poorer health and
educational outcomes than those born
well-grown at term

• Reporting preterm birth and an indicator
of growth restriction at term would allow
more meaningful monitoring of trends and
comparison between populations

Abstract 
Background: Low birthweight (<2500 g) is often used as a population-level 
indicator of maternal-child health, as it is easy to measure and correlates 
with poorer infant health outcomes. However, it conflates preterm birth and 
intrauterine growth restriction, which have different causal pathways and 
require different approaches to prevention. Small for gestational age (SGA) 
(a proxy for growth restriction) and preterm birth may be more informative 
measures. We evaluated low birthweight as a population-level indicator.

Methods: We conducted a population-based cohort study of singleton 
live births in New South Wales (NSW), Australia, using linked data from 
1994–2006 birth, hospital, death and educational records, with follow-up 
until 2014. Outcomes of babies born of low birthweight, preterm and SGA 
were compared with well-grown term infants (i.e. not low birthweight or SGA). 
Overlap between groups and temporal trends were also examined.

Results: Of 1 093 765 singleton live births, 47 946 (4.4%) infants were low 
birthweight and had poorer outcomes than well-grown term infants (2.7% 
vs. 0.1% infant mortality; 13% vs. 6% below national minimum numeracy 
standard). SGA and preterm infants also had poorer outcomes (0.5%, 2.3% 
infant mortality respectively; 10%, 11% below numeracy standard) but 
80% of SGA and 47% of preterm infants were not low birthweight. For all 
outcomes, low birthweight identified a smaller proportion of infants with poor 
outcomes than preterm birth and than either SGA or low birthweight at term. 
The proportion of low-birthweight births remained constant over time, while 
the proportion of births that were preterm increased and proportion of SGA 
decreased.

Conclusions: Low birthweight, SGA and preterm infants are all at higher risk
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Methods

Study design and population

This was a population-based record-linkage cohort study 
of singleton live births in NSW with a gestational age of 
24 weeks or more, between 1994 and 2006, with follow-
up until 2014. 

Data sources

Birth information was obtained from the NSW Perinatal 
Data Collection, a population-based statutory data 
collection encompassing all live births and stillbirths of 
at least 20 weeks gestation or 400 g birthweight. Birth 
cohorts from 1994 to 2006 were included.

Hospital records for years 2001–2013 were obtained 
from the NSW Admitted Patient Data Collection, which 
includes records of all hospitalisations from all public 
and private hospitals in NSW. Hospital records include 
information about the length of stay, diagnoses and 
procedures related to the admission, coded using 
the International Statistical Classification of Diseases 
and Related Health Problems, Australian Modification 
(ICD-10-AM) and the Australian Classification of Health 
Interventions.

Information about deaths during infancy and 
childhood were obtained from the NSW Registry of 
Births, Deaths and Marriages death registration data, 
which includes all deaths registered in NSW. Data were 
available for deaths registered between January 1994 
and March 2014.

Educational information was obtained from the 
National Assessment Program – Literacy and Numeracy 
(NAPLAN) annual assessment of students in Australian 
schools in grades 3, 5, 7 and 9.8 Children’s skills in 
numeracy, reading, writing and language conventions 
(spelling, grammar and punctuation) are assessed. For 
each test, scores are nationally equated across grades 
and years to ensure that results are comparable between 
grades and over time. Children are then categorised into 
one of six achievement bands based on their equated 
scores and nationally defined cut-off points for each 
grade. Data were available from 2009 to 2014 for students 
enrolled in government schools.

Birth, hospital, death and education data were 
probabilistically linked by the NSW Centre for Health 
Record Linkage, and anonymised data were provided to 
the researchers. False-positive and false-negative linkage 
results are each less than 5 in 1000.9 The methods used 

Low birthweight (<2500 g) is used as a summary 
indicator of maternal and infant health for comparing 
populations or measuring trends over time.1 The 2500 g 
cut-off was initially used to identify preterm infants for 
a study published in 1918, when gestational age could 
rarely be reliably determined.2 However, low birthweight 
may be due to preterm birth, intrauterine growth 
restriction (IUGR), or both.

Although preterm birth and IUGR are both associated 
with poorer infant and childhood outcomes3,4, the causal 
pathways are different, and require different approaches 
to prevention.5 By conflating preterm birth and IUGR, the 
use of low birthweight as a population-level indicator may 
inadequately inform public health action, and opposing 
trends in the two conditions may be masked. This 
occurred in Canada between 1995 and 2004, when the 
proportion of low-birthweight live births remained stable 
while there was a simultaneous substantial increase in 
preterm birth and decrease in IUGR.6

However, reporting on preterm birth and IUGR 
requires an accurate measure of gestational age: 
preterm is defined by gestational age, and IUGR is 
difficult to diagnose, so small for gestational age (SGA), 
a birthweight below the 10th percentile for gestational 
age and sex, is typically used as a proxy.7 In low-
resource settings, gestational age may not be accurately 
determined or collected, so low birthweight may be an 
appropriate compromise measure. However, in countries 
like Australia where gestational age is routinely recorded 
in perinatal data, replacing the single low-birthweight 
indicator with indicators for preterm birth and IUGR may 
provide more useful information.

The aim of this study was to evaluate low birthweight 
as a population-level indicator of infant and child health. 
Using population data from New South Wales (NSW), the 
most populous state in Australia, we identified groups 
defined by low birthweight, preterm birth and SGA. 
For each of these groups, we examined: 1) the overlap 
between the groups, 2) trends over the study period 
and 3) child health and educational outcomes. We also 
examined alternative combinations of indicators that 
might be more useful for making comparisons between 
populations, and for informing and monitoring population 
health interventions.

of poorer outcomes but low birthweight inadequately captures, and 
masks trends in, both preterm births and births that are SGA. Reporting 
preterm births and an indicator of growth restriction at term will identify 
vulnerable groups better than using the measure of low birthweight.

Introduction

https://doi.org/10.17061/phrp31122106
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at least one linked NAPLAN result was available were 
included.

Infants with severe congenital conditions were 
excluded from the calculation of all outcomes.

Analysis

Records of live singleton births from 24 weeks gestation 
onwards were selected. Records with missing data for 
baby’s sex or birthweight were excluded (n = 1284, 
0.1%). Records with implausible birthweights recorded 
were removed (n = 1479, 0.1%), based on the Tukey 
method, using a cut-off of 2.5 times the interquartile 
range.16 The overlap between groups defined by the 
primary indicators was assessed using a contingency 
table. The proportion of live births that were low 
birthweight, SGA or born preterm was plotted by year of 
birth to assess trends. The proportion of infants with each 
of the specified outcomes in each of the groups of interest 
was calculated. The denominator for each proportion 
was the number of infants in that group for whom data 
were available. This denominator was not the same for 
all outcomes, as the years for which data were available 
varied. 

To more accurately describe both preterm birth and 
IUGR at a population level, two pairs of indicators were 
proposed: preterm birth plus low birthweight at term, 
and preterm birth plus SGA at term. For each of the three 
groups – low birthweight, and the two groups defined 
by the pairs of proposed indicators – the proportion 
of children with each of the outcomes of interest was 
calculated.

Analysis was performed using SAS Enterprise Guide 
(Cary, NC: SAS Institute; v6.1).

Results
The study population comprised 1 093 765 singleton live 
births of ≥24 weeks gestation between 1994 and 2006. 
Of these, 47 942 (4.4%) were low birthweight, 117 656 
(10.8%) were SGA, and 56 441 (5.2%) were born preterm. 
In total, there were 169 012 infants (15.5%) who were low 
birthweight, SGA or preterm or a combination of those 
indicators.

The low-birthweight group was heterogeneous, 
including a mixture of preterm and term births, and 
SGA and not-SGA infants (Table 1). Of the 47 942 low-
birthweight infants, 29 748 (62%) were preterm, 23 279 
(49%) were SGA, and 765 (1.6%) were born not-SGA 
at term. Almost half of the 56 441 preterm infants 
(n = 26 693, 47%) and the majority of SGA infants (80%) 
weighed 2500 g or more at birth. Of the 169 012 infants 
who were either low birthweight, SGA or preterm, the 
majority (n = 121 070, 72%) were not low birthweight, 
hence using low birthweight as an indicator would only 
detect 28% of these infants.

provide high, representative linkage rates for infants 
born alive after 24 weeks.10 Linkage rates for educational 
data are consistent across the gestational age range for 
children who live to school age.11 

The study was approved by the NSW Population and 
Health Services Research Ethics Committee (#2012-12-
430).

Indicators

To differentiate between the two main contributors to 
low birthweight, the primary indicators of interest were 
preterm birth and SGA (as a proxy for intrauterine growth 
restriction). They were defined using the birthweight 
and gestational age recorded for each live born infant 
in the NSW Perinatal Data Collection. Birthweight 
and gestational age have been demonstrated to be 
reliably reported when compared to medical records.12 
Gestational age is reported in completed weeks of 
gestation, as determined by the best clinical estimate 
including early ultrasound and last menstrual period.13 
Low birthweight was defined as birthweight less than 
2500 g, preterm birth was defined as any birth that 
occurred at a gestational age of less than 37 completed 
weeks, and SGA was defined as a birthweight less than 
the 10th percentile for gestational age and sex, using 
Australian birthweight percentiles.14 Two further potential 
indicators that excluded the effect of preterm birth were 
defined: low birthweight at term and SGA at term. The 
comparison group for all indicators comprised infants 
who were born at term with a birthweight of ≥2500 g and 
who were above the 10th birthweight percentile (i.e. not 
SGA), referred to hereafter as well-grown term infants.

Outcomes

Two all-cause mortality outcomes were examined: death 
in the first year of life (infant mortality), and death in the 
first 5 years of life (child mortality). 

The number of hospitalisations from 7 days after the 
last day of the birth admission to 1 year and to 5 years 
of age were calculated for each infant. Admissions 
within 7 days of the birth admission were excluded to 
better capture infant and child morbidity, by removing 
admissions relating to the immediate effects of birth such 
as neonatal jaundice and feeding problems. The number 
of hospitalisations was categorised as 0, 1, and 2 or 
more. 

The educational outcomes of interest were 
performance below the NAPLAN national minimum 
standard in reading or numeracy. Children who perform 
below the national minimum standard are those in the 
bottom band for their grade or who were exempt from 
sitting the test due to significant or complex disability.15 
Reading and numeracy are the components of NAPLAN 
assessment that remain the most consistent over time. 
Where a child’s results were available from multiple years, 
the first available result was used. All children for whom 

https://doi.org/10.17061/phrp31122106
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Table 1.	 Number	and	percentage	of	infants	classified	by	birthweight,	size	for	age	and	gestational	age	at	birth	
(N = 1 093 765)

n (% of total live births)

Low birthweight 
(<2500 g)

Not low birthweight 
(≥2500	g)

Total

47 942 (4.4) 1 045 823 (95.6) 1 096 765

Term	(≥37	weeks)

Not SGA 765 (0.1) 924 753 (84.3) 925 518 (84.4)

SGA 17 429 (1.6) 94 377 (8.6) 111 806 (10.2)

Preterm	(<37	weeks)

Not SGA 23 898 (2.2) 26 693 (2.4) 50 591 (4.6)

SGA 5 850 (0.5) 0 (0) 5 850 (0.5)

SGA = small for gestational age

groups that contained preterm births. The magnitude 
of the difference between the groups was smaller for 
childhood mortality, but the pattern of the differences 
remained unchanged.

Infants in all groups defined by the potential 
indicators were more likely to have infant and childhood 
hospitalisations than well-grown term infants. The low-
birthweight group had the highest proportion of infants 
with two or more hospitalisations in the first year of life 
(9.3%, compared with 3.8% for well-grown term infants).

Among infants with at least one linked educational 
record (n = 577 193), well-grown term infants had the 
lowest proportions that performed below the national 
minimum standard in reading or numeracy. Compared 
with well-grown term infants, substantially higher 
proportions of children fell below the national minimum 
standard in the low birthweight, SGA and preterm groups 
(Table 2). 

These proportions were not static over time. As a 
proportion of all live births, low birthweight remained 
steady (p for trend = 0.196) at around 6% between 1994 
and 2012 (Figure 1). However, during the same period, 
there was an increase in the proportion of preterm births 
(p < 0.001) and decrease in the proportion of SGA 
(p < 0.001). 

Infant mortality was higher in each of the groups of 
interest than in well-grown term infants: mortality rates in 
low-birthweight infants (2.7%) and preterm birth infants 
(2.3%) were more than 20 times that of well-grown term 
infants (0.1%) (Table 2). Mortality in SGA infants (0.5%) 
was lower than for low-birthweight or preterm infants, but 
also higher than well-grown term infants. The potential 
indicators for growth restriction at term (low birthweight at 
term and SGA at term) both showed higher mortality than 
the well-grown term infants (0.7% and 0.3%), but mortality 
in these groups was lower than in the corresponding 

Figure 1.	 Trends	in	proportion	of	live	births	that	are	low	birthweight,	small	for	gestational	age	and	preterm,	NSW,	
1994–2012
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with previous findings that low birthweight1,17, SGA18,19 

and preterm4,20,21 infants are at increased risk of mortality, 
morbidity and poorer developmental and educational 
outcomes. No single indicator captured all these infants, 
but only 28% were low birthweight. Almost half (47%) 
of the preterm infants weighed 2500 g or more. Low 
birthweight was even less sensitive for identifying infants 
with probable IUGR, as only 20% of SGA infants had a 
birthweight below 2500 g. A 2013 review of SGA, low 
birthweight and preterm birth in low- and middle-income 
countries similarly showed low birthweight had poor 
sensitivity for identifying groups at increased risk, as it 
captured less than half of the infants born preterm or 
SGA.22

As well as having poor sensitivity for identifying SGA 
and preterm births, low birthweight is problematic as 
it can be affected by factors that decrease birthweight 
without increasing the risk of poorer health outcomes. For 
example, infants born to mothers who live at high altitudes 
are more likely to be low birthweight, but the birthweight-
specific mortality for the high-altitude low-birthweight 
infants is lower than for low-birthweight infants born at 
lower altitudes.23 In contrast, preterm birth and IUGR are 
conditions consistently associated with poorer childhood 
outcomes, as well as being potentially modifiable, making 
them good candidate indicators for identifying groups

The low-birthweight indicator captured a smaller 
proportion of each of the outcomes of interest at a 
population level than reporting preterm births and either 
low birthweight or SGA at term. Of the 1155 infant deaths, 
51% (n = 590) occurred in the low-birthweight group 
(Figure 2). In comparison, the two indicators preterm 
births and infants born SGA at term accounted for 63% 
(n = 730) of the infant mortality, and the group defined 
by preterm birth or low birthweight at term accounted 
for 56% (n = 646) of infant mortality. For all outcomes, 
low birthweight alone identified a smaller proportion of 
the infants affected than if preterm birth and an indicator 
of growth restriction at term were used. Although the 
risk of each of the poor outcomes was higher in the low 
birthweight at term group than the SGA at term group 
(Table 2), the indicator combination of preterm birth 
and SGA at term captured a greater proportion of each 
outcome than the one including low birthweight at term, 
due to the larger number of infants included.

Discussion
The indicators of low birthweight, SGA and preterm 
birth identified overlapping groups of infants. Each 
group showed increased risk for all adverse outcomes 
compared to well-grown term infants, which is consistent 

Potential indicators

Outcome Comparison 
group: well-
grown term 

infants

Low birthweight 
(<2500 g)

Preterm SGA	at	all	
gestational 

ages

Low birthweight 
at term

SGA	at	term

Proportion of study 
populationa

84.3% 4.4% 5.2% 10.7% 1.7% 10.2%

Mortality	%

Infant 0.1 2.7 2.3 0.5 0.7 0.3

Childhood 0.2 2.9 2.4 0.6 0.9 0.4

Infant admissionsb %

0 83.0 72.8 72.7 80.9 78.3 81.5

1 13.2 18.0 18.4 14.1 15.2 13.8

2+ 3.8 9.3 8.9 4.9 6.6 4.6

Childhood admissionsc %

0 59.6 49.4 48.8 57.3 54.7 57.9

1 23.8 24.3 25.0 24.0 23.8 23.9

2+ 16.6 26.3 26.3 18.7 21.6 18.1

NAPLAN	–	below	NMS	%

Reading 7.2 13.9 11.8 11.2 14.1 11.0

Numeracy 5.7 13.1 10.5 9.9 13.5 9.6

SGA = small for gestational age (<10th percentile); NMS = national minimum standard
a Note that data on all outcomes was not available for all birth cohorts, so the number of infants included differs by outcome 
b Admissions up to age 1 year, excluding admissions in the first 7 days of life 
c Admissions from 1–5 years of age

Table 2.	 Summary	of	outcome	measures,	by	indicator-defined	groups:	singleton	live	births	in	NSW,	1994–2006

https://doi.org/10.17061/phrp31122106
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SGA takes gender into account and identifies a larger 
proportion of infants, but requires that the same set 
of birthweight percentiles be used for the populations 
being compared. The sensitivity and specificity of 
different birthweight percentiles for identifying IUGR is 
a consideration. The 10th birthweight percentile cut-off 
may result in some constitutionally small infants without 
IUGR being included, while a lower cut-off such as 
the 5th percentile minimises this issue but will likely 
underestimate the proportion of infants who have IUGR. 

As low birthweight only identifies approximately 
half of preterm births and 20% of SGA infants, many of 
the outcomes associated with the conditions that low 
birthweight is intended to capture are being missed. For 
example, 51% of infant mortality was in infants who were 
low birthweight. However, if preterm birth and SGA at 
term as defined by the <10th percentile were used as 
indicators, 63% of infant mortality would be captured. 
Although infants born at term with a birthweight below 
2500 g had higher infant mortality than SGA-term infants 
(0.7% vs. 0.3%), term low-birthweight infants make 
up such a small proportion of all births that this group 
accounts for far less infant mortality at a population level. 
Identifying a smaller group that is at higher risk may be 
appropriate if the aim is to direct targeted prevention 
measures, and low birthweight at term does not rely on 
using a single set of birthweight standardised percentiles 
for all groups to be compared.

at increased risk. Although some of the difference in 
proportions of adverse outcomes seen in this study may 
be due to confounding by factors such as maternal age 
and socioeconomic status, other studies have shown 
that most of the increased risk remains after adjusting for 
these factors.24,25 Adjustment for potential confounders 
was not appropriate in our study as we wanted to assess 
the usefulness of indicators at a population level. 

Preterm birth can be captured at a population level 
by reporting the proportion of births that occur before 
37 weeks gestation, provided accurate gestational age is 
determined and recorded. An indicator of IUGR in term 
births should also be reported. Accurate determination 
of IUGR for all infants is not feasible, but some measure 
of size at term would be an appropriate proxy. Mean 
birthweight at term, the proportion of infants that are 
low birthweight at term or the proportion of infants that 
are SGA at term are options. Mean birthweight at term 
has been suggested elsewhere as an indicator23, and is 
appealingly simple, however the associated level of risk 
cannot be calculated as easily as with low birthweight 
or SGA where infants are divided into ‘exposed’ and 
‘unexposed’ groups.

Reporting the proportion of infants that are low 
birthweight at term as an indicator has the benefit of 
being simple to determine, but does not take into account 
the lower mean birthweight of female infants compared 
with males. Additionally, low-birthweight births at term 
are likely to be a small proportion of all births, so in 
smaller populations a difference of only a few births could 
have a large relative effect on the proportion, making 
comparisons between groups less precise.

Figure 2.	 Proportion	of	children	with	poor	outcomes	identified	by	low	birthweight,	preterm	and	SGA	at	term,	and	
preterm and low-birthweight indicators
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Strengths and limitations

The strengths of this study include the population-based 
design and the large study population, covering almost all 
births in NSW over more than 20 years. A limitation is that 
information was not available on all outcomes for every 
birth cohort included in the study. Additionally, NAPLAN 
results were only available from government schools. 

Conclusion
Although low birthweight is widely used to identify infants 
at greater risk of adverse outcomes, we found that in 
this population, low birthweight only identified 28% of 
the infants at increased risk. Low birthweight is used as 
a proxy measure for two important predictors of infant 
and child health: preterm birth and intrauterine growth 
restriction, but we found that almost half of the preterm 
births and the majority of SGA infants were not low 
birthweight; hence the low birthweight indicator greatly 
underestimates the prevalence of these conditions. In 
populations where gestational age can be accurately 
determined and is routinely reported in birth records, an 
indicator of preterm births and an indicator of size at term 
will better identify vulnerable groups, and provide a better 
estimate of the magnitude of the issue. This, in turn, will 
allow for more meaningful comparison of populations, the 
monitoring of trends, and the evaluation of interventions to 
improve maternal health.
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