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In an Aboriginal birth cohort, only child size and not birth size,
predicts insulin and glucose concentrations in childhood�
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Abstract

The objectives were to describe cross-sectional growth in 279 Australian Aboriginal children aged 8–14 years in order to test
the hypothesis that birth size interacts with child size to predict glucose and insulin metabolism. Cross-sectional growth outcomes
were described using standard deviation scores orz-scores for height for age (HAZ) and weight for age (WAZ) calculated from
CDC 2000 reference values in Epi Info 2000.

Interrelationships were examined using standard regression models with current height and weight and birth weight, ponderal
index and birth weight below the 10th percentile for gestational age. All models were adjusted for gestational age, gender and
chronological age. Growth outcomes were poor with negative meanz scores for height and weight. Children with a birth weight
<10th percentile for gestational age were significantly smaller and lighter than those with a birth weight≥ 10th percentile for
gestational age, indicating post-natal catch-up growth of small babies was unlikely.

After adjustment for childhood size, there was no relationship between any birth measures and fasting glucose or insulin
concentrations. Current child height and weight had positive relationships with both fasting insulin and glucose concentrations
with a greater proportional change for insulin. For every increment of 1 cm in height or 1 kg in weight, insulin concentrations
rose 2% whereas glucose increased by only 0.2%. In this indigenous Australian cohort with poor post-natal growth, only current
child size is related to measures of glucose and insulin metabolism.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The prevalence of type 2 diabetes in Aboriginal
Australians has been estimated to lie between 10 and

� Data previously presented at the Third World Congress on
Prevention of Diabetes and its Complications with the Fourth Hong
Kong Diabetes and Cardiovascular Risk Factors held in Hong
Kong, September 29–October 1, 2002[1].
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30% [2] with younger Aboriginal children being in-
creasingly diagnosed with this condition[3]. The death
rates associated with diabetes among Aboriginal Aus-
tralians has recently been estimated to be 12–17 times
greater than those for the non-indigenous Australian
population[4].

The “fetal origins hypothesis” proposes that adap-
tations to undernourishment in fetal life lead to per-
manent changes which increase the risk of chronic
disease in adult life. This hypothesis has been tested
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by follow-up studies relating birth size to later
glucose and insulin metabolism. Most of these studies
are retrospective and report an association between
low birth weight (LBW) and an increase risk of type
2 diabetes or glucose intolerance in adults from popu-
lations of developed countries[5]. However, there are
also studies that relate an increased risk of diabetes
in later life to high birth weight[6,7].

Only a proportion of LBW results from fetal under
nutrition. Better surrogates of fetal growth relate birth
size to gestational age, but gestational age information
is frequently missing in retrospective studies. The few
prospective studies confined to childhood have been
inconsistent in their findings[8–11]. More recent spec-
ulation suggests that the fetal adaptations in response
to intrauterine conditions may only become apparent
in later life after modification by particular childhood
growth patterns[12].

For some decades the rates of LBW have been high
in the Australian Aboriginal population and even now
LBW rates are over double those of non-indigenous
Australians[13]. From the 1960s, the infant mortal-
ity rate has declined in Aboriginals, owing to im-
proved health services and living conditions, leading
to more LBW Aboriginal babies surviving into adult
life. This raises the possibility that the current type
2 diabetes epidemic in the Aboriginal population
may have its origins in events occurring during fetal
life.

Using prospectively collected data in an Australian
Aboriginal birth cohort, we describe child growth out-
comes, and examine the childhood relationships of
glucose and insulin metabolism with birth and child
size.

2. Methods

The recruitment and follow-up of this birth cohort
has been previously published in detail[14]. In brief,
686 out of 1238 Aboriginal children born at the Royal
Darwin Hospital between January 1987 and March
1990 were recruited into the study. Although the ba-
bies were not randomly selected there were no signifi-
cant differences in the mean birth weight, birth weight
frequencies or sex ratio between those recruited and
not recruited. Midwives measured the birth weights
and crown-heel lengths within 2 h of delivery. Birth

weights were recorded to the nearest gram using a
balance scale. The crown-heel lengths were measured
with a length board by the standard anthropometric
technique[15]. A single neonatal pediatrician per-
formed gestational age assessment on each study par-
ticipant according to the Dubowitz Scoring System
[16] within 4 days of birth.

At follow-up between December 1998 and March
2001, 572 children were examined, 18 had died and
one parent refused permission for her child to be
examined. There were 63 children who were traced
but could not be physically accessed at the time of
follow-up and 32 children were not found. The re-
searchers examining the children were blind to their
perinatal outcomes. Children were measured in light
clothing while barefoot. Height was measured to
the nearest millimeter with a portable stadiometer.
Weight was measured to the last complete 0.1 kg with
a digital electronic scale (Tanita model TBF-521).

Children were asked to fast from midnight and
blood samples were taken in the morning after appli-
cation of anaesthetic cream (EMLA) to the venepunc-
ture site.

The Joint Institutional Ethics Committee of the
Royal Darwin Hospital and the Menzies School of
Health Research, including the Aboriginal Ethical
Sub-committee which has the power of veto, ap-
proved the study. Written consent was obtained from
the caregivers of all children.

Blood samples were collected into fluoride ox-
alate tubes then kept on ice or refrigerated until they
were centrifuged. Most were centrifuged within 4 h
and none later than 8 h. After being centrifuged they
were again refrigerated and then transported to the
laboratory packed in Styrofoam containers with cold
bricks. Plasma glucose concentration was measured
on a Hitachi 917 autoanalyzer using hexokinase as-
say at the local laboratory. Plasma insulin was mea-
sured at a distant (Perth) laboratory using a two-site
immuno-enzymometric assay performed by the
TOSOH AIA-600 immunoanalyzer using ASIA-PAK
with no cross-reactivity with proinsulin. Serum
hemoglobin was measured on a Coulter Max M.

Cross-sectional growth outcomes in childhood
were described using the standard deviation scores, or
z-scores, for height for age (HAZ) and weight for age
(WAZ), calculated from CDC 2000 reference values
in Epi Info 2000[17]. Positive and negativez-scores
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mean growth for age is above or below the reference
median, respectively.

Children were defined as fasting if they stated that
they had fasted for 8 h or more. Of the 306 chil-
dren meeting this criterion (including 5 seen in the
afternoon), 279 children had complete data for ges-
tational age and both fasting insulin and glucose val-
ues. This sub-set was not significantly different from
the non-fasting children in the measures of birth size,
gestational age, sex ratio, current age, WAZ, HAZ or
serum hemoglobin.

Fasting insulin (Io) and fasting glucose (Go) con-
centrations were normalized using log10-transforma-
tion. Insulin resistance was estimated from fasting
insulin and glucose concentrations using the home-
ostasis model assessment (HOMA-IR) equation[18].
Birth size and shape measures were birth weight and
ponderal index ((birth weight/birth length3) × 100)
[19], studied as continuous variables and birth weight
for gestational age dichotomized at the 10th per-
centile of weight for gestational age[20]. Child size
was studied as continuous variables of height (cm)
and weight (kg). The relationships of Io, Go and
HOMA-IR to the birth measures and child size vari-
ables, were analyzed in a series of standard regression
models[21] adjusting for gestational age, gender and
chronological age using Stata 7[22]. Table 1shows
the expected significant relationships between the
outcome variables (Io, Go and HOMA-IR) and the
explanatory variables of birth measures and child size
if the fetal origins hypothesis is supported. Each of
the outcome variables was tested in separate univari-
ate models for each of the birth measures (Table 1,
early). Because the best method of describing child
size for this hypothesis is not clear, we ran separate
sets of models adding either current childhood weight

Table 1
Standard regression models with expected direction of significant
associations of fasting concentrations of insulin and glucose and
HOMA-IR values with birth size and child size if fetal origins
hypothesis supported[21]

Model Birth
outcome

Child
outcome

Birth outcome
× child outcome

Early Negative
Combined Negative Positive
Interaction Negative Positive Negative
Late Positive

or height to the models (Table 1, combined). Then the
interaction term between the birth measures and the
child weight or height was included (Table 1, interac-
tion). These interaction terms were also tested by the
best likelihood ratio test. Lastly, each of the outcome
variables was tested in a separate univariate model
with the current child weight or height (Table 1, late).

These analyses assume that there is a linear relation-
ship with birth size. However, there may be a U-shaped
relationship with both small and large infants being
at higher risk than those of intermediate size. In this
case, no association may be evident under a linear as-
sumption. To investigate this possibility, we examined
the residuals from the regression models for evidence
of patterns and also redid the models after dividing
birth weight into quartiles and entering it as an indi-
cator variable.

Because insulin and glucose were log-transformed,
the expotentiated coefficients present the effect as a
proportional change in insulin and glucose level per
unit increment in birth or childhood measures.

3. Results

Of the 279 children with gestational age information
and both fasting insulin and glucose values there were
143 boys and 136 girls aged 8.9–13.8 years.Table 2
shows their birth and child characteristics. At a mean
age of 11.4 years, there were significant differences
for BMI, HAZ and WAZ between children whose birth
weight was<10th percentile for gestational age and
sex (small for gestational age, SGA) and those with
birth weight≥ 10th percentile for gestational age (ap-
propriate for gestational age, AGA) (Table 3).

There was no relationship between any of the birth
measures examined and any of the current child-
hood fasting insulin or glucose concentrations and
HOMA-IR values, even after adjustment for current
height or weight, nor were there any significant in-
teractions between birth measures and current child
size (Tables 4 and 5, HOMA-IR interaction models
not shown). However, there were significant positive
relationships between both current height and weight
and all of the outcomes in the univariate (late) models
with the proportional changes being greatest for the
insulin and HOMA-IR values and relatively trivial
for glucose. For every kilogram increment in weight
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Table 2
Birth and childhood characteristics of 279 fasting Aboriginal children

Characteristics No. Total Boys (143) Girls (136)

Birth data
Birth weight (g) 279 3069± 615 3139± 648 2994± 570
Gestational age (weeks) 279 38.9± 1.7 38.9± 1.7 38.8± 1.5
Ponderal index 273 2.6± 0.27 2.6± 0.27 2.6± 0.28
% low birth weight (<2500 g) 279 15.4 16.8 14
% birth weight<10th (SGA) 279 24.7 26.7 22.8

Child data
Age at follow-up (years) 279 11.4± 1.2 11.6± 1.2 11.2± 1.2
% commenced puberty 279 50 36 63
Weight (kg) 279 35.9± 12.3 35.6± 12.3 36.2± 12.4
Height (cm) 279 143.5± 10.9 143.9± 10.7 143.1± 11
BMI (kg/m2) 279 17.0± 3.6 16.8± 3.6 17.2± 3.7
Weight for agez score (WAZ) 279 −0.8 −0.9 −0.7
Height for agez score (HAZ) 279 −0.5 −0.5 −0.4
Fasting insulin (�U/l) 279 9.0± 11.4 7.4± 7.0 10.8± 14
Fasting glucose (mmol/l) 279 4.5± 0.6 4.5± 0.6 4.5± 0.7
HOMA-IR 279 1.9± 3 1.5 ± 1.6 2.3± 4.1

Table 3
Growth outcomes of fasting appropriate for gestational age and small for gestational age Aboriginal childrena

Characteristics AGA (n = 210) SGA (n = 69) P

Age, years (mean± S.D.) 11.3± 1.2 11.7± 1.1 0.02
% male 50 55 0.46
% commenced puberty 49.5 50 0.94
Body mass index (kg/m2) (mean± S.D.) 17.5± 3.9 15.7± 2.3 <0.001
Weight for agez score (mean± S.D.) −0.6 ± 1.4 −1.4 ± 1.2 <0.001
Height for agez score (mean± S.D.) −0.4 ± 1.1 −0.8 ± 1.1 0.006

a AGA: birth weight equal or above the 10th percentile for gestational age; SGA: birth weight below the 10th percentile for gestational
age[21].

Table 4
Size at birth and size in childhood: relations with fasting insulin concentrations (�U/l) in childhood

Model Variables Birth size variables Child size variables

Ratio 95% CI P Ratio 95% CI P

Early (birth size) BW (per 500 g) 1.04 1.0–1.1 0.07
Combined With adjustment for child height 1.0 0.96–1.05 0.9 1.01 1.01–1.02 <0.001
Combined With adjustment for child weight 0.97 0.93–1.01 0.2 1.02 1.01–1.02 <0.001
Early (birth size) Ponderal indexa (per ratio unit) 1.08 0.88–1.25 0.6
Combined With adjustment for child height 1.04 0.9–1.28 0.4 1.01 1.01–1.02 <0.001
Combined With adjustment for child weight 0.97 0.83–1.1 0.7 1.02 1.01–1.02 <0.001
Early (birth size) SGA vs. AGAb 0.94 0.84–1.04 0.2
Combined With adjustment for child height 0.97 0.89–1.08 0.7 1.01 1.01–1.02<0.001
Combined With adjustment for child weight 1.03 0.94–1.14 0.5 1.02 1.01–1.02 <0.001
Late (child size) Current height per (cm) 1.02 1.01–1.02 <0.001
Late (child size) Current weight (per kg) 1.02 1.01–1.02 <0.001

All models adjusted for gestational age, sex and chronological age.
a Ponderal index= (g/cm3) × 100.
b SGA: birth weight below the 10th percentile for gestational age; AGA: birth weight equal or above the 10th percentile for gestational

age[21].
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Table 5
Size at birth and size in childhood: relations with fasting glucose concentrations (mmol/l) in childhood

Model Variables Birth size variables Child size variables

Ratio 95% CI P Ratio 95% CI P

Early (birth size) BW (BW per 500 g) 1.002 0.99–1.01 0.7
Combined With adjustment for child height 1.0 1.0–1.01 0.5 1.0 1.001–1.003 0.002
Combined With adjustment for child weight 0.99 0.99–1.004 0.3 1.001 1.001–1.002<0.001
Early (birth size) Ponderal indexa (per ratio unit) 1.0 0.97–1.03 0.9
Combined With adjustment for child height 1.0 0.97–1.03 0.9 1.0 1.001–1.002 0.003
Combined With adjustment for child weight 1.0 0.96–1.02 0.5 1.001 1.001–1.002 0.001
Early (birth size) SGA vs. AGAb 0.99 0.97–1.01 0.3
Combined With adjustment for child height 1.0 0.98–1.02 0.9 1.001 1.001–1.002 0.002
Combined With adjustment for child weight 1.0 0.98–1.02 0.8 1.001 1.0–1.002 0.002
Late (child size) Current height (per cm) 1.0 1.001–1.002 0.003
Late (child size) Current weight (per kg) 1.0 1.001–1.002 0.001

All models adjusted for gestational age, sex and chronological age.
a Ponderal index= (g/cm3) × 100.
b SGA: birth weight below the 10th percentile for gestational age; AGA: birth weight equal or above the 10th percentile for gestational

age[21].

or centimeter increment in height, fasting insulin rose
by a factor of 1.02 or 2% (late models,Table 4) and
fasting glucose rose by a factor of 1.001 or 0.1%
(late models,Table 5) HOMA-IR also had a signif-
icant positive relationship with child size, with an
increase of 2% (95% CI: 1.01–1.02,P =< 0.001) for
every kilogram increment of current weight or every
centimeter change in current child height.

There was no indication that the linear assumption
in the models was not appropriate and that a U-shape
existed. For example, in the univariate analysis con-
taining Io and quartiles of birth weight, the levels of
insulin were 6, 0.4 and 5% higher (overallP = 0.7)
in the second, third and highest quartile compared to
the lowest quartile.

4. Discussion

This prospective Aboriginal birth cohort is an
opportunity to test hypotheses about the effect of in-
trauterine environment on measures of glucose and
insulin metabolism in childhood. In this population in
childhood, neither birth size nor shape were associ-
ated with fasting insulin or glucose concentrations and
insulin resistance but there were direct relationships
of current child size with fasting insulin, glucose and
insulin resistance.

These findings are similar to two studies of contem-
porary British children from populations where low
birth weight (LBW) is uncommon[8,9]. One study
based on maternal recall of birth weight found current
size was the main determinant of insulin and glucose
concentrations in childhood although there was a small
inverse relationship between fasting insulin and birth
weight [8]. The other, a non-intervention prospective
study of Plymouth children also showed insulin re-
sistance was a function of current weight rather than
low birth weight [9]. However, our findings and the
British ones are in contrast to two studies from pop-
ulations where LBW is common. Among 8-year-old
Indian children (mean birth weight 2.75 kg), higher
insulin resistance was seen in those who were small at
birth and had grown “big” compared to others in their
cohort [10]. For 7-year-old South African children
(mean birth weight 2.75 kg), those with more rapid
growth velocities had the highest measures of insulin
resistance[11]. These studies are consistent with the
speculation that the fetal adaptations may only be-
come apparent in later life after modification by par-
ticular childhood growth patterns responding to the
external environment[12]. The rapid weight gain of
the small babies in the Indian study and the increased
post-natal growth velocity in the South African sub-
jects may be due to improved childhood environ-
ments relative to that of their fetal life. However, the
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Plymouth study with a 2.5% LBW suggests the start-
ing point of the growth trajectory may be important
as there was no difference in the insulin resistance
between the low birth weight/high current weight
children and the high birth weight/high current weight
children.

In this Aboriginal birth cohort with 13.5% LBW,
growth outcomes are poor with negative meanz scores
for both height and weight (Table 2). At a mean age
of 11.4 years, there are significant weight, height and
BMI differentials between the SGA and AGA chil-
dren (Table 3), which means it is unlikely that babies
who were smaller at birth have grown relatively more
than others in the cohort. For these children it is
likely that the undernourishment of fetal life due in
part to maternal smoking and under nutrition in this
cohort [23], has not markedly improved post-natally
resulting in the prenatal growth trajectory remaining
unchanged. These children are still relatively under-
sized and the failure of catch-up growth may explain
why only current size relates to measures of glucose
and insulin control in our group. On the other hand
current weight may well be the only determinant of
glucose and insulin metabolism, with catch-up growth
representing overfeeding leading to later obesity
[11].

Given the high prevalence of overweight and obe-
sity currently seen in Aboriginal adults[24], subse-
quent follow-up with sequential, multiple measures
of height and weight will give us ample opportunity
to determine if and when the effects of poor in-
trauterine growth are modified by post-natal environ-
mental factors. The relationships we have described
in childhood may change with the development
of adult obesity and the effects of fetal program-
ming may only become important once obesity is
expressed.

In the meantime our findings confirm that mea-
sures of glucose and insulin metabolism cannot be
determined solely by intrauterine events. This shifts
the focus from fetal growth to post-natal growth and
implies that the current high rates of type 2 dia-
betes seen in the adults of this indigenous population
may have the potential to be decreased by behav-
ioral interventions in such settings as preschool and
school particularly if the wider issues of commu-
nity control and ownership are properly addressed
[25].
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