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iron, zinc and n-3 long-chain po
saturated fatty acids (LCPUFA)
aim of our study was to determi
nutrient intakes and biomark
nutritional status of preschool ch
in Adelaide using a unique sam
strategy to ensure that the study 
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Objective:  To determine the nutrient intakes and status of preschool children 
from a representative population sample in Adelaide.

Design, setting and participants:  Cross-sectional survey of children aged 1–5 
years, using a stratified random sampling method and a doorknocking strategy, 
between September 2005 and July 2007.

Main outcome measures:  Dietary intake, assessed using a 3-day weighed-food 
diary; anthropometrics, biomarkers of iron, zinc and vitamin B12, and fatty acid 
profiles assessed using standard methods.

Results:  Median energy intakes were within dietary recommendations for the 
age group. Overall energy contributions from carbohydrate, protein, fat and 
saturated fat intakes were 50%, 17%, 33% and 16%, respectively. The rates of 
inadequate intake of iron, zinc, calcium and vitamin C were low, as was the 
prevalence of iron deficiency (5%). Only a minority of children achieved the 
adequate intake for n-3 long-chain polyunsaturated fatty acids (32%) and 
dietary fibre (18%). There was no association between socioeconomic status 
and intakes of macronutrients and key micronutrients. Fourteen per cent of 
children were obese (BMI, > 95th percentile); no association between BMI and 
energy intake was shown.

Conclusions:  The dietary intake of children in the study was adequate for 
macronutrients and the majority of micronutrients. However, low intakes of fibre 
and n-3 long-chain polyunsaturated fatty acids and high saturated fat intakes 
have raised concerns that this dietary pattern may be associated with adverse 
long-term health effects.
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 ropriate nutrition in early

ildhood is important for
rmal growth and may influ-

ence long-term health and chronic dis-
ease status.1 There is concern that
while the energy intakes of young chil-
dren are increasing, this may not be
matched by the nutrient density of their
diets.2 This has been interpreted by
some to indicate a modern phenom-
enon of malnutrition in the developed
world — an increasing prevalence of
childhood obesity co-existing with key
micronutrient deficiencies.

Dietary guidelines exist for the nutri-
tional needs of young children, but
there are limited data on the actual
intakes of young children from repre-
sentative population groups in Aus-
tralia. Two surveys have been conducted
in the past two decades — the 1995
National Nutrition Survey and the 2007
Australian National Children’s Nutri-
tion and Physical Activities Survey.3,4

However, both surveys only included
children from the age of 2 years, and
while they assessed nutrient intakes,
biomarkers of nutritional status were
not measured. Knowledge of nutri-
tional status is needed to understand
the extent of malnutrition in affluent
societies and to support evidence-based
nutritional guidelines. This is particu-
larly relevant for a number of key micro-
nutrients that are essential for optimal
growth and development, including

lyun-
. The

ne the
ers of
ildren
pling

popu-
lation was representative.

Methods

The study was a cross-sectional sur-
vey. We used Australian Bureau of
Statistics (ABS) 2001 census data to
identify areas of social advantage and
disadvantage. There are 2132 census
collection di st ri cts  (CCDs) in
Adelaide, and each CCD contains

about 220 dwellings. An advantage–
disadvantage index for each CCD
was compiled by the ABS as an indi-
cator of socioeconomic status (SES).5

We then divided the CCDs into three
strata of SES: low, medium and high,
based on the advantage–disadvan-
tage index. To obtain a representative
population sample, we used a strati-
fied random sampling technique to
select CCDs from each of the SES
strata. To locate eligible children
from each selected CCD, we used a
doorknocking strategy designed to
obtain information on groups that
are representative of the population.
6,7 Children living in the randomly
selected areas were eligible if they
were aged 1–5 years (inclusive) and
were born at full-term with a birth
weight � 2500 g. Children were
excluded if they had been diagnosed
with congenital or metabolic disor-
ders that required specialised dietary
intervention, had been hospitalised
in the 6 months before the study, or
were immunosuppressed. If more
than one child was eligible per
household, the child with the earliest
birth date was selected to participate
in the study. Participants were

recruited between September 2005
and July 2007. Parents who con-
sented to participate were asked to
attend a clinic appointment with
their child for assessment. The study
was approved by the  Human
Research Ethics Committee at the
Children, Youth and Women’s
Health Service, Adelaide. Written
informed consent was obtained from
all participating families before they
took part.

Assessments

Anthropometr ic measurements
including weight, length or height, and
head circumference were recorded
during the clinic appointment. Chil-
dren were measured in light clothing,
without shoes, using standardised pro-
cedures.8 Body mass index (BMI) was
calculated as weight/height2 (kg/m2); z
score and percentiles for weight,
height and BMI were calculated using
WHO ANTHRO software, version 3.1
(World Health Organization, Geneva,
Switzerland, 2005). Children were
classified as overweight if their BMI
was between the 85th and 95th per-
centile, and obese if their BMI was
above the 95th percentile.
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all CCDs 
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; 99%)
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18 CCDs randomly 
selected and visited

168 children
eligible

97 (58%) 
consented

East

455 CCDs
Parents were asked to complete a 3-
day weight record of their child’s food
intake on three consecutive days,
including one weekend day. Parents
were supplied with a weighing scale
and metric cups and spoons, and were
asked to measure and record every-
thing their child ate and drank during
the 3-day study period. They were
asked to include brand names for die-
tary supplements and commercial food
products, and to provide food packag-
ing from all commercial products.
Completed food diaries were checked
by a dietitian for errors, ambiguities or
missing information. If needed, par-
ents were contacted to clarify dietary
information. We analysed the food
record using FoodWorks Professional
software, version 4 (Xyris Software,
Brisbane, QLD, 2005) which included
food composition tables from the Food
Standards Australia and New Zealand
AUSNUT (Australian Food and Nutri-
ent) 1999 and NUTTAB95 (nutrient
data table, 1995) databases. For the
purpose of our analysis, commercial
food products consumed by partici-
pants that were not in the Australian
food composition tables were substi-
tuted with similar foods based on
ingredients, or were manually added to
the FoodWorks program when nutri-
tional information was available for the
product. A log of the foods substituted
was kept to ensure consistency of data
entry coding across the study. Ade-
quacy of macronutrient and micronu-
trient intakes was evaluated against
National Health and Medical Research
Council nutrient reference values for
Australia and New Zealand.9 To iden-
tify implausible intakes, the low
acceptable ratio of reported energy
intake (EI) to predicted basal metabolic
rate (BMR) was estimated to be 1.04
using Goldberg cut-off with a physical
activity level of 1.55.10

Trace-element-free equipment and
techniques were used to collect a 2–
5 mL non-fasting blood sample by
venepuncture to assess children’s fatty
acid, iron, zinc and vitamin B12 status.
Before the blood sample was taken,
parents were asked if their children
had a cold or other infectious disease,
or had received vaccinations in the past
2 weeks. If this was the case, the blood
test was delayed for 2 weeks to mini-
mise false elevation of serum ferritin
and/or lowering of serum zinc due to

infection or vaccination. Haemoglobin
(Hb), serum ferritin and vitamin B12
levels were analysed by the Institute of
Medical and Veterinary Science (IMVS)
in Adelaide. Serum zinc levels were
analysed by flame atomic absorption
spectrophotometry.11 Red blood cell
phospholipid levels were analysed by
capillary gas chromatography.12 Phos-
pholipids were analysed in preference
to plasma fatty acids because they are
less influenced by the immediate die-
tary fatty acids. Iron deficiency was
defined as serum ferritin <10g/L; iron
deficiency anaemia was defined as
serum ferritin <10g/L and Hb<105g/L
(for children aged up to and including 2
years) or Hb <115g/L (for children over
2 years); and suboptimal vitamin B12
status was defined as serum vitamin
B12 < 145 pmol/L, based on IMVS ref-
erence ranges. Zinc deficiency was
defined as a serum zinc < 9.9mol/L
for non-fasting blood collected in the
morning, or serum zinc < 8.7mol/L
for non-fasting blood collected in the
afternoon, according to the Inter-
national Zinc Nutrition Consultative
Group reference ranges.13

Blood pressure was measured dur-
ing the clinic appointment, after the
child was settled. An automated blood
pressure instrument (DINAMAP NIBP
[non-invasive blood pressure moni-
tor], Critikon, Tampa, Fla, USA) and an
age appropriate cuff were used for the
assessment. The measurement was
done in duplicate and an average was
calculated.

Sociodemographic characteristics,
including parents’ age, self-reported
weight and height, and highest educa-
tion level achieved, were collected by
structured interview. Duration of
breastfeeding based on maternal recall
was recorded.

Statistical analyses

We conducted all statistical analyses
using STATA SE, version 10.0 (Stata-
Corp, College Station, Tex, USA).
Children were divided into four age
groups for all analyses and the
median intake and interquartile range
were calculated for each nutrient. Fer-
ritin, zinc and vitamin B12 status were
not normally distributed, so we per-
formed log transformation for statisti-
cal analysis. We conducted linear
regression analyses to examine rela-
tionships between macronutrient

intakes and BMI z score, and between
micronutrient intakes and biomark-
ers. We also performed analysis of
covariance to examine whether there
were differences in dietary intakes,
BMI z score, micronutrient status or
red cell phospholipids profile accord-
ing to SES, adjusting for age and total
energy intake. Statistical significance
was set at P < 0.05.

Results

A total of 13 272 households from 54
CCDs were visited and 9464 house-
holds answered the door. Of the
households answering the door, there
were 573 eligible children, and 300
(52%) of these families consented to
take part in the survey (Box 1).

The demographic characteristics of
the participants are presented in Box 2.
Ninety-five percent of the children
were born in Australia and about half
(49%) were first born. The median
duration of breastfeeding was 34
weeks, and 20% of children were

1 Flowchart showing participants from low
SES

CCD = census collection district. SES = socioeco

Low SES
710 CCDs

Medium SES
711 CCDs

Advantage–disadvantage index of 
combined and divided into SES t

Dietary intake data collected (297
Blood samples collected (280; 93
Micronutrient levels measured:
� haemoglobin (277; 92%)
� ferritin (272; 91%)
� vitamin B12 (241; 80%)
� zinc (220; 74%)

Adelaide, South Australia

23 CCDs randomly 
selected and visited

13 CCDs randomly 
selected and visited

237 children
eligible

168 children
eligible

103 (43%) 
consented

100 (60%) 
consented

North South West

596 CCDs 625 CCDs 456 CCDs
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2 Demographic cha

Male sex, no. (%)

Socioeconomic status

Low

Medium

High

Any breastfeeding, no

Breastfeeding > 6 mon

Mother’s age, median 

Father’s age, median (

Mother’s BMI, median

Father’s BMI, median 

Mother’s education, n

< Year 12

Year 12 or TAFE

Diploma or degree

Father’s education, no

< Year 12

Year 12 or TAFE

Diploma or degree

Weight z score, media

Height z score, median

BMI z score, median (I

Overweight (BMI, 85th

Obese (BMI, > 95th pe

Systolic blood pressur

Diastolic blood pressu

IQR=interquartile range
breastfed longer than 12 months.
Ninety-two children (31%) were clas-
sified as overweight or obese. There
were no significant differences in age-
and sex-standardised weight or BMI z
scores across the three categories of
SES.

Intakes of macronutrients and key
micronutrients are summarised in Box
3. The overall energy contributions
from macronutrients were 50%, 17%,
33% and 16%, respectively, for carbo-
hydrate, protein, fat and saturated fat.
Overall, 95% of children > 2 years of
age had a saturated fat intake that
exceeded the maximum recommended
limit of 10% of total energy,14 half of
which came from milk and dairy prod-
ucts. Other sources of fat that contrib-
uted at least 5% of the saturated fat
intake included 15% from cereals and
cereal products (of which 5% was from
grains and starches like rice, pasta,
bread and breakfast cereal; 5% was
from biscuits; and 5% was from sweet
buns, cake and pastry products) and
7% from processed meats. Most chil-
dren achieved the estimated average
requirement9 for key micronutrients,
including iron, zinc, calcium and vita-
min C (Box 4). On the other hand, only

18% and 32% of children met the ade-
quate intake9 for fibre and n-3 LCP-
UFA, respectively. There was a
significant positive association between
age and intake of macronutrients
(P < 0.0001), vitamin C (P = 0.0008),
iron (P = 0.0002) and zinc (P = 0.0005),
while intake of calcium was negatively
associated with age (P = 0.004). No sig-
nificant associations between SES and
intakes of the nutrients as reported in
Box 3 were observed. There were no
correlations between energy or macro-
nutrient intakes and BMI z score. When
we excluded results for the 12 children
with implausible EIs (EI/BMR, < 1.04),
the correlations did not change.

Micronutrient status is summarised
in Box 5. Children older than 3 years
had a lower rate of iron deficiency
(4/134, 3%) compared with children
under 3 years (11/138, 8%). No chil-
dren over 3 years of age had iron
deficiency anaemia. Iron intake was
positively associated with ferritin con-
centration (r = 0.22; P < 0.001) but not
with Hb concentration. Overall, 32%
of children had zinc deficiency. There
were no significant differences in the
fatty acid profile across age groups or
SES tertiles. Overall docosahexaenoic

acid (DHA) concentration in erythro-
cyte phospholipids was 3.7% of total
fatty acid and intake of DHA was
modestly correlated with DHA con-
centration in erythrocyte phospholip-
ids (r = 0.26; P < 0.001).

Discussion

This study provides the first data link-
ing biochemical status to nutrient
intakes in a representative population
of preschool children in Adelaide.
These children had comparable socio-
demographic characteristics to pre-
school children in the national
survey.3,4 The results suggest that the
children in our study have adequate
intakes for a majority of micronutri-
ents and a low prevalence of iron
deficiency and iron deficiency anae-
mia. However, the low intakes of fibre
and n-3 LCPUFA combined with the
high intake of saturated fat raise con-
cerns, as these dietary patterns are
associated with adverse long-term
health consequences in adults.15

These observations suggest that there
is a need for increased attention on
establishing healthy eating patterns

racteristics of participants

1–2 years (n = 94) > 2–3 years (n = 68) > 3–4 years (n = 70) > 4–5 years (n = 68) Overall

42 (45%) 40 (59%) 42 (60%) 32 (47%) 156 (52%)

, no. (%)

27 (29%) 22 (32%) 25 (36%) 29 (43%) 103 (34%)

40 (42%) 22 (33%) 21 (30%) 17 (25%) 100 (33%)

27 (29%) 24 (35%) 24 (34%) 22 (32%) 97 (32%)

. (%) 89 (95%) 58 (85%) 61 (87%) 58 (85%) 266 (89%)

ths, no. (%) 53 (56%) 35 (51%) 33 (47%) 31 (46%) 152 (51%)

(IQR) 32 (27, 35) 33 (28, 36) 35 (32, 38) 35 (31, 40) 33 (29, 37)

IQR) 34 (30, 37) 36 (31, 38) 37 (34, 40) 37 (33, 42) 35 (32, 39)

 (IQR) 24 (21, 28) 25 (23,29) 25 (22, 29) 25 (23, 30) 25 (22, 29)

(IQR) 26 (24,29) 26 (24, 29) 27 (25, 30) 27 (25, 30) 27 (24, 29)

o. (%) 

21/93 (23%) 13/68 (19%) 5/69 (7%) 14/67 (21%) 53 (18%)

43/93 (46%) 32/68 (47%) 42/69 (61%) 38/67 (57%) 155 (52%)

29/93 (31%) 23/68 (34%) 22/69 (32%) 15/67 (22%) 89 (30%)

. (%)

20/91 (22%) 13/61 (21%) 10/67 (15%) 21/66 (32%) 64 (22%)

50/91 (55%) 36/61 (59%) 35/67 (52%) 26/66 (39%) 147 (52%)

21/91 (23%) 12/61 (20%) 22/67 (33%) 19/66 (29%) 74 (26%)

n (IQR) 0.54 ( 0.04, 1.09) 0.57 ( 0.09, 1.01) 0.64 ( 0.12, 1.22) 0.65 ( 0.16, 1.06) 0.58 ( 0.09, 1.09)

 (IQR) 0.19 ( 0.50, 0.73) 0 ( 0.52, 0.91) 0.47 ( 0.30, 1.02) 0.12 ( 0.45, 0.81) 0.19 ( 0.45, 0.81)

QR) 0.62 (0.01, 1.23) 0.56 ( 0.04, 1.22) 0.42 ( 0.18, 1.23) 0.52 (0.09, 1.39) 0.55 ( 0.04, 1.23)

–95th percentile), no. (%) 14 (15%) 15 (22%) 11 (16%) 10 (15%) 50 (17%)

rcentile), no. (%) 16 (17%) 5 (7%) 9 (13%) 12 (18%) 42 (14%)

e, median (IQR) 93 (84, 99) 97 (90, 106) 100 (96, 106) 102 (96, 110) 99 (92, 106)

re, median (IQR) 58 (50, 63) 57 (52, 64) 59 (55, 66) 59 (53, 63) 59 (53, 64)

. BMI = body mass index. TAFE = college of technical and further education. ◆
11) · 18 June 2012
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ntake per 1000 kJ

–

9.5 (8.3, 10.6)

29 (26, 31)

8.6 (7.6, 9.9)

4.2 (3.5, 4.9)

102 (83, 128)

5.2 (2.5, 11.4)

658 (524, 839)

2.1 (1.7, 2.6)

11.4 (6.2, 18.8)

106 (82, 139)

57 (41, 76)

1.3 (1.1, 1.5)

1.2 (1.1, 1.4)

151 (119, 195)

◆

in early childhood, as dietary patterns
established early in life often carry
through to adulthood.16

It is interesting to note that the
median energy intakes of the children
in our study were within the age-
specific recommendations in Aus-
tralia.10 In addition, the energy con-
tributed by macronutrients is within
the acceptable macronutrient distribu-
tion range.17 The lack of association
between energy intake and BMI for
age is consistent with the findings of
another Australian study of preschool
children,18 which showed that physi-
cal activity level, rather than percent-
age of energy from macronutrients,
was associated with percentage body
fat. These data suggest that in this age
group physical activity may be a main
determinant of weight and BMI status.

It may also indicate that energy intake
based on 3-day food diaries does not
reflect long-term energy balance and
may have limited predictability for
weight and BMI status in young chil-
dren. The median weight and height
of children who participated in this
study were similar to the same age
group of children surveyed in the 2007
Australian National Children’s Nutri-
tion and Physical Activities Survey.4

However, the median energy, macro-
nutrient and key micronutrient intakes
(including iron, zinc, calcium4 and n-3
LCPUFA19) of the children in our
study were generally lower compared
with the 2007 national survey, which
assessed intake using 24-hour recall.
Because of methodological differences
in dietary assessment, it is not possible
to directly compare our results with

the national surveys, as 24-hour recall
has been shown to overestimate
energy intake of infants and toddlers
compared with 3-day weighed-food
records.20

The apparent discrepancy between
the low rate of inadequate zinc intake
and the higher prevalence of low
serum zinc suggests that more
research to better define the dietary
zinc requirements and a normal range
of serum zinc levels in young children
based on functional outcomes is war-
ranted.21,22 There are limited data
regarding the vitamin B12 status of
preschool children. Results from our
study are comparable to the vitamin
B12 status of 1–10-year-old children
in Norway (median, 551 pmol/L).23

Interestingly, DHA concentration in
erythrocyte phospholipids among the
preschool children we studied was
similar to levels found in our previous
study24 of 16-week-old infants fed for-
mula with no added n-3 LCPUFA
(DHA was 3.5% of total fatty acids),
but lower than breastfed infants (DHA
was 5.6% of total fatty acids). Whether
this suggests that the n-3 LCPUFA
status of the children in this study may
be suboptimal needs to be evaluated
in a future study. However, there are
no direct physiological or clinical data
to indicate a need for supplementation
during the preschool years. Interest-
ingly, there is increasing recognition
that the current recommendation for
n-6 PUFA intake may be too high,25

and high intakes of n-6 PUFA may be
responsible for the decline in n-3
LCPUFA status in Western coun-

4 Number of participants with intake below the nutrient reference value (NRV) for 
selected nutrients, by age group

Nutrient
1–2 years 
(n = 93)

> 2–3 years 
(n = 67)

> 3–4 years 
(n = 69)

> 4–5 years 
(n = 68) Overall

Protein* 0 0 0 0 0

n-6 PUFA (LA)† 83 (90%) 57 (85%) 55 (79%) 63 (93%) 258 (87%)

n-3 PUFA (ALA)† 50 (54%) 27 (40%) 39 (56%) 54 (79%) 170 (57%)

n-3 LCPUFA† 57 (62%) 52 (78%) 45 (64%) 48 (70%) 202 (68%)

Fibre† 83 (91%) 51 (76%) 52 (74%) 58 (85%) 244 (82%)

Vitamin C* 17 (18%) 11 (16%) 7 (10%) 10 (15%) 36 (12%)

Iron* 15 (16%) 8 (12%) 5 (7%) 0 28 (9%)

Zinc* 3 (3%) 1 (1%) 0 0 4 (1%)

Calcium* 4 (4%) 3 (4%) 4 (6%) 14 (21%) 25 (8%)

PUFA = polyunsaturated fatty acid. LC = long-chain. LA = linoleic acid. ALA = alpha linolenic acid. 
EAR = estimated average requirement. AI = adequate intake. *The NRV used for comparison is 
estimated average requirement. †The NRV used for comparison is the adequate intake. Nutrient 
reference values9 for children aged 1–3 years and 4–8 years, respectively — protein, EAR: 12 g/day, 
16 g/day; n-6 PUFA (LA), AI: 5 g/day, 8 g/day; n-3 PUFA (ALA), AI: 0.5 g/day, 0.8 g/day; n-3 LCPUFA, AI: 
40 mg/day, 55 mg/day; fibre, AI: 14 g/day, 18 g/day; vitamin C, EAR: 25 mg/day, 25 mg/day; iron, EAR: 
4 mg/day, 4 mg/day; zinc, EAR: 2.5 mg/day, 3.0 mg/day; calcium, EAR: 360 mg/day, 520 mg/day. ◆

3 Participants’ daily intake of macronutrients and selected micronutrients*

Nutrient 1–2 years (n = 92) > 2–3 years (n = 67) > 3–4 years (n = 70) > 4–5 years (n = 68) I

Energy (kJ) 4241 (3571, 4883) 5024 (4306, 5804) 5049 (4568, 5718) 5982 (5151, 6685)

Protein (g) 43 (37, 52) 52 (44, 58) 47 (39, 54) 55 (49, 63)

Carbohydrate (g) 116 (90, 133) 144 (124, 165) 154 (139, 175) 171 (148, 198)

Fat (g) 40 (30, 47) 46 (37, 54) 43 (36, 53) 51 (42, 64)

Saturated fat (g) 20 (15, 24) 23 (16, 28) 20 (16, 25) 24 (19, 31)

n-3 PUFA (mg) 474 (371, 620) 562 (409, 670) 459 (382, 647) 581 (454, 743)

n-3 LCPUFA (mg) 22 (8, 70) 20 (9, 35) 26 (14, 48) 34 (19, 65)

n-6 PUFA (mg) 2380 (1755, 3562) 3123 (2341, 4381) 3478 (2943, 4553) 4357 (3386, 5423)

Fibre (g) 8.7 (6.4, 11.3) 10.4 (8.6, 13.8) 11.1 (8.4, 14.1) 13.4 (11.4, 16.0)

Vitamin C (mg) 44 (29, 71) 56 (30, 96) 58 (34, 96) 78 (38, 112)

Total vitamin A eq (g) 535 (423, 727) 487 (380, 627) 535 (422, 690) 555 (392, 743)

Retinol eq (g) 296 (181, 386) 298 (186, 391) 294 (178, 386) 304 (204, 404) 

Iron (mg) 5.8 (4.5, 7.7) 6.6 (5.0, 7.7) 6.4 (5.1, 7.9) 7.6 (6.2, 8.5)

Zinc (mg) 5.7 (4.5, 6.7) 6.3 (5.3, 7.1) 5.9 (4.7, 7.4) 6.8 (6.3, 8.6)

Calcium (mg) 823 (667, 1000) 833 (605, 981) 726 (531, 880) 683 (564, 867)

PUFA = polyunsaturated fatty acid. LC = long-chain. eq = equivalent. *  All values are median (interquartile range).
699MJA 196 (11) · 18 June 2012
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5 Micronutrient leve

Micronutrient

Haemoglobin, median

Serum ferritin, median

Iron deficiency,* no

Iron deficiency anae

Serum vitamin B12, me

Low vitamin B12,‡ no

Serum zinc, median (I

Zinc deficiency,§ no

IQR=Interquartile range
haemoglobin < 115 g/L (
or serum zinc < 8.7 mol
tries.26 Further research to better
define n-3 and n-6 PUFA require-
ments is warranted.

The response rate of 52% in our
study is comparable to the national
survey of toddlers in New Zealand,7

which had a similar study design.
Although potential non-response bias
cannot be excluded, the sociodemo-
graphic characteristics of participating
families in our study were comparable
to the Children’s National Nutrition
Survey.4 Underreporting of food intake
in overweight children27 may conceiv-
ably have confounded any association
between energy intake and BMI. How-
ever, this is unlikely because the exclu-
sion of children with implausibly low
intakes did not change the outcome,
and there were no differences in
intakes of key nutrients or BMI for age
across the three categories of SES.

Our study reveals that Australian
children aged 1–5 years are following
a dietary pattern that may be associ-
ated with adverse long-term cardio-
vascular health and chronic disease.
Further research is needed to deter-
mine the long-term health effects of
young children’s early dietary patterns
— particularly dairy-fat intake — and
biomarker levels.
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ls of participants

1–2 years > 2–3 years > 3–4 years > 4–5 years Overall

n = 79 n = 63 n = 67 n = 68 n = 277

 (IQR) (g/L) 119 (113, 126) 122 (117, 127) 123 (118, 127) 123 (119, 128) 122 (117, 127)

n = 77 n = 61 n = 67 n = 67 n = 272

 (IQR) (g/L) 20 (13, 26) 22 (15, 29) 25 (18, 31) 27 (19, 37) 22 (16, 31)

. (%) 8 (10%) 3 (5%) 2 (3%) 2 (3%) 15 (5%)

mia,† no. (%) 2 (3%) 2 (3%) 0 0 4 (1.5%)

n = 59 n = 56 n = 62 n = 64 n = 241

dian (IQR) (pmol/L) 567 (418, 694) 559 (446, 751) 500 (424, 679) 479 (370, 657) 521 (408, 684)

. (%) 0 1 (2%) 0 0 1 (0.4%)

n = 53 n = 48 n = 59 n = 59 n = 219

QR) (mol/L) 10 (9, 10) 10 (9, 11) 10 (9, 11) 10 (9, 11) 10 (9, 11)

. (%) 17 (32%) 19 (40%) 14 (24%) 20 (34%) 70 (32%)

. * Defined as serum ferritin < 10g/L. † Defined as serum ferritin < 10g/L and haemoglobin < 105 g/L (for children aged up to and including 2 years) or 
for children over 2 years). ‡ Defined as serum vitamin B12 < 145 pmol/L. § Defined as serum zinc < 9.9mol/L for non-fasting blood collected in the morning, 
/L for non-fasting blood collected in the afternoon. ◆
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