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Abstract

Objective: To determine the dietary patterns of a national sample of 2-8-year-old
Australian children and to establish whether breast-feeding is associated with
dietary patterns in this age group.

Design: Cross-sectional study using 24h recall data from the 2007 Australian
National Children’s Nutrition and Physical Activity Survey.

Setting: Australia.

Subjects: A total of 2287 children aged 2-8 years.

Results: Principal component factor analysis identified three distinct patterns. The
‘Non-core food groups’ pattern included food groups such as whole-fat dairy
products, cheese, medium-high sugar-sweetened breakfast cereals and sweet
biscuits, no fruit, reduced/low-fat dairy products and wholegrain bread/rolls. The
‘Healthy, meat and vegetable’ pattern included vegetables, red meat, fruit and
wholegrain bread/rolls and was inversely associated with take-away foods and
carbonated sugar-sweetened beverages. The ‘Combination’ pattern contained
many food groups including candy (not chocolate based), pasta/rice products,
nuts/seeds, cakes and chocolate, but no fruit or vegetables. Of the 2287 children,
2064 (89-3%) had been breast-fed. A positive association was found between
breast-feeding and the healthy, meat and vegetable pattern (7= 0-267) but not
with the other two patterns. Higher scores on this pattern were also associated
with younger age, lower BMI, higher birth weight, high likelihood of being
in the less-disadvantaged Socio-economic Indexes for Areas category and less
likelihood of the child’s parents having a lower educational level.
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Children’s food choices and preferences develop from a
young age and may be influenced by genetic predis-
position towards certain tastes, by food availability and by
cultural and parental influences" ™. There is evidence
that behaviours and attitudes inculcated at a young age
track through childhood and into adulthood“®. There-
fore, the importance of establishing healthy eating habits
in early life is crucial to reducing the risk for longer-term
diet-related diseases in later years.

Experimental studies have revealed that infants who
are breast-fed experience flavours in their mother’s
milk before they are exposed to the same flavours in
solid foods”® and that breast-fed infants have a greater
acceptability of new foods and flavours at 2-8 months
of age compared with formula-fed infants®'*. For
example, breast-fed infants have been reported to have
a greater diversity in foods and to consume less cordial
and juice at 9 months of age™?. Furthermore, there is
convincing evidence that, compared with formula-fed
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infants, breast-fed infants have a reduced risk of being
overweight or obese and of developing type 2 diabetes
during child- and adulthood*'>. This suggests that
postnatal programming in infancy has an effect on feed-
ing preferences and practices, which may subsequently
affect health outcomes during later life.

A healthy diet is important for the prevention and
management of a number of chronic diseases'®. However,
it is of concern that, in young children, nutrient intakes,
particularly Ca, folate, K and Zn"""'”, and intakes of fruit
and vegetables®>?" have been reported to be low, whereas
intakes of take-away foods and soft drinks have been
reported to be high®?. Some studies have reported asso-
ciations between unhealthier dietary patterns of children
and various factors such as fat mass'®*, sociodemographic
status®% and lower levels of education of the main
food provider®.

There appears to be a link between breast-feeding
and diet in infants; however, it is not known whether
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breast-feeding is associated with food choices and dietary
patterns during later childhood. Therefore, the aims of the
present study were to determine the dietary patterns of a
national sample of 2-8-year-old Australian children and to
establish whether breast-feeding is associated with dietary
patterns in this age group.

Methods

Study population and procedures

The 2007 Australian National Children’s Nutrition and
Physical Activity Survey was a national survey involving
4487 children aged between 2 and 16 years. Children and
their parents were interviewed in their home during
which time the children’s food and beverage intakes and
use of supplements were assessed using a 24 h food recall
and a food habits survey. At this time, their height, weight
and waist circumference were measured and further
information was collected on their level of physical
activity and demographic characteristics.

Food and nutrient intake data were collected on two
occasions using a 24h food recall. A computer-assisted
personal interview (CAPD) was conducted in the child’s
home and was followed 7-21d later by a computer-
assisted telephonic interview (CATD. All field interviewers
were trained in recruitment procedures and in dietary
assessment, physical activity and anthropometry measures.
Age- and sex-specific BMI cut-offs for normal weight,
overweight and obese children and for adolescents were
applied to the data®”. For underweight participants, grade-3
thinness (corresponding to an adult BMI of 18-5kg/m?)
was used as the cut-off point®.

Sample selection

The survey was conducted using a quota-sampling scheme
stratified by state/territory and by capital city statistical
division or by the rest of the state/territory. Postcodes were
used as the primary sampling units in each state, allocated
to a stratum using the Australian Bureau of Statistics (ABS)
postal area-to-statistical local area concordance. Random
digit dialling was used to recruit households (private
dwellings) from selected postcodes to the survey. The tele-
phone number prefix acted as a ‘geographical indicator’ that
corresponded to the postcode. Households with children
aged between 2 and 16 years were identified and were
asked to participate. One child within the household was
selected as the ‘study child’ using a defined method for
children’s selection. For example, using a predefined Kish
table (refer to user guide for additional details), the parent or
caregiver was asked for the name, gender and age in years
of each child in the household aged 2-16 years, arranging
the children by age (from the oldest to the youngest). As the
number of children required in the sample for each of the
age cohorts was not proportional to the number of children
in each of the age cohorts in the population, children aged
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2-3 or 14-16 years had a higher probability of selection
compared with children aged 4-13 years in any one
household. Therefore, the Kish table showed a bias
towards selecting children who were aged 14-16 years,
followed by children aged 2-3 years and finally children
aged 4-13 years. In cases where the age and gender quota
for a particular location had already been filled, recruit-
ment of the study child did not proceed. Some postcodes
were excluded if they were in very remote areas, having
few in-scope children according to the 2001 ABS Census.

Further details of the survey methodology and sample
design can be obtained from the 2007 Australian National
Children’s Nutrition and Physical Activity Survey Users
Guide available at http://www.health.gov.au/internet/main/
publishing.nst/Content/AC3F256C715674D5CA2574D60000
237D/$File/user-guide-v2.pdf.

The current analysis was focused on 2-8-year-old
children using the 24 h dietary food recall data collected
through the CAPI from the primary caregiver of the child.

Food group consumption

Dietary intake information collected from the CAPI 24h
food recall generated a large number of foods. In order
to process and clean the data and identify meaningful
dietary patterns, a number of foods were eliminated that
were considered unlikely to contribute to a dietary pattern
according to the following criteria. Food items that were not
included in the analysis as they contributed to a cumulative
<10% frequency of all individual food items consumed
were: dietary/multivitamin and oil supplements; gelatin;
meat substitutes; vegetable-based chutneys/dressings/
relishes; energy drinks; essences/baking powder; flour;
yeast; stuffing; alcohol; chewing gum; soya beverages;
infant drinks/formulae; pretzels; unspecified fats; mature
legumes and pulses; chives; garlic; ginger; electrolyte and
fortified drinks; extruded or reformed snacks; and batter-
based products. A frequency of the ‘gram intake’ for each
food was calculated. Individual foods were eliminated
from the analysis when the amount consumed was
<3rd percentile of the study population (e.g. <20g for
meat/poultry or <5g for vegetables). It was believed
that intakes in these amounts were unlikely to make a
significant contribution to a dietary pattern.

A total of forty-five food groups were created that were
mutually exclusive and were included in the analysis
(Table 1). Frequency of consumption was binary coded
to 0 (not consumed) or 1 (consumed).

Factor analysis

Dietary patterns were derived using factor analysis with
factor loadings extracted using the principal component
method and Varimax/orthogonal rotation. Factor loadings
for binary variables are usually underestimated and
therefore tetrachoric correlation coefficients were calcu-
lated to estimate the correlation between the continuous
versions of the variables. The number of dietary patterns
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Table 1 Food groups and the description of foods used in the factor analysis

Food group

Description of food

Non-carbonated/non-nutritive drinks

Fruit juice
Cordial/fruit drinks

Carbonated, non-nutritive drinks
Carbonated sugar-sweetened drinks
Mineral water and water

Tea/coffee

Milk: whole fat

Milk: non-whole fat

Yoghurt: whole fat

Yoghurt: non-whole fat

Cheese

Other dairy products

Vegetables: orange
Vegetables: others

Potatoes: take-away
Potatoes: home baked, no oil

Potatoes: home baked, with oil

Fruit
Savoury snacks
Muesli bars and cereal bars

Bread/bread rolls: white

Bread/bread rolls: non-white

Breakfast cereals: low—medium sugar
sweetened (<159 sugar/100g)

Breakfast cereals: medium-high sugar
sweetened (=159 sugar/100g)

Soups

Pasta and pasta products/rice and rice
products

Cereal-based dishes

Eggs and egg-based dishes
Seafood and seafood dishes
Take-away/restaurant foods

Nuts and seeds
Sweets: cakes
Sweets: candy (not chocolate based)

Sweets: chocolate

Sweets: biscuits

Edible oils and spreads
Other spreads

Sauces

Added sugar

Beverage bases

White meat: chicken/turkey

Pork

Red meat: beef/lamb/veal

Luncheon and deli-type meats

Non-carbonated drinks containing minimal kilojoules (i.e. intense sweetened/low-joule fruit
juice/cordial)

Juice (100 % juice; NFS, homemade)

Cordials (<25 % fruit juice, 25 % fruit juice, 40 % juice, NFS), fruit drink (25 % juice,
35 % juice), mineral water with fruit juice (5 %)

Intense sweetened drinks (e.g. diet coke, carbonated water with flavouring)

Cola, flavoured soft drinks

All water (non-carbonated, unflavoured)

Tea/coffee base or beverage (prepared mainly with water)

Whole-fat milk (cow, sheep, goat, flavoured)

Skimmed, low-fat, reduced fat milk

Whole-fat yoghurt

Low-fat, reduced-fat or intense/artificially sweetened yoghurt

Cheese, cream cheese, cream cheese dips

Ice cream, ice confection (milk based), ice cream desserts (with nuts, toppings, etc.),
condensed milk, evaporated milk

Pumpkin, carrot, sweet potato

All other vegetables, mixed vegetables (frozen or fresh)

Potatoes bought as take-away (e.g. fries/hash brown from McDonalds, KFC)

Potatoes that were cooked at home without oil/fat (e.g. dry, baked, frozen wedges/chips,
boiled potatoes, roast potatoes)

Potatoes that were cooked at home using oil/fat (e.g. frozen wedges/chips, roast potatoes,
mashed potatoes with butter/margarine)

Fresh, canned, dried, pureed

Potato crisps, rice/wheat biscuits, rice cakes, crisp-bread

Muesli bars and cereal bars, specified as muesli/breakfast bars. May contain chocolate chips
or are coated in yoghurt but not coated in chocolate

White-flour bread/bread rolls, cheese/ham-topped rolls, foccacia, pita bread

Rye, wholemeal, wholegrain bread/bread rolls

Cereals (including oats) containing <159 sugar/100g

Cereals containing =159 sugar/100g

Vegetable, meat, chicken: prepared with water/milk, homemade

Pasta dishes, rice dishes, plain/boiled rice, plain/boiled pasta, noodles, lasagne, risotto,
cannelloni

Pancakes, pizza, quiche, sandwiches, crumpets, pikelets, savoury scones, burrito, meat pie,
sausage roll, pastie

Eggs, whole, fried, omelette

Fresh/frozen fish, seafood, crustaceans, fish pie

Any main food item bought from a fast-food outlet (but with a minor component — e.g. lettuce,
listed as a vegetable), ready-to-eat foods eaten away from home (e.g. meat pie, pastie,
sausage roll)

Nuts, seeds

Cake, muffins, sweet scones, buns, fruit/sweet pies, doughnuts

Jelly confectionary (hard/soft), caramel, liquorice, marshmallow, chocolate-coated
confectionary, nougat, cones (wafer)

Chocolate, chocolate bars, chocolate-coated bars

Biscuits, slices

Butter, margarine, edible oil and spreads

Peanut butter, vegemite, honey, jam, Nutella

Tomato sauce, tomato paste, cranberry sauce, pasta sauces

When sugar was listed in quantities >10g

Milo, Ovaltine, Nesquick

Mince

Sausage

Patty/burger

Cut: breast, thigh, wing, drumstick

Mince

Sausages

Roast/fillet/leg

Chop/spare ribs

Mince

Sausages

Cut/steak/rump

Roast

Burger/patty

Frankfurts (not bought at take-away outlets), luncheon meats, deli-meats, ham, kabana, bacon

NFS, not further specified.
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identified was based on eigenvalues > 1-5 on identifica-
tion of a break point in the scree plot and on interpret-
ability®”. Ttems were loaded on a factor if they had a
correlation >0-25 with that factor. These items represent
the foods most highly related to the identified factor®*3V.
Foods that cross-loaded on several factors were also
retained. Inter-item reliability for each factor was assessed
using Cronbach’s a coefficients.

Initially, a factor analysis was conducted separately
for the 2-3-year-olds and 4-8-year-olds; however, food
groups that loaded on the patterns were similar, and
therefore the age groups were combined and the analysis
re-run. Three distinct dietary patterns emerged and all
children received a dietary pattern score for each of the
identified patterns. A confirmatory factor analysis was
also conducted using a second 24 h recall from the CATI
data in which similar food groups loaded on a three-
factor solution (data not shown).

Food babits survey

As part of the interview process, a ‘food habits’ survey was
completed by the child (if aged >9 years) or by a parent/
caregiver during the CAPIL. The survey included questions
related to diet and food habits (e.g. type of milk used, ser-
vings of fruit/vegetables normally consumed, who prepares
meals, is salt added to meals) with a series of answers
pertaining to each question that the parent/caregiver could
choose from. Four questions were included on breast-
feeding, such as whether the child had ever been breast-fed,;
duration of breast-feeding; age of introduction of solids; and
if, and at what age, the child received formula. For the
current data analysis, breast-feeding was categorised into a
dichotomous variable (‘ever’ or ‘never’ breast-fed).

Socio-economic Indexes for Areas

The Socio-economic Indexes for Areas (SEIFA) ranks
geographical areas across Australia according to a ‘score’
that is created for the area on the basis of the character-
istics of people, families and dwellings within that area®? .
Every geographical area in Australia is given a SEIFA score
for each index, which shows how disadvantaged that area
is compared with other areas in Australia. Lower scores

Table 2 Characteristics of the children
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indicate greater disadvantage®”. The SEIFA index was
categorised into tertiles.

Statistical analyses

All analyses were performed using the STATA statistical
software package for Windows version 10-1 (StataCorp.,
College Station, TX, USA) with population weights applied.
Continuous data were assessed for normality and, if
required, normalised with natural log transformation. Back
transformations from the logarithmic scale to the original
scale were undertaken in the multivariate regression
models. Data are reported as OR and 95% CI. Only sig-
nificant covariates in the final regression models are
reported. The « level for significance was set at P<0-05.

Results

A total of 2287 children were included in the analysis
(519% male). Selected characteristics (mean and sem) of the
children are reported in Table 2. The median duration of
breast-feeding and the interquartile range were 30-0 and
8:2-51-6 weeks, respectively; 223 children (10-7 %) were
not breast-fed.

Factor analysis

The dietary pattern analysis revealed three distinct patterns
that explained 4:2%, 4-1% and 3-7% of the variance for
each respective pattern. The first pattern was labelled ‘Non-
core food groups’, with food groups such as whole-fat dairy
products, cheese, luncheon and deli-type meats, medium—
high sugar-sweetened breakfast cereals and sweet biscuits
loading on this pattern (Table 3). Some food groups that
were inversely associated with this pattern were reduced/
low-fat dairy products, wholegrain/wholemeal breads
and non-carbonated, non-nutritive beverages. The second
pattern was labelled ‘Healthy, meat and vegetable’ as it
included two types of vegetables, red meat, fruit and
wholegrain/wholemeal breads. Food groups that were
inversely associated with this pattern were potatoes from
take-away outlets, carbonated sugar-sweetened beverages,
take-away foods and added sugar. The final dietary pattern

2-3-year-old children (n 1071)

4—-8-year-old children (n 1216)

Mean or n SEM Of % Mean or n SEM Or % P value

Age (years) 25 0-0 6-0 0-0 <0-001
Body weight (kg) 155 0-1 24-2 0-2 <0-001
BMI (kg/m?) 16-7 0-0 16-6 0-1 0-320
Obese* 39 4 65 5 0-504
Overweight* 174 1 170 14 0-487
Normal weight* 812 7 931 77 0-552
Underweight/very underweight* 46 4 50 4 0-690
Duration of breast-feeding (weeks) 35-3 1-4 365 0-9 0-479

*Data are presented as n and %.
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Table 3 Whole-day dietary patterns and food group loadings for 2—8-year-old children

Non-core food groups Healthy, meat and vegetable Combination
Food group Loading Food group Loading Food group Loading
Milk: whole fat 0-5689 Vegetables: other 0-6532 Candy (not chocolate based) 0-3792
Luncheon and deli-type meats 0-4290 Vegetables: orange 0-5660 Other dairy 0-3615
Cheese 0-4008 Fruit 0-4870 Pasta/rice products 0-3525
Beef/lamb/veal 0-3851 Bread/rolls: non-white 0-4209 Milk: non-whole fat 0-3521
Bread/rolls: white 0-3320 Non-carbonated, non-sugar-sweetened beverages 0-3839 Nuts/seeds 0-3498
Yoghurt: whole fat 0-3318 Cheese 0-3265 Cakes 0-3467
Sauces 0-3224 Cereal: low—medium sugar sweetened 0-3227 White meat 0-3392
Muesli and cereal bars 0-2709 Edible oils and spreads 0-2883 Sauces 0-3294
Soups 0-2963 Beef/lamb/veal 0-2771 Egg dishes 0-3272
Potatoes: home cooked, no oil 0-2915 Water 0-2719 Seafood 0-3252
Cereal: medium-high sugar sweetened 0-2659 Pasta/rice products 0-2578 Take-away 0-3245
Beverage bases 0-2598 Cereal: medium-high sugar sweetened 0-3184
Juice 0-2594 Potatoes: take-away —0-7334 Potatoes: home cooked, with oil 0-3184
Sweet biscuits 0-2570 Carbonated sugar-sweetened beverages —0-6446 Yoghurt: non-whole fat 0-3147
Take-away —0-6048 Cereal-based dishes 0-3146
Non-carbonated, non-sugar-sweetened beverages —0-9055 Added sugar —0-3590 Beverage bases 0-3054
Milk: non-whole fat —0-5036 Pork 0-2901
White meat —0-3229 Added sugar 0-2887
Yoghurt: non-whole fat —0-3213 Cordial/fruit drinks 0-2866
Bread/rolls: non-white —0-2779 Chocolate 0-2791
Savoury snacks —-0-2599
Carbonated, non-sugar-sweetened —0-9865
beverages
Edible oils and spreads —0-4254
Bread/rolls: white —0-4243
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Table 4 Multivariate linear regression coefficients (B) associating factor scores with breast-feeding (not breast-fed v. ever breast-fed)

B Coefficient SEM P OR 95% Cl
Non-core food groups
Ever breast-fed 0-079 0-093 0-395 1-08 0-901, 1-299
Age at which solids were introduced —0-400 0-195 0-041 0-67 0-456, 0-984
Number of children in the household 0-079 0-032 0-015 1-08 1-015, 1-153
SEIFA tertile 1 (more disadvantaged) 0-633 0-201 0-002 1-88 1-269, 2-797
SEIFA tertile 2 0-527 0-203 0-010 1-69 1-136, 2-525
SEIFA tertile 3 (least disadvantaged) 0-522 0-202 0-010 1-69 1-132, 2-507
Energy intake (MJ) 0-069 0-016 <0-001 1-07 1-037, 1-106
Healthy, meat and vegetable
Ever breast-fed 0-230 0-106 0-030 1-26 1-022, 1-550
Age (years) —0-073 0-107 <0-001 0-93 0-910, 0-949
BMI (kg/m?) —0-022 0-106 0-040 0-98 0-959, 0-999
Birth weight 0-023 0-007 0-002 1-02 1-008, 1-038
Primary parent’s educational level* —0-062 0-011 <0-001 0-94 0-920, 0-960
SEIFA tertile 1 (more disadvantaged) 0-185 0-132 0-163 1-20 0-928, 1-560
SEIFA tertile 2 0-155 0-129 0-230 117 0-906, 1-505
SEIFA tertile 3 (least disadvantaged) 0-271 0-129 0-035 1-31 1-019, 1-689
Energy intake (MJ) 0-044 0-011 <0-001 1-04 1-023, 1-068
Combination
Ever breast-fed —0-168 0-107 0-118 0-85 0-685, 1-044
Age (years) 0-034 0-016 0-032 1-03 1-003, 1-068
Female 0-211 0-074 0-005 1-22 1-057, 1-419
Primary parent’s educational level* —0-047 0-019 0-014 0-95 0-919, 0-991
SEIFA tertile 1 (more disadvantaged) —0-598 0-166 <0-001 0-55 0-397, 0-762
SEIFA tertile 2 —0-454 0-163 0-005 0-64 0-461, 0-874
SEIFA tertile 3 (least disadvantaged) —0-481 0-158 0-002 0-62 0-453, 0-843
Energy intake (MJ) 0-042 0-019 0-022 1-04 1-006, 1-082

SEIFA, Socio-economic Indexes for Areas.
Final models with significant covariates.
*Higher values represent lower educational level.

was loaded with the greatest number of food groups with
similar food group loadings and was labelled ‘Combination’.
This pattern did not include any fruit or vegetables but
included candy (not chocolate based), other dairy products
(e.g. ice cream, custard), pasta/rice products, reduced/
low-fat milk, nuts/seeds, cakes and chocolate.
Cronbach’s a for inter-item reliability was 0-78 for the
non-core food groups pattern, 0-74 for the healthy, meat
and vegetable pattern and 0-71 for the combination pattern.

Breast-feeding and dietary patterns

Children were classified as ‘breast-fed’ (12 2064, 89-3 %) or
‘never breast-fed’ (n 223, 10-7%). After adjusting for a
number of potential confounders, i.e. age, gender, energy
intake, BMI, SEIFA, number of adults in the household,
number of children in the household, birth weight, waist
girth, age when the child started solids (if formula fed),
age (weeks) at which the child received infant formula for
the first time and the highest completed level of education/
qualification by the primary caregiver and their partner, the
results of the final models for breast-fed children compared
with children who were ‘never breast-fed’ are shown
in Table 4.

There was no association between breast-feeding and
the non-core food groups pattern or the combination pat-
tern (Table 4). Higher scores on the non-core food groups
pattern were associated with the following: earlier intro-
duction to solid foods; more children in the household; and
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greater likelihood of being in the disadvantaged SEIFA
category. Higher scores on the combination pattern were
associated with: being older; greater likelihood of being a
girl; less likelihood of having a lower educational level; and
lower SEIFA category (indicating more disadvantaged).
There was a positive association between breast-feeding
and the healthy, meat and vegetable pattern (Table 4).
Scores on the healthy, meat and vegetable pattern were
26% higher for children who were breast-fed compared
with children who were not breast-fed. Higher scores on
this pattern were also associated with younger age, lower
BMI, higher birth weight, greater likelihood of being in
the less-disadvantaged SEIFA category and less likelihood
of the children’s parents having lower educational level.

Discussion

The present study is the first in Australia to conduct a
factor analysis on a national sample of 2-8-year-old
children and to associate the resulting dietary patterns
with prior breast-feeding.

A positive association was found between the healthy,
meat and vegetable dietary pattern and breast-feeding.
Higher factor scores indicate more food groups loading
on this pattern. Therefore, compared with children who
were not breast-fed, children who were breast-fed were
more likely to consume healthy foods such as vegetables,
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fruit, wholegrain bread and red meat, which were
retained in this pattern. Only one study has examined the
relationship between breast-feeding and dietary patterns;
however, this was conducted in infants at 6 months and
1 year of age”®. In that study, a dietary pattern char-
acterised by a higher frequency of consumption of
vegetables, fruit, meat and fish, in addition to high con-
sumption of breast milk, emerged in infants at 6 months
of age and again at 1 year of age®®. The present study
extends these findings in infants to an older age group of
Australian children, indicating that breast-feeding appears
to be associated with an overall healthy eating pattern,
and tracks throughout childhood.

The mechanism behind this relationship may relate to
findings from earlier studies in animals®*>” and to sub-
sequent human studies that revealed that breast-feeding
was associated with greater acceptability to new foods
and flavours”'3® Moreover, it has been shown that
flavours from the mothers’ diet are transmitted through
amniotic fluid®” and later though breast milk““>*V. There-
fore, flavours and components consumed in the mothers’
diet are associated with, and may have a significant effect
on, feeding preferences and practices in later life.

There is also some, albeit limited, evidence linking
breast-feeding to improved cardiovascular risk factors
such as blood pressure and lipids"***®, type 2 diabetes“**
and risk for obesity™. All these outcomes are also
affected by dietary intakes. Therefore, if at the onset of
life positive breast-feeding practices influence childhood
and adolescent food choices and dietary intakes, it is
imperative that the benefits of breast-feeding be pro-
moted and clearly understood by new mothers.

The WHO recommends that all infants be exclusively
breast-fed for the first 6 months of life and that breast-
feeding continues into the second year of life"®. This
is not currently achieved, as data from the 2004-2005
Australian National Health Survey reported that, although
88% of mothers initiated breast-feeding, only 50% of
infants were still breast-fed at 6 months and 23 % were
breast-fed at 12 months*”. This further suggests the need
to educate and promote breast-feeding and inform
mothers on possible health benefits and its associated
outcomes in young children.

There was no association between the non-core food
groups pattern and breast-feeding. However, this pattern
was associated with earlier introduction to solids, to the
presence of more children in the household, to a greater
likelihood of being in the more disadvantaged SEIFA
categories and to higher energy intakes. This finding is
supported by the results of another Australian study which
reported that infants were more likely to have received
non-core foods if they received solids for the first time
before 17 weeks and if they had two or more older
siblings"™®. No association was found between the com-
bination dietary pattern and breast-feeding. However, the
direction of breast-feeding was negative, suggesting that
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being breast-fed was less likely to be associated with higher
scores on this pattern. This pattern was characterised by a
large number of food groups, with many being non-core
foods. In the study by Robinson et al®® conducted in
infants, the second dietary pattern identified was a pattern
containing ‘adult’-type foods such as bread, savoury snacks,
breakfast cereals and chips. This pattern was inversely
associated with consumption of breast milk and infant-type
foods®”. These food groups were loaded on either the
combination or non-core food groups pattern, supporting
the fact that poorer food choices and dietary patterns are
associated with little or no breast-feeding.

The role of the primary parent’s educational level
(typically that of the mother) also needs to be highlighted.
It is of interest that the association between breast-feeding
and the healthy, meat and vegetable pattern was indepen-
dent of education, which was associated with this pattern
as well. Other studies have reported positive associations
between breast-feeding and education™>”, and women
who breast-fed for >16 weeks were more often highly
educated®V. In the latter study, breast-fed children were
less likely to have a low consumption of fruit and vegetables
and a high consumption of snacks or an unhealthy diet,
independent of maternal education®”. This earlier study
and our data indicate that the association between breast-
feeding and diet is independent and that breast-feeding is
not just a proxy measure of educational level.

There are some limitations to the present study. This
was a cross-sectional study in which only a snapshot of the
foods normally consumed by these children was captured.
However, the large sample size reduced the estimated
variance. Factor analysis is a validated method for analysis
of dietary patterns®*>”; however, rather than assigning
an individual to a specific dietary pattern, this method
produced continuous dietary factor scores for each indivi-
dual for each pattern. Therefore, it was not possible to
determine statistically significant differences between each
dietary pattern, and only associations and relationships
between continuous variables and dietary pattern scores
could be tested. Factor analysis is also sample specific;
therefore, the results may not be generalisable to other
populations. However, we performed the same factor
analysis methodology in this population using the 24h
CATI data, in which three similar factors emerged.

The total variance explained by each factor was also low,
compared with previous factor analysis studies conducted in
older age groups(27’3154’55). However, Cronbach’s a coeffi-
cients were all >0-7, indicating acceptable inter-item relia-
bility. In addition, the food groups loading on the factors
were varied and many were greater than the 0-25 cut-off
value. This suggests that our population had a varied diet
that was, nevertheless, still specific to the identified factors.
As the present study is the first of its kind in this age group,
further studies are required to refute or support our findings.

In conclusion, our results provide suggestive evidence
that breast-feeding during infancy is associated with a
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healthy dietary pattern in childhood and offers a likely
mechanistic pathway to explain the previously reported
association of breast-feeding with chronic disease. A number
of health benefits have been associated with breast-feeding
and these have also been associated with health outcomes
in adulthood. Although we did not find any association
between breast-feeding and the unhealthier patterns, it is of
concern that these patterns were identified at such a young
age, as these may track through adulthood. It is important to
inform parents of a healthy diet during pregnancy and of the
significance of breast-feeding and how food choices in
childhood may track into adulthood. It is also essential to
inform young children of the importance of healthy eating.

Further studies investigating dietary patterns and duration
of breast-feeding are warranted to supplement the limited
existing literature on the significance of breast-feeding
and how it may relate to children’s diet and to later health
outcomes.

Acknowledgements

The present study was supported by the Meat and Live-
stock Association but the Association had no input into the
results presented in the current report. The authors have
no conflict of interest to declare. J.A.G. was responsible for
analysing and interpreting the data and for writing the
manuscript; L.C. and ]J.S. were responsible for the study
design and for reading and editing the drafts. The authors
acknowledge the assistance of Dr Richard Woodman who
provided invaluable statistical assistance.

References

1. Birch LL & Fisher JO (1998) Development of eating
behaviors among children and adolescents. Pediatrics
101, 539-549.

2. Oliveria SA, Ellison RC, Moore LL ef al. (1992) Parent—child
relationships in nutrient intake: the Framingham Children’s
Study. Am J Clin Nutr 56, 593-598.

3. Vereecken CA, Keukelier E & Maes L (2004) Influence of
mother’s educational level on food parenting practices and
food habits of young children. Appetite 43, 93-103.

4. Mannino ML, Lee Y, Mitchell DC et al. (2004) The quality of
girls’ diets declines and tracks across middle childhood. /7t
J Bebav Nutr Phys Act 1, 5-15.

5. Nicklas TA, Webber LS & Berenson GS (1991) Studies of
consistency of dietary intake during the first four years of
life in a prospective analysis: Bogalusa Heart Study. J Am
Coll Nutr 10, 234-241.

6. Nicklaus S, Boggio V, Chabanet C et al. (2005 A
prospective study of food variety seeking in childhood,
adolescence and early adult life. Appetite 44, 289-297.

7. Mennella JA, Forestell CA, Morgan LK et al. (2009) Early
milk feeding influences taste acceptance and liking during
infancy. Am J Clin Nutr 90, 780S—788S.

8. Mennella JA, Jagnow CP & Beauchamp GK (2001) Prenatal
and postnatal flavor learning by human infants. Pediatrics
107, ESS.

9. Hausner H, Nicklaus S, Issanchou S er al. (2010) Breast-
feeding facilitates acceptance of a novel dietary flavour
compound. Clin Nutr 29, 141-148.

https://doi.org/10.1017/51368980011001030 Published online by Cambridge University Press

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

JA Grieger et al.

Maier AS, Chabanet C, Schaal B et al. (2008) Breastfeeding
and experience with variety early in weaning increase
infants’” acceptance of new foods for up to two months.
Clin Nutr 27, 849-857.

Mennella JA & Beauchamp GK (1997) Mothers’ milk
enhances the acceptance of cereal during weaning. Pediatr
Res 41, 188-192.

Sullivan SA & Birch LL (1994) Infant dietary experience and
acceptance of solid foods. Pediatrics 93, 271-277.

Conn JA, Davies MJ, Walker RB et al. (2009) Food and
nutrient intakes of 9-month-old infants in Adelaide,
Australia. Public Health Nutr 12, 2448-2456.

Ip S, Chung M, Raman G et al. (2007) Breastfeeding and
Maternal and Child Health Outcomes in Developed
Countries. AHRQ Publication no. 07-E007. Rockville, MD:
Agency for Healthcare Research and Quality.

Horta BL, Bahl R, Martines JC et al. (2007) Evidence on the
Long-term Effects of Breastfeeding. Systematic Reviews and
Meta-analysis. Geneva: WHO.

Hu FB & Willett WC (2002) Optimal diets for prevention of
coronary heart disease. JAMA 288, 2569-2578.

Coppinger T, Jeanes YM, Dobinett J et al. (2010) Physical
activity and dietary intake of children aged 9-11 years
and the influence of peers on these behaviours: a 1-year
follow-up. EurJ Clin Nutr 64, 776-781.

Hennessy-Priest KA, Mustard JL, Keller HH et al. (2008)
Zinc-fortified foods do not improve intake of total dietary
zinc for Ontario preschoolers. J Am Coll Nutr 27, 561-568.
Jennings A, Davies GJ, Costarelli V et al. (2010) Micro-
nutrient intakes of pre-adolescent children living in
London. Int J Food Sci Nutr 61, 68-77.

Jones LR, Steer CD, Rogers IS et al. (2010) Influences on
child fruit and vegetable intake: sociodemographic, par-
ental and child factors in a longitudinal cohort study.
Public Health Nutr 13, 1122—-1130.

Magarey A, Daniels LA & Smith A (2001) Fruit and
vegetable intakes of Australians aged 2-18 years: an
evaluation of the 1995 National Nutrition Survey data. Aust
N Z J Public Health 25, 155-161.

Babey SH, Jones M, Yu H et al. (2009) Bubbling over: soda
consumption and its link to obesity in California. Policy
Brief UCLA Cent Health Policy Res 1-8.

Wosje KS, Khoury PR, Claytor RP et al. (2010) Dietary
patterns associated with fat and bone mass in young
children. Am J Clin Nutr 92, 294-303.

Aranceta J, Perez-Rodrigo C, Ribas L et al. (2003) Socio-
demographic and lifestyle determinants of food patterns in
Spanish children and adolescents: the enKid study. Eur J
Clin Nutr 57, Suppl. 1, S40-S44.

Craig LC, McNeill G, Macdiarmid JI et al. (2010) Dietary
patterns of school-age children in Scotland: association
with socio-economic indicators, physical activity and
obesity. Br J Nutr 103, 319-334.

North K & Emmett P (2000) Multivariate analysis of diet
among three-year-old children and associations with
socio-demographic characteristics. The Avon Longitudinal
Study of Pregnancy and Childhood (ALSPAC) Study Team.
Eur J Clin Nutr 54, 73-80.

Cole TJ, Bellizzi MC, Flegal KM et al. (2000) Establishing a
standard definition for child overweight and obesity
worldwide: international survey. BMJ 320, 1240-1243.
Cole TJ, Flegal KM, Nicholls D et al. (2007) Body mass
index cut offs to define thinness in children and adolescents:
international survey. BMJ 335, 194.

Schulze MB, Hoffmann K, Kroke A et al. (2003) An approach
to construct simplified measures of dietary patterns from
exploratory factor analysis. Br J Nutr 89, 409—419.

McCann SE, Marshall JR, Brasure JR et al. (2001) Analysis of
patterns of food intake in nutritional epidemiology: food
classification in principal components analysis and the


https://doi.org/10.1017/S1368980011001030

Dietary patterns and breast-feeding in children

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

subsequent impact on estimates for endometrial cancer.
Public Health Nutr 4, 989-997.

Slattery ML, Boucher KM, Caan BJ et al. (1998) Eating
patterns and risk of colon cancer. Am J Epidemiol 148,
4-16.

Australian Bureau of Statistics (2008) Information Paper:
An Introduction to Socio-Economic Indexes for Areas (SEIFA).
Catalogue no. 2039.0. Canberra: ABS; available at http://
www.abs.gov.au/ausstats/abs@.nsf/mf/2033.0.55.001/2006
Robinson S, Marriott L, Poole J et al. (2007) Dietary patterns
in infancy: the importance of maternal and family
influences on feeding practice. Br J Nutr 98, 1029-1037.
Galef BG Jr & Henderson PW (1972) Mother’s milk: a
determinant of the feeding preferences of weaning rat
pups. J Comp Physiol Psychol 78, 213-219.

Galef BG Jr & Sherry DF (1973) Mother’s milk: a medium
for transmission of cues reflecting the flavor of mother’s
diet. J Comp Physiol Psychol 83, 374-378.

Morrill ] & Dayton AD (1978) Effect of feed flavor in milk
and calf starter on feed consumption and growth. J Dairy
Sci 61, 229-232.

Campbell R (1976) A note on the use of feed flavor to
stimulate the feed intake of weaner pigs. Anim Prod 23,
417-419.

Mennella JA, Griffin CE & Beauchamp GK (2004) Flavor
programming during infancy. Pediatrics 113, 840-845.
Mennella JA, Johnson A & Beauchamp GK (1995) Garlic
ingestion by pregnant women alters the odor of amniotic
fluid. Chem Senses 20, 207-209.

Desage M, Schaal B, Soubeyrand J et al. (1996) Gas
chromatographic—mass spectrometric method to characterise
the transfer of dietary odorous compounds into plasma and
milk. J Chromatogr B Biomed Appl 678, 205-210.

Mennella JA & Beauchamp GK (1991) Maternal diet alters
the sensory qualities of human milk and the nursling’s
behavior. Pediatrics 88, 737-744.

Singhal A, Cole TJ, Fewtrell M et al. (2004) Breastmilk
feeding and lipoprotein profile in adolescents born
preterm: follow-up of a prospective randomised study.
Lancet 363, 1571-1578.

Singhal A, Cole TJ & Lucas A (2001) Early nutrition in
preterm infants and later blood pressure: two cohorts after
randomised trials. Lancer 357, 413—419.

https://doi.org/10.1017/51368980011001030 Published online by Cambridge University Press

44.

45.

46.

47.

48.

49.

55.

1947

Owen CG, Martin RM, Whincup PH et al. (2006) Does
breastfeeding influence risk of type 2 diabetes in later life?
A quantitative analysis of published evidence. Am J Clin
Nutr 84, 1043-1054.

Owen CG, Martin RM, Whincup PH et al. (2005) Effect of
infant feeding on the risk of obesity across the life course: a
quantitative review of published evidence. Pediatrics 115,
1367-1377.

World Health Organization (2002) Global Strategy for
Infant and Young Child Feeding. Report by the Secretariat
(WHA55 A55/15, paragraph 10, page 5). Geneva: WHO;
available at  http://apps.who.int/gb/archive/pdf_files/
TUHAS55/ea5515.pdf

Amir LH & Donath SM (2008) Socioeconomic status and
rates of breastfeeding in Australia: evidence from three
recent national health surveys. Med | Aust 189, 254-256.
Koh G, Scott JA, Oddy WH et al. (2010) Exposure to non-
core foods and beverages in the first year of life: results
from a cohort study. Nutr Diet 67, 137-142.

Rebhan B, Kohlhuber M, Schwegler U et al. (2009) Infant
feeding practices and associated factors through the first 9
months of life in Bavaria, Germany. J Pediatr Gastroenterol
Nutr 49, 467-473.

Senarath U, Dibley MJ & Agho KE (2007) Breastfeeding
practices and associated factors among children under 24
months of age in Timor-Leste. Eur J Clin Nutr 61, 387-397.
Scholtens S, Brunekreef B, Smit HA et al. (2008) Do
differences in childhood diet explain the reduced over-
weight risk in breastfed children? Obesity (Silver Spring)
16, 2498-2503.

Hu FB, Rimm E, Smith-Warner SA et al. (1999) Reprodu-
cibility and validity of dietary patterns assessed with a food-
frequency questionnaire. Am J Clin Nutr 69, 243-249.
Khani BR, Ye W, Terry P et al. (2004) Reproducibility and
validity of major dietary patterns among Swedish women
assessed with a food-frequency questionnaire. J Nutr 134,
1541-1545.

Ambrosini GL, Oddy WH, Robinson M et al. (2009) Adolescent
dietary patterns are associated with lifestyle and family psycho-
social factors. Public Health Nutr 12, 1807-1815.

Hu FB, Rimm EB, Stampfer MJ et al. (2000) Prospective
study of major dietary patterns and risk of coronary heart
disease in men. Am J Clin Nutr 72, 912-921.


https://doi.org/10.1017/S1368980011001030

