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Abstract
A diet rich in fruits and vegetables may reduce the risk of chronic diseases. However, in many countries, the majority of children do not eat the
recommended quantities of fruits and vegetables. The present study aimed to understand associations between feeding practices in infancy
(breast-feeding and first complementary food) and fruit and vegetable consumption in childhood (frequency and variety). Data were from
the national, observational, cross-sectional Mothers and their Children’s Health study conducted in 2016/2017, a sub-study of the national
Australian Longitudinal Study onWomen’s Health. Mothers completed a written survey on feeding practices in infancy (breast-feeding duration,
use of formula, first complementary food) and children’s fruit and vegetable frequency (number of times eaten) and variety (number of different
types eaten) in the past 24 h, using the Children’s Dietary Questionnaire. Children (n 4981, mean 7·36 (SD 2·90) years) ate vegetables
2·10 (SD 1·11) times and fruits 2·35 (SD 1·14) times and ate 3·21 (SD 1·35) different vegetables and 2·40 (SD 1·18) different fruits, on average.
Comparedwith breast-feeding for<6 months, breast-feeding for≥6months was associatedwith higher vegetable variety. Comparedwith cereal
as the first complementary food, fruits or vegetables were associated with higher vegetable frequency and variety, and higher fruit frequency.
Overall, infancy is a window of opportunity for dietary intervention. Guidance to parents should encourage the use of fruits and vegetables at the
beginning of complementary feeding.
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A diet rich in fruits and vegetables reduces the risk of chronic
diseases such as hypertension, CHD and stroke(1). However,
in countries like the UK(2) and the USA(3), themajority of children
do not eat the recommended quantities of fruits and vegetables,
although fruit consumption tends to be higher than vegetable
consumption. In Australia, less than 5 % of children meet vegeta-
ble intake guidelines, although 72 % meet fruit guidelines(4).
Although dietary behaviour is regarded as a modifiable risk
factor, it has proven difficult to modify. At an individual level,
some interventions (e.g. repeated exposure) can increase fruit
or vegetable intake, but effects can be small and tend to diminish
over time(5–7). At a population level, low fruit and vegetable
intake has been largely stable in Australia over the past
20 years(8). This suggests that new approaches to dietary inter-
vention are necessary. Early childhood, particularly the first
1000 d, is a window of opportunity to establish healthy dietary
preferences(9–12), as food preferences are formed in infancy
and track into adulthood(10–15). In particular, breast-feeding
and the introduction of complementary foods can set taste pref-
erences and shape attitudes towards food(11).

The flavour and composition of breast milk can vary accord-
ing to the mother’s diet(11,13,16–18), and this variety is thought to
provide a flavour bridge for the infant, helping them to learn
to accept variations in flavours and accustoming the infant to par-
ticular tastes(10,11,15,16). Infants who are fed with formula are not
exposed to the same variations in flavour(11,14,17). Longer dura-
tion of any or exclusive breast-feeding is associated with higher
fruit and vegetable intake in childhood(19–23), although associa-
tions with fruit intake are less consistent(19,24,25). However, there
is a great deal of variation in breast-feeding practices during the
first 6 months, with some mothers exclusively breast-feeding,
some supplementing with formula and/or complementary foods
and some breast-feeding for less than 6months or not at all(26).
Due to the focus in research on exclusive breast-feeding(20,23,25),
or failure to report on exclusive and mixed breast-feeding
separately(19,22), there is little information about whether these
varying breast-feeding practices are associated with fruit and
vegetable consumption in childhood.

The introduction of complementary foods is another
opportunity to lay the foundation for healthy eating, as infants
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begin to learn tastes and textures(11–13). In the UK, there is a
move towards a vegetables-first approach to weaning(27,28),
recognising that infants are born with a preference for sweet
and salty flavours but must learn to accept the bitter flavours
present in many vegetables(10,13). However, evidence to
support this recommendation is lacking as many studies on
the process of introducing complementary foods include the
age of introduction(19,24,29), but not the infant’s first complemen-
tary food.

The aim of the present study was to investigate whether
feeding practices during infancy were associated with fruit
and vegetable consumption during childhood, over and above
maternal fruit and vegetable consumption, which is one of the
strongest predictors of child diet(7,29,30) due to observational
learning from parents and availability of food within the home.
Specifically, the research questions were (1) whether practices
such as supplementing breast-feeding with solids and/or
formula make a difference to fruit and vegetable consumption
(frequency and variety), compared with exclusive breast-
feeding to 6 months; (2) whether breast-feeding was associated
with higher frequency and variety of fruit and vegetable
consumption in childhood; and (3) whether feeding fruits
or vegetables as the first complementary food was associated
with higher frequency and variety of fruit and vegetable
consumption in childhood.

Methods

Study design and participants

Participants for the present study were drawn from the Mothers
and their Children’s Health study (MatCH)(31), which is a sub-
study of the Australian Longitudinal Study on Women’s Health
(ALSWH)(32). In 1996, a random sample of women who were
representative of the Australian population were selected from
the database of Australia’s universal health care system.
Participants in ALSWH have completed written surveys approx-
imately every 3 years. In 2016/2017, women in the ALSWH
cohort born in 1973–1978 were asked to complete written sur-
veys on their three youngest children aged under 13 years as part
of MatCH. The eligibility criteria for MatCHwere (1) consented to
be contacted about sub-studies; (2) not reported infertility; and
(3) not died or withdrawn (n 5799). As dietary change is rapid
before 24 months of age(9) and eating patterns are dynamic,
the present study included children aged 2–12 years (n 5471)
with complete data on infant feeding and covariates (N 4981).
The study received ethics approval from the University of
Newcastle and The University of Queensland, and mothers
provided written informed consent.

Measures

Explanatory variables

Feeding practices to 6 months were assessed in MatCH by
questions adapted from the Australian National Infant Feeding
Survey(33). Mothers were asked: if their child had ever received

breast milk, and if so at what age this ceased; if their child had
ever had infant formula and if so at what age; and at what age
their child started eating solids, semi-solid and complementary
foods. Based on these questions, children were classified as:
breastfed less than 6 months or never (i.e. predominantly
formula fed); breastfed to 6 months and supplemented with
formula and/or complementary foods; or breastfed exclusively
to 6 months (i.e. no formula or solids before 6months). First
complementary food was assessed by asking mothers, ‘What
was the very first complementary or solid food you introduced?’
and providing a list of 16 options, as well as a free-text ‘other’
option and a ‘Can’t remember’ option. Answerswere categorised
as cereal, fruit, vegetables or other (e.g. meat, eggs).

Outcome variables

Child fruit and vegetable consumption was measured in
MatCH using items from the Children’s Dietary Questionnaire
(CDQ)(34). Mothers were asked how frequently (0, 1, 2, 3, 4 or
5 or more times) the child ate fruit (‘Fresh, canned, stewed or
dried, e.g. juice at breakfast and afternoon tea and apple at lunch
is three times’) and vegetables (‘raw or cooked, e.g. salad in
sandwich and vegetables for dinner is twice’) in the past 24 h.
They were also asked how many different (0, 1, 2, 3, 4, 5þ)
vegetables (raw or cooked) and fruits (fresh, canned, stewed
or dried) their child had in the past 24 h. The CDQ has been
rigorously evaluated, provides a valid assessment of dietary
patterns and is suitable for epidemiological studies(34,35)

Covariates

Child-related covariates were taken from MatCH and were
selected based on research showing fruit and vegetable intake
can vary by age and sex(29,36). Mothers reported the sex of the
child. The child’s age was calculated from the return date of
the survey and the child’s date of birth. Maternal-related covari-
ates were taken from the ALSWH survey completed closest to
MatCH and were selected based on research showing parental
consumption is one of the strongest predictors of child fruit
and vegetable intake(29,30), and that fruit and vegetable availabil-
ity can be influenced by demographic factors, such as parental
education, financial resources and area of residence(19,29,36).
Maternal fruit consumption was measured by asking mothers,
‘How many pieces of fresh fruit do you usually eat per day?’
Responses were categorised as 0–1 pieces, 2–3 pieces, and
4 ormore pieces. Maternal vegetable consumption wasmeasured
by asking mothers, ‘How many serves of vegetables do you usu-
ally eat each day?’, and categorised as 0–1 serves, 2–3 serves, and
4 or more serves. Highest maternal educational qualification was
categorised as up to Year 12, trade/graduate certificate or univer-
sity/higher university degree. Area of residence from postcodes in
ALSWH was determined using the Accessibility/Remoteness
Index of Australia (Ariaþ)(37) and categorised as major city,
inner regional or outer regional/remote/very remote. Difficulty
managing on income was categorised as easy, not too bad,
difficult sometimes and difficult all the time/impossible.
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Statistical analyses

Statistical analysis was conducted using SAS version 9.4 (SAS
Institute Inc.). Initial descriptive statistics were calculated for
the overall sample, along with means for the outcome variables
by categories of the explanatory variables. An a priori power
analysis was calculated for the funding application for the overall
MatCH study, which projected that with 3500 mothers, a family
level variable that explained 20 % of the variance in the outcome
of interest would have power of 0·77 for a one-child family and
0·97 for a two-child family.

Forest plots were used to examine the means and 95 % CI for
fruit and vegetable frequency and variety for children who were
exclusively breastfed and those who were supplemented. The
supplemented group was separated out as a sensitivity analysis
to check that these two groups could be combined for analysis
(Research Question 1).

To investigate whether breast-feeding practices and first com-
plementary food were associated with the outcome variables,
over and above maternal fruit and vegetable consumption
(Research Questions 2 and 3), a series of linear regression models
was run, using generalised estimating equations to account for
clustering of children within mothers. (Note that due to the wide
range of ages among the children and evidence that fruit and veg-
etable consumption differ by age(29,38), moderation analyses by

age were conducted in univariate regression models. However,
moderation analyses were all statistically non-significant at
P< 0·05, suggesting stratification by age was not necessary.)
The first model included breast-feeding and complementary
feeding practices, the second model added maternal fruit and
vegetable consumption, the third model added child covariates
and the final model added maternal covariates. This series of
models was repeated for each of the four outcome variables.

Results

Demographic characteristics

In the overall sample, 3·9 % of children (n 193) were never
breastfed, 15·0 % (n 745) were breastfed for 3 months or
less, 8·2 % (n 410) stopped breast-feeding at 6 months and
67·3 % (n 3351) were breastfed for more than 6months.
Complementary foods were introduced at 6 months for 46·3 %
(n 2304) of children, at 5 months for 23·8 % (n 1183) and at
4 months for 20·9 % (n 1039). One-third of children (34·0 %,
n 1695) never had formula. Of those who did, half (50·9 %,
n 1673) first drank formula before 3 months.

Demographic characteristics are in Table 1. The majority of
children were breastfed to 6months (75·5%). The first

Table 1. Demographic characteristics of mothers and children and fruit and vegetable consumption by each demographic characteristic (n 4981)
(Mean values and standard deviations; numbers and percentages)

Overall
Vegetable
frequency Fruit frequency

Vegetable
variety Fruit variety

n % Mean SD Mean SD Mean SD Mean SD

Breast-feeding (categorical)
BF to 6months (exclusive) 1477 29·7 2·13 1·13 2·41 1·11 3·32 1·33 2·45 1·15
BF to 6months (incl. supplementing) 2283 45·8 2·13 1·09 2·41 1·14 3·26 1·31 2·45 1·17
BF < 6months (incl. never) 1221 24·5 2·00 1·13 2·18 1·18 3·00 1·42 2·24 1·22

Breast-feeding (dichotomous)
BF to 6months (incl. supplementing) 3760 75·5 2·13 1·10 2·41 1·13 3·28 1·32 2·45 1·16
BF < 6months (incl. never) 1221 24·5 2·00 1·13 2·18 1·18 3·00 1·42 2·24 1·22

First complementary food
Cereal 3732 74·9 2·04 1·07 2·31 1·14 3·16 1·35 2·37 1·20
Fruit 382 7·7 2·35 1·20 2·60 1·12 3·45 1·35 2·57 1·14
Vegetables 712 14·3 2·31 1·21 2·46 1·14 3·44 1·34 2·46 1·12
Other 155 3·1 2·01 1·07 2·27 1·15 2·79 1·23 2·27 1·15

Child age at MatCH (years)
2–4 987 19·8 2·08 1·11 2·62 1·14 3·07 1·39 2·71 1·18
5–9 2584 51·9 2·11 1·12 2·38 1·12 3·23 1·34 2·42 1·16
10–12 1410 28·3 2·08 1·09 2·11 1·14 3·27 1·33 2·13 1·15

Sex of the child
Male 2593 52·1 2·04 1·12 2·34 1·18 3·17 1·36 2·37 1·19
Female 2388 47·9 2·16 1·10 2·37 1·11 3·26 1·34 2·43 1·17

Area of residence
Major city 2965 59·5 2·09 1·08 2·36 1·15 3·15 1·35 2·45 1·20
Inner region 1314 26·4 2·11 1·18 2·36 1·14 3·24 1·34 2·28 1·12
Outer region/remote 702 14·1 2·11 1·12 2·32 1·14 3·41 1·33 2·37 1·18

Maternal educational level
Year 12 or less 605 12·2 1·85 1·13 2·20 1·19 2·86 1·55 2·09 1·17
Trade/certificate 1107 22·2 2·08 1·16 2·26 1·20 3·24 1·40 2·37 1·20
University 3269 65·6 2·15 1·08 2·41 1·11 3·27 1·28 2·46 1·17

Maternal difficulty managing income
Easy 923 18·5 2·15 1·10 2·33 1·17 3·34 1·30 2·43 1·18
Not too bad 1957 39·3 2·14 1·09 2·39 1·11 3·27 1·30 2·46 1·15
Difficult sometimes 1425 28·6 2·00 1·11 2·32 1·15 3·05 1·40 2·31 1·19
Difficult always/impossible 676 13·6 2·10 1·17 2·36 1·19 3·20 1·41 2·37 1·25

BF, breastfed; incl., including; MatCH, Mothers and their Children’s Health Study.
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complementary food for most children was cereal (74·9%), with
only 22 % given fruits or vegetables. Themajority of children lived
in major cities (59·5%) and had a mother with a university
education (65·6%). On average, children were aged 7·36 (SD
2·90) years. In the last 24 h, on average children ate vegetables
2·10 (SD 1·11) times and fruits 2·35 (SD 1·14) times and ate 3·21
(SD 1·35) different vegetables and 2·40 (SD 1·18) different fruits.

Supplementing v. exclusive breast-feeding

The means for children who were supplemented and children
who were exclusively breastfed were identical for vegetable
frequency, fruit frequency and fruit variety (three-category
variable, Figs. 1–4). Mean vegetable variety was slightly higher
for children who were exclusively breastfed (mean = 3·32)
compared with children who were supplemented (mean
= 3·26); however, the overlapping CI indicated this difference

was not statistically significant and in practical terms the differ-
ence was not meaningful. This suggested that supplementing
with formula and/or complementary foods before 6 months
was not associated with any differences in childhood fruit
and vegetable frequency and variety, compared with exclusive
breast-feeding (Research Question 1).

As a sensitivity analysis, the children who were supple-
mented were separated into those supplemented with comple-
mentary foods and those supplemented with formula or with
both formula and complementary foods (four-category variable,
Figs. 1–4). Means were slightly higher on every variable for
children supplemented with complementary foods than
children supplemented with formula or with both formula
and complementary foods. However, the CI for the two
groups overlapped on every variable except vegetable fre-
quency, and differences in the means were small, suggesting
there was no evidence for differences between the two groups

Fig. 1. Mean values and 95% confidence intervals for vegetable frequency, by different categorisations of breast-feeding. Excl. BF, exclusively breastfed; Suppl solids,
supplemental solids; Suppl mixed/form, supplemental mixed/formula; BF, breastfed.

Fig. 2. Mean values and 95% confidence intervals for fruit frequency, by different categorisations of breast-feeding. Excl. BF, exclusively breastfed; Suppl solids,
supplemental solids; Suppl mixed/form, supplemental mixed/formula; BF, breastfed.
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of children who were supplemented. The two groups of
children who received 6 months of breast milk (the group that
was exclusively breastfed and the group that was supplemented)
were combined for the remaining analyses (two-category
variable, Figs. 1–4).

A series of regression models (Tables 2 and 3) found that
first complementary food was more consistently associated
with the frequency and variety of fruit and vegetable consump-
tion in childhood, compared with breast-feeding (Research
Questions 2 and 3), with results for each outcome variable
detailed below.

Frequency of vegetable consumption

Breast-feeding durationwas not associatedwith the frequency of
childhood vegetable intake (Table 2), but first complementary
food was, even after accounting for maternal diet and child
and maternal covariates. Children who were given fruits or

vegetables as their first complementary food ate vegetablesmore
frequently on average than children given cereal.

Frequency of fruit consumption

Being breastfed for less than 6 monthswas associatedwith lower
frequency of childhood fruit intake compared with being
breastfed for 6 months, although the magnitude of the effect
reduced after accounting for maternal diet and child covariates
(Table 2). First complementary food was also associated with
frequency of childhood fruit intake, even after accounting for
maternal diet and child and maternal covariates. Children given
fruit (but not vegetables) as their first complementary food ate
fruit more frequently on average than children given cereal.

Vegetable variety

Being breastfed for less than 6 months was associated with less
vegetable variety in childhood compared with being breastfed

Fig. 3. Mean values and 95% confidence intervals for vegetable variety, by different categorisations of breast-feeding. Excl. BF, exclusively breastfed; Suppl solids,
supplemental solids; Suppl mixed/form, supplemental mixed/formula; BF, breastfed.

Fig. 4. Mean values and 95% confidence intervals for fruit variety, by different categorisations of breast-feeding. Excl. BF, exclusively breastfed; Suppl solids,
supplemental solids; Suppl mixed/form, supplemental mixed/formula; BF, breastfed.
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for 6 months, even after accounting for maternal diet and child
and maternal covariates (Table 3). First complementary food
was also associatedwith vegetable variety, even after accounting
for maternal diet and child and maternal covariates. Children
who were given vegetables (but not fruit) as their first comple-
mentary food ate a wider variety of vegetables on average than
children who were given cereal.

Fruit variety

Being breastfed for less than 6months was associated with
less fruit variety in childhood compared with being breastfed
for 6 months, although the magnitude of the effect reduced after
controlling for maternal diet and child covariates (Table 3).
Children who were given fruit as their first complementary food

Table 2. Associations between feeding practices in infancy and the frequency of vegetable and fruit intake in childhood (n 4981)
(Linear regression coefficients and 95% confidence intervals)

Model 1* Model 2† Model 3‡ Model 4§

Estimate 95% CI Estimate 95% CI Estimate 95% CI Estimate 95% CI

Vegetable frequency
Breast-feeding

to 6 months 0 (Ref) 0 (Ref) 0 (Ref) 0 (Ref)
<6months –0·04 –0·10, 0·02 –0·01 –0·07, 0·04 –0·02 –0·08, 0·04 –0·01 –0·07, 0·05

First comp. food
Cereal 0 (Ref) 0 (Ref) 0 (Ref) 0 (Ref)
Fruit 0·12‖ 0·02, 0·22 0·11‖ 0·02, 0·21 0·14‖ 0·04, 0·23 0·13‖ 0·04, 0·23
Vegetables 0·12‖ 0·03, 0·21 0·11‖ 0·02, 0·20 0·13‖ 0·04, 0·22 0·13‖ 0·04, 0·22
Other –0·06 –0·19, 0·06 –0·03 –0·15, 0·10 –0·01 –0·13, 0·11 –0·002 –0·12, 0·12

Fruit frequency
Breast-feeding

to 6 months 0 (Ref) 0 (Ref) 0 (Ref) 0 (Ref)
<6months –0·11‖ –0·17, −0·04 –0·08‖ –0·14, −0·01 –0·07‖ –0·13, −0·002 –0·06 –0·21, 0·01

First comp. food
Cereal 0 (Ref) 0 (Ref) 0 (Ref) 0 (Ref)
Fruit 0·25‖ 0·13, 0·37 0·23‖ 0·11, 0·34 0·19‖ 0·07, 0·30 0·19‖ 0·08, 0·31
Vegetables 0·10 –0·002, 0·20 0·09 –0·01, 0·19 0·05 –0·05, 0·15 0·05 –0·05, 0·15
Other –0·05 –0·22, 0·12 –0·03 –0·19, 0·13 –0·06 –0·22, 0·10 –0·05 –0·20, 0·11

Ref, reference; comp., complementary.
* Model 1 included only breast-feeding and first complementary food.
†Model 2 added maternal fruit and vegetable consumption.
‡Model 3 added the child’s age and sex.
§ Model 4 added area of residence, as well as maternal educational level and difficulty managing on income.
‖ Values indicate that the CI does not contain 0.

Table 3. Associations between feeding practices in infancy and the variety of vegetables and fruit consumed in childhood (n 4981)
(Linear regression coefficients and 95% confidence intervals)

Model 1* Model 2† Model 3‡ Model 4§

Estimate 95% CI Estimate 95% CI Estimate 95% CI Estimate 95% CI

Vegetable variety
Breast-feeding

to 6 months 0 (Ref) 0 (Ref) 0 (Ref) 0 (Ref)
<6months –0·12‖ –0·19, −0·04 –0·08‖ –0·16, −0·01 –0·09‖ –0·16, −0·02 –0·08‖ –0·15, −0·004

First comp. food
Cereal 0 (Ref) 0 (Ref) 0 (Ref) 0 (Ref)
Fruit 0·10 –0·02, 0·23 0·09 –0·03, 0·21 0·14‖ 0·02, 0·26 0·14‖ 0·01, 0·26
Vegetables 0·17‖ 0·06, 0·28 0·14‖ 0·04, 0, 25 0·19‖ 0·09, 0·30 0·20‖ 0·10, 0·31
Other –0·25‖ –0·44, −0·06 –0·19‖ –0·38, −0·01 –0·16 –0·35, 0·03 –0·15 –0·33, 0·04

Fruit variety
Breast-feeding

to 6 months 0 (Ref) 0 (Ref) 0 (Ref) 0 (Ref)
<6months –0·12‖ –0·19, −0·04 –0·08‖ –0·15, −0·01 –0·07‖ –0·14, −0·00 –0·06 –0·13, 0·01

First comp. food
Cereal 0 (Ref) 0 (Ref) 0 (Ref) 0 (Ref)
Fruit 0·19‖ 0·07, 0·30 0·16‖ 0·05, 0·28 0·11 –0·001, 0·23 0·11 –0·004, 0·23
Vegetables 0·09 –0·02, 0·20 0·08 –0·03, 0·19 0·02 –0·09, 0·13 0·03 –0·08, 0·13
Other –0·08 –0·25, 0·10 –0·05 –0·22, 0·11 –0·09 –0·26, 0·07 –0·07 –0·24, 0·09

Ref, reference; comp., complementary.
* Model 1 included only breast-feeding and first complementary food.
†Model 2 added maternal fruit and vegetable consumption.
‡Model 3 added the child’s age and sex.
§ Model 4 added area of residence, as well as maternal educational level and difficulty managing on income.
‖ Values indicate that the CI does not contain 0.

Infant feeding and childhood fruit & vegetables 1325

https://doi.org/10.1017/S000711452000238X  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S000711452000238X


ate a wider variety of fruits on average than children who were
given cereal; however this association reduced in magnitude
once child covariates were added to the model.

Discussion

The aim of the present study was to investigate the associations
between feeding practices in infancy and the frequency and
variety of fruit and vegetable consumption in childhood. It
found that breast-feeding to 6 months was associated with
greater vegetable variety in childhood, compared with being
breastfed for less than 6 months or never. Associations with
fruit frequency and variety attenuated after adjustment for
demographic characteristics. First complementary food was a
more consistent predictor of fruit and vegetable consumption.
Compared with having cereal as a first complementary food,
having fruits or vegetables was associated with more frequent
consumption of fruits and vegetables in childhood as well
as a greater variety of vegetables, although it was not associated
with fruit variety. Additionally, there were no real differences
in the frequency and variety of fruit and vegetable consump-
tion between children who were exclusively breastfed to
6 months and children who were breastfed to 6 months and
supplemented with formula and/or complementary foods.
These findings have important implications for infant feeding
guidelines.

In our study, being breastfed for 6 months was associated
with children eating a wider variety of vegetables in childhood,
compared with children who were breastfed for less than
6 months or never breastfed. Breast-feeding was not associated
with vegetable frequency, and initial associations with fruit fre-
quency and variety attenuated after adjustment for demographic
covariates. This is inconsistent with studies that have found
breast-feeding is associated with higher fruit and/or vegetable
intake in childhood(19,20,22–25,29). However, some categorisations
of breast-feeding duration differed from ours, as did the age
range of the children, some studies did not includematernal fruit
and vegetable intake, and breast-feeding became statistically
non-significant in some multivariable models. An experimental
study(39) found that breast-feeding was not associated with the
frequency of vegetable consumption rated by mothers, but it
was associated with consuming more of a new vegetable and
beingmorewilling to taste offered vegetables in an experimental
setting. This supports our finding that breast-feeding was
associated with higher vegetable variety but not frequency
and provides some support for the hypothesis that breast-
feeding accustoms children to a greater variety in tastes,
compared with formula feeding(10,11,15–17). Our findings suggest
longer duration of breast-feeding is associated with greater
receptiveness to variety. Future research should test this in sam-
ples that include a higher percentage of childrenwhowere never
breastfed. It also suggests that future research may benefit from
incorporating broader measures of fruit and vegetable intake
than just frequency, such as variety and willingness to taste
new vegetables.

In our study, there was no difference in the frequency
and variety of fruit and vegetable consumption in childhood

between children who were exclusively breastfed to 6months,
and children who received 6months of breast milk and were
supplemented with formula and/or solids. Exclusive breast-
feeding to 6 months is recommended by the WHO(40).
However, some country-based guidelines differ. For example,
guidance in Australia and Britain suggest introducing comple-
mentary foods at about 6 months based on cues for developmen-
tal readiness(41,42), which occurs between 4 and 6months(43). Our
findings suggest that it may be appropriate to introduce comple-
mentary foods prior to 6 months(44), and public health messages
could inform parents on signs of developmental readiness(44,45).
However, these findings are specific to future fruit and vegetable
intake and advantaged areas of high-income countries and may
not apply to other childhood outcomes (e.g. cognition), or to
disadvantaged communities.

In our study, first complementary food was a more consistent
predictor than breast-feeding of future fruit and vegetable fre-
quency and vegetable variety. This is consistent with the view
that complementary feeding, but not breast-feeding, is essential
to acceptance of a wider range of food(17), although to maintain
the effects vegetables need to be part of the ongoing family
diet(12,15). Exposure to vegetables was generally more strongly
associated with vegetable-related outcomes, and vice versa for
fruit. As it seemsmore difficult to encourage children to eat more
vegetables than to eat more fruits, these findings support
policy initiatives encouraging a vegetables-first approach to
weaning(27,28). This may require updating infant feeding guide-
lines and targeted public health messages, as the most common
first food given to infants in many countries is cereal(12,27,28,46).

Our study had several strengths. These included a large
national sample, inclusion of a novel explanatory variable
(i.e. first food) and inclusion of key covariates, such as maternal
diet. The present study also had several limitations. The sample
included a higher percentage of childrenwho received 6 months
of breast milk than reported in other Australian studies: 75·5 %
compared with 42–62 %(33,47–49). This is probably due to the high
proportion of mothers in our study with a university education
(65·6 %), which may affect the generalisability of the findings.
Duration of breast-feeding and first complementary food were
retrospectively recalled; however, our previous work has found
that breast-feeding to 6 monthswas recalledwithmore than 90 %
accuracy when comparing measures in MatCH with measures in
ALSWH, which were completed within 3 years of the child’s
birth(26). First complementary food was not asked in ALSWH
so we were unable to cross-check this variable; however, we
did include a ‘Can’t remember’ option in the list of potential first
foods, and children where this option was selected were not
included in the analysis. The CDQ did not include fruit and
vegetable quantities or typical consumption (rather than con-
sumption in the last 24 h), which would have been useful for
the analysis and should be considered for future research.
Finally, while parents provide the food environment for the
child, both parents and children can be influenced by commu-
nity- and macro-level factors, such as the media, food availabil-
ity, cultural norms and food policy(10,50). While consideration of
these factors was beyond the scope of the present study, we
acknowledge the importance of the wider context in dietary
assessment.
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Conclusion

Infancy is an important window of opportunity for dietary
intervention, as feeding practices can shape food tastes and
preferences and may influence fruit and vegetable intake later
in life. We found stronger evidence for the role of complemen-
tary feeding than for breast-feeding on childhood vegetable and
fruit intake. Our findings suggest that guidance to parents on
infant feeding could encourage a vegetables-first approach or
at the least encourage the provision of fruits and vegetables
rather than cereal at the early stages of the weaning process.
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