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Abstract

Children of low socio-economic position (SEP) consume poorer diets than those of high SEP; however, there is limited understanding of

why socio-economic gradients in diet occur. Some evidence suggests that determinants of dietary intake may differ between SEP groups.

The aim of the present study was to determine whether the associations between personal and environmental variables and children’s

fruit and vegetable intake, and healthy dietary behaviours are moderated by SEP. A total of 395 children aged 9 to 13 years and their

parents were recruited in Adelaide, South Australia. Personal and environmental dietary predictors were measured using child-com-

pleted online questionnaires and telephone interviews with parents. Dietary intake was measured using an online FFQ. First, dietary

predictors were identified using correlated component regression, and subsequently tested for moderation by four SEP indicators

using partial least-squares structural equation modelling. Fruit and vegetable intake and healthy behaviours were predicted by self-effi-

cacy, attitudes and a supportive home environment. For girls, only the associations of self-efficacy with healthy behaviours were mod-

erated by occupation. For boys, income moderated the associations of fruit and vegetable intake with attitudes, and healthy behaviours

with supportive home environments. Occupation and employment moderated the associations of boys’ family environments and fruit

intake, and attitudes with healthy behaviours. Reducing socio-economic disparities in children’s healthy dietary intake may be more

successfully achieved by tailoring health promotion policies and interventions according to variables that moderate the relationships

between dietary intake and SEP.
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Research into socio-economic gradients in health has

indicated that children of low socio-economic position (SEP)

are more likely to be overweight and obese, engage in less

physical activity, spend more time in sedentary activities and

have poorer quality of dietary intake than children of high

SEP(1–3). SEP has been identified as one of the strongest,

most consistent correlates of children’s fruit and vegetable

intake(4), and some evidence suggests that the gap between

low- and high-SEP children with respect to diet quality may

be widening. Between 2001 and 2008, consumption of fruit

and vegetables among 10- to 12-year-old Norwegian children

of low SEP fell from 13·9 to 12·6 eating occasions per week,

whereas consumption among high-SEP children increased

slightly from 14·8 to 15·0 eating occasions per week(5).

Given that children’s dietary intake appears to be poor

overall(6), and children of low SEP may have poorer dietary

intakes than other children, this group forms an important

target for improving dietary intake. However, there is currently

limited understanding of socio-economic gradients in chil-

dren’s dietary intake, and how to target interventions to

reduce these disparities.

Socio-economic gradients in children’s diet may be

explained in part by the differences between socio-economic

groups in relation to personal and environmental determi-

nants of children’s dietary intake(5,7–10). Children and adoles-

cents of high SEP may have stronger preferences for fruits and

vegetables, knowledge of dietary guidelines, and intentions to

meet those guidelines(8–11). Cognitive factors such as nutrition

knowledge, self-efficacy for healthy eating and attitudes

may act as mediators for explaining the associations of SEP

† These authors contributed equally to this work.

*Corresponding author: D. M. Zarnowiecki, fax þ61 8302 2794, email dorota.zarnowiecki@unisa.edu.au

Abbreviations: CATI, computer-assisted telephone interview; CCR, correlated component regression; CNQ, Child Nutrition Questionnaire; SEP,

socio-economic position.

British Journal of Nutrition (2014), 112, 830–840 doi:10.1017/S0007114514001354
q The Authors 2014

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114514001354  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114514001354


with children’s dietary intake(7,12,13), providing a mechanism

through which SEP influences children’s dietary choices.

Adolescents of low SEP may eat less fruits and vegetables

due to lower access at home(7,8,14) and receive less support

for healthy eating from their family, which may mediate SEP

differences in fruit and vegetable intake(7,15).

Apart from such mediating explanations, determinants

of children’s eating behaviours may differ between socio-

economic groups; that is, SEP may act as a moderator.

Moderating variables can affect the strength and direction of

the relationships between predictors and outcome variables,

as distinct from mediating variables that provide a mecha-

nism through which a predictor influences the outcome

variable(16,17). Few studies have considered how predictor–

dietary intake relationships may be moderated by SEP in

children aged 9 to 13 years, with mixed findings overall. For

example, two studies have found no moderator effects of a

composite SEP measure and parents’ education on the predic-

tors of children’s and young adolescents’ fruit and vegetable

intake(18,19). In contrast, the snack intake of low-educated

but not high-educated 15-year-old adolescents was positively

related to the snack intake of others in their friendship

group(10). In low-affluence but not high-affluence families of

Hong Kong adolescents, lower perceived availability of fruits

and vegetables in restaurants was associated with lower

intake(9). Sandvik et al.(15) found that in relation to 11- to

12-year-old children’s fruit intake, home fruit availability was

significantly related to fruit intake in high-SEP children and

not in middle- and low-SEP children, whereas self-efficacy

was most strongly associated with intentions to eat fruit in

low-SEP children.

These studies provide some indication that SEP may mod-

erate the predictors of children’s dietary intake. However,

across these studies, a number of different SEP indicators

were tested as moderators, across a broad range of

predictor–dietary intake relationships. Given this, it is diffi-

cult to compare studies to gain a robust picture of socio-

economic disparities in the predictors of children’s dietary

intake. A better understanding is needed of how the drivers

of dietary intake differ between socio-economic groups, in

order to identify whether it is more efficacious to tailor

health promotion strategies and interventions to the unique

needs of socio-economic groups. The aim of the present

study was to explore the interactions of personal and

environmental predictors of children’s fruit and vegetable

intake, and healthy behaviours with SEP. The study adds

to the existing literature by first using a social-ecological

framework to identify both personal and environmental pre-

dictors of children’s healthy food intake, and, second, by

testing identified predictor–dietary intake relationships for

moderation by four SEP indicators that have been found

to be consistently associated with children’s dietary intake.

The findings contribute to our understanding of the benefits

of tailoring health promotion for different socio-economic

groups, and provide direction for which intervention

components could be emphasised in the development of

tailored interventions.

Methods

Participants and recruitment

The present study was a cross-sectional study of personal and

environmental predictors of 9- to 13-year-old children’s diet-

ary intake. Data collection was conducted in Adelaide, South

Australia from February to November 2010, and involved

two phases: in phase 1, children completed the Child Nutrition

Questionnaire (CNQ), and in phase 2, parents completed

computer-assisted telephone interviews (CATI). The present

study was conducted according to the guidelines laid down

in the Declaration of Helsinki, and all procedures involving

human subjects/patients were approved by the University of

South Australia’s Human Research Ethics Committee and

the South Australian Department of Education and Children’s

Services Ethics Committee. Written informed consent was

received from parents, and children provided verbal consent

to participate in the study at the beginning of the first session.

Participants were recruited from grade 5 to 7 classes of pri-

mary schools in the Adelaide metropolitan area. Schools were

stratified into tertiles of SEP using the school card register, a

school ranking representing the proportion of students receiv-

ing means-tested government assistance to meet the cost of

school attendance. Schools were randomly selected from

each tertile, and study information was distributed to the

principal of each selected school by email. A total of eighty-

two schools were approached with information about the

study, and twenty-seven schools participated in the study.

The overall school response rate was 32·1 %; however, this

rate varied across SEP from 27·8 % for low-SEP, 30·0 % for

middle-SEP to 42·3 % for high-SEP schools. All children and

parents who were able to communicate in English with suffi-

cient fluency to complete questionnaires and interviews were

eligible to participate. In total, 2575 children received study

information, and 1257 parents consented to participate

(48·8 % response rate), of which 1201 children were present

at school on the day of testing and participated in phase 1.

The response rate was lowest in low-SEP participants

(43·1 %) and increased across SEP to 55·6 % in high-SEP par-

ticipants. Of the participating children, 1059 completed the

CNQ and were eligible for their parents to complete the

CATI in phase 2. The required sample size for the present

study was determined to be 400 participants using multivariate

regression analysis with fifteen to twenty variables and

a ¼ 0·05 powered at 0·08. To achieve the required sample

size, 525 parents were randomly selected and contacted by

telephone to participate in the CATI, of which 400 completed

the interview (76·2 % response rate). Of the children who

completed the questionnaire, five were excluded as their

responses to the CNQ were found to be incomplete, providing

a total of 395 sets of matched data from children and parents

for the present analysis.

Protocol

Phase 1 was conducted at schools during data collection

sessions of approximately 90 min duration. Children com-

pleted online questionnaires using school computer facilities
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in groups ranging from ten to thirty students, guided by three

to four research assistants. More research assistants were allo-

cated to schools where literacy levels were likely to be low to

provide adequate support for completing the questionnaires.

Phase 2 CATI were designed and compiled by study researchers,

and conducted at the completion of phase 1 data collection.

The CATI lasted for 15–20 min, and it was requested that

the parent responsible for food provision complete the

interview.

Study measures

The CNQ was adapted from an existing nutrition question-

naire developed and validated by Wilson et al.(20) in young

children of similar age range to that reported in the present

study. Section 1 comprised a semi-quantitative FFQ from

which three scores of children’s usual intake of fruits and

vegetables and healthy eating behaviours were derived(20).

Healthy eating behaviours comprised five behaviours that

can contribute to healthy dietary intake, including (1) eating

breakfast, (2) carrying a water bottle, (3) helping with gro-

ceries, (4) helping prepare dinner and (5) eating dinner with

the family. To capture the usual patterns of consumption, chil-

dren reported food intake for the day the CNQ was adminis-

tered, the previous day and ‘usual’ intake. Dietary intake

scores were derived by summing the responses to items form-

ing each scale, as shown in more detail in Table 1. If one or

more items within a score were missing, that score was not

calculated. The original scale measuring children’s engage-

ment in eight ‘healthy behaviours’ was adapted into two

scales with improved internal consistency, representing

‘healthy behaviours’ (Cronbach’s a ¼ 0·54) and ‘unhealthy

behaviours’ (Cronbach’s a ¼ 0·57). All other scales used

have been described in detail by Wilson et al.(20). The dietary

intake scores have been validated against 7 d food diaries and

shown to be valid and reliable(20).

According to the social-ecological framework used in the

present study, a combination of personal and environmental

factors influence children’s eating behaviours, and a symbiotic

relationship exists between these factors whereby the environ-

ment may facilitate an individual’s engagement in eating

behaviours, while personal attributes determine an individ-

ual’s response to environmental factors(21,22). In the present

study, twenty-six personal and environmental predictors of

children’s eating behaviours were measured, of which eight

were formed from children’s responses to the CNQ, and eigh-

teen were derived from parents’ CATI responses (Table 1).

Where possible, scores were utilised from existing validated

instruments(20,23–26), while some scores were developed for

the present study using confirmatory factor analysis to form

scales with appropriate properties (data not presented here,

but available upon request). Cronbach’s a values ranged

from 0·52 to 0·90, indicating acceptable internal consistency

as determined by an a value of at least 0·70, or 0·50 for

scores with less than ten items(27). Supportive and unsuppor-

tive home environment scales were formed from children’s

responses to items about parents’ encouragement of healthy

food intake, home food availability and accessibility, and

parent modelling. Additionally, parents reported home food

availability in two separate scales (Table 1). The parent

upbringing in relation to food scale included two items on

whether parents were taught about healthy eating and how

to cook as children. The neighbourhood food environment

scale measured the availability and quality of fruit and veg-

etables in the neighbourhood.

Socio-economic variables

Parents reported demographic information about their families

in the CATI (Table 2). Maternal education, occupation,

employment and household income were tested as moderat-

ing SEP variables. Mothers’ education was used as it has

been shown to be consistently associated with children’s

food intake(4), and most mothers still have primary responsi-

bilities in the household for feeding children(28). Education

level was reported on an 8-point scale ranging from (1)

never attended school to (8) completed postgraduate edu-

cation. Occupation and employment have also been reported

to be consistently associated with predictors of children’s diet-

ary intake, and some evidence suggests that they moderate

predictor–dietary intake associations(15). Mother’s job title

was coded using the eight-tier Australian and New Zealand

Standard Classification of Occupations that hierarchically

groups occupations requiring similar levels of skills,

education, responsibility and experience(29). An additional

category was created for individuals ‘not in the labour force’,

comprising individuals engaged in full-time home duties,

retired persons, unemployed and students. Where insufficient

information was provided in the job title to accurately classify

an individual, for example ‘public servant’, these data points

were not coded and were treated as missing data. An

additional variable representing maternal employment was

created, dichotomised as ‘not in the labour force’ and

employed. Income was used as it has also been shown to

be consistently associated with poorer dietary outcomes

among youth(8,30); however, to the best of our knowledge, it

has not been tested as a moderator of dietary predictors

in children of this age group. Annual gross household

income, including pensions and government assistance, was

reported using seven income brackets ranging from (1) up

to AU$12 000 to (7) more than AU$100 000.

Data analysis

All analyses were conducted separately for boys and girls as

preliminary bivariate correlations indicated that there were

sex-related differences in unadjusted predictors of dietary

intake. First, correlated component regression (CCR) was

used (XLSTAT 2012; Addinsoft) to identify the predictors of

the three dietary outcomes. CCR employs cross-validation

with a step-down algorithm, reducing the number of predic-

tors in the final model by partitioning sample data using boot-

strapping into smaller subsets used in multiple regression

rounds(31). This regression approach is suited to application

within a social-ecological framework as it allows for many

independent variables that may be intercorrelated to be

D. M. Zarnowiecki et al.832
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Table 1. Outcome and predictor variable scales measured in the Child Nutrition Questionnaire (CNQ) and computer-assisted telephone interview (CATI)†

(Cronbach’s a, intraclass correlations (ICC), mean values and standard deviations)

All (n 395) Boys (n 184) Girls (n 211)

Scales Survey Items Response scoring‡ Range Cronbach’s a ICC§ Mean SD Mean SD Mean SD

Dietary intake scoresk
Fruit intake CNQ 4 Tick if consumed yesterday; weighted 5-point scale scored from (0)

don’t eat fruit to (6) more than five serves per d; number of
fruit consumed from the list

0–16 – – 5·5 2·8 5·7 3·0 5·4 2·7

Vegetable intake CNQ 3 Tick if consumed yesterday; weighted 5-point scale scored from (0)
don’t eat vegetables to (6) more than five serves per d; number
of vegetables consumed from the list

0–13 – – 4·7 2·5 4·6 2·5 4·8 2·5

Healthy behaviours CNQ 5 5-point frequency scale: (1) never/rarely; (2) less than once/week;
(3) 1–3 times/week; (4) 4–6 times/week; (5) every day

4–20 0·54 – 17·9 3·8 17·4* 3·7 18·3* 3·8

Intrapersonal (child)
Self-efficacy for healthy eating CNQ 6 5-point agreement scale: 1 ¼ SD; 2 ¼ D; 3 ¼ NS; 4 ¼ A; 5 ¼ SA 6–30 0·83 – 24·2 4·2 24·3 4·4 24·2 4·0
Attitude to fruitk CNQ 5 5-point agreement scale: 1 ¼ SD; 2 ¼ D; 3 ¼ NS; 4 ¼ A; 5 ¼ SA 5–25 0·81 – 21·8 3·1 21·9 3·2 21·6 3·1
Attitude to vegetablesk CNQ 4 5-point agreement scale: 1 ¼ SD; 2 ¼ D; 3 ¼ NS; 4 ¼ A; 5 ¼ SA 4–20 0·75 – 15·3 3·1 15·2 3·1 15·4 3·0
Cooking skills CATI 2 4-point agreement scale: 1 ¼ SD; 2 ¼ D; 3 ¼ A; 4 ¼ SA 2–8 0·62 0·88** 5·8 1·1 5·7 1·1 6·0 1·1

Parent
Parent’s fruit and vegetable intake{ CATI 2 Report number of serves/d – – 0·90** 4·5 1·7 4·6 1·8 4·5 1·7
Parent’s nutrition knowledge{ CATI 8 Correct ¼ 1; incorrect or don’t know ¼ 0 0–8 0·62 0·49** 7·2 1·2 7·2 1·2 7·2 1·3
Parent’s cooking skills CATI 2 4-point agreement scale: 1 ¼ SD, 2 ¼ D, 3 ¼ A, 4 ¼ SA 2–8 0·71 0·77** 6·4 1·2 6·4 1·3 6·3 1·2
Parent’s health considerations CATI 6 4-point agreement scale: 1 ¼ SD, 2 ¼ D, 3 ¼ A, 4 ¼ SA 4–24 0·87 0·61** 21·5 2·4 21·5 2·4 21·5 2·4
Parent’s self-efficacy for healthy eating{ CATI 4 4-point scale: 1 ¼ No, 2 ¼ Sl, 3 ¼ So, 4 ¼ Ve 4–16 0·70 0·73** 14·0 2·0 14·2 2·0 13·9 2·0
Parent’s barriers to healthy eating†† CATI 5 4-point scale: 1 ¼ No, 2 ¼ Sl, 3 ¼ So, 4 ¼ Ve 5–20 0·63 0·71** 6·8 2·1 6·7 2·3 6·8 1·9
Authoritative parenting style‡‡ CNQ 6 4-point scale: 1 ¼ No, 2 ¼ Sl, 3 ¼ So, 4 ¼ Ve 6–24 0·69 – 19·3 3·3 19·3 3·4 19·4 3·1
Non-authoritative parenting style‡‡ CNQ 3 4-point scale: 1 ¼ No, 2 ¼ Sl, 3 ¼ So, 4 ¼ Ve 3–12 0·74 – 8·8 2·6 8·5 2·7 9·2 2·4
Restriction§§ CATI 6 5-point agreement scale: 1 ¼ D, 2 ¼ Sl D, 3 ¼ Ne, 4 ¼ Sl A, 5 ¼ A 6–30 0·81 – 21·0 7·4 20·7 7·6 21·2 7·2
Food as reward§§ CATI 2 5-point agreement scale: 1 ¼ D, 2 ¼ Sl D, 3 ¼ Ne, 4 ¼ Sl A, 5 ¼ A 2–10 0·69 – 3·7 2·5 3·5 2·3 3·9 2·6
Pressure to eat§§ CATI 4 5-point agreement scale: 1 ¼ D, 2 ¼ Sl D, 3 ¼ Ne, 4 ¼ Sl A, 5 ¼ A 4–20 0·64 – 9·5 4·6 9·3 4·3 9·6 4·9
Monitoring food intake§§ CATI 4 5-point frequency scale: 1 ¼ N, 2 ¼ R, 3 ¼ S, 4 ¼ M, 5 ¼ Al 4–20 0·90 – 15·9 4·0 16·0 4·2 15·8 3·8
Perceived feeding responsibility§§ CATI 3 5-point frequency scale 1 ¼ N, 2 ¼ R, 3 ¼ S, 4 ¼ M, 5 ¼ Al 3–15 0·68 – 12·9 1·8 13·0 1·8 12·8 1·9

Home environment
Family barriers to healthy eating CATI 4 4-point agreement scale: 1 ¼ SD, 2 ¼ D, 3 ¼ A,

4 ¼ SA; 4-point scale:
1 ¼ No, 2 ¼ Sl, 3 ¼ So, 4 ¼ Ve

4–16 0·74 0·55* 7·8 2·8 6·7 2·3 7·7 2·7

Supportive home environment
for healthy eating

CNQ 7 5-point agreement scale: 1 ¼ SD, 2 ¼ D, 3 ¼ NS, 4 ¼ A, 5 ¼ SA 7–35 0·71 – 30·4 3·4 30·7 3·5 30·2 3·3

Unsupportive home environment for
healthy eating

CNQ 4 5-point agreement scale: 1 ¼ SD, 2 ¼ D, 3 ¼ NS, 4 ¼ A, 5 ¼ SA 4–20 0·69 – 10·8 3·5 10·8 3·7 10·8 3·3

Home fruit and vegetable availability CATI 5 5-point frequency scale: 1 ¼ N, 2 ¼ R, 3 ¼ S, 4 ¼ O, 5 ¼ Al 5–25 0·52 0·62** 24·1 1·4 24·1 1·2 24·1 1·5
Home non-core food availability CATI 4 5-point frequency scale: 1 ¼ N, 2 ¼ R, 3 ¼ S, 4 ¼ O, 5 ¼ Al 4–20 0·61 0·83** 12·8 2·9 12·8 3·0 12·7 2·8

Social environment
Parent upbringing in relation to food CATI 2 4-point agreement scale: 1 ¼ SD, 2 ¼ D, 3 ¼ A, 4 ¼ SA 2–8 0·75 0·91** 5·9 1·4 6·1 1·2 5·7 1·5
Peer influences CNQ 4 5-point agreement scale: 1 ¼ SD, 2 ¼ D, 3 ¼ NS, 4 ¼ A, 5 ¼ SA 4–20 0·85 – 13·9 3·5 13·4 3·6 14·3 3·3

Neighbourhood environment
Neighbourhood food environment CATI 3 4-point agreement scale: 1 ¼ SD, 2 ¼ D, 3 ¼ A, 4 ¼ SA 3–12 0·55 0·85** 9·8 1·5 9·8 1·5 9·7 1·5
Perceived cost of healthy foods CATI 3 4-point agreement scale: 1 ¼ SD, 2 ¼ D, 3 ¼ A, 4 ¼ SA 3–12 0·69 0·83** 6·6 1·9 6·5 1·9 6·7 1·8

* P , 0·05; ** P , 0·001.
† All data were collected in Adelaide, South Australia. The participants’ age ranged from 9 to 13 years.
‡ Agreement scales: SD, strongly disagree; D, disagree; Sl D, slightly disagree; Ne, neutral; NS, not sure; A, agree; Sl A, slightly agree; SA, strongly agree. General scales: No, not at all; Sl, slightly/a little; So, somewhat/a lot;

Ve, very much/just like. Frequency scales: N, never; R, rarely; S, sometimes; M, mostly/most of the time; O, often; Al, always.
§ ICC were used to determine the test–retest reliability of CATI scores.
kScore adapted from Wilson et al.(20). For psychometric properties of dietary intake scores refer to Wilson et al.(20).
{Score adapted from Ball et al.(23).
†† Score adapted from Williams et al.(26).
‡‡ Score adapted from Jackson et al.(25).
§§ Score adapted from Birch et al.(24).
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considered simultaneously(31). All predictor variables were

entered into the CCR model along with socio-economic mod-

erators, neighbourhood SEP, child age, marital status and

mother’s age to account for potential covariates.

To test for moderation, partial least-squares structural

equation models were built for each dietary outcome with

corresponding predictors, testing for moderation by mother’s

education, occupation, employment and household income.

Models were conducted with resampling by jackknifing

using Warp3 PLS (version 2.0; ScriptWarp Systemse). Only

variables identified by CCR analysis to predict the corres-

ponding dietary outcome were tested for moderation.

Any covariates identified as predictors (i.e. age and marital

status) were not tested for moderation. Additionally, vegetable

attitudes was identified as a predictor of fruit intake, but was

not tested for moderation as the bivariate correlation of fruit

and vegetable attitudes (r 0·59) indicated that this association

may have been due to multicollinearity. This step-wise pro-

cedure was employed to reduce the risk of type I errors that

would arise from conducting multiple moderation analyses

with a large number of predictor variables. To interpret sig-

nificant moderation effects, predictor variable scales were

rescored into tertiles of participant responses, and means

of the dietary variable within each tertile of the predictor

Table 2. Demographic characteristics of the study participants*

(b-Coefficients and, standard errors and R 2 values)

Demographic characteristics All (n 395) Boys (n 184) Girls (n 211)

Child’s age (years)
Mean 11·3 11·3 11·3
SD 0·9 0·9 0·9

Mother’s age (years)
Mean 41·7 41·8 41·6
SD 5·6 5·4 5·8

Sex of the parent completing the CATI† (%)
Female 87·1 83·7 90·0
Male 12·9 16·3 10·0

Marital status (%)
Partner 79·2 76·6 81·0
No partner 20·8 22·8 19·0

Mother’s education level‡ (%)
Did not complete high school 22·8 20·1 24·8
Completed high school 17·9 17·9 17·5
Trade or diploma 25·6 22·3 28·2
University degree 21·5 23·4 19·4
Higher university degree 12·2 14·1 10·2

Gross household income§ (%)
Low 34·3 32·9
Middle 36·4 36·4
High 29·2 26·6

Household SEIFAk (%)
Low 32·9 32·1 33·6
Middle 33·2 34·2 32·2
High 33·9 33·7 34·1

Mother’s occupation{ (%)
Managers and professionals 30·9 31·0 30·8
Technicians and trades 4·8 6·0 3·8
Community and personal service 11·4 10·3 12·3
Clerical, administrative and sales 22·0 25·0 19·4
Machinery operators, drivers and labourers 5·6 7·6 3·8
Not in the labour force 20·0 15·8 23·7

Country of birth (%)
Australia 71·6 71·7 71·6
UK and Ireland 12·7 9·8 15·2
Other 15·7 18·5 13·2

Aboriginal or Torres Strait Islander (%) 3·3 3·2 3·3

CATI, computer-assisted telephone interview; SEIFA, Socio-Economic Index for Areas.
* All data were collected in Adelaide, South Australia. The participants’ age ranged from 9 to 13 years.
† Unless otherwise indicated, variables are reported for the parent completing the CATI.
‡ Education level was measured on an 8-point scale ranging from ‘never attended school’ to ‘higher university

degree’. For ease of reporting, categories 1 to 4 were combined.
§ Gross household income is all household income before tax, including wages, salaries, pensions and allow-

ances, and reported in Australian dollars per annum. Low income ,AU$60 000/annum, middle income ¼

AU$60 001–100 000/annum and high income .AU$100 000/annum. Missing income responses (n 22) were
categorised as ‘refused to answer’ or ‘unsure’.

kSEIFA is an area-level measure of socio-economic status determined from home postcode.
{Mother’s occupation coded into categories according to the Australian and New Zealand Standard Classifi-

cation of Occupations. An additional category created for ‘not in the labour force’ included individuals
engaged in full-time home duties, retired persons, unemployed and students. Missing occupation responses
(n 16) were those when participants provided insufficient information for accurate occupation coding.
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score were graphed. Based on the magnitude of effect sizes

determined in other studies assessing the interaction effects

of SEP on the predictors of children’s dietary intake(10,15,19),

in the present study, effect sizes were interpreted as weak if

r , 0·1, moderate if r 0·1–0·3 and large if r . 0·3.

Results

Descriptive information

Descriptive statistics are presented in Table 2. Participants

were spread relatively evenly across socio-economic strata,

except for occupation where fewer mothers were employed

as technicians, tradespeople or labourers compared with

other occupation types. Most parents who completed the

CATI were female (87·1 %), indicating that in this sample,

mothers were mostly responsible for their children’s food

provision. There were no significant differences between

boys’ and girls’ fruit and vegetable intake; however, healthy

behaviours were significantly higher among girls (Table 1).

Predictors of healthy eating

Predictors of fruit and vegetable intake and healthy beha-

viours were similar for both boys and girls (Table 3). A total

of four predictors explained 17·0 % of the variance in boys’

fruit intake and 11·9 % of the variance in girls’ fruit intake:

child’s self-efficacy for healthy eating, attitudes to fruit and

vegetables, and supportive home environment for healthy

eating. Attitudes to vegetables and supportive home environ-

ment predicted both boys’ and girls’ vegetable intake, and

self-efficacy also predicted girls’ vegetable intake. Supportive

family environment and attitudes to vegetables explained

12·0 % of the variance in boys’ healthy behaviours and suppor-

tive family environment and self-efficacy explained 9·4 % of

the variance in girls’ healthy behaviours. In all instances, a posi-

tive relationship was observed whereby more positive attitudes,

self-efficacy and supportive home environments predicted

higher fruit andvegetable intakes, andmorehealthy behaviours.

Moderation of healthy dietary intake

Mothers’ education did not act as a moderating variable, and

no predictors of girls’ fruit and vegetable intake were moder-

ated by SEP (Table 4). Income moderated the associations

of boys’ fruit and vegetable intake with attitudes. Attitudes

were more strongly associated with dietary intake among

boys from high-income families (Fig. 1), but the overall gradi-

ents were not sharply different, indicating that this moderation

Table 3. Predictors of healthy dietary intake identified using correlated component regression for girls and boys (n 395)*

Regression
coefficients

Variables CV predictor count† B b Model goodness-of-fit indices

Girls
Predictors of fruit intake (n 211)

Child’s attitude to fruit 100 0·110 0·127 R 2 0·140
Child’s attitude to vegetables 100 0·118 0·136 R 2(CV) 0·121
Child’s self-efficacy 99 0·071 0·107 SD(CV) 0·005
Supportive family environment 91 0·085 0·098

Predictors of vegetable intake (n 211)
Child’s attitude to vegetables 100 0·191 0·231 R 2 0·223
Supportive family environment 100 0·142 0·174 R 2(CV) 0·203
Child’s self-efficacy 100 0·107 0·170 SD(CV) 0·007

Predictors of healthy behaviours (n 211)
Supportive family environment 100 0·264 0·215 R 2 0·116
Child’s self-efficacy 90 0·171 0·181 R 2(CV) 0·094

SD(CV) 0·008
Boys

Predictors of fruit intake (n 184)
Child’s attitude to fruit 80 0·150 0·160 R 2 0·198
Supportive family environment 80 0·134 0·142 R 2(CV) 0·172
Child’s self-efficacy 79 0·094 0·136 SD(CV) 0·005
Child’s attitude to vegetables 73 0·124 0·129

Predictors of vegetable intake (n 184)
Child’s attitude to vegetables 80 0·341 0·306 R 2 0·235
Supportive family environment 80 0·294 0·269 R 2(CV) 0·211

SD(CV) 0·010
Predictors of healthy behaviours (n 184)

Supportive family environment 80 0·291 0·250 R 2 0·148
Child’s attitude to vegetables 79 0·244 0·205 R 2(CV) 0·120

SD(CV) 0·009

CV, cross-validated; R 2 (CV), variance explained by the final optimised predictive model; SD (CV), standard deviation of R 2 (CV).
* All data were collected in Adelaide, South Australia. The participants’ age ranged from 9 to 13 years.
† It represents the number of occasions a variable appeared as a predictor in rounds of cross-validated regression models. For instance, a

value of 100 indicates that a predictor appeared in every round of the analyses, whereas a smaller value indicates that a predictor appeared
less frequently. It provides an indication of the ‘magnitude’ of the association in addition to the b-coefficient.
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effect was not strong. The association between supportive

family environment and boys’ fruit intake was moderated

by mother’s occupation and employment. The moderation

effect appeared to be due to a stronger association between

boys’ fruit intake and supportive family environment for the

‘not in the labour force’ group compared with the other

occupation groups, with no effect in the blue-collar group

(Fig. 2). This was confirmed by comparing employed

mothers with those ‘not in the labour force’, which indicated

that the moderation effect occurred between employed and

unemployed mothers.

The associations of self-efficacy with girls’ healthy

behaviours were moderated by mother’s occupation, whereby

the moderation effect appeared to be due to the differences

between the blue-collar workers and the other occupation

groups (Fig. 3). Girls of mothers who were blue-collar

workers had lower overall healthy behaviours and self-

efficacy was unrelated to healthy behaviours. However, this

moderation effect was difficult to fully evaluate as no parti-

cipants in this group reported scores in the high tertile of

self-efficacy. In girls of white-collar workers, professionals

and mothers ‘not in the labour force’, higher self-efficacy for

Table 4. Moderation of the predictors of healthy dietary intake by socio-economic position using partial least-squares structural equation modelling
(n 395)†

(b-Coefficients, standard errors and R 2 values)

Education Income Occupation Employment

Predictors tested for moderation b SE R 2 b SE R 2 b SE R 2 b SE R 2

Girls (n 211)
Fruit intake

Fruit attitude 0·04 0·13 0·11 0·06 0·42 0·12 0·14 0·12 0·13 0·06 0·10 0·12
Child’s self-efficacy 0·02 0·07 0·10 20·01 0·07 0·10 20·01 0·08 0·11 0·02 0·09 0·10
Supportive family environment 0·01 0·03 0·07 20·05 0·16 0·08 20·00 0·07 0·09 0·01 0·05 0·09

Vegetable intake
Vegetable attitude 0·02 0·14 0·22 0·02 0·07 0·22 20·03 0·15 0·23 20·03 0·07 0·22
Child’s self-efficacy 0·01 0·08 0·14 0·03 0·39 0·13 0·02 0·18 0·14 20·04 0·08 0·14
Supportive family environment 20·07 0·07 0·14 20·06 0·09 0·12 0·02 0·10 0·15 20·01 0·11 0·16

Healthy behaviours
Child’s self-efficacy 20·03 0·10 0·12 0·06 0·83 0·08 0·09* 0·04** 0·08** 0·08 0·07 0·08
Supportive family environment 0·03 0·05 0·15 20·00 0·07 0·10 20·00 0·05 0·10 0·01 0·05 0·12

Boys (n 184)
Fruit intake

Fruit attitude 0·02 0·05 0·17 0·07* 0·05** 0·19** 20·09 0·17 0·21 0·01 0·09 0·16
Child’s self-efficacy 0·06 0·07 0·17 0·04 0·09 0·18 20·09 0·09 0·12 0·09 0·14 0·15
Supportive family environment 20·08 0·07 0·14 20·06 0·09 0·16 0·12* 0·05** 0·17** 0·11* 0·06** 0·14**

Vegetable intake
Vegetable attitude 0·10 0·10 0·27 0·11* 0·06** 0·25** 20·07 0·07 0·25 0·01 0·09 0·24
Supportive family environment 0·04 0·06 0·17 20·05 0·10 0·18 0·03 0·09 0·16 0·02 0·25 0·16

Healthy behaviours
Vegetable attitudes 0·06 0·08 0·06 0·12 0·13 0·11 20·17* 0·08** 0·17** 20·06 0·08 0·10
Supportive family environment 0·07 0·09 0·10 0·15* 0·07** 0·12** 20·06 0·08 0·19 20·01 0·10 0·15

b, Path coefficient for interaction term; SE, standard error of path coefficient for interaction term; R 2, variance explained by the interaction model.
* P#0·05, ** P#0·01.
† All data were collected in Adelaide, South Australia. The participants’ age ranged from 9 to 13 years.
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Fig. 1. Moderation effects of income on the associations of attitudes with boys’ (a) fruit and (b) vegetable intake. Moderation effects were significant at P#0·05.
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healthy eating was related to higher healthy behaviour scores.

This relationship appeared to be strongest for girls of mothers

‘not in the labour force’. For boys, the associations of healthy

behaviours with vegetable attitudes and supportive family

environment were moderated by income, employment and

occupation (Fig. 3). The association between supportive

family environment and boys’ healthy behaviours was stron-

gest in the high- and middle-income groups. The effect of atti-

tudes on boys’ healthy behaviours was somewhat equivocal

for mothers ‘not in the labour force’ and blue-collar workers.

In contrast, there was a strong, positive, linear relationship for

the professional group, whereby more positive attitudes were

associated with higher healthy behaviours. A similar but

weaker association of attitudes with healthy behaviours

occurred for the white-collar group.

Discussion

The present study used a social-ecological framework to con-

sider the role of personal, home, social and neighbourhood

factors on children’s dietary intake, and whether these factors

interacted with SEP. A combination of personal and home

environment factors predicted children’s healthy dietary

intake, and SEP moderated a number of the identified predic-

tor–dietary intake relationships. The findings of the present

study, alongside the small number of earlier studies(9,10,15,19),

suggest that predictors of food intake differ between children

of low and high SEP, and therefore it may be of benefit to

tailor dietary interventions for different socio-economic

groups. A considerable number of interventions targeting diet-

ary change, obesity reduction or prevention have had only

limited success that may not be sustained in the long

term(32,33). One of the reasons may be that the impact of inter-

ventions is contingent on population-specific factors such as

the sex or SEP of participants, and for interventions to be

successful, the socio-economic context of participants should

be considered(34). Most dietary interventions in children are

directed at a diverse range of participants from across the

socio-economic spectrum(33,35). The focus of children’s dietary

interventions has been predominantly nutrition education, as
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well as changing food availability in settings such as schools

and community stores(32,33,36). The present study suggests

that parent-focused interventions may be of benefit. Moder-

ation results indicated that it may be beneficial to instruct

low-SEP parents about creating home environments that are

supportive of healthy eating, by making fruits and vegetables

more accessible, and modelling healthy behaviours them-

selves. Consistent with social-ecological theories of healthy

behaviours, moderation findings highlighted the importance

of developing cognitive traits, including self-efficacy and atti-

tudes, for healthy eating. However, helping parents to create

supportive home environments for healthy eating may in

itself support children to develop more positive attitudes,

knowledge and self-efficacy for healthy eating.

Healthy dietary intake was predicted by a combination

of positive attitudes, self-efficacy and a supportive family

environment. Cognitive factors, in particular self-efficacy and

attitudes, have been recognised as important for understanding

SEP variations in healthy dietary intake in youth(7). The present

study found that a supportive family environment was the most

consistent predictor of all healthy dietary intake outcomes. In

accordance with social-ecological models, both cognitive and

environmental factors are likely to be necessary for healthy

eating, as cognitive factors are important in driving decisions

to make healthy food choices, but it is not possible for a

child to act on these decisions without an environment that

supports healthy eating(22,37). The most proximal environment

influencing children’s eating behaviour is the home. The home

environment, and in particular availability of and access to

fruits and vegetables, has been consistently identified as a cor-

relate of children’s fruit and vegetable intake(4). Interestingly,

child-reported perceptions of the home food environment in

the supportive environment scale, and none of the parent-

reported home environment scales, predicted healthy food

intake. This suggests that children’s perceptions of the home

environment are particularly important influences on healthy

food intake in this age group. Children learn from their

experiences with food in their home, thereby forming attitudes

and self-efficacy for healthy eating, and a combination of

these factors is likely to contribute to healthy eating, as was

observed in the present study.

Consistent with other studies, self-efficacy was positively

associated with fruit and vegetable intake and healthy beha-

viours(38,39). Self-efficacy represents a belief in one’s ability

to overcome barriers to healthy eating(40). In environments

where fruit and vegetable availability may be low, for instance

in low-SEP families, self-efficacy may be an important enabler

for fruit and vegetable consumption(41). Sandvik et al.(15)

found that occupation moderated the effects of self-efficacy

on intention to eat fruit, with the strongest positive relation-

ship of self-efficacy and intention to eat fruit in the low-SEP

group. In the present study, associations of self-efficacy with

healthy behaviours were also moderated by occupation, but

the opposite relationship to that found by Sandvik et al.(15)

was observed, with self-efficacy unrelated to healthy beha-

viours in the low-SEP group. However, when considering

only the low tertile of supportive family environment scores,

children of low-income families reported higher mean healthy

behaviour scores than those from the middle- and high-

income groups (Fig. 3). This may indicate that other factors

such as cognitive variables (i.e. self-efficacy), influenced

healthy behaviours of children from low-income families in

home environments with lower support for healthy eating,

as proposed by Kratt et al.(41). Although there appear to be

different relationships between self-efficacy and healthy

eating in different SEP groups, few studies have measured

this relationship, and self-efficacy has been measured in differ-

ent ways across studies, so the nature of this relationship is

unclear and warrants further investigation.

The associations of boys’ attitudes to fruit and vegetables with

intake of fruit and vegetables were also moderated by income,

with stronger associations being observed among high-income

parents. Similar to the findings of Sandvik et al.(15) for stronger

associations of self-efficacy with fruit intake in low-SEP groups,

it was expected that attitudes would be more strongly associated

with fruit and vegetable intake in low-SEP families, where

attitude scores may expect to be more variable. A stronger

association in the higher-SEP group suggests greater variability

in attitudes, which is a stronger limiting factor in this group.

It may be that children’s attitudes to healthy eating are

influenced by home environment factors that themselves

are variable, including parent’s nutrition knowledge, parent

modelling and home food availability(41). Parents of high SEP

may themselves perceive health and nutrition to be more

important, and may therefore be more likely to encourage

children to consume healthy foods, thereby influencing their

attitudes to fruits and vegetables(15,42,43). It is likely that these

factors have a complex relationship, and the interactions

between child cognitive factors and family environment factors

(including SEP) in determining fruit and vegetable intake

fit within social-ecological frameworks for understanding

children’s dietary behaviours(22).

The present study found no association of supportive home

environments with healthy eating in low-SEP families, and a

positive association between supportive home environment

and boys’ healthy behaviours in high-income families. This

is consistent with emerging evidence of socio-economically

related differences in home environment factors supporting

healthy eating. Fruit and vegetable availability may be

poorer in low-SEP households, compared with high-SEP

households(5,7,8,44), and has been shown to be related to

fruit intake in high-SEP groups but not in low-SEP groups,

suggesting that in low-SEP households fruit may not be suffi-

ciently available to influence intake(15). In a study involving

12- to 15-year-old children, perceived fruit and vegetable

accessibility explained 50–90 % of socio-economic disparities

in fruit and vegetable intake(8). An Australian study involving

12- to 15-year-old adolescents of low SEP found that those

who were always served vegetables at dinner were at least

twice as likely to consume vegetables frequently than those

who were served vegetables with dinner less frequently(45).

There may also be a significant difference in parent facili-

tation, for instance cutting up fruit for children, between

low- and high-SEP groups(15), and parents of high SEP may

eat more fruits and vegetables themselves, thereby modelling

more positive eating behaviours to their children(7,8,19,43).
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All data were self-reported and therefore subject to

misreporting or socially desirable response bias, which

may have affected responses non-randomly across the SEP

groups. There are limitations associated with children’s ability

to accurately recall and report their dietary intake; however,

the CNQ has acceptable validity and reliability(20), and

children of this age are capable of self-reporting dietary

intake(46). It must be recognised that causal pathways cannot

be fully determined from the present cross-sectional study.

The strengths of the present study were that the predictors

of boys’ and girls’ dietary intake were evaluated separately,

and a theoretically driven step-wise statistical approach was

employed. The CCR allowed for the comparison of multiple

indicators from a social-ecological framework to identify pre-

dictors of each dietary outcome before testing for moderation

of relevant predictor variables by SEP indicators. The survey

instruments were validated with good psychometric proper-

ties. Children’s questionnaires were administered online to

reduce missing data and errors associated with data entry.

The moderation effects of four SEP indices were evaluated

to provide a better understanding of the role SEP plays in

modifying the determinants of children’s dietary intake.

Finally, the participant sample was recruited from diverse

regions of metropolitan Adelaide, distributed relatively

evenly across the SEP indicators evaluated.

Conclusions

The present study found that children’s healthy dietary intake

was predicted by attitudes, self-efficacy and supportive family

environments for healthy eating. The moderation effects of

SEP variables were small overall, although some moderation

effects that were identified across multiple SEP indicators

may be proposed as targets of health promotion and inter-

ventions to improve dietary intake of different SEP groups.

In particular, these findings suggest that helping parents to

create supportive home environments from which children

may develop more positive attitudes and self-efficacy for

healthy eating may contribute to improvements in dietary

intake among children of low SEP.
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