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Abstract

Background: In attempting to gain understanding of the family food environment (FFE), as a central context for
the development of obesity and obesogenic eating behaviours during early childhood, attention has largely
focused on the relationships of individual variables. This fails to capture the complex combinations of variables
children are exposed to. To more authentically reflect the impact of the FFE on the development of obesity and
obesogenic eating behaviours during early childhood, this study aims to derive composites of FFE variables using
factor analysis.

Methods: FFE and eating behaviour data were available from 757 Australian children (2.0–5.0 years) via a parent-
completed online survey. Children were categorised as normal weight, overweight or obese, based on parent-
reported anthropometry (underweight children were excluded).

Results: Eight FFE factors were derived. Scores for factors ‘Negative Feeding Strategies’ and ‘Negative Nutrition
Related Beliefs’ increased with child BMI category, while ‘Use of TV and devices’ and ‘Parent’s Nutrition Knowledge’
decreased. The FFE factor ‘Negative Feeding Strategies’ was positively associated with food fussiness, food
responsiveness and slowness in eating, and negatively associated with parent body mass index (BMI) score. The
FFE factor ‘Negative Nutrition Related Beliefs’ was positively associated with food responsiveness, as well as
positively with parent BMI, male children, breastfeeding less than 6 months, and low-income status. The FFE
factor ‘Television (TV) and devices’ was only positively associated with residing in a capital city. The FFE factor
‘Parent’s Nutrition Knowledge’ was negatively associated with slowness in eating, breastfeeding less than 6
months and low-income status, and positively with parent stress and residing in a capital city.

Conclusion: Consideration of the composite effect of FFE on child’s eating behaviours and obesity outcomes is
important in guiding future research and obesity prevention initiatives by providing a more authentic picture of
the FFE children are exposed to. Examining factors of FFE variables in conjunction with psycho-social variables,
further articulates the reciprocal influence of these variables on environmental constructs thus assisting in
understanding of inequitable distribution of obesity risk.
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Background
Childhood obesity is a multifactorial condition which in-
volves interaction between genetics, environments and
behavioural responses [1, 2]. A key example of this is the
interaction between children’s eating behaviour and the
family environment in the development of childhood
overweight and obesity [3, 4]. Eating behaviours such as
food responsiveness and enjoyment of food, referred to

as food approach eating behaviours, are positively associ-
ated with obesity development, while food avoidance
eating behaviours, such as satiety responsiveness, food
fussiness and slowness in eating, have been seen to be
negatively associated with obesity development [3, 4].
Given this, much attention has focused on initiatives
which aim to alter ‘obesogenic’ behaviours and obesity
development via environmental modifications [5, 6]. For
such interventions to be effective, however, a thorough
understanding of environmental contexts and their influ-
ence on obesity and behavioural intermediaries is
necessary.
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Whilst environmental influences are considered to oper-
ate at multiple levels, as conceptualised through the
socio-ecological model, for children, the family food envir-
onment (FFE) has been seen to explain the greatest vari-
ance in obesity, compared with school and neighbourhood
level influences, and is a prime context in which children’s
eating behaviours emerge [7–9]. As the ‘first ecological
niche of children,’ it is within the confines of the FFE that
parents impose socio-cultural values and practices around
food and eating occasions (interpersonal influences of the
socio-ecological model), as regulated by the structural
boundaries and resource limitations of the home (micro--
environment influences of the socio-ecological model).
For instance, interpersonal influences such as parental use
of controlling feeding practices have been associated with
increased body weight in children as well as tendencies to-
wards obesogenic eating behaviours [10–13]. Similarly,
micro-environment influences such use of television (TV)
during meals and availability of fruit and vegetables within
the home, have been associated with obesogenic eating be-
haviours and increased body weight [14–17].
While the literature to date has highlighted the poten-

tial importance of numerous FFE variables (e.g. parental
feeding strategies, frequency of family meals, the use of
TV and electronic devices during meals, cooking and
home resources, parent’s food and nutrition related
beliefs, parent’s cooking and shopping skills, parent’s
nutrition knowledge) in the development of obesity and
obesogenic eating behaviours, the collective influence of
these variables, has not been considered [6, 13, 16, 18–
20]. Considering FFE variables independently limits un-
derstanding of the collective impact of variables, as a
more authentic reflection of the environmental context
in which obesity and obesogenic eating behaviours de-
velop. For instance, while non-responsive feeding strat-
egies (e.g. parental use of pressure, bribes, coercion and
control) have been seen to be associated with childhood
obesity and ‘obesogenic’ eating behaviours, research has
not examined the occurrence of other FFE variables,
such as use of TV during meals, the frequency of family
meals, availability of fruit and vegetables or parent’s
nutrition knowledge, which may partner with
non-responsive feeding strategies to have an impact on
obesity development [3, 4, 6, 12, 13, 18, 21–23]. Add-
itionally, consideration has not been given to exploring
differences in collections of FFE variables based on
psycho-social factors such as income, parent’s marital
status, parent’s depression, anxiety and stress, region of
residence, or parent’s body mass index (BMI), which are
likely to have a significant impact on the FFE and conse-
quently may contribute to explanations of inequitable
distribution of obesity risk within the population.
Given this, this study aims to use factor analysis to de-

rive composites of FFE variables, to provide a more

authentic reflection of FFE exposure during early child-
hood in Australia. Highlighting FFE variables that appear
to group together in this way offers a novel perspective
from which to further examine the development of obes-
ity and obesogenic eating behaviours. Additionally, since
psycho-social factors such as income, parent’s marital
status, parent’s depression, anxiety and stress, and par-
ent’s BMI, are likely to have a distinctive impact on the
FFE constructed, relationships between these variables
and FFE factors will be examined.

Methods
Between July and November, 2016, Australian parents of
children aged 2.0–5.0 years self-enrolled to complete an
online, cross sectional survey. Participants self-selected
to enroll in the survey through advertising on the social
media website Facebook®. Children were excluded from
this study if they were reported to have a medical condi-
tion likely to affect their growth, development or metab-
olism. In the instance that a parent had more than one
child within the target group, parents were asked to refer
to the child whose birthday occurred next. No incentives
were offered for participation in this survey. Participants
were asked to use household measures (e.g. bathroom
scales/ household tape measure) to report their weight
and height, and that of their child, which were subse-
quently used to calculate BMI categories (according to
the 2000 CDC growth charts for children; BMI categor-
ies as per Cole 2000 and 2007) [24, 25]. As child height
and weight were by parental report it was deemed neces-
sary to screen the data for biologically implausible
values. The process used to screen these data for
biologically implausible values has previously been re-
ported [26].
Children’s eating behaviours were measured using

sub-scales of the Children’s Eating Behaviour Question-
naire (CEBQ; enjoyment of food, food responsiveness,
satiety responsiveness, food fussiness and slowness in
eating). Internal reliability of these scales for this sample
has previously been reported (see Boswell, et al., 2018)
and ranged from Cronbach α 0.921–0.677 [26]. The
CEBQ has been well validated across the literature in-
cluding in Australian samples of young children [27, 28].
Demographic variables recorded included child’s age,

recorded to the nearest half year, the gender of the par-
ent that completed the questionnaire, the child’s gender,
family income reported as low (less than AU$40,000),
middle (AU$40,000 – AU$100,000) or high (more than
AU$100,000), the duration the response child was
breastfed, and Australian state and region of residency
(based on Rural, Remote and Metropolitan Areas
(RRMA) classification) [29]. Parent’s depression, anxiety
and stress levels, as an important covariate of childhood
obesity identified in these data previously (see Boswell, et
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al., 2018) were measured using the Depression, Anxiety
and Stress Scale [DASS-21] [26, 30]. Variables conceptual-
ized within the FFE, as aligning with interpersonal and
micro-environment levels of the socio-ecological model,
were measured as per the scales described below and
screened for internal reliability.

Parent’s feeding practices and structure
The 8 Feeding Practice and Structure Questionnaire
[FPSQ-28] sub-scales, as validated in a sample of Austra-
lian children 2–5 years, were scored as per the relevant
literature [31]. All FPSQ-28 sub-scales produced a Cron-
bach α above 0.6 (Reward for Behaviour [4 items; Cron-
bach α 0.820], Reward for Eating [4 items; Cronbach α
0.672], Persuasive feeding [6 item; Cronbach α 0.803],
Covert Restriction [4 items; Cronbach α 0.808], Overt
Restriction [4 items; Cronbach α 0.605], Structured Meal
Setting [3 items; Cronbach α 0.865], Structured Meal
Timing [3 items, Cronbach α 0.670], and Family Meal
(single item).

The frequency of family meals
The frequency of family meals was measured using three
items, reflecting breakfast, lunch and dinner, to create a
total frequency of family meal score (out of 21).

General nutrition knowledge
A general nutrition knowledge score (out of 13) was cre-
ated based on a general knowledge questionnaire guided
by the works and recommendations of Parmenter, et al.,
(1999), and a similarly adapted version validated for use
with Australian adults [32, 33].

Nutrition related beliefs
Four nutrition related belief items were measured (‘Eat-
ing healthy is expensive,’ ‘It takes too long to prepare a
healthy meal,’ ‘Healthy food doesn’t taste good,’ Nutrition
is important to your family’). Items were devised based
on key barriers to healthy eating qualitatively themed
from a sample of Australian adults and phrased as a be-
lief by assigning attributes to identified barriers towards
healthy eating [34, 35]. Each item was scored individu-
ally as a categorical variable. A higher score on this scale
reflects poorer nutrition related beliefs.

Parental depression, anxiety and stress
Parental depression, anxiety and stress was measured
using the DASS-21, depression, anxiety and stress
scale [30]. The DASS-21 is a 21 item self-report
questionnaire designed to measure the severity of a
range of symptoms common to depression, anxiety
and stress over the previous week [36]. Data from
this study showed high internal reliability for each
scale; Stress [7 items; Cronbach α 0.837] Anxiety [7

item; Cronbach α 0.742] Depression [7 items; Cron-
bach α 0.886]. Each DASS scale was examined for
normality (skewness and kurtosis between 1 and − 1).
Depression and anxiety scales were deemed skewed
so transformed accordingly, however, the stress scale
was normally distributed.

Home resources and Parent’s personal skills
Parent’s cooking and grocery shopping skills, along with
the availability of fruit and vegetables within the home,
cooking facilities, food storage facilities, and the use of
TV/electronic devices during meals (3 separate items:
family use, child use, and adult use), were reported as
categorical variables on Likert or on nominal scales.

Ethics approval
Ethical approval for this research project has been
granted through The University of Queensland (approval
number 2016000860).

Statistical method
The distribution of predictive variables was examined for
multicollinearity and normality (skewness and kurtosis be-
tween 1 and − 1). Factor analysis, with Kaiser-Mayer-Olkin
measure and Bartlett test of sphericity was run to create
composites of FFE variables, with orthogonal rotation (Vari-
max) performed to determine how strongly a variable
contributed to a FFE factor, based on eigenvalues >1.
Intra-correlation between variables was assessed using
Kaiser-Mayer-Olkin measure, with values >0.5 considered to
indicate good intra-correlation [37, 38]. Variables with value
<0.5 were removed and analysis rerun, as recommended by
Fields, 2005 [37]. Items were loaded on a factor if they had a
positive or negative correlation >0.25 with that factor and
named descriptively [39, 40].
To examine whether BMI categorization showed linear

associations with derived FFE factors, a one-way
between-groups multivariate analysis of variance (MAN-
OVA) was performed. Pillai’s Trace was examined for
significance, homogeneity of variance assumption exam-
ined with Levene’s F tests and one-way ANOVA’s con-
ducted with post-hoc contrasts (LSD) performed [41].
Stepwise regression was conducted to examine associ-

ations between FFE factors and CEBQ scores, adjusting
for known covariates in step 1 (parent BMI, child gen-
der, breastfeeding history (binary coded less than 6
months vs more than 6months), child sleep duration, in-
come (binary coded low-income vs other), region of resi-
dency (binary coded Capital City vs other), parent’s
depression, anxiety and stress). Coefficients, confidence
intervals and mean scores were inspected to check the
direction and pattern of the association. All hypotheses
will assume a 0.05 significance level and a two-sided
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alternative hypothesis. All analyses were carried out
using SPSS v24 (SPSS Inc., Chicago, IL, USA).

Results
A sample of 977 participants was obtained from an ini-
tial sample of 1186 parents of Australian children, aged
between 2.0 and 5.0 years who completed the survey,
once cases of biologically implausible values and outliers
were removed (as reported in Boswell, et al., 2018) [26].
On comparison with national data, children categorised
as underweight appeared to be overrepresented (7.6% vs
22.4%, respectively) [42]. Given the focus of this study
on the collective contribution of FFE variables to over-
weight and obesity in children, in comparison to normal
weight children, it was decided to exclude underweight
children from further analysis leaving a sample of n =
757 [42]. In further support for this approach, a recent
systematic review deemed the use of self-reported BMI
data as acceptable specifically to screen children for
overweight and obesity, with good overall performance
with moderate sensitivity and high specificity, but the
validity for underweight children is not clear [43]. Ex-
cluded cases did not differ significantly based on parent
BMI category, parent gender, single parent status, in-
come group, or state or region of residency in one-way
ANOVA analysis, however, were significantly younger
(mean age 3.1 years, compared with 3.4 years, p = 0.000)
and a higher proportion were boys (58.0% in excluded
case compared with 49.4% in retained sample, p = 0.026)
(Table 1).

Family food environment factors
Eight factors reflecting FFE were extracted from the factor
analysis, explaining between 9.37 and 4.89% of the vari-
ance in FFE (cumulative variance explained 53.51%). A
Kaiser-Mayer-Olkin measure of 0.704 was achieved with
significance in Bartlett’s test of sphericity (p = 0.000), indi-
cating acceptable correlation (Table 2) [37, 38].

Family Food Environments & Child BMI category
A statistically significant difference existed between
child BMI categories (normal weight, overweight and
obese) for four FFE factors in the MANOVA, with Pil-
lais’ Trace = 0.046, F(16, 1498) = 2.22, p = 0.004. The
multivariate effect size was estimated at 0.023, which
implies that 2.3% of the variance in the dependent vari-
ables was accounted for by BMI categories. Based on a
series of Levene’s F tests, the homogeneity of variance
assumption was considered satisfied for all factors ex-
cept Factor 2, however, as of the largest standard devia-
tions were not more than four times the size of the
corresponding smallest standard deviation, it was con-
sidered, in accordance with Howell, (2007), that
ANOVA would be robust [44].

ANOVA’s for Factor 1 ‘Negative Feeding Strategies’, Factor
2 ‘Negative Nutrition Related Beliefs’, Factor 7 ‘Use of TV
and Devices’, and Factor 8 ‘Parent’s Nutrition Knowledge’
were statistically significant (p = 0.046, p= 0.004, p = 0.049
and p = 0.032, respectively), with effect sizes (partial n2) ran-
ging from 0.008 to 0.015 (Table 3). In post-hoc analyses
(Fisher’s LSD) examining individual mean difference in
factor scores across BMI categories, statistically significant
differences were seen in Factor 1 ‘Negative Feeding Strat-
egies’ between normal weight and obese (p= 0.017) and
overweight and obese (p = 0.026), such that obese children
scored highest on this factor. Factor 2 ‘Negative Nutrition
Related Beliefs’ differed significantly between normal weight
and overweight (p = 0.003) and between normal weight and
obese (p= 0.047), such that normal weight scored lower on
this factor. Factor 7 ‘Use of TV and Devices’, differed signifi-
cantly between normal weight and obese (p= 0.032) such
that normal weight scored higher on this factor. Factor 8
‘Parent’s Nutrition Knowledge’ differed significantly between
normal weight and obese (p = 0.012) and between over-
weight and obese (p = 0.017), such that obese scored lower
on this factor (Table 3).

Relation between FFE factors and children’s eating
behaviours, controlling for covariates
After controlling for covariates in step 1,‘Negative Feeding Strat-
egies’ was positively associated with food fussiness (β=0.201, p
=0.001), and food responsiveness (β=0.305, p=0.000), ‘Nega-
tive Nutrition Related Beliefs’was positively associated with food
responsiveness (β=0.117, p=0.018), and ‘Parent’s Nutrition
Knowledge’ was negatively associated with slowness in eating
(β=− 0.108, p=0.031). No CEBQ sub-scales were significantly
associated with ‘TVand devices’ (Table 4).

Discussion
The current study greatly extends on previous research
by deriving factors of FFE variables to more authentically
examine how a broad scope of interpersonal and
microenvironment influences (aligned with the
socio-ecological model) combine and relate to the devel-
opment of obesity and obesogenic eating behaviours
during early childhood. Only two previous studies have
been identified which similarly attempted to derive fac-
tors or clusters of FFE variable to examine the combine
effect of variables on obesity development, however,
these studies limited their focus to dining times, physical
activity/play time, and screen time, which does not cap-
ture the range of variables conceptualised within the
FFE as described in this paper [45, 46].
This study specifically found four of the eight FFE fac-

tors derived to be associated with child BMI category.
Scores for Factor 1 ‘Negative Feeding Strategies,’ and
Factor 2 ‘Negative Nutrition Related Beliefs,’ were seen
to increase across increasing BMI category (normal
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weight, overweight and obese), while scores for Factor 7
‘Use of TV and devices’, and Factor 8 ‘Parent’s Nutrition
Knowledge’, were seen to decrease. The relationship be-
tween these factors with BMI category were in the ex-
pected direction (as will be discussed) in all cases except
for Factor 7 ‘Use of TV and Devices’, which, in accord-
ance with the literature, could be expected to relate to
an increased weight status due to the impact TV use is
reported to have on satiety signals and food cue respon-
sivity (through exposure to food advertising) [8, 47].
Additionally, the limited use of structured meal timing,
as also loaded on this factor, could be considered a detri-
mental aspect of children’s nutrition environments that
theoretically contributes negatively to a child’s BMI [8,
31, 47]. That is, lack of structure around meal times fails
to establish the routine and predictability that underpins
responsive feeding practices, as associated across the lit-
erature with detrimental eating behaviours and obesity
development [48]. This unexpected direction of the rela-
tionship between Factor 7 ‘Use of TV and devices’ may
in part be explained by the positive association between
this factor and residing in a capital city (Table 4), which
is generally associated with more positive health out-
comes and may be related to a variety of other ‘protect-
ive’ factors. Irrespective of this, this relationship requires
further investigation, particularly in light of changing
uses of technology whereby exposure to food advertising
may be less pertinent.
Likewise, while it was expected that higher nutrition

knowledge of parents (Factor 8) would be associated
favourably with child BMI, as seen in this study, the lit-
erature reflecting this appears inconsistent [49–53]. This
inconsistency across the literature in part may be attrib-
uted to the difficulty in measuring nutrition knowledge,
however, it may also be due to nutrition knowledge act-
ing as a proxy for more ‘advantaged’ life circumstances,
as supported by the findings of this study which shown

Table 1 Demographic Data

Total sample
n = 977 (%)

Normal weight, overweigh
and obese only n = 757 (%)

Child Gender-Boy 483 (49.4) 376 (49.7)

Age

2 years 108 (11.0) 83 (11.0)

2.5 years 161 (16.5) 128 (16.9)

3 years 153 (15.6) 126 (16.6)

3.5 years 164 (16.8) 120 (15.9)

4 years 173 (17.7) 136 (18)

4.5 years 128 (13.1) 94 (12.4)

5 years 90 (9.2) 70 (9.2)

Child BMI categorya

Underweight 219 (22.4) excluded

Normalweight 586 (59.9) 586 (77.4)

Overweight 109 (11.1) 109 (14.4)

Obese 63 (6.5) 63 (8.2)

Child BMI z-scoreb (Mean) − 0.18 (SD
1.79)

0.52 (SD 1.07)

Parent Gender - Male 52 (5.3) 42 (5.5)

Parent BMI categoryc

Underweight (< 18.50 kg/
m2)

13 (1.3) 12 (1.6)

Normal weight (18.50–
24.99 kg/m2)

398 (40.7) 305 (40.3)

Overweight (≥25.00 kg/
m2)

254 (26.0) 196 (25.9)

Obese ≥30.00 kg/m2) 312 (32.0) 244 (32.2)

Breastfeeding History

Less than 6 months 358 (36.6) 276 (36.5)

6 months of more 619 (63.4) 481 (63.5)

Income

Low: less than AU$40,000 129 (13.2) 103 (13.6)

Middle: AU$40,000 -
100,000

407 (41.6) 320 (42.3)

High: more than
AU$100,000

441 (45.2) 334 (44.1)

Australian State

Victoria 173 (17.7) 133 (17.6)

New South Wales 246 (25.2) 189 (25)

Queensland 292 (30.0) 230 (30.4)

Australian Capital Territory 28 (2.9) 21 (2.8)

Western Australian 122 (12.5) 93 (12.3)

Tasmania 29 (3.0) 23 (3.0)

Northern Territory 5 (0.5) 4 (0.5)

South Australia 82 (8.4) 64 (8.5)

Region Type

Capital city 255 (26.1) 201 (26.6)

Metro (population over 301 (30.8) 235 (31.0)

Table 1 Demographic Data (Continued)

Total sample
n = 977 (%)

Normal weight, overweigh
and obese only n = 757 (%)

100,000)

Large rural (population
25,000–99,999)

188 (19.3) 145 (19.2)

Small rural (population
10,000 – 24,999)

128 (13.1) 93 (12.3)

Large remote (population
5000 – 9999)

41 (4.2) 32 (4.2)

Small remote (population
less than 5000)

64 (6.5) 51 (6.7)

N (%) reported for dichotomous variables; Mean (SD) reported for continuous
aCut offs per Cole, TJ. (2000 and 2007); b2000 CDC growth charts; cCut offs per
WHO classifications for adults (2000)
Data presented in this table has previously been published in Boswell, et
al., (2018)
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Factor 8 ‘Parent’s Nutrition Knowledge’ to be associated
with residing in a capital city, breastfeeding for more
than 6months and not identifying as of low income. The
effect of such ‘advantaged’ life circumstances may fur-
ther be reflected in the positive association between ‘Par-
ent’s Nutrition Knowledge’ (Factor 8) and slowness in
eating, as a food avoidance eating behaviour associated
with a reduced obesity risk, although, in previous ana-
lysis of these data slowness in eating was not signifi-
cantly associated with child BMI [3, 26, 54].
Alternatively, given that use of persuasive feeding strat-
egies, as a ‘non-responsive’ feeding practice associated
with childhood obesity, and family use of TV during
meals, as discussed to be detrimental, also loaded

negatively onto Factor 8, the inconsistencies previously
seen in the literature between nutrition knowledge and
weight status, could be due to failing to consider other
aspects of the FFE that work synergistically with nutri-
tion knowledge and support the translation of know-
ledge into health behaviours [48].
Given the strength of the relationship between

non-responsive feeding practices and childhood obesity,
as seen in a systematic review of 31 studies, 20 of which
specifically involved children during early childhood, the
relationship between Factor 1 ‘Negative Feeding Strat-
egies’ and child BMI category in this study is generally
not surprising [48]. What is interesting in relation to
Factor 1 ‘Negative Feeding Strategies,’ however, is that

Table 2 Varimax- rotated Family Food Environment variables loading on factors extracteda

Component

1
Negative
Feeding Strategies

2
Negative Nutrition
Related Beliefs

3
High
Resources

4
High
Skill

5
Health
focused
restriction

6
Family
Meals

7
TV and
devices

8
Parent’s
nutrition
Knowledge

Belief: Healthy Eating is expensive 0.712

Belief: It takes too long to prepare healthy
food

0.696

Belief: Healthy Food doesn’t taste good 0.583

Belief: Healthy eating is important 0.650

Suitable cooking facilities 0.878

Suitable food storage 0.870

Sufficient money to buy food each week −0.562 0.397

Parent’s shopping skills 0.754

Parent’s cooking skills 0.836

Single Family Mealb 0.683

Food as a reward for eatingb 0.817

Food as a reward for behaviourb 0.698

Parent use of Persuasive feedingb 0.717 −0.272

Parent use of Covert restrictionb 0.723

Parent use of Overt restrictionb 0.437 0.464

Structured Meal settingb 0.359 0.421

Structured Meal timingb 0.302 −0.353 −0.332

Frequency of Family Meals per week 0.630

Parent Total Nutrition Knowledge 0.833

Family use of TV/devices during meals (yes/
sometimes)

−0.303 0.362 −0.416

Child use of TV/devices during meals (yes/
sometimes)

0.682

Adult use of TV/devices during meals (yes/
sometimes)

0.677

Availability of fruit and vegetables
(Sometimes/never)

0.383 −0.260 0.292

Extraction Method: Principal Component Analysis
Rotation Method: Varimax with Kaiser Normalization
a. In interest of table readability, family food environment variables loading < 0.25 and <-0.25 are not shown
b. FPSQ-28 Sub Scales (Jansen, et al. 2016)
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the feeding practice structured meal setting, as a respon-
sive feeding practice hypothesised to allow children to
eat in a setting in which they can attend to their internal
cues of hunger and satiety, also loaded onto this factor.
This somewhat contradictory finding in this study, again
highlights the importance of considering FFE variables
as composites, reflecting an authentic environmental

exposure. In this instance, while the hypothesise of a
structured meal setting allowing a child to attend to
their hunger and satiety cues holds much merit, the
findings of this study suggest that when combined with
other non-responsive feeding practices such as overt re-
striction and food as a reward, the overall impact on a
child’s weight and eating behaviours (namely food

Table 3 Family Food Environment factor differences by child BMI category (MANOVA)

Family Food Environment Factors* Normal Weight (n = 586)
Means (SD)

Overweight (n = 109)
Means (SD)

Obese
(n = 62)
Means (SD)

Sig. (p value) Partial n2

Factor 1: Negative feeding strategies1 −0.021 (1.0) − 0.056 (0.95) 0.296 (0.98) 0.046 0.008

Factor 2: Negative Nutrition Related Beliefs2 −0.065 (1.0) 0.239 (0.98) 0.196 (1.13) 0.004 0.015

Factor 3: High Resources3 −0.009 (1.0) 0.132 (0.87) −0.136 (1.15) 0.209 0.004

Factor 4: High Skill4 0.011 (0.99) −0.072 (1.05) 0.033 (1.03) 0.658 0.001

Factor 5: Health Focused Restriction5 −0.000 (1.02) −0.048 (0.97) 0.088 (0.87) 0.690 0.001

Factor 6: Family Meals6 −0.000 (1.00) 0.027 (0.97) −0.041 (1.01) 0.901 0.000

Factor 7: TV and Devices7 0.045 (1.01) −0.106 (1.03) − 0.238 (0.83) 0.049 0.008

Factor 8: Parent’s Nutrition Knowledge8 0.021 (0.98) 0.065 (1.05) −0.311 (1.02) 0.032 0.009

*Factor characteristics:
1: Food as a reward for eating, Food as a reward for behaviour, Parent use of Persuasive feeding, Parent use of Overt restriction, Structured Meal setting,
2: Belief: Healthy Eating is expensive, Belief: It takes too long to prepare healthy food, Belief: Healthy Food doesn’t taste good, Availability of fruit and vegetables,
Sufficient money to buy food each week (negatively loaded)
3: Suitable cooking facilities, Suitable food storage, Sufficient money to buy food each week
4: Parent’s shopping skills, Parent’s cooking skills, Availability of fruit and vegetables (negatively loaded)
5: Belief: Healthy eating is important, Parent use of Covert restriction, Parent use of Overt restriction, Structured Meal timing,
6: Single Family Meal, Structured Meal setting, Structured Meal timing (negatively loaded), Frequency of Family Meals per week, Family use of TV/devices during
meals (negatively loaded)
7: Structured Meal timing (negatively loaded), Family use of TV/devices during meals, Child use of TV/devices during meals, Adult use of TV/devices during meals,
Availability of fruit and vegetables
8: Parent use of Persuasive feeding (negatively loaded), Parent Total Nutrition Knowledge, Family use of TV/devices during meals (negatively loaded)

Table 4 Variables Predictive of Family Food Environment Factors, controlling for covariates (excluding UW)

Factor 1: Negative Feeding
Strategies

Factor 2: Negative
Nutrition Related Beliefs

Factor 7: TV and devices Factor 8: Parent’s Nutrition
Knowledge

Step 1-Covariates B (SE) Β (P Value) B (SE) Β (P Value) B (SE) Β (P Value) B (SE) Β (P Value)

Parent BMI −0.793 (0.321) − 0.110 (0.014) 1.658 (0.318) 0.226 (0.000)

Child sex (male) 0.179 (0.087) 0.087 (0.040)

Breastfeeding less than 6
months

0.182 (0.090) 0.087 (0.044) −0.237 (0.099) −0.111 (0.017)

Child Sleep duration

Low Income 0.400 (0.119) 0.147 (0.001) −0.380 (0.129) −0.138 (0.003)

Parent Anxiety

Parent Depression

Parent Stress 0.350 (0.141) 0.155 (0.014)

Capital City Residency 0.236 (0.109) 0.099 (0.031) 0.270 (0.112) 0.114 (0.015)

Step 2-Children’s Eating Behaviour Questionnaire Sub-scales

Enjoyment of Food

Food Fussiness 0.214 (0.065) 0.201 (0.001)

Food Responsiveness 0.410 (0.068) 0.305 (0.000) 0.160 (0.067) 0.117 (0.018)

Satiety Responsiveness

Slowness in Eating 0.237 (0.069) 0.161 (0.001) −0.164 (0.076) −0.108 (0.031)
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fussiness and food responsiveness; Table 4) is negative.
This could be due to the overall context and family cli-
mate in which such structure around meal settings is
imposed, as consistent with the idea of authoritarian
parenting (high control, rigidness, low responsiveness)
which has similarly been seen to be associated with
childhood obesity as well as the use of a range of
non-responsive feeding practices [55, 56].
Of further interest, Factor 1 ‘Negative Feeding Strat-

egies’ was seen to be negatively associated with parent
BMI, although no other psycho-social variables. This
negative association with parent’s BMI, in the absence
of other psycho-social variables which would contrib-
ute to a high risk factors for childhood obesity, is
likely to be particularly important in highlighting the
increased risk of obesity development imposed on
children by parents who implement non-responsive
feeding strategies irrespective of psycho-social risk
[57]. Tripicchio, et al., (2014), similarly showed this,
by demonstrating that after controlling for shared en-
vironment and genetics, restrictive feeding practices
were associated with child weight status [58]. The
findings of this study are further consistent with the
literature which has shown non-responsive feeding
strategies to relate to eating behaviours such as food
responsiveness and food fussiness [10, 12, 13].
While the intention of parents in implementing

such non-responsive feeding practices are likely well
intended, given the bi-directional relationship between
feeding practices and children’s eating behaviours,
particularly food responsiveness as shown by Jansen,
et al., (2018), and associated with Factor 1 (Negative
Feeding Strategies), it is plausible that parents imple-
ment such non-responsive feeding strategies in an at-
tempt modulate eating behaviours and/or control
child weight [59]. Additionally, given that Factor 1
was also associated with food fussiness, it is possible
that a similar bi-directional relationship food fussiness
and strategies intended to overcome such difficult
meal time behaviours occurs. Jansen, et al., (2017)
and Harris, et al., (2016), have specifically shown the
presence of a bi-directional relationship with
non-responsive feeding practices and fussy food be-
haviour in young children [23, 60]. Given this likely
misdirection of parent’s good intentions in feeding
their child, intervention strategies which focus on
providing support for parents to understand and in-
terpret their child’s individual tendencies/innate eating
behaviours, as well as implement the appropriate re-
sponsive feeding strategies, are likely to be of import-
ance in reducing obesity development and/or in
modifying obesogenic eating behaviours.
On this note, in addition to examining the cumulative

impact of FFE variables on children’s eating behaviours

and obesity development, this study provides insight into
the relationship between psycho-social variables and FFE
factors which may contribute to understanding of in-
equitable obesity risk within the population and directly
extends on our previous research which explored the re-
lationship between children’s eating behaviour with
psycho-social variables, as were hypothesised to impact
upon children’s eating behaviours and obesity develop-
ment through neuro-biological pathways [26]. This ex-
tended perspective on the contribution of FFE variables
on the development of obesity, and the examination of
psycho-social variables associated with these factors, is
likely to be of benefit in planning obesity prevention in-
terventions which are more appropriately targeted, in
consideration of authentic FFE exposure. For instance,
obesity prevention initiatives focusing on constructs
aligning with the cumulative use of ‘Negative Feeding
Strategies’ may have general suitability to early child-
hood populations since no demographic variables were
associated with this factor. In more specifically targeting
lower socio-economic populations, however, children of
obese parents, and/or boys in particular, framing inter-
ventions towards variables cumulatively associated with
the factor ‘Negative nutrition beliefs,’ such as availability
of fruits and vegetables within the home and parental
skills to prepare quick, healthy, tasty and affordable
meals, may be more appropriate. Longitudinal studies
are additionally needed, however, to better inform such
future directions particularly given that during the early
childhood period obesity is still emerging and as such al-
ternative FFE factors could have differing longitudinal
impacts on obesity development. Factor 3 ‘High Re-
sources’ and Factor 4 ‘High Skills,’ for instance, may have
an obesity protective effect longitudinally that was not
seen cross-sectionally in this study.

Strengths and weaknesses
This study captures a broad scope of variables concep-
tualised within the FFE and uniquely considers the col-
lective influence of these variables on childhood obesity
development. Whilst this study is limited in its exclusion
of physical activity measures, the inclusion of children’s
eating behaviours is a strength given the significant rela-
tionship between CEBQ sub-scales and obesity develop-
ment, as is the inclusion of parent’s feeding practices
and strategies, as a pivotal socio-cultural influence
widely examined for its role in the development of obes-
ity and eating behaviours [2, 3, 12, 13, 18, 45, 46, 61, 62].
On this note, the use of the CEBQ, the FPSQ-28, as well
as the DASS-21, adds strength to this study as these
measures have been well validated across the literature
[27, 28, 30, 31]. Caution in interpretation of these results
should, however, still be taken due to several survey
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items being adapted specifically for this study which may
compromise validity.
In this regard, the inclusion, and consequently signifi-

cance of, parent’s nutrition-related beliefs is a unique
and important aspect of this study. Little attention has
been given in the literature to understanding the role of
parent’s specific beliefs and attitudes towards food and
nutrition, which, based on the findings of this study, play
a significant role in the development of obesity and obe-
sogenic eating behaviours. Whilst the effect of these
beliefs on child weight was seen cumulatively and along-
side other FFE variables in this study, the specificity of
the beliefs measured is highly informative in terms of
understanding current facilitators of nutrition-related
behaviours as well as opportunities to consequently sup-
port behaviour change. Further attention in the literature
should be given to exploring this role of parent’s
nutrition-related beliefs on child weight and eating be-
haviours through use of additionally validated measures.
While the inclusion of a broad range of covariates in

this study allows for a thorough picture of psycho-social
influences on FFEs of children during early childhood in
Australia, it is recognised that this may increase the risk
of type 1 errors. While no adjustments were made for
this, it can be seen in Table 4 that the many of p-values
are quite low and as such the interpretation of the ma-
jority of results would not differ with adjustment. Des-
pite being cross-sectional in nature, this study is
strengthened by the large sample of participants repre-
senting all states and territories in Australia. Single par-
ents were represented at a rate comparable to the 15%
reported nationally, and distribution of participants in
the high and middle income groups were represented
similarly, although low income families were underrep-
resented [63]. This under-representation of low income
families is likely to be a limitation of this study which
impacts the generalisability and application of these re-
sults, particularly in obesity prevention initiatives. Al-
though anthropometric data in this study were
self-reported, steps were taken to ensure the biological
plausibility of included cases, as is considered a quality
feature given that approximately 41% of large epidemio-
logical studies do not address biological implausibility
[64]. Similar to what has been reported in other studies,
anthropometric data deemed biologically implausible
values was higher in boys, although, contrary to other
studies implausible data were higher in younger children
[65, 66]. No differences in demographic characteristics
were between children classified as underweight com-
pared with other BMI categories.
On this note, although underweight children were ex-

cluded from analysis in this study, the decision to do so is
well justified. Firstly, the overrepresentation of underweight
children in the initial sample compared to national data

(22.4% vs 7.55%, respectively) would likely have further
compromised the generalisability of the findings of this
study [42]. Furthermore, given the focus of this study on
obesity development, the comparability of overweight and
obese children to national date (15.2% overweight and 5.5%
obese, at 4–5 years of age), once underweight children were
removed, strengthens the validity of the results. [63, 67] On
this note, the over-representation of underweight children
in the original sample could be in part attributed to recruit-
ment through social media which biased the sample. This
sample bias may also assist to explain rates of breastfeeding
longer than 6months (63.4%) being higher than national
average (50% still receiving breastmilk at 6–9months) [68].
This risk of sample bias is important to consider in inter-
preting the results of this study.

Conclusion
Environmental factors within the FFE have a clear rela-
tionship with the development of childhood obesity and
obesogenic behaviours. Consideration of the composite ef-
fect of FFE on these outcomes is likely to be important in
guiding future research and obesity prevention initiatives
by providing a more authentic picture of the FFE children
are exposed to, from which more targeted and appropriate
strategies can be developed. Examining factors of FFE var-
iables in conjunction with psycho-social variables, as in
this study, further articulates the reciprocal influence of
these variables on environmental constructs thus assisting
in understanding of inequitable distribution of obesity
risk. Acknowledging the different and multiple needs of
sub-populations in this manner may be used to better
tailor obesity prevention interventions.

Abbreviations
BMI: Body Mass Index; CEBQ: Children’s Eating Behaviour Questionnaire;
DASS: Depression, Anxiety and Stress Scale; FFF: Family Food Environment;
FPSQ: Feeding Practice and Structure Questionnaire; RRMA: Rural, Remote
and Metropolitan Areas; TV: Television

Acknowledgements
The authors gratefully acknowledge the assistance provided by Dr. Anne
Bernard of QFAB Bioinformatics (University of Queensland) who provided
statistical support. The authors would also like to thank the participants who
gave their time to participate in this research.

Funding
The research reported in this paper was supported by a University of
Queensland Research Scholarship (Post Graduate Research Award).

Availability of data and material
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.

Authors’ contributions
NB was the lead researcher for this project, supervised by PSSD and RB. NB
wrote the first draft of the manuscript and conducted all data analyses.
PSWD and RB provided guidance on statistical methodology, proof reading
and editing. All authors have read and approved the final version of this
manuscript.

Boswell et al. BMC Obesity            (2019) 6:17 Page 9 of 11



Ethics approval and consent to participate
Ethical approval for this research project has been granted through the
Behavioral and Social Sciences Ethical Review Committee, The University of
Queensland (approval number 2016000860). Informed consent was obtained
from parents on behalf of children via a website checkbox displayed
following the plain language statement.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1The University of Queensland, QLD, Brisbane, Australia. 2Queensland
University of Technology, QLD, Brisbane, Australia.

Received: 28 March 2018 Accepted: 22 March 2019

References
1. Carnell S, Wardle J. Appetite and adiposity in children: evidence for a

behavioral susceptibility theory of obesity. Am J Clin Nutr. 2008;88:22–9.
2. Birch L, Davison KK. Family environmental factors influencing the

developing behavioral controls of food intake and childhood overweight.
Pediatr Clin N Am. 2001;49(4):893–907.

3. Webber L, Hill C, Saxton J, Van Jaarsveld CHM, Wardle J. Eating behaviour
and weight in children. Int J Obes. 2009;33:21–8.

4. Spence JC., C., V., Casey L., Boule N., e xamining behavioural susceptibility to
obesity among Canadian pre-school children: the role of eating behaviours.
Int J Pediatr Obes, 2011. 6: p. e501–e507.

5. Campbell K, Hesketh K, Crawford D, Salmon J, Ball K, McCallum Z. The Infant
feeding activity and nutrition trial (INFANT) an early intervention to prevent
childhood obesity: cluster-randomised controlled trial. BMC Public Health.
2008;8:103.

6. Daniels L, Magarey A, Battistutta D, Nicholson JM, Farrell A, Davidson G,
Cleghorn G. The NOURISH randomised control trial: positive feeding
practices and food preferences in early childhood - a primary prevention
program for childhood obesity. BMC Public Health. 2009;9:387.

7. Johnson BA, Kremer PJ, Swinburn BA, de Silva-Sanigorski AM. Multilevel
analysis of the be active eat well intervention: environmental and
behavioural influences on reductions in child obesity risk. Int J Obes. 2012;
36(7):901–7.

8. Rosenkranz R, Dzewaltowski DA. Model of the home food environment
pertaining to childhood obesity. Nutr Rev. 2008;66(3):123–40.

9. Brofenbrenner U. Toward an experimental ecology of human development.
Am Psychol. 1977;32:513–31.

10. Campbell K, Andrianopoulos N, Hesketh K, Ball K, Crawford D, Brennan L,
Corsini N, Timperio A. Parental use of restrictive feeding practices and child
BMI z-score. A 3-year prospective cohort study. Appetite. 2010;55:84–8.

11. Gregory J, Paxton SJ, Brozovic AM. Pressure to eat and restriction are
associated with child eating behaviours and maternal concern about child
weight, but not child body mass index, in 2-to 4-year-old children. Appetite.
2010;54.

12. McPhie S, Skouteris H, McCabe M, Ricciardell LA, Milgrom J, Baur LA, Aksan
N, Aquila DD. Maternal correlates of preschool child eating behaviours and
body mass index: a cross-sectional study. Int J Pediatr Obes. 2011;6:476–80.

13. Rodgers R, Paxton SJ, Massey R, Campbell KJ, Wertheim EH, Skouteris H,
Gibbons K. Maternal feeding practices predict weight gain and obesogenic
eating behaviors in young children: a prospective study. Int J Behav Nutr
Phys Act. 2013;10:24.

14. Spurrier N, Magarey AA, Golley R, Curnow F, Sawyer MG. Relationships
between the home environment and physical activity and dietary patterns
of preschool children: a cross-sectional study. Int J Behav Nutr Phys Act.
2008;(5):31.

15. Fildes A, Mallan KM, Cooke L, van Jaarsveld CHM, Llewellyn CH, Fisher
A, Daniels L. The relationship between appetite and food preferences in

British and Australian children. Int J 495 Behav Nutr Phys Act. 2015;
12(116).

16. Koh G, Scott JA, Woodman RJ, Kim SW, Daniels LA, Magarey AM. Maternal
feeding self-efficacy and fruit and vegetable intakes in infants. Results from
the SAIDI study. Appetite. 2014;81:44–51.

17. Wheaton N, Millar L, Allender S, Nichols M. The stability of weight status
through the early to middle childhood years in Australia: a longitudinal
study. BMJ. 2015.

18. Gregory J, Paxton SJ, Brozovic AM. Maternal feeding practices, child eating
behaviour and body mass index in preschool-aged children: a prospective
analysis. Int J Behav Nutr Phys Act. 2010;(7):55.

19. Renzaho A, Dau A, Cyril S, Ayala GX. The influence of family functioning on
the consumption of unhealthy foods and beverages among 1- to 12-y-old
children in Victoria, Australia. Nutrition. 2014;30:1028–33.

20. Litterbach E, Campbell KJ, Spence AC. Family meals with young children: an
online study of family mealtime characteristics, among Australian families
with children aged six months to six years. BMC Public Health. 2017;17(111).

21. Faith M, Scanlon KS, Birch LL, Francis LA, Sherry B. Parent-child feeding
strategies and their relationships to child eating and weight status. Obes
Res. 2004;12(11):1711–22.

22. Wake M, Nicholson JM, Hardy P, Smith K. Preschooler obesity and parenting
styles of mothers and fathers: Australian National Population Study. Pediatr.
2007;120(6).

23. Harris H, Fildes AF, Mallan KM, Llewellyn CH. Maternal feeding practices and
fussy eating in toddlerhood: a discordant twin analysis. Int J Behav Nutr
Phys Act. 2016;13(81).

24. Cole T, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition
for child overweight and obesity worldwide: international survey. BMJ. 2000;
320(7244):1240.

25. Cole T, Flegal KM, Nicholls D, Jackson AA. Body mass index cut offs to
define thinness in children and adolescents: international survey. BMJ. 2007;
335:194.

26. Boswell N, Byrne R, Davies PSW. Eating behavior traits associated with
demographic variables and implications for obesity outcomes in early
childhood. Appetite. 2018;120:482–90.

27. Jansen E, Mallan KM, Nicholson JM, Daniels LA. The feeding practices and
structure questionnaire : construction and initial validation in a sample of
Australian first-time mothers and their 2-year olds. Int J Behav Nutr Phys
Act. 2014;11:72.

28. Mallan KM, Liu WH, Mehta RJ, Daniels LA, Magarey A, Battistutta D. Maternal
report of young children’s eating styles. Validation of the Children’s eating
behaviour questionnaire in three ethnically diverse Australian samples.
Appetite. 2013;64:48–55.

29. Australian Institute of Health and Welfare. Rural, Remote and Metropolitan
Areas (RRMA) classification. n.d [cited 2016 18 June]; Available from: http://
www.aihw.gov.au/rural-health-rrma-classification/.

30. Szabo M. The short version of the depression anxiety stress scales (DASS-
21): factor structure in a young adolescent sample. J Adolesc. 2010;33:1–8.

31. Jansen E, Williams KE, Mallan KM, Nicholson JM, Daniels LA. The feeding
practices and structure questionnaire (FPSQ-28): a parsimonious version
validated for longitudinal use from 2 to 5 years. Appetite. 2016;100:172–80.

32. Hendrie GA, Cox DN, Coveney J. Validation of the general nutrition knowledge
questionnaire in an Australian community sample. Nutr Diet. 2008;65:72–7.

33. Parmenter K, Wardle J. Development of a general nutrition knowledge
questionnaire for adults. J Clin Nutr. 1999;53:298–308.

34. Ross AM, Melzer T. Beliefs as barriers to healthy eating and physical activity.
Australian J Psychol. 2016;68(4):251–60.

35. Axelson M, Brinberg D. A social-psychological perspective on food-related
behavior. Recent res Psychol, 1989. Springer US.

36. Lovibond S, Lovibond PF. Manual for the depression anxiety & stress scales.
2nd ed. Sydney: Psychology Foundation; 1995.

37. Fields A. Discovering statistics using SPSS. Vol. 2. 2005. London: Sage.
38. Costello A, Osborne JW. Best practices in exploratory factor analysis: four

recommendations for getting the Most from your analysis. Prac Assess, Res
Eval. 2005;10(7).

39. Bell L, Golley RK, Daniels L, Magarey AM. Dietary patterns of Australian
children aged 14 and 24 months, and associations with socio-demographic
factors and adiposity. Eur J Clin Nutr. 2013;67:638–45.

40. Northstone K, Emmett P. The associations between feeding difficulties and
behaviours and dietary patterns at 2 years of age: the ALSPAC cohort.
Matern Child Nutr. 2013;9:533–42.

Boswell et al. BMC Obesity            (2019) 6:17 Page 10 of 11

http://www.aihw.gov.au/rural-health-rrma-classification/
http://www.aihw.gov.au/rural-health-rrma-classification/


41. Spence J, Carson V, Casey L, Boule N. Examining behavioural susceptibility
to obesity among Canadian pre-school children: the role of eating
behaviours. Int J Pediatr Obes. 2011;6:e501–7.

42. Australian Bureau of Statistics, National Health Survey: first results, 2014-15
Australian bureau of Statistics, Editor. 2015: Canberra.

43. He J, Cai Z, Fan X. Accuracy of using self-reported data to screen children
and adolescents for overweight and obesity status: a diagnostic meta-
analysis. Obes Res Clin Pract. 2017.

44. Howell, D., Statistical methods for psychology. Belmont, CA: Thompson
Wadsworth, 2007.

45. Schrempft S, van Jaarsveld CHM, Fisher A, Wardle J. The obesogenic quality
of the home environment: associations with diet, physical activity, TV
viewing, and BMI in preschool children. PLoS One. 2015;10(8):e0134490.

46. Watanabe E, Lee JS, Mori KM, Kawakubo K. Clustering patterns of obesity-
related multiple lifestyle behaviours and their associations with overweight
and family environments: a cross-sectional study in Japanese preschool
children. BMJ Open. 2016;6:e012773.

47. Valdés J, Rodríguez-Artalejo F, Aguilar L, Jaén-Casquero MB, Royo-
Bordonada MA. Frequency of family meals and childhood overweight: a
systematic review. Pediatr Obes. 2012;8:E1–E13.

48. Hurley K, Cross MB, Hughes SO. A systematic review of responsive feeding
and child obesity in high-income countries. J Nutr. 2011;141.

49. Campbell K, Abbott G, Spence AC, Crawford DA, McNaughton SA, Ball K.
Home food availability mediates associations between mothers' nutrition
knowledge and child diet. Appetite. 2013;71:1–6.

50. Gibson E, Wardle J, Watts CJ. Fruit and vegetable consumption, nutritional
knowledge and beliefs in mothers and children. Appetite. 1998;31:205–28.

51. Haire-Joshu D, Elliott MB, Caito NM, Hessler K, Nanney MS, Hale N,
Brownson RC. High 5 for kids: the impact of a home visiting program on
fruit and vegetable intake of parents and their preschool children. Prev
Med. 2008;47(1):77–82.

52. Wardle J, Parmenter K, Waller J. Nutrition knowledge and food intake.
Appetite. 2000;34:269–75.

53. Klohe-Lehman D, Freeland-Graves J, Anderson ER, Mcdowell T, Clarke KK,
Hanss-Nuss H, Cai G, Puri D, Milani TJ. Nutrition knowledge is associated
with greater weight loss in obese and overweight low-income mothers. J
Am Diet Assoc. 2006;106(1):65–75.

54. Spence J, Carson V, Casey L, Boule N. Examining behavioural susceptibility
to obesity among Canadian pre-school children: the role of eating
behaviours. Int J Pediatr Obes. 2011;6(2–2):e501–7.

55. Kakinami L, Barnett TA, Séguin L, Paradis G. Parenting style and obesity risk
in children. Prev Med. 2015;75:18–22.

56. Hubbs-Tait L, Kennedy TS, Page MC, Topham GL, Harrist AW. Parental
feeding practices predict authoritative, authoritarian, and permissive
parenting styles. J Am Diet Assoc. 2008;108(7):1154–61.

57. Clark H, Goyder E, Bissell P, Blank L, Peters J. How do parents' child-feeding
behaviours influence child weight? Implications for childhood obesity
policy. J Public Health. 2007;29(2):132–41.

58. Tripicchio G, Keller KL, Johnson C, Pietrobelli A, Heo M, Faith MS. Differential
maternal feeding practices, eating self-regulation, and adiposity in young
twins. Pediatr. 2014;134(5):e1399–404.

59. Jansen E, Williams KE, Mallan KM, Nicholson JM, Daniels LA. Bidirectional
associations between mothers’ feeding practices and child eating
behaviours. Int J Behav Nutr Phys Act. 2018;15(1):3.

60. Jansen P, de Barse LM, Jaddoe VWV, Verhulst FC, Franco OH, Tiemeier H. Bi-
directional associations between child fussy eating and parents' pressure to
eat: who influences whom? Physiol Behav. 2017;176(Supplement C):101–6.

61. Llewellyn C, Fildes A. Behavioural susceptibility theory: professor JaneWardle
and the role of appetite in genetic risk of obesity. Curr Obes Rep. 2017.
https://doi.org/10.1007/s13679-017-0247-x.

62. Byrne R, Jansen E, Daniels L. Perceived fussy eating in Australian children at
14 months of age and subsequent use of maternal feeding practices at 2
years. Int J Behav Nutr Phys Act. 2017;14(1):123.

63. Australian Bureau of Statistics, One parent families: Labour Force, Australia:
Labour Force Status and Other Characteristics of Families, Jun 2012,
Australian Bureau of Statistics, Editor. 2013, Australian Government
Publishing Service: Canberra.

64. Lawman H, Ogden CL, Hassink S, Mallya G, Veur SV, Foster GD. Comparing
methods for identifying biologically implausible values in height, weight
and body mass index among youth. Am J Epidemiol. 2015;182(4):359–65.

65. De La A, Jordan KC, Ortiz K, Moyer-Mileur LJ, Stoddard G, Friedrichs M, Cox
R, Carlson EC, Heap E, Mihalopoulos NL. Do parents accurately perceive
their Child’s weight status? Pediatr Health Care. 2009;23(4).

66. Aasvee K, Rasmussen M, Kelly C, Kurvinen E, Giacchi MV, Ahluwalia N.
Validity of self-reported height and weight for estimating prevalence of
overweight among Estonian adolescents: the health behaviour in school-
aged children study. BMC Res Notes. 2015;8(606).

67. Wake M, Hardy P, Canterford L, Sawyer M, Carlin JB. Overweight, obesity
and girth of Australian preschoolers: prevalence and socio-economic
correlates. Int J Obes. 2007;31:1044–51.

68. Australian Bureau of Statistics, Australian Health Survey: Health Service
Usage and Health Related Actions, 2011–12, Australian Bureau of Statistics,
2013. 4364.0.55.002.

Boswell et al. BMC Obesity            (2019) 6:17 Page 11 of 11

https://doi.org/10.1007/s13679-017-0247-x

	Abstract
	Background
	Methods
	Results
	Conclusion
	*keywords

	Background
	Methods
	Parent’s feeding practices and structure
	The frequency of family meals
	General nutrition knowledge
	Nutrition related beliefs
	Parental depression, anxiety and stress
	Home resources and Parent’s personal skills
	Ethics approval
	Statistical method

	Results
	Family food environment factors
	Family Food Environments & Child BMI category
	Relation between FFE factors and children’s eating behaviours, controlling for covariates

	Discussion
	Strengths and weaknesses

	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and material
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

