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Abstract

Background: This study examined bidirectional relationships between maternal feeding practices and child food
responsiveness and satiety responsiveness from 2 to 5 years.

Methods: Mothers (N =207) reported their own feeding practices and child eating behaviours using validated
questionnaires at child ages 2, 3.7, and 5 years. Cross-lagged analyses were conducted to test for bidirectional
effects, adjusting for child BMI z-score (based on measured weight and height) at 14 months.

Results: Eating behaviours and feeding practices showed strong continuity across the three time points. Maternal
feeding practices (higher reward for behaviour [ =0.12, p=0.025] and lower covert restriction [ =—0.14, p = 0.008])
were prospectively associated with higher food responsiveness. Conversely, increased child satiety responsiveness
was primarily prospectively associated with mothers’ feeding practices (increased structured meal timing [3=0.11,
p=0.038], overt [3=0.14, p=0.010] and covert restriction [ =0.11, p = 0.022]). The only exception was family meal
setting, which was prospectively negatively associated with satiety responsiveness (3 =—0.11, p =0.035).

Conclusion: While maternal feeding practices and child satiety and food responsiveness show strong continuity
between child age 2 and 5 years, maternal feeding practices appear to be associated with child food responsiveness
over time. Conversely, child satiety responsiveness, but not food responsiveness, may also be associated with maternal
feeding practices over time. These results are consistent with interventions that provide feeding advice to parents on
how to respond appropriately to individual child eating behaviour phenotype.

Trial registration: ACTRN12608000056392. Registered 29 January 2008.
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Background

In response to the established need to prevent child
obesity [1] research has considered a range of modifiable
determinants of children’s eating behaviours, dietary
intake and physical activity/inactivity that set the foun-
dation for lifelong healthy or unhealthy habits. Parental
feeding practices have been the focus of a number of re-
cent child obesity prevention interventions [2] due to
established links with child eating behaviours and weight
status [3]. There is evidence that parents commonly use
feeding practices that encourage children to eat for
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reasons other than hunger (e.g. reward for eating or
other desired behaviours or regulate emotional state) or
otherwise attempt to over-ride children’s hunger and
satiety cues (e.g. pressure to eat) [4, 5]. These types of
practices have been termed ‘coercive control’ [6] or
‘non-responsive’ [7, 8] feeding and may contribute to the
development of childhood obesity by fostering obeso-
genic eating behaviours such as overeating [3, 9]. An
alternative, more positive approach to feeding has been
conceptualised as ‘authoritative’ feeding [7, 10] and com-
bines two related operational components of parental
feeding practice. Firstly, parents recognise and are
appropriately responsive to child signals of huger and
satiety (responsive feeding), and secondly they provide
structure (routines and supportive limits, reduced
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distraction, predictable schedule) [6] within the feeding
context that support both parent and child to attend to,
communicate and then respond to child cues of hunger
and satiety [5, 11-17]. The Trust model [13] theorises
that the two components of authoritative feeding
support and maintain the child’s capacity to self-
regulate energy intake and develop healthy eating
habits which in turn may be associated with reduction
in child obesity risk.

Two child eating behaviours that have become of par-
ticular interest in this context are satiety responsiveness
(i.e. fullness sensitivity reflecting good self-regulation in
eating capability) and food responsiveness (i.e. tendency
to overeat reflecting poor self- regulation in eating cap-
ability) [18]. Together low satiety responsiveness and
high food responsiveness have been purported to be in-
dicative of a ‘big appetite;, and both have been associated
with overeating and overweight [19-21]. Recent
evidence from twin studies has shown that these eating
behaviours, which are commonly measured by the
parent-report Children’s Eating Behaviour Questionnaire
(CEBQ) [22], are highly heritable (genetic component
between 63 and 89%) [19, 23, 24] and are stable across
time points [25, 26]. Nonetheless, the remaining variance
in these child eating behaviours is due to (non-)shared en-
vironmental influences, and parental feeding practices have
been identified as one modifiable determinant.

A large number of studies have cross-sectionally ex-
amined associations between parental feeding practices
and child eating behaviours such as satiety and food re-
sponsiveness, eating in the absence of hunger and self-
regulation of eating [3]. These studies found mostly
positive relationships between non-responsive or coer-
cive control feeding practices (such as pressure to eat/
persuasive feeding, [overt] restriction, or using food as
reward/bribe) and satiety responsiveness [7, 27-32], food
responsiveness [7, 27, 29, 30, 32, 33] and eating in the
absence of hunger [34]. The only exception was pressure
to eat which was negatively associated with food respon-
siveness in 3 out of 4 studies [7, 28, 30, 35]. The rela-
tionships between structure-related feeding practices
and the abovementioned child eating behaviours have
been less often examined. Studies found that structure-
related feeding practices (i.e. family meal setting,
structured meal setting, structured meal timing, estab-
lished snack time) were negatively associated with satiety
[7, 29] and food responsiveness [35] but positively asso-
ciated with self-regulation in eating [36].

Whilst this cross-sectional research cannot determine
direction of effects, recent longitudinal studies have pro-
vided support to the argument that (non-responsive)
feeding practices may directly influence child eating be-
haviours (i.e. parent-driven association). For instance
high levels of restrictive feeding practices at age 5 years
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were associated with more eating in the absence of hun-
ger in girls (n=140) two and 4 years later [37]; high
levels of overtly restrictive feeding practices at 2 years
were associated with higher satiety responsiveness at
child age 3.7 years (n=347) [38]; and higher levels of
encouragement and emotional feeding at child age
1.5-2.5 years (1 = 323) were prospectively associated with
higher children’s tendency to overeat (combined scale in-
cluding food responsiveness) 1 year later [39]. In contrast
to these studies also controlling for baseline values,
Gregory et al. [40] found that no association between the
maternal feeding practices assessed at 2-4 years of
age (n=156) and food responsiveness 12 months later
remained significant once the model was adjusted for
baseline food responsiveness and covariates.

Although the aforementioned longitudinal studies pro-
vide some evidence to support the view that parental
feeding practices can shape child eating behaviour, the
extent to which parents adjust their feeding practices de-
pending on the, at least in part genetically determined,
child eating characteristics is less known (ie. child-
driven association). Rodgers and colleagues found that at
child ages 1.5-2.5 years the child eating behaviour food-
approach (combined scale including satiety responsive-
ness) was prospectively associated with less and tendency
to overeat with more instrumental feeding 1 year later
[39]. Whilst this study supports child-driven associations
on parental feeding practices it does not assess parent-
driven associations simultaneously.

Several studies have applied a cross-lag modelling
technique recently to formally examine bidirectional
effects simultaneously between parental feeding practices
and child BMI [41-43], food fussiness [44], observed
eating in the absence of hunger [45], and food approach/
avoidance eating behaviours [46]. Steinsbekk et al. [46]
examined bidirectional relationships between non-
responsive feeding practices (i.e. instrumental feeding,
encouragement to eat, control over eating) of 623
Norwegian parents and their child’s eating behaviours
(i.e. satiety and food responsiveness along with three
other behaviours) at ages 6 and 8 years. No child-driven
associations were found. Instead, parental use of food as
reward at 6 years predicted food responsiveness 2 years
later. Despite the methodological strengths of this study,
the lack of multiple assessment waves and inclusion of
earlier assessment time points prevents drawing conclu-
sions about possible prospective effects of child eating
behaviours on parental feeding practices early in life.

Models of parenting and child development are
typically based on a bidirectional relationship between
mother and child, and it is becoming increasingly
apparent that models of parent-child feeding are also
likely to be reciprocal [47]. However, there is limited
evidence on which to develop domain-specific accounts
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of the potentially bi-directional nature of parent-child
feeding. Furthermore, previous longitudinal studies
[37-40, 45, 46] examining the direction of relationships
between parental feeding practices and child eating behav-
iours only considered two assessment time points with re-
search on how children’s eating (e.g. expression of hunger
and satiety cues) may influence parents’ feeding response
being scant. The aim of this study was to examine bidirec-
tional effects at child ages 2, 3.7 and 5 years between
‘authoritative’ feeding (i.e. responsive and structure-related
feeding practices) and the child eating behaviours satiety
responsiveness and food responsiveness. In line with the
Trust model [13] that posits that responsive and
structure-related feeding promotes optimal self-regulation
of eating, it was predicted that non-responsive feeding
would be prospectively associated with higher child food
responsiveness and lower child satiety responsiveness
whereas structure-related feeding would be prospectively
associated with lower child food responsiveness and
higher child satiety responsiveness. Additionally, it was
predicted that child satiety responsiveness and food re-
sponsiveness may also predict feeding practices however
due to limited theoretical and empirical research on this
issue specific hypotheses were not made regarding the
direction (positive or negative) of these associations.

Methods

Participants and procedure

This study is a secondary analysis of outcome data from
the NOURISH RCT (Australian and New Zealand
Clinical Trials Registry Number 12608000056392)
collected at 2, 3.7 and 5 years of age and that focused on
children’s healthy eating patterns and growth by
promoting positive maternal feeding practices [48]. A
consecutive sampling protocol was used to recruit
English-speaking, first-time mothers (> 18 years old)
delivering a healthy term baby (> 35 weeks, > 2500 g)
from postnatal wards of maternity hospitals in two
Australian cities between 2008 and 2009. Details of the
NOURISH protocol, recruitment and participant charac-
teristics have been described elsewhere [48, 49]. A total of
698 mothers were enrolled and then randomised at child
age 4 months. Overall retention at 5 years of age was 61%
[50]. Data utilised for the current study were from
mothers assigned to the control only (7 =346) and with
complete data for at least two of the three waves of data
collection (n =207; 60% of the control group). Data were
collected via self-administered validated questionnaires at
three time points: child ages 24 months (SD + 1, range:
21-27 months), 3.7 years (SD + 0.3, range: 3.4-4.2 years),
and 5 years (SD + 0.1, range: 4.9-5.5 years). Characteristics
of the analysis sample and those excluded based on
missing data are shown in Table 1. NOURISH was
approved by 11 human research ethics committees
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Table 1 Sample characteristics assessed at child age 4 months
unless otherwise specified of participants included (n = 207) and
excluded (n=139) in the current analysis

M+ SD or count (%)

Variable Included Excluded

Mother  Education level 135 (65%) 64 (46%)
(university)*
BMI 26+6 (n=206) 27+5 (n=138)
Age at child birth (years)* 30+5 29+5

Child Gender (female)* 113 (55%) 60 (43%)
BMI-for-age z-score® 046+ 0381 037+095 (n=91)

at age 14 months

*p-value is <0.05
*World Health Organization standards [66]

including Queensland University of Technology and
Flinders University.

Maternal feeding practices

The Feeding Practices and Structure Questionnaire
(FPSQ-28) assesses eight non-responsive and structure-
related feeding practices that potentially influence
children’s capability to self-regulate their energy intake
[7, 8]. The original 40-item version has been shortened
to comprise 29 items (28 items loading on 8 multi-item
scales and 1 single-item-scale), scored on a 5-point
Likert scale with higher scores indicating greater en-
dorsement or more frequent use of that practice. Struc-
ture-related feeding practices included: family meal setting
(1 item, “My child eats the same meals as the rest of the
family.”), structured meal setting (3 items, e.g. “I insist my
child eats meals at the table.”, o range =.77-.73), struc-
tured meal timing (3 items, e.g. “I decide the times when
my child eats his/her meals.”, a range = .74-.46), and cov-
ert restriction (4 items, e.g. “How often do you avoid buy-
ing lollies and snacks e.g, potato chips and bringing them
into the house?”’, a range = .84-.80). Non-responsive feed-
ing practices included: overt restriction (4 items, e.g. “If I
did not guide or regulate my child’s eating, (s)he would eat
too many junk foods.”, a range =.72-.55), persuasive feed-
ing (6 items, e.g. “When your child refuses food they
usually eat, do you insist your child eats it?”, a
range = .72-.66), reward for eating (4 items, e.g.
“When your child refuses food they usually eat, do you en-
courage to eat by offering a food reward (e.g, dessert)?”, o
range = .84-.79), and reward for behaviour (4 items, e.g. “I
reward my child with something to eat when (s)he is well
behaved.”, a range = .81-.77). Longitudinal measurement
invariance across all three time points was previously
established in this study sample including the intervention
group [8]. Acceptable concurrent validity, construct valid-
ity and internal reliability of the FPSQ in this study sample
have also been reported [7, 8, 38]. Mean subscale scores at
each time point were used in all analyses.
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Child eating behaviours

Satiety responsiveness (SR) and food responsiveness (FR)
were assessed using the CEBQ [22]. Both subscales in-
clude five items such as “My child leaves food on his/her
plate at the end of a meal” (SR, a range =.79-.72) or “My
child’s always asking for food” (FR, o range =.81-.74).
Mean subscale scores for each time point were calculated
with a possible range of 1 (lowest) to 5 (highest). The
CEBQ has previously shown good psychometric proper-
ties (e.g. concurrent validity, internal consistency and test-
retest reliability) [22, 51] and has been validated in the
control group of the present sample at age 2 years (i.e. the
factor structure was confirmed and all subscales showed
good internal reliability with Cronbach’s alphas between
0.73 to 0.91) [52].

Data analysis

Data imputation

Participants were included in the current analyses if they
had provided feeding practices data at all three (n = 155)
or at two time points (n=52). Subsequent missing
values of maternal feeding practices or child eating be-
haviour (n =46) data were predicted using Expectation
Maximisation (EM) imputation in SPSS Version 21.0.0
using the full dataset as well as the auxiliary variables
available (e.g. child and maternal age). This ensured a
complete dataset (n = 207) was available for the following
cross-lag path models as recommended by Shin et al. [53].

Modelling approach
Due to the sample size the statistical power was too low
to estimate a model that included all eight feeding
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practices along with the two child eating behaviours.
Instead, one model was examined per feeding practice,
including both child eating behaviours simultaneously.
For each model we used path analysis (see Fig. 1) to sim-
ultaneously estimated the bidirectional paths including
a) cross-lagged paths from maternal feeding practices at
each time point to both child eating behaviours at the
following time point and b) cross-lagged paths from
both child eating behaviours at each time point to
mother’s feeding practices at the following time point;
along with the auto-regressive paths (continuity across
time for each variable). Each model included cross-
sectional correlations among the maternal feeding and
child eating variables at each of the three time points.
All models were adjusted for child BMI z-scores at
14 months, based on measured weight and height [48],
by including regression paths from BMI z-scores to each
substantive variable in the model. In the next step, non-
significant paths related to BMI z-scores were trimmed
for model parsimony. Maternal BMI was considered as a
covariate but showed no bivariate correlations with feed-
ing practices or child eating behaviours and was there-
fore not further examined. Model fit was assessed using
the chi-square statistic, the root mean squared error of
approximation (RMSEA), and the comparative fit index
(CFI), interpreted using recommendations of Hu and
Bentler [54] (RMSEA value < 0.08 and CFI value > 0.95).
Following modification indices, up to two extra autore-
gressive paths were considered to capture associations
within each variable at the 2 and 5 year time point.
Analyses were conducted in Mplus Version 7.3 [55]. The
standardized regression coefficients are presented.

Maternal a Maternal a Maternal
feeding feeding feeding
practice practice practice
) S
d d d
d o d 9 d
o o
Child food a Child food a Child food
responsiveness responsiveness responsiveness
df df d{
Child satiety a Child satiety a Child satiety
responsiveness responsiveness responsiveness
2 years 3.7 years 5 years
Fig. 1 Paths estimated for each model including one of eight maternal feeding practices [8] and two child eating behaviours [22]. Models were
adjusted for child BMI z-score at 14 months (not shown to enhance readability). a = autoregressive paths; b = maternal feeding practice driven
paths; ¢ = child eating behaviour driven paths; d = cross-sectional correlations
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Results

Table 2 presents means and standard deviations of the
eight maternal feeding practices, satiety responsiveness
and food responsiveness. Bivariate correlations between
those variables are presented in Additional file 1. The
majority of maternal feeding practices and child eating
behaviours increased from 2 to 3.7 to 5 years, with plat-
eauing or decrease between the last two time points in
overt restriction, covert restriction and satiety respon-
siveness, and decline from 2 to 3.7 to 5 years in struc-
tured meal timing. As shown in Figs. 2 and 3, there was
significant continuity within the three measures of the
eight feeding practices, satiety responsiveness and food
responsiveness and respectively with significant autore-
gressive paths across time points. Child satiety respon-
siveness and food responsiveness were concurrently
negatively correlated at the first two time points but not
at the third. Structured meal setting and timing were
negatively correlated with satiety responsiveness at the
first two time points and the second time point respect-
ively, while neither was at the third time point. The four
non-responsive feeding practices showed positive corre-
lations with satiety responsiveness and food responsive-
ness at various time points (see Fig. 3).

Out of the 64 cross-lag paths across the eight models,
six were found to be significant. No significant cross-lag
paths were found in the models for structured meal set-
ting, persuasive feeding and reward for eating. Signifi-
cant cross-lags paths in the other models suggest a mix
of mother-driven and child-drive associations. In terms
of mother-driven associations, three feeding practices
were associated with subsequent child eating behaviour.
Lower scores on covert restriction and higher scores on

Table 2 Means and standard deviations of the eight maternal
feeding practices®, satiety responsiveness and food responsiveness
at 2,3.7 and 5 years of age (n=207)

b

2 years 3.7 years 5 years
Family meal setting 371 +£127 407 £1.16 439 £ 096
Structured meal setting 396 £ 0.72 411 £ 066 431 +£059
Structured meal timing 388 £ 059 380 £052 376 £052
Covert restriction 320+ 090 3.28 +0.80 324 +£078
Overt restriction 340 + 083 3.54 + 091 346 + 084
Persuasive feeding 2.70 £ 0.60 312+ 062 3.14 + 060
Reward for eating 1.81 £ 071 254 £073 258 £0.71
Reward for behaviour 1.85 + 0.69 220+ 074 222+073
Satiety responsiveness 3.00 £ 0.59 3.00 £ 057 298 £+ 0.56
Food responsiveness 227 £ 069 241 + 066 244 £+ 0.65

“Maternal feeding practices were measured with the Feeding Practices and
Structure Questionnaire [8]; possible response range is 1-5 with higher scores
indicating more endorsement of the practice

bSatiety responsiveness and food responsiveness were measured with the
Child Eating Behaviour Questionnaire [22]; possible response range is 1-5 with
higher scores indicating more endorsement of the behaviour
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reward for behaviour at 2 years were associated with
higher food responsiveness at 3.7 years. A lower score
on family meal setting at 3.7 years was associated with
higher scores on satiety responsiveness at 5 years. In
terms of child-driven associations, satiety responsiveness
was prospectively associated with three subsequent
maternal feeding practices. Higher satiety responsiveness
at 2 years was associated with higher scores on the
structured meal timing variable at 3.7 years. Satiety re-
sponsiveness at 3.7 years was positively associated with
covert and overt restriction at 5 years.

Discussion

This study is the first to use cross-lag modelling to exam-
ine bidirectional relationships between maternal feeding
practices and two child eating behaviours of satiety re-
sponsiveness and food responsiveness across three time
points in the pre-school years. These maternal practices
and child eating behaviours have been hypothesised to be
associated with child obesity risk [3, 20]. Relationships be-
tween variables were tested across three time points span-
ning from child age 2-5 years with the same method used
to assess variables at each time point. All models provided
strong and consistent evidence for longitudinal stability of
all maternal feeding practices and both child eating behav-
iours with 16-49% of variance explained by the practice or
behaviour at the previous years (vs 18-53% of variance ex-
plained by all previous and concurrent variables). A small
number of both mother-driven and child-driven inde-
pendent associations were found after adjusting for child
BMI z-score at 14 months and all relevant autoregressive
and cross-sectional associations. Two maternal feeding
practices (reward for behaviour and covert restriction)
were prospectively positively and negatively associated
with food responsiveness from 2 to 3.7 years of age, with a
third practice (family meal setting) at 3.7 years inversely
associated with satiety responsiveness at 5 years of age.
Three child-driven associations were seen for satiety
responsiveness but none for food responsiveness. Satiety
responsiveness at 2 years was prospectively positively
associated with structured meal timing at 3.7 years of
age and with both covert and overt restriction from
3.5-5 years.

Overall the findings provided limited support for the
theoretical perspective that the provision of structure
and responsiveness to a child’s cues of hunger and
satiety fosters the ability to self-regulate energy intake
[11-13], which in this study is operationalised as food re-
sponsiveness and satiety responsiveness [22]. In line with
predictions, there was some support for the notion that
non-responsive and structure-related feeding practices
could influence the expression of food responsiveness over
time. Specifically our current findings showed that less
frequent use of covert restriction (i.e. structure-related
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Fig. 2 Statistically significant pathways in bidirectional models for relations among maternal-reported structure-related feeding practices: family
meal setting (a), structured meal setting (b), structured meal timing (c), and covert restriction (d) and child satiety responsiveness and food
responsiveness between child ages 2, 3.7 and 5 years (N =207). Models were adjusted for child BMI z-score at 14 months (not shown to enhance
readability). All potential cross-lagged paths from child eating behaviours to maternal feeding practices and vice versa were estimated but only
statistically significant path estimates (p < .05) are shown here. Coefficients are standardised. Model fit across the four models was good and
ranged from: X°=27.78 t0 3741, df = 18 to 20, RMSEA = 0.05 to 0.07, CFl=0.97 to 0.99

d

feeding practice) and more frequent use of reward for be-
haviour (i.e. non-responsive feeding practice) at 2 years of
age, predicted higher food responsiveness at 3.7 years; al-
though there was no comparable effect between 3.7 and
5 years. There were no effects of the other non-responsive
feeding practices (persuasive feeding and reward for eat-
ing) on child eating behaviours at any age. Previous longi-
tudinal research has shown parent-driven associations for
food responsiveness. Steinsbekk et al. [46], conducting
cross-lag analysis across two time points in older children
(6-8 years), found that instrumental feeding, which is simi-
lar to reward for behaviour as used in our study, predicted
more food responsiveness 2 years later. Similarly, in a
sample that overlaps in age to that in our study, Rodgers
et al. [39] found that encouragement/prompting assessed
at child age 1.5-2.5 years positively predicted the child’s
tendency to overeat (external eating, desire to drink and
food responsiveness) 1 year later. In addition, maternal
emotional feeding (emotional feeding and food to calm)
also prospectively predicted higher tendency to overeat at

around 3 years of age. Notably, these relationships were
not adjusted for child BMI z-scores.

The current analysis does not provide any evidence for
the predicted relationships between feeding practices
and satiety responsiveness from 2 to 5 years of age.
While one association was significant — family meal set-
ting at 3.7 years was prospectively negatively associated
with satiety responsiveness at 5 years of age — the direc-
tion of the effect was contrary to the hypothesis. The
finding was also contrary to a previous cross-sectional
study that found a positive association between family
meal setting and self-regulation in eating (assessed with
the self-regulation in eating scale by Tan and Holub
[56]), but only in overweight pre-schoolers [36]. Al-
though the satiety responsiveness scale of the CEBQ was
designed to indicate the extent to which a child responds
to intrinsic cues of hunger and satiety [18], it has been
suggested that mothers may interpret their child’s satiety
responsiveness (small appetite and not eating enough) as
a cause for concern and see their child as a problem
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Fig. 3 Statistically significant pathways in bidirectional models for relations among maternal-reported non-responsive feeding practices: overt
restriction (a), persuasive feeding (b), reward for eating (c), and reward for behaviour (d) and child satiety responsiveness and food responsiveness
between child ages 2, 3.7 and 5 years (N = 207). Models were adjusted for child BMI z-score at 14 months (not shown to enhance readability). All
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eater [7]. How mothers in the present sample inter-
preted the items on this scale (e.g. fills up easily, leaves
food on the plate) is beyond the scope of the present
study. However, the potential issue with this scale in the
present study is also highlighted in some of the child-
driven associations that were found.

Child-driven associations were limited to satiety
responsiveness which predicted more structure (ie.
mother decides timing of snacks and meals) at 3.7 years
and more restriction, both overt and covert, at 5 years.
These findings suggest that a mother might adjust her
feeding practices in response to her perception of the
child’s satiety responsiveness. In line with the afore men-
tioned speculation that mothers may perceive behaviours
reflecting higher satiety responsiveness as an indicator
that their child is a ‘bad eater’ [7], satiety responsiveness
in the child may elicit more frequent structure related to
meal timing and restriction (both covert and overt) as a
way of preventing the child with a small appetite from
filling up’ on unhealthy foods. Clearly further research is

needed to better understand mothers’ responses to
smaller child appetite.

The consistency and strength of the autoregressive asso-
ciations of both feeding practices and child eating behav-
iours across the three time points are notable. This is in
line with previous research showing stability within feed-
ing practices [26, 40, 57, 58] and child eating behaviours
[25, 26]. The longitudinal stability of the eating behaviours
is also in line with the evidence of the heritability of these
traits. Nevertheless, well over half the variance in the prac-
tices/behaviours at each age is not explained by the tem-
poral associations and is lower than the proposed
heritability estimates of the latter (>70%) [23, 24]. The
autoregressive effect sizes were larger than the modest
cross-lag associations between practices and behaviours.
One interpretation is that both maternal feeding practices
and child eating behaviour are established by 2 years of
age and that there is only limited scope beyond infancy for
interventions that target maternal feeding practices to
modify child eating behaviour as a mediator of child
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obesity risk. This is consistent with child development
models and the life course approach both of which suggest
that very early interventions have potential to take advan-
tage of both biological and behavioural plasticity [50, 59].
The data presented here provide no evidence on potential
direction and strength of bidirectional relationships prior
to 2 years of age.

The present analyses highlight the variable, complex
bidirectional relationships between maternal feeding
practices and child eating behaviours. The six significant
cross-lag pathways provide limited evidence that child
satiety responsiveness elicits a maternal feeding response
(meal/snack timing and restriction) whereas mother-
driven associations (reward and restriction) are mostly
limited to child food responsiveness. There were 13 sig-
nificant cross-sectional associations between feeding
practices and eating behaviours, ten of which were be-
tween non-responsive practices and child eating behav-
iour. Given the strength and consistency of the temporal
associations we have reported in both sets of variables,
these multiple cross-sectional associations at various
ages that have also been frequently reported in the
literature may reflect relationships between feeding prac-
tices and child eating behaviour established at a younger
age, rather than at the specific age where the cross-
sectional associations are demonstrated. It is notable that
there appeared to be no cross-lag effects in either direc-
tion for persuasive feeding or reward for eating, both of
which have been the focus of many cross-sectional studies
and are widely seen as coercive controlling feeding prac-
tices associated with obesity risk [3, 17, 60]. Pressure to
eat has also previously been positively associated with
satiety responsiveness (mostly cross-sectional) and eating
in the absence of hunger (one cross-lag study [45] and
one experimental study [34]). Differences in these studies
may be due to the study design, as well as the sample size
and measures of the feeding practice (persuasive feeding
vs. pressure to eat) and child eating behaviour (satiety re-
sponsiveness vs. kcal consumed in the absence of hunger).
It must be acknowledged that the significant cross-lag
paths are relatively few and the effect sizes modest. How-
ever, the sample size is relatively small and a further eight
pathways (four mother- and four child-driven) returned a
p-value >0.05-0.1 (data not shown); hence the possibility
of Type II error arises.

One plausible interpretation of these results is that
when comprehensive modelling strategies such as the
cross-lagged analyses that are presented here are used,
parental feeding practices (as currently measured) have
little influence on what are now widely agreed to be her-
itable child eating behaviours (as currently measured)
and hence, call into question the widely articulated ra-
tionale for early feeding interventions. However, high
quality evidence from the NOURISH RCT [48] indicates
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that modifying maternal feeding practices results in small
but significant changes in child eating behaviour, particu-
larly satiety and food responsiveness up to 5 years of age
[61]. Although these intervention effects appeared modest,
these results suggest that, as with many health behaviour
phenotype [62], there are both genetic and environmental
influences on eating behaviour. The NOURISH interven-
tion was designed in 2008, prior to publication of the
GEMINI data that provided evidence of a strong genetic
component to child eating behaviours [19] and coined the
term ‘appetitive traits’ [20]. As such, the intervention was
universal and delivered independent of obesity risk or obe-
sogenic child appetitive traits. A further critical consider-
ation is that the NOURISH intervention was delivered
prior to 18 months of child age in contrast to the current
analysis that is confined to 2-5 years of age. A more tar-
geted intervention that provided mothers with feeding ad-
vice tailored to their child’s individual appetite ‘profile’ may
result in modification of the child’s appetite phenotype and
potentially reduce obesogenic eating behaviour and risk.
Findings of this study have to be considered in light of
the strengths and limitations of the design. Strengths of
the study include utilising three assessment time points
in early childhood at which the same measurement tools
were utilise to assess a range of maternal feeding
practices and two child eating behaviours. All models
examining the relationships between maternal feeding
practices and child eating behaviours were adjusted for
child BMI z-score. Child actual weight or perceived
weight status has been shown to be associated with both
maternal feeding practices and the appetite traits
considered here [3, 17, 20, 60]. While two of the feeding
practices showed internal reliability values below the
desirable cut-off and findings need to be considered in
light of this potential limitation, the current study in-
cluded non-responsive and structure-related feeding
practices, thus allowing for an analysis of comprehensive
influences [42, 63] on children’s eating behaviours and
vice-versa. While the size of effects presented here were
small, these are in line with previously reported standar-
dised estimates of <0.2 [39-43] and are in particular
comparable to Steinbekk et al.’s cross-lag model findings
[46] based on a much larger sample size and across just
two age points. Notably, these modest associations are
independent of previous levels of both feeding practices
and child eating behaviours which appear to be highly
stable and therefore possibly set early in life [46, 64].
Due to the small sample size it was not feasible to test
all maternal feeding practices variables simultaneously as
done by Steinsbekk and colleagues [46]. Data for this
secondary data analysis were collected via the same
mother-reported validated questionnaires at each time
point. Questionnaire-based assessment of both feeding
practices and child eating behaviour are widely used,
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particularly for larger samples. The same approach was
used in two previously published papers examining
cross-lagged relationships between feeding practices and
child eating behaviours [44, 46]. However it is possible
that using self-report for both measures may result in
common method variance across measures and time
points and thus the same reporting bias. Furthermore, as
for all self-report measures, there is potential for social
desirability bias. It should be noted that the alternate ap-
proach of direct observation is also subject to measure-
ment limitations including feasibility for large samples,
one-off observation and quasi-experimental setting of
the observations that may result in behaviour change of
both parent and child, and observer/coding bias and reli-
ability [65]. Nonetheless, future studies should replicate
these analyses with observational data.

Conclusion

The present study is the first to utilise a cross-lagged
analysis to investigate bidirectional relationships between
maternal feeding practices and child eating behaviours
over three ages.

A key finding was the high degree of consistency of both
feeding practices and child eating behaviours across the
pre-school years with evidence of both maternal- and
child-driven associations. Overall the results suggest fewer
maternal-driven associations with child eating behaviours
than have been reported in previous comparatively un-
adjusted cross-sectional and longitudinal studies. Neverthe-
less, there is some evidence that coercive/non-responsive
feeding practices are associated with small increases in child
food responsiveness. These results suggest the need for tar-
geted interventions, at least those across the preschool
years, which are tailored to assist mothers to understand
and respond appropriately to their child’s individual appe-
tite profile.
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