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Abstract
Objective: Child fussy eating has been associated with a range of maternal feeding practices;
however whether effects are parent-driven, child-driven or bidirectional (i.e., both) remains
unclear. This study tested for bi-directional relationships between non-responsive and structure-
related maternal feeding practices and child fussy eating at ages 2, 3.7 and 5 years using a cross-
lagged model approach.
Methods: First-time Australian mothers (N = 207) reported 4 non-responsive and 4 structure-
related feeding practices and child food fussiness (FF) using validated questionnaires at child
ages 2, 3.7, and 5 years. Bivariate cross-lagged analyses were conducted for each of the 8
feeding practices separately.
Results: Both child- and parent-driven associations were observed. Higher FF at 3.7 years
predicted higher non-responsive feeding practices and less structure-related practices at 5 years.
Higher structure-related practices at 2 and 3.7 years predicted lower FF at 3.7 and 5 years
respectively. Use of food as a reward for behaviour at 3.7 years predicted higher FF at 5 years.
Conclusions: Both parent- and child-driven associations explain the relationship between fussy
eating and feeding practices. Given that early fussy eating is associated with more non-
responsive feeding, providing parents with anticipatory guidance to manage fussy eating
behaviour in infants and toddlers may help to avoid the use of these practices. Furthermore, the
use of structure-related feeding practices and avoiding the use of food rewards may help to

prevent the development of fussy eating.



Feeding a Fussy Eater: Examining Longitudinal Bi-directional Relationships between Child

Fussy Eating and Maternal Feeding Practices

Introducing infants and toddlers to a variety of nutritious foods is important for the
development of healthy food preferences and eating habits (Benton, 2004; Schwartz, Scholtens,
Lalanne, Weenen, & Nicklaus, 2011). Food neophobia is a normal developmental phase with
most children initially rejecting new and unfamiliar foods (Dovey, Staples, Gibson, & Halford,
2008). However, some children (as many as 50% of 2-year olds [Carruth, Ziegler, Gordon, &
Barr, 2004]) continue to eat only a limited variety of foods; rejecting certain types of foods —
both familiar and unfamiliar — to them (Dovey et al., 2008). This behaviour is defined as picky
eating, fussy eating or food fussiness (FF; measured via the Children’s Eating Behaviour
Questionnaire [CEBQ); Wardle, Guthrie, Sanderson, & Rapoport, 2001]). Food fussiness and
food neophobia share a common etiological pathway (Smith et al., 2017). At some stage in a
child’s development, all foods are new to a child (Gibson & Cooke, 2017), rendering it difficult
for parents and clinicians to distinguish between the academic definitions of fussy eating and
food neophobia (Dovey et al., 2008). Early FF has been associated with lower consumption of a
variety of foods essential for long-term health, particularly vegetables (Cardona Cano et al.,
2015; Tharner et al., 2015). Strategies parents use to feed children, or feeding practices have
been proposed as potential shapers of FF (e.g., Finnane, Jansen, Mallan, & Daniels, 2016).
However, more recent evidence suggests that FF is at least in part, a heritable eating behaviour
trait (Fildes, van Jaarsveld, Cooke, Wardle, & Llewellyn, 2016; Smith et al., 2016) and that

children’s FF may in fact shape the parental feeding practices (€.9., Jansen etal., 2017).



The existence of cross-sectional relationships between child FF and inappropriate (i.e.,
non-responsive) parental feeding practices is well documented (Cole, An, Lee, & Donovan,
2017). Higher FF has been associated with a range of feeding practices including more
instrumental feeding (using food as a reward; Jansen, Mallan, Nicholson, & Daniels, 2014),
pressure to eat (pressuring a child to eat certain foods, or finish a meal; Jani, Mallan, & Daniels,
2015; Jansen et al., 2012) and restriction (restricting access to/limiting the amount of certain
foods; Antoniou et al., 2015; Gregory, Paxton, & Brozovic, 2010b). Recently, there has been
interest in how structure-related feeding practices around mealtimes, such as the timing and
setting of meals and level of family engagement, also contribute to children’s eating behaviours
(Jansen et al., 2014). For example, Finnane et al. (2016) reported inverse cross-sectional
associations between FF and a structured eating environment characterized by children eating
meals at the table and with other members of the family. Longitudinal studies have also found
support for a prospective relationship between pressure to eat and fussy eating (Galloway,

Fiorito, Lee, & Birch, 2005; 2010a).

A recent cross-sectional twin design, showed that mothers reported using higher pressure
and instrumental feeding with their fussier twin (Harris, Fildes, Mallan, & Llewellyn, 2016).
However, reverse causation cannot be ruled out with cross-sectional data, even using discordant
sibling designs. Emerging evidence suggests that the relationship between FF and parental
feeding practices may be bi-directional (Black & Aboud, 2011; Jansen et al., 2017; Walton,

Kuczynski, Haycraft, Breen, & Haines, 2017). A recent study of mother-child dyads (N = 4845) from the Netherlands

examined bi-directional effects between parental pressure to eat and fussy eating (Jansen et al., 2017). Maternal reports of fussy eating were
collected at 1.5, 3, 4 and 6 years and pressure to eat was reported at 4 years. Evidence for a bi-directional relationship was found: (i) fussy eating
at 1.5 and 3 years was predictive of pressure to eat at 4 years (child-driven effects), and (ii) pressure to eat at 4 years predicted fussy eating at 6

years, controlling for level of fussy eating at 4 years (parent-driven effect). Despite strengths of this study in terms of longitudinal design and a



large sample, there were a number of limitations. Namely, pressure to eat was only measured at 1 out of 4 time points, therefore baseline levels of

this practice could not be controlled for in the analysis. Further, it was the only feeding practice considered.

In order to establish the extent to which the relationship between child eating behaviour and
maternal feeding practices is child- versus parent-driven, a symmetrical cross-lagged model with
repeated assessments of both fussy eating and a range of feeding practices is needed. Thus, the
aim of this study was to test for bi-directional relationships between (higher) non-responsive and
(lower) structure-related maternal feeding practices and higher child FF at ages 2, 3.7 and 5 years

using a cross-lagged model approach.

Method

Design and Participants

The present study involved secondary analysis of longitudinal data collected from
participants enrolled in the control condition of the <blinded for review> randomized controlled
trial (RCT) which evaluated an early feeding intervention targeting first time mothers (Australian
and New Zealand Clinical Trials Registry Number 12608000056392; Daniels et al., 2009). The
<blinded for review> RCT was granted ethical approval by 11 university and hospital human

research ethics committees.

Eligibility for enrolment in <blinded for review> was restricted to English speaking first-
time mothers who gave birth to a healthy (>35 weeks, >2500 g) singleton infant. Consecutive
recruitment on postnatal wards of mainly publicly funded hospitals in two Australian cities
(Adelaide and Brisbane) was carried out in 2008 and 2009. A total of 698 mothers were enrolled
in the study and 346 were allocated to the control condition at child age 4 months (baseline). As

reported previously (Daniels et al., 2015), mothers who agreed to participate were older, more



likely to have completed a university level education and less likely to smoke during pregnancy
than mothers who declined to participate. Mothers in the control condition received no
intervention content but could access ‘usual care’ resources in their state. The focus of the
present analysis is on data collected at child age: 24 months (SD = 1.0, 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). The

RCT sample characteristics have been described in detail elsewhere (Daniels et al., 2015).

For the present study, data were available for 207 control group mothers and their
children. Inclusion in the present study was based on completion of at least 2 of the 3 assessment
points (i.e., 24 months, 3.7 years and 5 years). Compared to mothers who were not included in
the study (n = 139), those included were older (M age at birth = 30.38 years [SD =5.23] vs M =
29.19 years [SD = 5.35], p = .041) and more likely to have completed a university degree (65%
Vs 46%, p = .001), but did not differ on baseline BMI (measured at child age 4 months; M =

25.99 [SD = 5.67] vs M = 26.48 [SD=5.12], p = .42).

The study sample consisted of 94 male and 113 female children. Based on measured
height and weight child BMI Z scores (calculated using World Health Organization Anthro
version 3.0.1 and macros [World Health Organisation, 2006]) across the 3 time points indicated
that BMI Z score was close to average at each time point (M = 0.87 [SD = 0.98] at 2 years; M =
0.58 [SD = 0.85] at 3.7 years; M = 0.44 [SD = 0.89] at 5 years), and only a small proportion
were classified (World Health Organisation, 2006) as overweight or obese (BMI Z score >2;
9.1% at 2 years, 3.4% at 3.7 years; 4.4% at 5 years) and no children were underweight (BMI Z

score <-2) or at risk of underweight (BMI Z score <-1).

Measures



Feeding practices. Maternal child feeding practices were assessed with the Feeding
Practices and Structure Questionnaire (FPSQ-28; Jansen, Mallan, & Daniels, 2015) which
measures 4 non-responsive feeding practices (Reward for Behaviour, Reward for Eating,
Persuasive Feeding, Overt Restriction), and 4 structure-related feeding practices (Family Meal
Setting, Structured Meal Timing, Structured Meal Setting, Covert Restriction). Details of each
scale (number of items and example items) are presented in Table 1. All items are scored on a 5-
point scale and mean scores for each scale are calculated. Higher scores indicate higher use of
the practice. In the present sample, the FPSQ-28 has demonstrated longitudinal measurement
invariance at 2, 3.5 and 5 years of age (Jansen et al., 2015) and all scales have shown acceptable
internal reliability (Cronbach’s o >.70) except for Structured Meal Timing with Cronbach’s o of
.60 at child age 2 years, .68 at 3.7 years and .57 at 5 years (Jansen et al., 2015; Jansen et al.,

2014; Jansen, Williams, Mallan, Nicholson, & Daniels, 2016)

Food Fussiness. The 6 item Food Fussiness (FF) scale of the validated CEBQ (Wardle,
Guthrie, Sanderson, & Rapoport, 2001) was completed by mothers at all time points. The FF
scale showed excellent reliability at all time points (Cronbach’s o = .92 at 2 years, .92 at 3.7
years and .93 at 5 years). Each item was answered on a 5-point Likert scale from 1 to 5 and a

mean score calculated with higher mean score indicating greater FF.

Data analysis

Participants who had completed the FPSQ-28 and FF scale of the CEBQ at 2 (n = 52) or
3 time points (n = 155) were included in present study. Missing values on the FPSQ scales or FF

scale were predicted at the item level using Expectation Maximisation (EM) imputation in SPSS



Version 22 using the full dataset as well as the auxiliary variables available: child age and

baseline (4 month) child weight-for-age z-score, maternal BMI and maternal age.

Bivariate cross-lagged model analyses were conducted in Mplus Version 7.3 (Muthén &
Muthén, 2012) to examine associations between each of the 8 feeding practices and FF (see
Figure 1). For each feeding-FF pair, 4 sets of paths were simultaneously tested: (i) autoregressive
paths (continuity across time for each variable); (ii) cross-lagged paths from feeding practices to
FF; (iii) cross-lagged paths from FF to feeding practices; and (iv) cross-sectional correlations
between the feeding practices and FF at each of the three time points. Child gender and maternal
education (as an indicator of family socioeconomic status) were considered as covariates.
Correlational analyses showed that child gender was significantly correlated with food fussiness
but none of the feeding practices whereas maternal education was significantly correlated with
some of the feeding practices but not with food fussiness. Additional cross-lagged models
adjusting for child gender or maternal education regressed onto the first food fussiness or child
feeding variable were tested and did not substantively change any of the models in which these
covariates were not included, therefore the models without covariates are reported here. Model
fit was assessed with the following indices and acceptable cut-offs (Hu & Bentler, 1999): chi-
square statistic (not significant), Comparative Fit Index (CFI) > .95, and Root Mean Square Error
of Approximation (RMSEA) <.08. As recommended by Little (2013) modification indices were
examined to determine if inclusion of additional autoregressive paths between each variable at 2

and 5 years would significantly improve model fit.

Results



In the present sample (N = 207) child FF mean score was slightly above the mid-point on
the 5-point scale at all time points (Table 1). Maternal use of Reward for Behaviour and Reward
for Eating were below or around the mid-point at all time points, however mean scores on the
remaining feeding practice scales of the FPSQ were consistently high (Table 1). All maternal
feeding practices and child FF demonstrated stability over time; for all variables significant
positive correlations were observed between 2 and 3.7 years of age and 3.7 and 5 years of age

(shown in autoregressive paths in Figures 2 and 3).

The fit indices for the cross-lagged models are presented in Table 2. Model fit was good
with 6/8 chi-square statistics being non-significant (except Family Meal Setting and Structured
Meal Timing), the majority of RMSEA <.08 and all models reflecting a CFI >.95. None of the
models showed a bi-directional relationship between feeding practices and FF. Three models
showed a child-driven relationship (i.e. significant cross-lagged paths from FF to feeding
practices) while another three showed a parent-driven relationship (i.e. cross-lagged paths from

feeding practices to FF).

Child-driven relationships were seen for Reward for Eating, Persuasive Feeding and
Covert Restriction. Reward for Eating and FF (Figure 2, panel B) were significantly positively
correlated at 2, 3.7 and 5 years. One cross-lagged path was significant: higher FF at 3.7 years
predicted higher Reward for Eating at 5 years (p = .036). Persuasive Feeding and FF (Figure 2,
panel C) were significantly positively correlated at 2, 3.7 and 5 years. Again, one cross-lagged
path was significant: higher FF at 3.7 years predicted higher Persuasive Feeding at 5 years (p

=.026). Covert Restriction and FF (Figure 3, panel A) were not significantly correlated at 2, 3.7



or 5 years and one cross-lagged path was significant: higher FF at 2 years was associated with

lower Covert Restriction at 3.7 years (p = .021).

Parent-driven relationships were seen for Structured Meal Setting and Timing as well as
Reward for Behaviour. Structured Meal Timing and FF (Figure 3, panel B) were not significantly
correlated at 2, 3.7 or 5 years. However Structured Meal Timing at 3.7 years negatively predicted
FF at 5 years (p = .004). Structured Meal Setting and FF (Figure 3, panel C) were negatively
correlated at 2 years but were not significantly correlated at 3.7 or 5 years. Two cross-lagged
paths were significant: higher Structured Meal Setting at 2 and 3.7 years was significantly
associated with less FF at 3.7 (p =.020) and 5 years (p = .040). Reward for Behaviour and FF
(Figure 2, panel A) were significantly positively correlated at 2 and 5 years, but not at 3.7 years.
One cross-lagged path was significant: Reward for Behaviour at 3.7 years was positively

associated with FF at 5 years (p = .035).

Discussion

The findings from this longitudinal examination of the relationship between child FF and
maternal feeding practices revealed both child-driven and parent-driven relationships. Higher FF
at 2 years predicted less Covert Restriction at 3.7 years and higher FF at 3.7 years predicted
greater use of two non-responsive feeding practices at 5 years: Persuasive Feeding and Reward
for Eating. Lower Structured Meal Setting at 2 and 3.7 years predicted higher FF at 3.7 and 5
years, respectively, and lower Structured Meal Timing at 3.7 years predicted higher FF at 5

years. Finally, higher Reward for Behaviour at 3.7 years predicted higher FF at 5 years.



The earliest child-driven relationship observed in the present study was that higher FF at
2 years was found to predict less Covert Restriction at 3.7 years. Covert restriction of ‘unhealthy’
foods may have decreased in response to child fussy eating behaviour potentially as a strategy to
ensure adequate food intake in children who eat only a limited variety of foods. Qualitative
research with parents may help to assess this proposed explanation of the current findings. Two
other child-driven relationships were higher FF at 3.7 years predicted higher use of Reward for
Eating and Persuasive Feeding at 5 years. These findings are consistent with those of a recent
cross-sectional twin study (Harris et al., 2016) and the longitudinal study by Jansen et al. (2017)
which together suggest that the relationship between FF and non-responsive/coercive feeding
practices may be child-driven, at least initially. Whilst we found no evidence of an effect of these
non-responsive practices on child FF, Jansen et al. found that although earlier fussy eating at 1.5
and 3 years predicted pressure to eat at 4 years, pressure to eat at 4 years predicted fussy eating at
6 years. The only evidence for a non-responsive feeding practice influencing child FF in the
present study was a small but statistically significant relationship between Reward for Behaviour
at 3.7 years and higher FF at 5 years. This novel finding needs to be interpreted with caution and
replicated in larger samples. In sum, the present findings strongly support the notion that parents
use less desirable feeding practices in response to their child's perceived early fussy eating
behaviour; however it may be that these feeding practices do impact child eating in the longer

term.

Evidence for parent-driven relationships was also evident in the findings with structure-
related feeding practices prospectively predicting lower FF. Specifically more Structured Meal
Setting at 2 and 3.7 years was related to lower FF at 3.7 and 5 years and more Structured Meal

Timing at 3.7 years was related to lower FF at 5 years. These findings are in line with the



theoretical perspective (DiSantis, Hodges, Johnson, & Fisher, 2011; Eneli, Crum, & Tylka,
2008) that providing meal time structure will encourage healthy eating habits in children via role
modelling and reducing distractions (such as television). The present data indicate that structured
meals may ‘curb’ the development of FF as children grow or at least attenuate the expression of
this appetitive trait. Given that food neophobia (rejection of new foods) is believed to peak
between 2-6 years of age (Dovey et al., 2008) this indicates that parents can help to positively
manage this ‘normal’ behaviour and move through this developmental stage by providing
structure around eating occasions. It is unknown to what extent the present findings apply to
children with severe fussy eating or Avoidance Restrictive Food Intake Disorder. While the
provision of structure at mealtimes may be beneficial other more directed strategies such as the
use of non-food rewards, social praise, repeated exposure and modelling may be required to
improve these children’s intake of rejected foods, particularly vegetables (Caton, Ahern, Remy,

Nicklaus, Blundell, & Hetherington, 2013; Cooke, Chambers, Afiez, & Wardle, 2011).

Taken together, the present findings add to this existing literature on feeding
strategies/practices that may have a positive impact on children’s acceptance of certain foods,
typically vegetables, and hence reduce food fussiness. Specifically, the clinical implication of
these findings are that parents do need to be provided with alternative feeding practices and
strategies to cope with the emergence of neophobic and potentially fussy eating behaviour in
their toddlers. Evidence suggests that many parents respond to fussy eating with non-responsive
practices such as persuasive feeding and using food rewards that have the potential to adversely
impact on future eating behaviours (DiSantis et al., 2011). Therefore, it is essential that parents

are well equipped with positive feeding practices such as implementing structure mealtimes for



their child in addition to strategies (such as repeated exposure) previously shown to increase

acceptance of disliked foods (Caton et al., 2013).

The present study adds to the emerging literature in the area of child feeding that utilises
longitudinal data and cross-lagged analyses to investigate the complex nature of the mother-child
feeding relationship. More specifically, this study clarifies previous work on determinants of FF
and gives weight to speculation that many of the observed cross-sectional relationships between
non-responsive practices and FF are indeed child-driven. Despite the novelty and methodological
strengths of the present study the results need to be considered in light of some limitations.
Firstly, the sample was relatively small and homogenous (highly educated, Australian first-time
mothers of healthy weight children). This limits the generalisability of study findings to other
populations and as such further research is required to examine whether the present findings can
be replicated in families that are socioeconomically disadvantaged, from non-Western
backgrounds and with overweight or obese children.

In addition to these limitations surrounding the sample, there are some statistical issues
that should be considered when interpreting the findings. Firstly, because 25% of the sample did
not complete the measures at one time point imputation of missing data was necessary to
preserve the sample size. Secondly, due to the small sample size extensive adjustment of
potential covariates/confounding variables was not performed. Child gender was found to be
related to food fussiness but not feeding practices and therefore could not be considered a
potential confounder between these variables. Similarly, maternal education was correlated with
aspects of child feeding but not with food fussiness. Future research with a larger sample should
consider adjusting for potential covariates including child gender, maternal education/family

socioeconomic status, and maternal food fussiness. Thirdly, effect sizes for the significant cross-



lag paths were small but are comparable to those reported in other similar and larger studies
(Jansen et al., 2017; Steinsbekk, Belsky, & Wichstram, 2016) and are independent of the small-
to-medium cross-sectional and the large autoregressive effects also estimated in the models.
While the strength of the autoregressive paths indicated that both child FF and maternal feeding
practices are relatively stable across time, this does not preclude the possibility that interventions
that target feeding practices could substantially modify both these parental behaviours and child
FF. The clinical significance of changes in FF that can be attributed to changes in feeding
practices is a question that the present analysis cannot directly answer — but it does provide
implications for which feeding practices in particular could be targeted in experimental designs
in which their direct effects on FF in both the short and longer term could be more extensively
examined.

Another limitation to consider is the timing of the first assessment (child age 2 years).
Assessing these behaviours earlier than 2 years of age before they become entrenched may assist
in the identification of causal pathways between child eating and feeding. Indeed, with additional
waves of data the present autoregressive, cross-lag model could have been compared against
alternative statistical models such as the autoregressive latent trajectory model, which could
allow for individual variability in trajectories of feeding practices and food fussiness and how
these co-vary (Bollen & Curran, 2004).

Finally, limitations of the measures used are also relevant. Shared method variance is one
limitation, social desirability bias may undermine the validity of the self-reported feeding
practice data, and the low (<.70) reliability estimates of the 3-item Structured Meal Timing scale
mean that results pertaining to this practice in particular should be interpreted with caution.,

While it must be acknowledged that the measure of FF reflects mothers’ perception of the child’s



behaviour, this scale has been validated against a psychometric interview to identify clinically
significant fussy/picky eating (Steinsbekk, Sveen, Fildes, Llewellyn, & Wichstrgm, 2017).
Furthermore, within the <blinded for review> sample FF, and the related construct of neophobia,
have been associated with lower preference for fruits and vegetables and poorer dietary quality
(measured in terms of intake patterns using a validated tool or using 3 day food records; Howard,
Mallan, Byrne, Magarey, & Daniels, 2012; Perry, Mallan, Koo, Mauch, Daniels, & Magarey,
2015; Mallan, Fildes, Magarey, & Daniels, 2016). Including measurement of child food intake as
well as what foods are offered to the child will be informative in future research on fussy eating

and feeding practices.

The use of a cross-lagged model approach allowed the present study to clarify the
direction of relationships between mother and child: FF tended to prospectively increase
mothers’ use of non-responsive feeding practices and decrease the use of the more potentially
‘protective’ practice of covert restriction of ‘unhealthy’ foods. In contrast, structure-related
practices around the timing and setting of meals had positive effects on child eating behaviour
with both practices leading to mothers reporting lower child FF over time. Taken together these
findings can inform interventions designed to manage FF in the preschool years. Specifically,
parents can be encouraged to manage FF through the use of structured meal times and settings
rather than needing to resort to coercive (non-responsive) strategies to encourage healthy eating

habits.



References

Antoniou, E. E., Roefs, A., Kremers, S. P., Jansen, A., Gubbels, J. S., Sleddens, E. F., & Thijs,
C. (2015). Picky eating and child weight status development: a longitudinal study.
Journal of Human Nutrition and Dietetics, 29(3), 298-307. doi:10.1111/jhn.12322

Benton, D. (2004). Role of parents in the determination of the food preferences of children and
the development of obesity. International Journal of Obesity, 28(7), 858-8609.
doi:10.1038/sj.ij0.0802532

Black, M. M., & Aboud, F. E. (2011). Responsive feeding is embedded in a theoretical
framework of responsive parenting. The Journal of Nutrition, 141(3), 490-494.

Bollen, K.A., & Curran, P.J. (2004). Autoregressive Latent Trajectory (ALT) models. A
synthesis of two traditions. Sociological Methods & Research, 32(3), 336-383.

Cardona Cano, S., Tiemeier, H., Van Hoeken, D., Tharner, A., Jaddoe, V. W., Hofman, A,, . ..
Hoek, H. W. (2015). Trajectories of picky eating during childhood: A general population
study. International Journal of Eating Disorders 48(6), 570-579. doi:10.1002/eat.22384

Carruth, B. R., Ziegler, P. J., Gordon, A., & Barr, S. I. (2004). Prevalence of picky eaters among
infants and toddlers and their caregivers’ decisions about offering a new food. Journal of
the American Dietetic Association, 104(1), 57-64. doi.org/10.1016/j.jada.2003.10.024

Caton, S. J., Ahern, S. M., Remy, E., Nicklaus, S., Blundell, P., & Hetherington, M. M. (2013).
Repetition counts: repeated exposure increases intake of a novel vegetable in UK pre-
school children compared to flavour—flavour and flavour—nutrient learning. British

Journal of Nutrition, 109(11), 2089-2097.



Cole,N.C., An,R. P, Lee, S.Y., & Donovan, S. M. (2017). Correlates of picky eating and food
neophobia in young children: a systematic review and meta-analysis. Nutrition Reviews,
75(7), 516-532. d0i:10.1093/nutrit/nux024

Cooke, L. J., Chambers, L. C., Afiez, E. V., & Wardle, J. (2011). Facilitating or undermining?
The effect of reward on food acceptance. A narrative review. Appetite, 57(2), 493-497.

Daniels, L. A., Magarey, A., Battistutta, D., Nicholson, J. M., Farrell, A., Davidson, G., &
Cleghorn, G. (2009). The nourish randomised control trial: Positive feeding practices and
food preferences in early childhood - a primary prevention program for childhood
obesity. BMC Public Health, 9(1), 387. d0i:10.1186/1471-2458-9-387

Daniels, L. A., Mallan, K. M., Nicholson, J. M., Thorpe, K., Nambiar, S., Mauch, C. E., &
Magarey, A. (2015). An early feeding practices intervention for obesity prevention.
Pediatrics, 136(1), e40-e49. doi:10.1542/peds.2014-4108

DiSantis, K. I., Hodges, E. A., Johnson, S. L., & Fisher, J. O. (2011). The role of responsive
feeding in overweight during infancy and toddlerhood: a systematic review. International
Journal of Obesity, 35(4), 480-492. doi:10.1038/ij0.2011.3

Dovey, T. M., Staples, P. A., Gibson, E. L., & Halford, J. C. G. (2008). Food neophobia and
‘picky/fussy' eating in children: A review. Appetite, 50(2), 181-193.
doi:10.1016/j.appet.2007.09.009

Eneli, I. U., Crum, P. A., & Tylka, T. L. (2008). The trust model: A different feeding paradigm
for managing childhood obesity. Obesity, 16(10), 2197-2204. doi:10.1038/oby.2008.378

Fildes, A., van Jaarsveld, C. H., Cooke, L., Wardle, J., & Llewellyn, C. H. (2016). Common

genetic architecture underlying young children’s food fussiness and liking for vegetables



and fruit. The American Journal of Clinical Nutrition, 103(4), 1099-1104.
doi:10.3945/ajcn.115.122945

Finnane, J. M., Jansen, E., Mallan, K. M., & Daniels, L. A. (2017). Mealtime structure and
responsive feeding practices are associated with less food fussiness and more food
enjoyment in children. Journal of Nutrition Education and Behavior, 49(1), 11-18.
doi:10.1016/j.jneb.2016.08.007

Galloway, A. T., Fiorito, L., Lee, Y., & Birch, L. L. (2005). Parental pressure, dietary patterns,
and weight status among girls who are "picky eaters". Journal of the American Dietetic
Association, 105(4), 541-548. doi:10.1016/j.jada.2005.01.029

Gibson, E. L., & Cooke, L. (2017). Understanding food fussiness and its implications for food
choice, health, weight and interventions in young children: The impact of Professor Jane
Wardle. Current Obesity Reports, 6(1), 46-56. doi:10.1007/s13679-017-0248-9

Gregory, J. E., Paxton, S. J., & Brozovic, A. M. (2010). Maternal feeding practices, child eating
behaviour and body mass index in preschool-aged children: A prospective analysis. The
International Journal of Behavioral Nutrition and Physical Activity, 7(1), 55,
doi:10.1186/1479-5868-7-55

Gregory, J. E., Paxton, S. J., & Brozovic, A. M. (2010). 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, 54(3), 550-556.
doi:10.1016/j.appet.2010.02.013

Harris, H. A., Fildes, A., Mallan, K. M., & Llewellyn, C. H. (2016). Maternal feeding practices
and fussy eating in toddlerhood: a discordant twin analysis. International Journal of

Behavioral Nutrition and Physical Activity, 13(1), 81. doi:10.1186/s12966-016-0408-4



Hu, L., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis:
Conventional criteria versus new alternatives. Structural Equation Modeling: A
Multidisciplinary Journal, 6(1), 1-55. doi: 10.1080/10705519909540118

Howard, A.J., Mallan, K.M., Byrne, R., Magarey, A., & Daniels, L.A. (2012). Toddlers’ food
preferences. The impact of novel food exposure, maternal preferences and food
neophobia. Appetite,59, 818-825.

Jani, R., Mallan, K. M., & Daniels, L. (2015). Association between Australian-Indian mothers'
controlling feeding practices and children's appetite traits. Appetite, 84(1), 188-195.
doi.org/10.1016/j.appet.2014.10.020

Jansen, E., Mallan, K. M., & Daniels, L. A. (2015). Extending the validity of the feeding
practices and structure questionnaire. International Journal of Behavioral Nutrition and
Physical Activity, 12(1), 90. doi:10.1186/512966-015-0253-x

Jansen, E., Mallan, K. M., Nicholson, J. M., & Daniels, L. A. (2014). The feeding practices and
structure questionnaire: construction and initial validation in a sample of Australian first-
time mothers and their 2-year olds. International Journal of Behavioral Nutrition and
Physical Activity, 11(1), 72. doi.org/10.1186/1479-5868-11-72

Jansen, E., Williams, K. E., Mallan, K. M., Nicholson, J. M., & Daniels, L. A. (2016). The
feeding practices and structure questionnaire (FPSQ-28): A parsimonious version
validated for longitudinal use from 2 to 5 years. Appetite, 100(1), 172-180.
doi.org/10.1016/j.appet.2016.02.031

Jansen, P. W., de Barse, L. M., Jaddoe, V. W., Verhulst, F. C., Franco, O. H., & Tiemeier, H.

(2017). Bi-directional associations between child fussy eating and parents' pressure to



eat: Who influences whom? Physiology & Behavior, 176(1), 101-106.
doi:10.1016/j.physbeh.2017.02.015

Jansen, P. W., Roza, S. J., Jaddoe, V. W., Mackenbach, J. D., Raat, H., Hofman, A, . ..
Tiemeier, H. (2012). Children's eating behavior, feeding practices of parents and weight
problems in early childhood: results from the population-based Generation R Study. The
International Journal of Behavioral Nutrition and Physical Activity, 9(1), 130.
d0i:10.1186/1479-5868-9-130

Little, T. D. (2013). Longitudinal structural equation modeling. New York, USA: Guilford
Press.

Mallan, K.M., Fildes, A., Magarey, A. & Daniels, L.A. (2016). The relationship between number
of fruits, vegetables and noncore foods tried at 14 months and food preferences, dietary
intake patterns, fussy eating behavior and weight status at 3.7 years. Journal of the
Academy of Nutrition and Dietetics, 116(4), 630-637.

Muthén , L. K., & Muthén , B. O. (2012). Mplus user’s guide (7" ed.). Los Angeles, CA: Muthen
& Muthen.

Perry, R.A., Mallan, K.M., Koo, J., Mauch, C.E., Daniels, L.A., & Magarey, A.M. (2015). Food
neophobia and its association with diet quality and weight in children aged 24 months: a
cross sectional study. International Journal of Behavioral Nutrition and Physical
Activity, 12(1), 13.

Schwartz, C., Scholtens, P. A. M. J., Lalanne, A., Weenen, H., & Nicklaus, S. (2011).
Development of healthy eating habits early in life. Review of recent evidence and

selected guidelines. Appetite, 57(3), 796-807. doi.org/10.1016/j.appet.2011.05.316



Smith, A. D., Herle, M., Fildes, A., Cooke, L., Steinsbekk, S., & Llewellyn, C. H. (2016). Food
fussiness and food neophobia share a common etiology in early childhood. Journal of
Child Psychology and Psychiatry, 58(2), 189-196. doi: 10.1111/jcpp.12647

Steinsbekk, S., Belsky, J., & Wichstrem, L. (2016). Parental feeding and child eating: An
investigation of reciprocal effects. Child Development, 87(5), 1538-1549.
doi:10.1111/cdev.12546

Steinsbekk, S., Sveen, T. H., Fildes, A., Llewellyn, C., & Wichstrgm, L. (2017). Screening for
pickiness—a validation study. International Journal of Behavioral Nutrition and Physical
Activity, 14(1), 2.

Tharner, A., Jansen, P. W., Kiefte-de Jong, J. C., Moll, H. A., Hofman, A., Vincent, W. V., . ..
Franco, O. H. (2015). Bidirectional associations between fussy eating and functional
constipation in preschool children. The Journal of Pediatrics, 166(1), 91-96.
doi.org/10.1016/j.jpeds.2014.09.028

Walton, K., Kuczynski, L., Haycraft, E., Breen, A., & Haines, J. (2017). Time to re-think picky
eating?: a relational approach to understanding picky eating. The International Journal of
Behavioral Nutrition and Physical Activity, 14(1), 62. doi:10.1186/s12966-017-0520-0

Wardle, J., Guthrie, C. A., Sanderson, S., & Rapoport, L. (2001). Development of the children's
eating behaviour questionnaire. Journal of Child Psychology and Psychiatry and Applied
Disciplines, 42(7), 963-970. doi:10.1111/1469-7610.00792

World Health Organisation. (2006). WHO Child Growth Standards: Length/height-for-age,
weight-for-age, weight-for-length, weight-for-height and body mass index-for-age:

Methods and development.



Table 1. Maternal reported child Food Fussiness and Feeding Practices at child ages 2, 3.7 and 5 years (N=207).

Assessment time point (child age)

2 years 3.7 years 5 years
Mean (Standard Deviation)

Child Food Fussiness? 2.62 (0.75) 2.93 (0.81) 2.93 (0.82)
6 items, e.g., My child refuses new foods at first
Maternal Feeding Practices®
Reward for Behaviour 1.85 (0.69) 2.20 (0.74) 2.22 (0.73)
4 items, e.g. “l reward my child with something to eat when (s)he is well
behaved”
Reward for Eating 1.81 (0.71) 2.54 (0.73) 2.58 (0.71)
4 items, e.g. “When your child refuses food they usually eat, do you encourage
to eat by offering a food reward (e.g., dessert)?”
Persuasive Feeding 2.70 (0.60) 3.12 (0.62) 3.14 (0.60)
6 items, e.g. “When your child refuses food they usually eat, do you insist your
child eats it?”
Overt Restriction 3.40 (0.83) 3.54 (0.91) 3.46 (0.84)
items, e.g. “If I did not guide or regulate my child’s eating, (s)he would eat too
many junk foods”
Covert Restriction 3.20 (0.90) 3.28 (0.80) 3.24 (0.78)
4 items, e.g. “How often do you avoid buying lollies and snacks e.g., potato
chips and bringing them into the house?”
Family Meal Setting 3.71(1.27) 4.07 (1.16) 4.39 (0.96)
1 item, “My child eats the same meals as the rest of the family”
Structured Meal Timing 3.88 (0.59) 3.80 (0.52) 3.76 (0.52)
3 items, e.g. “I decide the times when my child eats his/her meals”
Structured Meal Setting 3.96 (0.72) 4.11 (0.66) 4.31 (0.59)

3 items, e.g. “l insist my child eats meals at the table”

& Measured via the Children’s Eating Behaviour Questionnaire (Wardle et al., 2001); 5 point scale with higher scores indicating higher

level of Food Fussiness.



b Measured via the Feeding Practices and Structure Questionnaire (Jansen et al., 2016); 5 point scale with higher scores indicating

higher level of the feeding practice.



Table 2. Model fit indices for the bidirectional models of relationship of Food Fussiness and maternal feeding practices across child

ages 2, 3.7 and 5 years (N=207).

Feeding Practice x? (df) P-value CFI RMSEA (95% CI)
>.95 <.08
Reward for Behaviour 0.80 (2) 0.67 1.00 0.01 (0.00-0.11)
Reward for Eating 2.53 (3) 0.47 1.00 0.01 (0.00-0.11)
Persuasive Feeding 4.96 (3) 0.17 0.99 0.06 (0.00-0.14)
Overt Restriction 5.65 (3) 0.13 0.99 0.07 (0.00-0.15)
Covert Restriction 7.08 (3) 0.07 0.99 0.08 (0.00-0.16)
Family Meal Setting 8.26 (3) 0.04 0.99 0.09 (0.02-0.17)
Structured Meal Timing 10.08 (3) 0.02 0.99 0.10 (0.04-0.18)
Structured Meal Setting 3.47 (2) 0.18 0.99 0.06 (0.00-0.16)

df: degrees of freedom; CFI: Comparative Fit Index; RMSEA: Root Mean Square Error of Approximation



Maternal Maternal Maternal

feeding feeding feeding
practice practice practice
o] o]
* * *
o v

Child Food d Child Food a Child Food
Fussiness Fussiness Fussiness

2 years 3.7 years 5 years

Figure 1. Paths estimated for each of the bidirectional models for each pair of variables. *cross-sectional correlations were included in

all models; a = autoregressive paths; b = maternal feeding practice driven paths; ¢ = child Food Fussiness driven paths.
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Figure 2. Bidirectional models for relations among maternal-reported Food Fussiness and Reward for Behaviour (panel A), Reward
for Eating (panel B), Persuasive Feeding (panel C), and Overt Restriction (panel D) between child ages 2, 3.7 and 5 years (N=207).

Coefficients are standardized. *p< .05
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Figure 3. Bidirectional models for relations among maternal-reported Food Fussiness and Covert Restriction (panel A), Structured Meal
Timing (panel B), Structured Meal Setting (panel C), and Family Meal Setting (panel D) between child ages 2, 3.7 and 5 years (N=207).

Coefficients are standardized. *p< .05



