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Abstract
Objective: To examine longitudinal patterns of child introduction to foods and
drinks targeted for restriction by parents and associations between child intake fre-
quency, mother’s own liking, child early exposure and child liking for restricted
foods and drinks at 5 years old.
Design: The study involved secondary analyses of longitudinal data from mothers
and children participating in the NOURISH randomised controlled trial. Patterns of
descriptive data were examined, and a binary logistic regression model tested for
prediction of child liking of a selection of restricted foods and drinks.
Setting: Brisbane and Adelaide, Australia.
Participants: Two hundred and eleven mothers and their first born 5-year-old
children.
Results: The proportion of children who had tried the selected restricted foods and
drinks progressively increased from 14months to 5 years old. Mothers’ own high
liking for both sweet and savoury restricted foods and drinks predicted child high
liking for the same items at 5 years old. Child high intake frequency at 5 years old
also predicted child high liking for sweet foods and drinks, but child early exposure
did not predict child liking for the restricted items examined.
Conclusions: These results challenge the belief that limiting children’s intake of
foods high in sugar, fat and/or salt will increase their liking for them. Findings
instead suggest that restricting children’s access to such foods may be beneficial.
While further research is required, mothers should be made aware that their own
food preferences may inadvertently influence their child’s liking for the very foods
they are trying to restrict.
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High consumption of discretionary energy dense foods and
drinks, such as lollies (sweets), cakes, biscuits and chips
(crisps), has been associated with a greater risk of develop-
ing obesity and a range of chronic diseases(1–3). Childhood
dietary experiences are an important contributor to this
growing burden of disease, with poor dietary habits and
food preferences established in early life tracking through
into adult life(4–6). The 2011–2012 Australian National
Health Survey suggested that 30 % of 2- to 3-year-old
children’s daily energy intake was from discretionary
foods(7). Given that over 70 % of 2- to 6-year-old children’s
energy intake is likely to take place at home(8), parents’
management of young children’s home food environment
is potentially an important influence on children’s diets.

Parents manage children’s intake of discretionary foods
using restrictive feeding practices to control what, how
much and when their children consume these foods(9).
Short-term experimental studies have suggested that such
restrictive feeding practices are counterproductive(10–14).
These studies have consistently observed that children’s
desire for and intake of a restricted food (i.e. foods targeted
for restriction) is greater relative to an unrestricted food in
the period immediately following restriction. However, the
two experiments performed by Ogden et al.(13) that
extended for longer periods than the other experiments
(i.e. 2 d and 2 weeks) also indicated that the alternative
of allowing child free access to a restricted food (chocolate)
resulted in higher child intake of that food over the duration
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of the experiments. This suggests that a lack of restriction
may also be problematic. It is, therefore, unclear how the
overall findings of these experiments relate to children’s
development of preferences for and intake of restricted
foods within their natural environment over time.

Cohort studies have attempted to measure the effects of
parent restrictive feeding in children’s natural environment.
Of these, longitudinal studies measuring parent’s use of
restriction via self-report survey have indicated either no
significant effect on child weight(15,16) or that restrictive
feeding practices are associated with lower weight gain
among younger children(15–17). The Child Feeding
Questionnaire (CFQ) restriction scale(18) has most com-
monly been used by cohort studies to measure parent
restriction. Other scales developed have also incorporated
items from this scale to measure restriction(19,20). This scale
was intended to differentiate high and low restricting
parents, but the scale does not clearly reflect this distinction.

The majority of items in the CFQ restriction scale ask
parents whether they ‘have to be sure’ or ‘guide or regulate’
their child from consuming ‘too many’ or ‘too much’
‘sweet’, ‘junk’, ‘favourite’ or ‘high fat’ foods. These items
do not directly assess the specific parenting practices used
to restrict these foods, nor the success of such practices in
achieving the aim of restricting children’s intake of these
foods. Issues regarding the extent to which this scale can
differentiate high and low restricting parents are illustrated
by a prospective trial that foundmothers’ scores on the CFQ
restriction scale were significantly reduced when children’s
access to target foods was totally restricted at home(21). This
indicates that high scores on the CFQ restriction scale could
potentially reflect a parent’s need to ‘guide or regulate’ their
child’s eating of target foods associated with greater access,
rather than reflecting the level of restricted child intake
applied by parents. Thus, classification of high or low
restricting parents may be better captured by examining
children’s intake of ‘restricted foods’ rather than the practi-
ces used by parents or their perceived ‘need’ to regulate
their child’s access to these foods. Following on from this,
is the limited research regarding the specific foods and
drinks targeted for restriction by parents to inform the
selection of foods and drinks for examination. As a result,
an array of different foods and drinks have been used in
studies to represent restricted foods and drinks but only
one study identified had included restricted items based
on parent’s reports(22).

Another issue present in cohort studies examining the
impact of restrictive feeding practices is the use of a variety
of child outcome measures. Typically, child weight status
has been used as a primary outcome measure, reflecting
the interest in effects on childhood obesity. However, argu-
ably the key outcome of interest is whether restriction
increases a child’s desire for restricted foods and hence
future dietary choices in the absence of parental control,
as Fisher and Birch(10) suggest. Thus, a more proximal mea-
sure of the effect of restrictive feeding practices may be

children’s liking for the specific foods and drinks that are
restricted. However, when considering children’s liking
for restricted foods, it is relevant to consider other factors
that may influence child liking for the high density, sweet
or salty foods likely to be targeted for restriction.

There is robust evidence linking children’s early expo-
sure and frequency of intake with their liking for
foods(23–25), but this knowledge has almost entirely focused
on potentially neophobic foods, such as vegetables, that
parents typically want to encourage. There has been lim-
ited research on whether a similar association exists for
more palatable foods that are likely to be targeted for
restriction. Children’s development of liking for the high
density, sweet or salty foods potentially targeted for restric-
tionmay differ due to children’s innate preferences for such
foods(9). However, some studies have indicated that
repeated exposure to fruit juices and carbonated sweet
drinks is associated with increased child liking andwanting
for them(26–28). In addition, Sullivan and Birch(29) found that
repeated exposure to either sweet, salty or plain flavoured
tofu increased 4- to 5-year-old children’s preferences for
the flavour they received. More recently, Mallan et al.(30)

found a significant correlation between child exposure
by 14 months and child liking at 3·7 years for a group of sev-
enteen non-core foods that could potentially be foods tar-
geted for restriction. These studies appear to suggest that
lower rather than higher restriction of intake may contrib-
ute to children’s preferences for a restricted food or drink,
with the implication that restriction of intake is beneficial.

Another factor found to be associated with children’s
food preferences is maternal food preferences(31,32).
Unlike preference for other foods which have a substantial
heritable component, genetic studies have indicated that
child liking for highly palatable snack and dessert foods
is explained more by shared environmental effects(33,34).
Related to this, maternal liking for a food has been linked
to environmental child exposure. Howard et al.(35) found
that mothers were significantly more likely to offer a food
they also liked to their 2-year-old child and mothers mod-
elling the consumption of these foods may influence child
liking(36,37).

Authors have also proposed that different parental
restrictive feeding practices may have variable effects on
child liking and hence intake of restricted foods. Ogden
et al.(38) proposed that overt and covert controlling feeding
practices have differing effects on child intake of different
foods and, more recently, Rollins et al.(39) proposed that
coercive restrictive feeding practices may have a different
effect on child diet-related outcomes than restriction via
structured food environments. However, qualitative stud-
ies suggest that individual mothers tend to use multiple
practices to accomplish child-feeding goals rather than
abiding by rigid patterns of practices(40–42), including both
overt and covert practices(40). In fact, the study by Ogden
et al.(38) also found a positive correlation for use of overt
and covert controlling feeding practices by the same
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mother (r= 0·3, P= 0·02). Given the likelihood that parents
are using a combination of practices to restrict children’s
intake of particular foods, further research is required to
clearly distinguish differences in individual parent practices
within children’s natural environments before this variable
can be effectively assessed.

In summary, there is a lack of consensus in the litera-
ture on the impact of restrictive feeding practices on
children’s diets. Furthermore, measurement in cohort
studies has primarily focused on attempting to measure
parent restrictive feeding behaviours, with the level of
restriction achieved by parents (i.e. child intake) rarely
being included as an independent variable in the exami-
nation of restrictive feeding. Mothers’ own liking for
restricted foods might also influence child liking via child
access(35), role modelling(36,37), inheritance(33,34) or other
mediating factors. The purpose of the present study was
to examine associations between variables of current
child intake, mothers’ own liking and child early exposure
with child liking for a selection of foods and drinks, which
were reported to be commonly restricted by a sample of
mothers of 5 year olds(43). The first aim of this study was to
examine descriptive data patterns of child intake frequen-
cies of the selected restricted foods and drinks, as well as
children’s progressive introduction to these foods and
drinks at ages 14 months, 2 years, 3·7 years and 5 years.
The second aim was to examine prediction of child liking
for the same selected restricted foods and drinks at 5 years
old by variables of child high intake frequency (at 5 years
old), mother’s own high liking and child early exposure to
the selected foods and drinks.

Method

Measures
This study presents secondary analysis of data from the
NOURISH randomised controlled trial(44). This trial aimed
to evaluate the efficacy of two sets of six parent group
education sessions designed to improve early feeding
practices, which were provided fortnightly when children
were 4–7 months and 13–16 months old. The control arm of
this trial had access to ‘usual child health services’, which
included information and support for child feeding,
growth and development via child health clinic services,
a telephone helpline and website. The trial recruited
698 mothers postnatally from major maternity hospitals
in the cities of Brisbane and Adelaide in Australia during
2008 and 2009. Inclusion criteria were English speaking
first-time mothers (≥18 years) with healthy term infants
(>35 weeks, >2500 g). Written consent was given, and par-
ticipants were randomised according to a permuted-blocks
randomisation schedule. The data collection method was
via self-completed questionnaire, which contained several
widely used and previously validated questionnaires
and some study-specific items related to infant and child

feeding, which were well accepted in pilot studies per-
formed for the NOURISH trial(44). Mother and child length,
height and weight were measured at relevant time points
using standard protocols.

The present study’s sample included 211 mother and
child dyads participating in the control arm of the
NOURISH trial, who were still actively enrolled in the study
at child aged 5 years. Those participating in the intervention
arm of the trial were excluded because exposure to the
NOURISH intervention may have influenced mothers’ feed-
ing practices and impacted on the variables examined in the
present study. NOURISH trail data at the following child age
time points were used in the present study: 14months
(13·7 ± 1·3months), 2 years (24·1 ± 0·7months), 3·7 years
(44·5 ± 3·1months) and 5 years (60·0 ± 0·5months).

Selected restricted foods and drinks
Selection of restricted foods and drinks included in the
analyses was informed by mothers’ reports of items com-
monly targeted for restriction in an unpublished qualitative
study, which involved a sub-sample of participants in
the present study(43). Nine items were selected for inclusion
in analysis: sweet biscuits, cakes, lollies (sweets), savoury
biscuits, potato chips (crisps), fast foods (e.g., KFC,
McDonalds), soft drink/fizzy drink (carbonated sweet
drinks), fruit drink (sweetened fruit flavoured drinks) and
ice cream.

Child age first tried
A six-point food and drink liking scale developed by
Wardle et al.(45) (i.e. 1= likes a lot, 2= likes a little, 3 =
neither likes/dislikes, 4= dislikes a little, 5= dislikes a lot
and 6 = never tried) was used to measure whether children
had tried a food or drink item. For regression analysis,
responses were dichotomised into tried (points 1–5; refer-
ence group) and never tried (point 6) for each of the
selected restricted items. The child early exposure variable
was determined by children having tried the following
items by 14 months (sweet biscuits, cakes, lollies (sweets),
savoury biscuits and potato chips (crisps)) or by 2 years
(soft drink/fizzy drink, fruit drink and fast foods).

Child high liking
The same tool described above was also used to measure
child high liking for each selected restricted item at child
aged 5 years. For this measure, the scale was dichotomised
into likes a lot (point 1; reference group) and likes a little to
dislikes a lot (points 2–5). Responses ofnever tried (point 6)
were excluded from analysis because the child’s liking for
the item could not be ascertained if they had not tried it.

Mothers’ own high liking
The tool described above and dichotomised in the same
way as for child high liking was used to measure mothers’
own high liking for each of the selected restricted items.
Data for mothers’ liking of foods and drinks were collected
at the child aged 2 years assessment point.
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Current child intake frequency
The Child Dietary Questionnaire (CDQ)(46) was used to
measure child intake frequency of the selected restricted
foods (sweet biscuits and cakes, lollies (sweets), savoury
biscuits and chips (crisps), takeaway (e.g., McDonalds,
KFC, Fish and Chips, Chicken Shop)) at child aged 5 years.
The response scale asked parents to report child intake fre-
quency of selected items in the past 7 d (frequency
response options = 0, 1, 2, 3, 4, 5, 6þ times). For regression
analyses, responseswere dichotomised to enable a suitable
spread of data to meet statistical assumptions. Responses
were dichotomised into two times a week or more (child
high intake frequency; reference group) and less than
two times a week (child non-high intake frequency) for
all items except fast foods. Fast foods were consumed less
frequently and required data to be dichotomised into once
a week or more (child high intake frequency; reference
group) and less than once a week (child non-high intake
frequency).

A separate scale developed by the NOURISH investi-
gators(44) was used to measure child intake frequency
of selected restricted drinks (soft drink/fizzy drink and
fruit drink) at child aged 5 years. The response scale
asked parents to report child intake frequency of the
selected drink items per week (frequency response
options = never, <1, 1–3, 4–6, 6þ times). As frequency
of intake of these drinks was low in this sample,
responses were dichotomised into less than once a week
or more (child high intake frequency; reference group)
and never (child non-high intake frequency) for regres-
sion analyses.

Covariates
Six maternal and child characteristics were selected for
examination as covariates based on their potential associ-
ation with mothers’ use of restrictive feeding practices
reported in the literature. These included child gender
(male or female), child birth weight z-score (obtained
from hospital records), maternal education (university
or non-university at the child aged 4 months assessment
point), maternal age (at child birth), maternal BMI (kg/m2

measured using a standard protocol at the child aged
4 months assessment point) and duration of breast-
feeding (weeks duration measured at the child aged
2 years assessment point). However, child and maternal
characteristics may be associated with child exposure
and intake of restricted foods and drinks and could poten-
tially distort the effects shown by the predictors rather
than be independent confounders. For example, Howard
et al.(35) found characteristics of younger maternal age,
higher maternal BMI, shorter duration of breast-feeding
and heavier child birth weight to be positively associated
with children having tried a range of non-core foods by
2 years of age. For this reason, characteristic covariates
were examined separately.

Data analysis
Descriptive data were examined for patterns of frequency
of child intake at 5 years and the percentage of children in
the sample that had tried each of the selected restricted
items at the following age time points: 14 months, 2 years,
3·7 years and 5 years. Multivariable binary logistic regres-
sions were subsequently performed including three predic-
tors (child high intake frequency, mother’s own high liking
and child early exposure) and the six selected child and
maternal characteristic covariates (child gender, child birth
weight z-score, maternal education, maternal age,maternal
BMI and duration of breast-feeding), with child high liking
as the outcome variable. Initially, bivariate binary logistic
regressions were performed between each of the three pre-
dictor variables and the high child liking variable for each of
the restricted foods and drinks. For multivariable analysis,
the three predictors were forced into the model simultane-
ously and the six covariates were entered by the backward
selection method (likelihood ratio) for each of the selected
food and drink items. This provided models including just
the three predictors together (prediction model) and a
series of backward selectionmodels including all three pre-
dictors and variations involving the six maternal and child
covariates (adjusted models). For all analyses, the final
adjusted covariatemodel presented by the backward selec-
tion method was selected and examined for effect size
changes in comparison with the prediction model with just
the three predictors. Multivariable binary logistic regres-
sions were also performed with the removal of one predic-
tor in turn for all combinations of two predictors to assess
confounding between the three predictors. Both bivariate
regressions and analyses involving combinations of two
predictors were examined for confounding between
predictors.

Results

Characteristics of the sample
Characteristics of the study sample are shown in Table 1.
These indicated recruitment and retention bias in compari-
son with those originally approached to participate in the
NOURISH trial but did not proceed(47) and control partici-
pants lost to follow-up during the trial by the time children
were 5 years old (see Table 1). Participants in the present
sample were more likely to be older, university educated,
have a spouse and live in a household with a relatively
higher income than those who originally provided baseline
data and those lost to follow-up.

Descriptive data
Figure 1 shows children’s weekly intake frequency of
selected restricted items at 5 years of age. The intake fre-
quency of sweet drinkswasmuch lower than for the selected
sweet foods, with soft drink being the least frequently
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consumed item of all selected items examined. Takeaway
(fast) foods were the least frequently consumed food item,
with very few children consuming these foods more than
once a week (6 %) at 5 years old. Approximately half of
the sample reported their child consumed lollies (sweets),
ice cream and chips (crisps)/savoury biscuits once a week
or less. Sweet biscuits and cakes were consumed most fre-
quently, with almost half of the sample (48%) consuming
these items three or more times a week.

Figure 2 showsmothers’ reports of the percentage of chil-
dren who had tried a selected restricted food or drink by
when they were 14months, 2 years, 3·7 years and 5 years
old. This shows a progressive reduction in total restriction
of target foods and drinks as children age but with variation
between items. Sweet biscuits and cakes had been intro-
duced to a high proportion of children by the time they
reached 14months (71% and 66%, respectively) and more

than 50% of children had tried ice cream and savoury bis-
cuits by this age. A lower proportion of children had tried
lollies (sweets) and potato chips (crisps) at 14months.
This markedly increased by the time children were 2 years
old and almost all had tried these items by the time children
were 3·7 years old. The percentage of children having tried
soft drink, fruit drink and fast foodswas lowest across all time
points, with 26% of children still not having tried soft drinks
by 5 years old and 14% and 12% not having tried fast foods
and fruit drinks, respectively.

Multivariable analysis
Table 2 displays a summary of multivariable binary logis-
tic regression findings for prediction of child high liking
by the three predictors of child high intake frequency,
mothers’ high liking and child early exposure, excluding

Table 1 Characteristics of the study sample of mother and child dyads in comparison with the NOURISH trial control participants lost to
follow-up

Variables (at child 4 months)

Study sample Lost to follow-up

n n/M %/SD n n/M %/SD P*

Maternal characteristics
University education (yes) 211 137 65 135 62 46 0·000
Born in Australia 211 164 78 135 106 79 0·862
Age at delivery (years) 211 31 5 135 29 5 0·006
Low family income (gross < $50 001 pa)† 207 39 19 124 39 32 0·009
BMI (kg/m2)* 210 25·94 5·53 134 26·59 5·34 0·282
% Overweight (BMI≥ 25)‡ 210 104 50 134 75 56 0·978
% Obese (BMI≥ 30)‡ 210 41 20 134 26 19 0·243
Married/de facto (yes) 211 206 98 134 121 90 0·003

Child characteristics
Gender (male) 211 98 46 135 75 56 0·098
Child weight for age z-score 211 –0·03 0·92 135 –0·04 0·88 0·983

% (valid rounded) within group (count) reported for categorical variables; M (SD) reported for continuous variables.
*For continuous variables, t test, P values and sig. (two-tailed) equal variance assumed. For dichotomous variables, Pearson chi-squared test, P values and sig. (two-sided).
†Original data groups split closest to the lowest quartile.
‡World Health Organization (WHO)(48).
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Fig. 1 Child intake frequency of selected foods and drinks at 5 years
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covariates. Inclusion of the maternal and child character-
istic covariates in the prediction models did not change
the significance of the three key predictors or the order
of highest predicted odds. Furthermore, there were no
systematic patterns of association between any of the
covariates and the outcome measure, child high liking.
Confounding between predictors, identified by examin-
ing bivariate regressions and combinations of two predic-
tors, has been highlighted in the report of findings that
follow. The food item of ice cream was excluded from
multivariable analysis due to very high levels of child high
liking for this item (94 %).

Child high intake frequency predicted higher odds of
child high liking for the sweet foods and drinks examined

but did not predict child high liking for any of the savoury
foods. Child high intake frequency for soft drink predicted
the highest odds for child high liking of all the analyses
performed (OR 11·06, 95 % CI 4·38, 27·93, P= 0·001).
Furthermore, the total variance explained by the three pre-
dictors was much higher than for any other restricted item
examined (Nagelkerke R2= 38·7) and bivariate analysis
suggested this variance was almost totally explained by
the child high intake frequency variable. Sweet biscuits
were the only other itemwhere child high intake frequency
was the highest predictor for child high liking (OR 4·84,
95 % CI 1·80, 13·02, P= 0·002). However, child high intake
frequency also predicted significant odds of child high lik-
ing for fruit drink (OR 2·47, 95 % CI 1·09, 5·59, P= 0·030)
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Fig. 2 Percentage of child sample who had tried selected foods and drinks by child aged ( ) 14months, ( ) 2 years, ( ) 3·7 years and
( ) 5 years

Table 2 Prediction of child high liking by child high intake frequency, mothers’ own high liking and child early exposure for eight selected
restricted food and drink items at child aged 5 years†

Food or drink n

Child high intake frequency Mothers’ own high liking Child early exposure
Nagelkerke

R2OR 95% CI OR 95% CI OR 95% CI

Sweet food and drink items
Soft drink 127 11·06*** 4·38, 27·93 1·80 0·63, 5·12 1·19‡ 0·47, 3·00 38·7
Sweet bisc. 165 4·84** 1·80, 13·02 2·15 0·80, 5·83 0·60§ 0·19, 1·89 13·4
Fruit drink 148 2·47* 1·09, 5·59 4·72** 1·51, 14·80 0·50‡ 0·23, 1·09 14·5
Cake 165 1·75 0·70, 4·37 3·29** 1·36, 7·96 1·15§ 0·47, 2·81 10·1
Lollies‖ 171 1·57 0·68, 3·61 1·72 0·67, 4·44 1·29‡ 0·55, 3·02 3·8

Savoury food items
Fast food 148 1·18 0·57, 2·40 3·77** 1·57, 9·05 1·21‡ 0·59, 2·47 11·0
Savoury bisc. 166 0·94 0·40, 2·21 2·70* 1·10, 6·62 1·69§ 0·72, 3·96 7·5
Potato chips¶ 166 1·05 0·48, 2·31 2·51* 1·13, 5·61 1·09§ 0·46, 2·61 5·3

*P< 0·05, **P< 0·01, ***P< 0·001.
†The prediction model includes the three predictors together without maternal and child characteristic covariates.
‡Child had been exposed to the item by 2 years.
§Child had been exposed to the item by 14months.
‖Sweets (UK).
¶Crisps (UK).
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and moderate odds (OR> 1·5) of child high liking for cake
and lollies (sweets).

Mothers’ own high liking most commonly predicted
the highest odds of child high liking across the range of
restricted foods and drinks examined. Mothers’ own high
liking predicted the highest and significant odds of child
high liking for fruit drink (OR 4·72, 95 % CI 1·51, 14·80,
P = 0·008) and cake (OR 3·29, 95 % CI 1·36, 7·96,
P = 0·008). Moderate odds were also predicted for the
other three sweet items (soft drink, sweet biscuits and lol-
lies (sweets)). Bivariate odds predicted by mothers’ own
high liking for soft drink were significant (OR 2·56, 95 %
CI 1·06, 6·18, P = 0·036) but confounded by child high
intake frequency in the prediction model. Mothers’
own high liking also predicted significant odds of high
child liking for all the savoury foods examined (fast foods,
OR 3·77, 95 % CI 1·57, 9·05, P = 0·003; savoury biscuits,
OR 2·70, 95 % CI 1·10, 6·62, P = 0·030 and chips (crisps),
OR 2·51, 95 % CI 1·13, 5·61, P = 0·024).

Child early exposure to the food or drink item pre-
dicted fairly low and non-significant odds of child high lik-
ing for all the selected foods and drinks examined. Only
moderate but non-significant odds were predicted for
savoury biscuits (OR 1·69, 95 % CI 0·72, 3·96, P = 0·228).
Bivariate analysis showed that child early exposure only
predicted significant odds of child high liking for soft drink
(OR 3·23, 95 % CI 1·56, 6·68, P = 0·002), which was con-
founded by child high intake frequency in the prediction
model. For all other items, the minimal associations
between child early exposure and child liking were not
explained by confounding from child high intake frequency
ormothers’ own high liking. An unusual findingwas the pro-
tective associations between child early exposure and child
high liking for fruit drink and sweet biscuits in both the
bivariate and prediction models. These findings suggested
that child early exposure to these items reduces the odds
of child high liking at 5 years old, although these findings
were not significant.

Variance explained by the three predictors was
described using the Nagelkerke’s pseudo-R2. This varied
between items, with soft drinks showing the most variance
explained (Nagelkerke R2= 38·7) and lollies (sweets)
showing minimal variance explained (Nagelkerke
R2= 3·8) by these predictors for child high liking. Also,
lollies (sweets) were the only item examined that did
not show a significant association between child high
liking and any of the predictors. Potato chips (crisps)
showed the lowest variance explained (Nagelkerke
R2= 5·3) by the three predictors of the savoury foods exam-
ined and were the second lowest of all the items examined.
This indicated that predictors other than those examined
here had a greater influence on child high liking for lollies
(sweets) and potato chips (crisps) than for the other items
examined.

Discussion

Firstly, this study aimed to examine patterns of descriptive
data showing children’s introduction to and current intake
of a selection of restricted foods and drinks, and secondly,
examine associations between child liking for restricted
foods and drinks with current level of restricted child
intake, mothers’ own liking and child early exposure to
the same restricted foods and drinks. Descriptive data indi-
cated that sweet drinks and fast foods (takeaway) were
most highly restricted and sweet biscuits and cakes least
restricted. This pattern of variation in restriction of child
intake between items was consistent with differential tar-
geting of items by parents reported in a Dutch study by
Gubbels et al.(22). This finding not only suggests that
parents may vary levels of restriction between items but
also that there may be common patterns of differential tar-
geting among parents. Furthermore, findings suggest that
measurement by specific restricted foods and drinks is
likely to provide more sensitive measurement of parent
restriction than using composite scores of foods and drinks,
which has been utilised in cohort studies to date.

The proportion of children who had tried the selected
foods and drinks was found to progressively increase with
children’s age (14 months, 2 years, 3·7 years and 5 years).
This finding is inconsistent with a trend of increasing parent
restrictive feeding between 2 and 3·7 years followed by
consistency between 3·7 and 5 years found by Daniels
et al.(49), using the same NOURISH cohort. Potentially,
measurement of parent restriction by the CFQ restriction
scale(18) in this study may account for the inconsistency.
As suggested earlier and with respect to findings from
Holland et al.(21), higher scores on this scale may reflect
a greater need for parent restrictive feeding behaviours
in response to greater child access to restricted foods rather
than a higher level of restriction.

Regression analysis indicated that child high intake fre-
quency of selected sweet foods and drinks at 5 years of
age predicted child high liking for the same sweet restricted
items (i.e. soft drink, fruit drink, lollies (sweets), cakes and
sweet biscuits). This was independently of mothers’ own
high liking and child early exposure to the items.
However, findings did not show a comparable pattern of
results for the savoury foods examined (i.e. fast foods,
savoury biscuits and potato chips (crisps)). While further
investigation is required to establish whether these findings
might be replicated in other samples, Tindell et al.(50) did
find that stimulation of ‘pleasure hotspots’ in the brain
(ventral pallidum) of rats showed different responses for
repeated consumption of sweet and salty foods. They found
that neurological liking responses for salt taste onlymatched
that of sucrose (sugar) when test animals were salt depleted.
This suggests that associations between children’s intake
and liking for sweet and savoury foods may also vary.
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The present study did not provide evidence of an asso-
ciation between low child intake (i.e. higher restriction)
and higher child liking for a restricted food or drink.
Therefore, the findings of the present study do not support
the claims made by short-term restriction experiments, in
which restriction of a food increases a child’s desire for
the item(10–14). The present study’s findings are instead con-
sistent with evidence of an association between child high
intake frequency (i.e. low restriction) and child high liking
for sweet foods and drinks(26–29).

Regression analysis showed minimal to no association
between child early exposure and child high liking for
restricted items at 5 years of age, after controlling for the
other predictor variables examined. Even bivariate odds
only indicated a significant association for soft drink, which
was confounded by current child intake frequency. These
findings appear to be inconsistent with significant findings
by Mallan et al.(30) of a bivariate association between chil-
dren having tried a set of seventeen non-core foods by
14 months and higher mean child liking for these foods
at 3·7 years, using the same NOURISH cohort. One explan-
ation for this discrepancy could be that the study by Mallan
et al. performed this analysis at a younger child age. Soft
drink, which showed a bivariate association in the present
study, was also found to be the item most likely to be intro-
duced at a later child age. Therefore, it may be that as chil-
dren become older and have more frequent access to
readily liked restricted foods, earlier exposure becomes
less important for child liking. Other reasons could be
differences in the foods examined, the use of a composite
measure or the larger sample size (n 340) enabling greater
potential to detect significant differences in the study by
Mallan et al. Further research is required but findings of
the present study suggest that if child early exposure
influences child liking for palatable restricted foods and
drinks, this may be superseded by current intake as chil-
dren become older.

Mothers’ own high liking for the restricted foods and
drinks predicted higher odds of child high liking for the same
restricted item at child aged 5 years, which was consistent
with other studies examining these associations with a range
of different foods(31,32,35). However, the present study also
showed that this effect was independent of children’s early
exposure and their frequency of intake of restricted items.
Mothers’ ownhigh likingwas also the only predictor to show
an association with child high liking for the savoury foods
examined (fast foods, chips (crisps) and savoury biscuits).
While heritability may contribute to associations between
mother and child liking, studies have indicated that environ-
mental effects are themajor contributor to child liking for the
high density, sweet and salty foods potentially targeted for
restriction(33,34). Further investigation is required to clarify
variables associated with mothers’ own liking for restricted
foods and drinks beyond child intake. These may include
role modelling(36,37), an element of heritability(33,34) and/or
types of restrictive feeding practices(38,39), for example.

Another aspect of restrictive feeding revealed by the
present study was that the variance in child high liking
explained by the three predictors together (child high
intake frequency, mothers’ own high liking and child early
exposure) varied between restricted items. This indicated
that effects from variables examined in the present study
may be more important for predicting child high liking
for soft drinks than for lollies (sweets) and potato chips
(crisps). Descriptive data also showed an unusual pattern
of earlier high restriction of lollies (sweets) and potato chips
(crisps) followed by a sharp rise in children’s introduction
to these items between child aged 2 and 3·7 years. It may be
that social influences, or another variable not examined
here, have a greater effect on children’s liking for these
items than for the other items examined in these analyses.

Strengths and limitations
A key strength of this study was the examination of both
descriptive data patterns and inferential analysis, as well
as examination by specific foods and drinks reported to
be restricted by a sub-sample of the participants(43).
However, analysis by item increased the number of tests
performed and the chance of type 1 error. There were also
a number of other limitations. Firstly, the sample included
higher proportions of university educated and older moth-
ers, living with a spouse in higher income families than
those initially recruited to the NOURISH trial and the pop-
ulation from which the NOURISH sample was selected(47).
Secondly, data collected via self-report survey may intro-
duce social desirability bias(51). Thirdly, the use of secondary
data presented limitations in relation to the variables avail-
able for analysis. Measures used in this database were not
developed specifically for this study and presented some
skewed data sets for analyses. Data for child intake of the
more highly restricted foods and drinks were highly nega-
tively skewed, and data for child liking were highly posi-
tively skewed for most of the items examined, which
limited the sensitivity of this analysis. Also, food and drink
item categories within the intake and liking scales were
not identical. This required some items to bematched,which
may have affected results.

Conclusion

This study suggests that restriction of children’s intake of tar-
get foods and drinks is reduced as children age and that the
level of restriction applied varies between different restricted
foods and drinks. Findings also suggested that child intake
frequency (level of restriction) and mothers’ own liking
for restricted foods and drinks are important dimensions
to consider when examining the effects of parent restrictive
feeding on children’s liking for restricted foods and drinks. In
contrast, early exposure may not be an important predictor
of child liking for restricted foods and drinks by the time
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children have reached 5 years old. The results of this study
challenge the belief that limiting children’s intake of foods
and drinks high in sugar, fat and/or salt will increase their
liking for them. Instead, findings suggest that restricting
children’s access to such foods and drinksmay be beneficial.
It also highlights the importance of current access and that
limiting exposure when children are very young is unlikely
to assist with reducing later preferences for these highly pal-
atable foods. Furthermore, the findings suggest that mothers
should be made aware that their own food preferences may
inadvertently influence their child’s liking for restricted foods
and drinks. However, further research is required to identify
the specific mechanisms mediating this association, such as
rolemodelling, heritability and/or types of restrictive feeding
practices applied.
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