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ARTICLE INFO ABSTRACT

Keywords:
Pre-schoolers

Child eating behaviours have consistently been linked to child weight status. Yet, changes in child eating be-
haviours during early obesity treatment are rarely evaluated. Psychometric evaluation of the Child Eating

Obesity treatment
CEBQ
Eating behaviours
Rasch

Behaviour Questionnaire (CEBQ) is common, but results are sample-dependent and included items may not
capture the full range of the underlying traits. Rasch analysis can overcome these disadvantages. The aim of this
paper was to assess child eating behaviours measured by the CEBQ after a 12-month obesity intervention

applying the Rasch model for the validation of the CEBQ. The Rasch-based fit statistics were applied in children
from two samples, Australian and Swedish (n = 1724). Changes in eating behaviours amongst children aged 4-6
years were examined in the More and Less RCT for obesity treatment (n = 177), which compared a parenting
programme (with and without boosters) against standard treatment. Parents completed the CEBQ at four time
points over 12-months. Linear mixed models were applied to estimate treatment effects on the CEBQ, refined
according to Rasch, over time. We found that the validity of CEBQ was confirmed after removing 4 items (item fit
statistics outside range 0.5-1.5). When the refined CEBQ was used in the assessment of the RCT, there were no
differences in parental reports of changes in children’s eating behaviours between the parenting programme and
standard treatment (group-by-time interactions p > 0.05). However, in the total sample food approach behav-
iours decreased while fussy eating behaviours increased (p < 0.05). In conclusion, the refined CEBQ proved to be
a valid tool for examining parent-reported child eating behaviours. Early obesity treatment may decrease eating
behaviours associated with higher child weight. Future research should address the associations between changes
in child weight status and eating behaviours.

1. Background 2015; Quah et al., 2019; Sleddens, Kremers, & Thijs, 2008; Somaraki
etal., 2018; Viana, Sinde, & Saxton, 2008). Thus, eating behaviours may

Modifying child food related behaviours is a necessary component provide the pathway for the genetic risk for obesity to manifest through

for weight management (Grossman et al., 2017; Llabre et al., 2020). In
the context of treatment, it is useful to account for children’s appetite
that can be described by distinct tendencies defining how they eat
(Wardle, Guthrie, Sanderson, & Rapoport, 2001). Some children are
more susceptible to high availability of food in their environment, and
tend to eat more in response to that (Carnell & Wardle, 2007; Syrad,
Johnson, Wardle, & Llewellyn, 2016). These tendencies termed child
eating behaviours have consistently been associated with child weight
status (Carnell & Wardle, 2008a; Jansen et al., 2012; McCarthy et al.,

higher susceptibility to a ubiquitous obesogenic environment (Carnell &
Wardle, 2008a; Llewellyn, Trzaskowski, van Jaarsveld, Plomin, &
Wardle, 2014; van Jaarsveld, Boniface, Llewellyn, & Wardle, 2014).

1.1. Child eating behaviours and weight status

Eating behaviours among young children are commonly measured
by the 35-item Child Eating Behaviour Questionnaire (CEBQ), which
defines two distinct dimensions: food approach and food avoidance (de
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Lauzon-Guillain et al., 2012). Each dimension comprises four scales
representing unique and well-characterised obesity-related eating be-
haviours, which have been consistently shown using varied methodol-
ogy, i.e. psychometric instruments and experimental paradigms (Carnell
et al., 2016; Carnell & Wardle, 2008b; Jackson et al., 2021; Kral et al.,
2018; Rendall, Dodd, & Harvey, 2020). Food approach behaviours
describing higher responsiveness to food cues have been associated with
higher weight status, while food avoidance behaviours, defined by
higher responsiveness to internal hunger and satiety cues have been
associated with lower weight status (Carnell & Wardle, 2008a; Jansen
et al., 2012; Kininmonth et al., 2021; McCarthy et al., 2015; Quah et al.,
2019; Sleddens et al., 2008; Somaraki et al., 2018; Viana et al., 2008).
These associations may be explained by higher liking of noncore
(palatable, energy dense) foods among children with food approach
behaviours, and less pleasure from eating among children exhibiting
food avoidance behaviours (Carnell et al., 2016; Fildes et al., 2015).

Although eating behaviours are associated with child weight status
with increasing responsiveness to external cues and decreasing respon-
siveness to internal cues relating to obesity (Carnell & Wardle, 2008a),
variation occurs within weight status categories (Croker, Cooke, &
Wardle, 2011; Sandvik et al., 2018). In particular, children attending
obesity treatment programs display extreme behaviours (combining
food approach and food avoidant behaviours) that can present particular
challenges for parents (Croker et al., 2011).

1.2. Evaluating obesity treatment amongst pre-schoolers

Few randomized controlled trials (RCTs) have evaluated obesity
treatment programmes in the preschool years, despite evidence that
early intervention is key for a healthy growth trajectory (Ells et al.,
2018; Reinehr, Kleber, Lass, & Toschke, 2010; Stark et al., 2018). In the
preschool years, parents lay the foundation for life-long food preferences
(Birch & Fisher, 1998). Parents also influence their children’s environ-
ments through feeding practices, which in turn are shaped by general
parental beliefs and attitudes toward child rearing (Yee, Lwin, & Ho,
2017). Treatment programmes may increase parental awareness of the
strong genetic components of child eating behaviours, so that parents
apply developmentally appropriate feeding, which can help to prevent
further weight gain (Golan & Weizman, 2001; Llewellyn & Fildes, 2017;
Loveman et al., 2015; Morgan, Schoonees, Sriram, Faure, &
Seguin-Fowler, 2020; Yavuz, van Ijzendoorn, Mesman, & van der Veek,
2015). To our knowledge, no earlier study has examined the direct ef-
fects of obesity treatment on child eating behaviours in the preschool
years.

The More and Less Study (ML study) in Sweden is a RCT with families
of pre-schoolers with obesity, that evaluates the effectiveness of a
parenting programme, with and without follow-up booster sessions,
against standard treatment (Ek et al., 2015). Analysis of the primary
outcome changes in child weight status over 12 months follow-up—
showed that the parenting programme, in particular the condition
enhanced with follow-up (booster) sessions, facilitated a greater
reduction in child weight status (Ek et al., 2019). This paper evaluates
child eating behaviours over the same 12-month-follow-up (secondary
outcomes of the ML Study).

1.3. Use of the Rasch model

In the context of the Swedish ML study, the CEBQ was used to assess
child eating behaviours (Ek et al., 2015; Sandvik et al., 2019). The CEBQ
has been validated in Sweden using factor analytic methods and reli-
ability statistics (Ek et al., 2016; Svensson et al., 2011). The same clas-
sical test theory approach was used in the original development of the
tool by Wardle et al. (2001), and by all subsequent validation studies
(Behar et al., 2018; Cao et al., 2012; Domoff, Miller, Kaciroti, & Lumeng,
2015; Loh, Moy, Zaharan, & Mohamed, 2013; Mallan et al., 2013;
Purwaningrum et al., 2020; Quah et al., 2017; Quah et al., 2019;
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Sleddens et al., 2008; Sparks & Radnitz, 2012; Viana et al., 2008). While
these studies contributed to a better understanding of child eating be-
haviours and their correlates (Freitas, Albuquerque, Silva, & Oliveira,
2018; Wardle et al., 2001), the validation approach has limitations.
Classical test theory is sample-dependant and the validity of measure-
ment depends on patterns of correlations between the items making up
the scale (Gordon, 2015). First, it may lead to the inclusion of similar
items for assessing a single aspect of a certain behaviour (such as child
eating behaviour), but miss assessing the full range of the behaviour
(‘the underlying trait’). In other words, one aspect of the behaviour may
be overemphasized through the inclusion of several highly correlated
items (according to classical test theory) while it can be perfectly
captured by one item only (Gordon, 2015). Second, any item that does
not assess typical behaviour (i.e. average levels of the behaviours in the
specific sample) disturbs the pattern of correlations and is discarded
(Gordon, 2015). Thus, applying classical test theory in a homogeneous
population, which presumably exhibits similar levels of the underlying
trait, may introduce significant floor effects (i.e. low scores).

The Rasch model may overcome the limitations associated with
highly correlated items that confirm the assumptions of the classical test
theory. In particular, the Rasch analysis places all respondents and items
on the same measure of the underlying trait (i.e. the measure is inde-
pendent of the sample population). According to this model, re-
spondents have a higher probability to endorse items, which measure
levels of the trait they exhibit. Accordingly, respondents have a low
probability to endorse items that measure levels of the trait higher than
theirs (Bond & Fox, 2015; Linacre, 2020). Items that are placed on the
same level along the measure are redundant (i.e. they assess the same
levels of the underlying trait), and they can be eliminated without
consequences for the accuracy of assessment. Therefore, the advantages
of applying the Rasch model include the reduction of items or response
categories on a scale, which can prospectively reduce participant burden
and facilitate large studies with multiple assessments (Gordon, 2015).
Moreover, use of the model provides information on the degree of the
underlying trait that the tool is centred around (Bond & Fox, 2015). To
sum up, applying the Rasch model to the well-characterised scales of the
CEBQ will provide some useful insights into the instrument facilitating
the evaluation of child eating behaviours in the context of the ML study.

2. Aims

The aim of the present paper is twofold. The first objective is to apply
the Rasch model for the validation of the CEBQ —the most widely used
instrument for assessing child eating behaviours (Study I —Validation of
the CEBQ using Rasch). The second objective is to evaluate changes in
food approach and food avoidance behaviours in pre-schoolers over 12-
month-follow-up in the ML study (Study Il —Evaluation of CEBQ changes
in the ML study).

3. Methods
3.1. Study I —Validation of the CEBQ using Rasch

3.1.1. Participants and recruitment
The study sample (Nt = 1724) consists of mother-child dyads in 1) a
Swedish sample (N;) and 2) an Australian sample (Np).

1) The Swedish sample (N5 = 1336) is composed of three sub-samples
from two urban areas, Malmo and Stockholm. In Malmo, 876
mothers completed the CEBQ questionnaires through a cross-
sectional survey (population sample). In Stockholm, data from two
samples were used. First, a sample of 431 parents were recruited via
25 schools/preschools through a cross-sectional survey; from these
353 were mothers and theywere included in the analytical sample
(school sample). The second sample consists of baseline reports only
from 107 mothers from the ML study (clinical sample). A description
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of the ML study (Ek et al., 2015, 2019) and the follow-up assess-
ments, which were not included in Study I, is provided below.

The Australian sample (Ny, = 388) consists of first-time mothers
participating in the NOURISH RCT (Daniels et al., 2009, 2015;
Daniels, Mallan, Nicholson, Battistutta, & Magarey, 2013; Magarey
et al., 2016). The mothers were recruited from postnatal wards in
two Australian cities, Brisbane and Adelaide, and were allocated to
either control condition or intervention condition (focusing on
responsive, non-controlling feeding practices). Data included in
these analyses were collected when the children were 5 years of age.
Both intervention and control conditions are included as the children
presented similar changes in their eating behaviours between the
ages of 2 and 5 years (no significant time-by-group interaction).

2

—

Ethical approval has been obtained for all samples: for the Malmo
sample, by the Regional Ethical Board in Lund (approval number 2009/
362), and for the Stockholm samples, by the Regional Ethical Board in
Stockholm (approval numbers 2011/1329-31/4, 2012/1104-32, 2012/
2005-32, 2013/486-32 and 2013/1628-31/2). The Australian sample
(NOURISH study) has received approval by the Queensland University
of Technology (ID0700000752).

3.1.2. Measurements

The instrument of interest for the present manuscript is the Child
Eating Behaviour Questionnaire (CEBQ) comprising the food approach
and food avoidance dimensions. These scales are Food Responsiveness
(FR), Emotional Overeating (EOE), Enjoyment of Food (EF), and Desire
to Drink (DD) clustering around food approach; and Satiety

Table 1
The items in the Child Eating Behaviour Questionnaire (CEBQ) according to
eight scales describing unique obesity-related eating behaviours (Wardle et al.

2001).

FOOD APPROACH

FOOD AVOIDANCE

Food Responsiveness (FR)
“My child is always asking for food”
“If allowed to, my child would eat too
much”
“Given the choice, my child would eat
most of the time”
“Even if my child is full up s/he finds
room to eat his/her favourite food”
“If given the chance, my child would
always have food in his/her mouth”
Emotional Overeating (EOE)
“My child eats more when worried”
“My child eats more when annoyed”
“My child eats more when anxious”
“My child eats more when s/he has
nothing else to do”

Enjoyment of Food (EF)
“My child loves food”

“My child is interested in food”
“My child looks forward to mealtimes”
“My child enjoys eating”

Desire to Drink (DD)
“My child is always asking for a drink”
“If given the chance, my child would
drink continuously throughout the
day”
“If given the chance, my child would
always be having a drink”

Satiety Responsiveness (SR)

“My child has a big appetite”, reverse
score

“My child leaves food on his/her plate at
the end of a meal”

“My child gets full before his/her meal is
finished”

“My child gets full up easily”

“My child cannot eat a meal if s/he has
had a snack just before”

Slowness in Eating (SE)

“My child finishes his/her meal quickly”,
reverse score

“My child eats slowly”

“My child takes more than 30 min to
finish a meal”

“My child eats more and more slowly
during the course of a meal”

Emotional Undereating (EUE)

“My child eats less when angry”

“My child eats less when s/he is tired”
“My child eats more when she is happy”
“My child eats less when upset”

Food Fussiness (FF)

“My child refuses new foods at first”
“My child enjoys tasting new foods”,
reverse score

“My child enjoys a wide variety of
foods”, reverse score

“My child is interested in tasting food s/
he hasn’t tasted before”, reverse score
“My child is difficult to please with
meals”

“My child decides that s/he doesn’t like
a food, even without tasting it”

All items are measured on a 5-point Likert scale: 1 = “Never”, 2 = “Rarely”, 3 =

“Sometimes”, 4 = “Often”, 5 = “Always”.
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Responsiveness (SR), Slowness in Eating (SE), Emotional Undereating
(EUE), and Food Fussiness (FF), clustering around food avoidance
(Table 1).

For CEBQ, only questionnaires filled out by mothers were included in
the analyses, in line with previous research including the development
and validation of the CEBQ across the globe, which has overwhelmingly
focused on maternal responses as regards child eating and feeding
(Davison et al., 2016; Kininmonth, Smith, Llewellyn, & Fildes, 2020;
Mallan et al., 2018; Morgan et al., 2017; Wardle et al., 2001). This is also
reflected in the Swedish samples where over 80% of responses in rela-
tion to child eating behaviours were provided by mothers, while in the
Australian sample data were almost exclusively provided by mothers.
Questionnaires also included items related to child sex and age, and
maternal height, weight, education and country of birth. Child height
and weight were parent-reported in the Swedish population and school
samples but measured in the Swedish clinical sample. Both child and
maternal anthropometric data were measured by research staff in the
Australian sample. The extended sex- and age-adjusted IOTF (Interna-
tional Obesity Task Force) criteria were applied to classify child weight
status (Cole & Lobstein, 2012).

3.1.3. Statistical procedures

The Rasch model requires that clusters of items assumed to represent
a certain behaviour, do indeed relate to one underlying trait only
(assumption of unidimensionality). Thus, eight separate Principal
Components Analyses (PCA) were performed for each eating behaviour
scale in the CEBQ (Wardle et al., 2001). The assumption of unidimen-
sionality was fulfilled for each scale (one single factor was identified
each time with eigenvalue >1 and visual inspection of the scree plot).
Moreover, the internal consistency reliability of all scales was acceptable
(all Cronbach’s alphas >0.73) (Field, 2009). PCA and reliability pro-
cedures were conducted using IBM SPSS Statistics version 24.

The Rasch model determined whether the empirical data conformed
to the a priori hypotheses of the Rasch model for measurement validity.
Higher measures corresponded to higher levels of the ‘underlying trait’.
The following diagnostics were examined (Bond & Fox, 2015; Linacre,
2020): 1) Item fit statistics (infit/outfit) to quantify the deviation of
empirical data from the Rasch model (i.e. items with values between 0.5
and 1.5 are considered to be “productive of measurement” and are
retained; values below/above these margins may imply that responses
are too predictable or not predictable at all by the model, which in-
terferes with interval measurement), 2) Person and item separa-
tion/reliability indexes to indicate whether the psychometric tool can
discriminate between participants with high and low levels of the
behaviour that the tool assesses (accuracy in placing participants and
items relative to each other along the measure of the underlying trait;
low person/item separation index below 2/3), and 3) Point-measure
correlations to show how well responses to an item correlate with the
levels of the underlying trait in the respondent (positive and noticeable
correlations are required). Moreover, the following graphs were visually
inspected (Bond & Fox, 2015; Linacre, 2020): 1) Wright maps, which
illustrate both the items and participants along the same measure for
each eating behaviour, 2) Item Characteristic Curves, which characterise
each item and illustrate the probability of a respondent endorsing the
item according to their own level of the underlying trait (i.e. increasing
probability to endorse the item corresponds to monotonically increasing
levels of the underlying trait in the respondent), and 3) Category
Probability Curves, which illustrate the probability of respondents
picking a certain response category according to their level of the un-
derlying trait (e.g. mothers of children with high Food Responsiveness
would have a high probability of picking the highest response category,
while mothers of children with low Food Responsiveness would have the
lowest probability). Winsteps Rasch Software, version 4.5.3, was used
(Linacre, 2020).

Participants’ logit measures for each scale (measures of the under-
lying trait according to the Rasch model) were computed in Winsteps
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and exported to SPSS. Logit measures were correlated to the mean scores
for each scale based on the ordinal responses, which have been consis-
tently used to distinguish between children with higher and lower
weight status (Carnell & Wardle, 2008a; Kininmonth et al., 2021; Lle-
wellyn & Fildes, 2017; Wardle et al., 2001). Construct validity was
examined by comparing the logit measures and mean scores for each
scale between children with and without obesity using independent
samples t-test. Significance level was set at p < 0.05.

Descriptive statistics were applied for the total sample and separately
for the Australian and Swedish sample. Differences between the two
samples were examined using independent samples t-test for continuous
variables and chi-squared test for categorical variables. Results are
presents as mean (SD) and n (%) for continuous and categorical vari-
ables, respectively.

3.2. Study II —Evaluation of CEBQ changes in the ML study

3.2.1. Participants and recruitment

The ML study is an RCT, which evaluates the effectiveness of a
parenting programme for obesity treatment among pre-schoolers in
Sweden (Ek et al., 2015). Families of 4-6 year-old children with obesity
(Cole, Bellizzi, Flegal, & Dietz, 2000; Cole & Lobstein, 2012) were
eligible to participate if 1) the child did not have any condition or
syndrome that could affect weight and height; 2) the child did not
receive any other treatment for obesity; and 3) parents/caregivers had
sufficient knowledge of the Swedish language to communicate during
group sessions and fill out questionnaires in Swedish.

Families were randomized to one of three distinct treatment
conditions:

1) Standard treatment (ST): usual care focused on lifestyle habits, i.e.
eating and physical activity, according to the “Action plan for
childhood obesity in Stockholm County” (Stockholm County Coun-
cil, 2016). At least four visits were offered to families spanning 12
months follow-up, though the number of visits and the setup of
treatment varied between clinics (Ek et al., 2019). During the first
visit, families met with a paediatrician. In follow up visits, families
met mainly with a paediatric nurse but also with other health care
professionals as required.

Parenting programme with booster sessions (PGB): Parents attended
10 weekly sessions, each built around a parenting component along
with a lifestyle component (Ek et al., 2015, 2019). After the end of
the programme and up to 12 months post-baseline, parents received
booster sessions via phone calls (every four to six weeks) empha-
sizing the content of the program.

Parenting programme without booster sessions (PGNB): Parents
attended the 10 sessions of the parenting programme only.

2

—

3

-

3.2.2. Measurements

CEBQ was administered at baseline, 3-, 6-, and 12-months post-
baseline. Only one parent filled out the CEBQ, the mother or the fa-
ther, and all responses were considered. Child height and weight were
measured at baseline and 3, 6, and 12 months post-baseline. Child
height was measured by trained health care professionals to the nearest
0.1 cm using a fixed stadiometer. Children were weighed to the nearest
0.1 kg wearing underwear. BMI was calculated based on weight and
height. Standardized BMI (BMI SDS) was computed according to age-
and sex-specific reference data (Cole et al., 2000; Cole & Lobstein,
2012). Parents reported on background information regarding their
height and weight, education level (university degree or not) and if they
were of foreign (non-Swedish) background (two parents born abroad
regardless of own country of birth). Mothers and fathers filled out the
background questionnaires separately.

3.2.3. Statistical procedures
Background characteristics were compared across the treatment
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groups at baseline using one-way ANOVA (for continuous variables) and
chi-squared test (for categorical variables). Linear mixed models were
used to evaluate the difference in treatment effects changes in child
eating behaviours across 12 months follow-up considering the four
assessment points. These models included the following variables: time
(in months), treatment group (PGB, PGNB and ST), and the treatment
group-by-time interaction. The models included random intercept and a
random slope for time. No additional procedures were applied to impute
missing data. Estimated marginal means were computed based on the
linear mixed models at baseline and 3-, 6- and 12-months follow-up.

4. Results
4.1. Study I —Validation of the CEBQ using Rasch

4.1.1. Descriptive characteristics

Table 2 shows characteristics of the 1724 mother-child dyads
included. In the Swedish sample, six mothers (5 mothers from the
population sample and 1 mother from the school sample) had not pro-
vided any data on CEBQ and were excluded. Children were on average 5
years old and 8% of them had obesity. The majority of mothers had a
university degree and no migrant background, 64% and 73% respec-
tively. The children in Sweden were slightly younger than the children
in Australia (4.7 years old vs. 5 years old, p < 0.001). Moreover, the
children in Australia were less likely to have obesity compared to the
children in Sweden (1.3% vs. 10.5%, p < 0.001).

4.1.2. Validation of the CEBQ using the Rasch model

PCA and reliability statistics confirmed the suitability of all items in
the CEBQ for the Rasch analysis (eigenvalues>1 and scree plots indi-
cated the presence of a single factor linking all items in each scale ac-
cording to Table 1). According to a first round of Rasch analysis, some
modifications in the original 35-item CEBQ were made (a description
follows) and the Rasch analysis was rerun. The findings shown are based
on this second round. Overall, the 5-point response was appropriate to
use for all scales, except for EOE where a 3-point response was enough),
as illustrated in the Category Probability Curves included in Supple-
mentary material I. Items describing EOE were rescored from original

Table 2
Descriptive characteristics of the total, Swedish and Australian samples.
Background N° Total Swedish Australian p-value
characteristics sample sample sample
(Nr=1724) (Ns=1336) (NA=388)
CHILD
Age in years, 1681 4.9 (0.7) 4.7 (0.8) 5.0 (0.05) <0.001¢
mean (SD)
Girl n (%) 1707 857 (50.2) 654 (49.6) 203 (52.3) 0.36"
Obesity n (%) 1530 126 (8.2) 121 (10.5) 5(1.3) <0.001"
MOTHER
Age in years, 1709 36.5 (5.2) 36.5 (5.2) 36.3 (5.1) 0.44°
mean (SD)
Obesity n (%) 1608 168 (10.4) 107 (8.7) 61 (16.1) <0.001°
University 1701 1092 (64.2) 825 (62.8) 267 (68.8) 0.03"
degree n
(%)
Migrant 1705 454 (26.6) 373 (28.3) 81 (21.0) 0.004"
background
dn (%)

# Independent samples t-test

b Chi-squared tests; Fisher’s exact test significance level (2-sided)

¢ 6 mothers had not provided data on the CEBQ and they were excluded from
the analyses

4 Migrant background defined as ‘born outside of the country/setting each sample
was sourced from’ (i.e. born outside Sweden or Australia)

¢ The numbers vary due to missing data
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response structure (upper categories 3, 4 and 5 could not discriminate
between children of different levels of emotional overeating and floor
effects were observed). Thus, categories 3, 4 and 5 were merged into one
category.

Tables 3 and 4 provide the Rasch diagnostics for food approach and
food avoidance behaviours respectively. Measures of eating behaviours
are shown for each item in descending order. For example, in Table 3,
the FR item ‘If given the chance, my child would always have food in his/her
mouth’ indicates the highest levels of the behaviour (i.e. mothers of
highly food responsive children are more likely to endorse this item
compared to mothers of less responsive children). By contrast, the FR
item ‘Even if my child is full up s/he finds room to eat his/her favourite food’
corresponds to the lowest levels of the behaviour (i.e. mothers of less
and more food responsive children can relate to it). These findings are
also illustrated in the Item Characteristic Curves, in Supplementary
material I.

Among food avoidance behaviours, several items were shown to be
redundant in discriminating between SR and FF levels (Supplementary
material I, Wright maps). The two items ‘My child gets full up easily’ and
‘My child gets full before his/her meal is finished’ were equivalent with
respect to describing SR. The latter was retained because it describes a
specific situation that parents can visualize when filling out the ques-
tionnaire. Similarly, the four items describing food neophobia were
found to be equivalent to each other in describing the Food Fussiness
scale (i.e. ‘My child refuses new foods at first’, ‘My child is interested in
tasting foods s/he hasn’t tasted before’(reversed), ‘My child decides that s/
he doesn’t like a food, even without tasting it’, and ‘My child enjoys tasting
new foods’ (reversed)). The latter item was retained because of the
positive wording and the short and straightforward statement describing
the situation.

As a result of applying the Rasch model, four items from the original
35-item questionnaire were not retained for the evaluation of the ML
study (Study II), and a modified 31-item CEBQ was supported.

The analyses with the new 31-item version found that mothers of
children with obesity reported higher mean scores on food approach
(Table 3) and lower food avoidance behaviours (Table 4) compared to
mothers of children without obesity (p < 0.001). The findings held when
logit measures were compared across child weight status (p < 0.001). In
addition, both food approach and food avoidance behaviours were
assigned an interval score according to the Rasch model measurement,
which showed an almost perfect positive correlation (r > 0.97) with the
ordinal scores based on the crude mean score (Tables 3 and 4).

4.2. Study II —Evaluation of CEBQ changes in the ML study

4.2.1. Descriptive characteristics

Table 5 shows background characteristics of the clinical sample with
CEBQ data at baseline. Three children were diagnosed with conditions
that affect physical development during the study and were excluded
from the analyses. Children were on average 5 years old, BMI SDS was
2.9 and 52.2% were girls. Among mothers and fathers, 59% and 57%
respectively, had a foreign background while about 40% of both parents
had a university degree.

4.2.2. Evaluation of changes in child eating behaviours during obesity
treatment using the modified 31-item CEBQ

Group-by-time interactions were not significant showing that par-
ents randomized to either parenting programme (PGB or PGNB) did not
report that their child’s food approach (Fig. 1) or food avoidance (Fig. 2)
behaviours changed more compared to parents in standard treatment
(Supplementary material II). An exception was found for Satiety
Responsiveness whereby parents in PGNB reported a greater increase
(by 0.021, 95% CI 0.0009 to 0.041, on a 5-point scale) in their children’s
SR compared to parents in ST.

Significant time effects indicated similar trends in changes in child
eating behaviours across treatment groups. While parents in general
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Table 3
Item difficulty, item fit statistics, and validity testing of all food approach items
clustering under four eating behaviours.

ITEM ITEM
# DESCRIPTION

DIFFICULTY
" (ERROR)

ITEM FIT
STATISTICS

Validity testing
Crude mean score
(sp)*

Infit/Outfit No
Mean Square  obesity

Measure
(Model S.E)

Obesity

Food Responsiveness * 1.87 2.96
r=0.97 © (0.65) (0.98)

34 If given the 1.27 (0.05) 0.89/0.76
chance, my child
would always
have food in his/
her mouth

14 If allowed to, my
child would eat
too much

19 Given the
choice, my child
would eat most
of the time

12 My child is
always asking
for food

28 Even if my child
is full up s/he
finds room to eat
his/her favourite
food

0.61 (0.04) 1.05/0.90

0.28 (0.04) 0.95/0.89

-0.59 (0.04) 0.86/0.92

-1.57 (0.03) 1.32/1.35

Emotional Overeating " 1.48 1.86
r=0.99 © (0.48) (0.64)

2 My child eats 1.04 (0.07) 0.97/1.00
more when
worried

15 My child eats
more when
anxious

13 My child eats
more when
annoyed

27 My child eats
more when s/he
has nothing to
do

0.88 (0.07) 0.68/0.63

0.35 (0.06) 0.79/0.86

-2.27 (0.06) 1.49/1.57 ¢

Enjoyment of Food * 3.45 4.10
r=0.998 © (0.72) (0.68)

20 My child looks 0.89 (0.05) 1.13/1.13
forward to
mealtimes

5 My child is
interested in
food

1 My child loves
food

22 My child enjoys
eating

0.48 (0.05) 1.02/0.99

-0.61 (0.05) 0.95/0.94

-0.76 (0.05) 0.82/0.79

Desire to Drink * r=0.99 © 2.23 2.63
(0.90) (0.99)

31 If given the
chance, my child
would always be
having a drink

29 If given the
chance, my child
would drink
continuously
throughout the
day

6 My child is
always asking
for a drink

1.51 (0.05) 0.83/0.73

0.67 (0.05) 1.04/0.93

-2.17 (0.05) 1.09/1.28

Person Separation/Reliability ranged between 0.88-2.25/0.44-0.83 (lowest
values for EOE and highest for EF); relatively low (separation/reliability below
2/0.8) but there is still a capacity to discriminate between people endorsing at
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least lower and higher levels of the behavior. Addition of a wider range of ex-
pressions/items of the respective behavior would be useful (Linacre, 2020).
Item Separation/Reliability ranged between 12.79-31.28/0.99-1.00 (lowest
values for EF and highest for DD).

Point-measure correlations were acceptable (lowest was 0.71 for FR).

@ Response categories (5): 1 ‘Never’; 2 ‘Rarely’; 3 ‘Sometimes’; 4 ‘Often’; 5
‘Always’.

b Response categories (3): 1 ‘Never’; 2 ‘Rarely’; 3 ‘Sometimes/Often/Always’.

¢ A logit of 0 indicates a moderate amount of the latent trait.

4 Qutfit statistic is 1.57 (>1.5 according to the rule of thumb). Due to the small
deviation and the relevance of the respective item (“My child eats more when s/he
has nothing to do™), which points to eating out of boredom, and it is a relevant
aspect of emotional overeating (Braden, Musher-Eizenman, Watford, & Emley,
2018; Havermans, Vancleef, Kalamatianos, & Nederkoorn, 2015; Koball, Meers,
Storfer-Isser, Domoff, & Musher-Eizenman, 2012).

¢ Correlation coefficient describing the association between logit measures
computed through Rasch model and the mean scores of ordinal responses by
mothers (p-value<0.001).

f Crude mean scores (ordinal responses) were compared across child weight
status (children with obesity and children without obesity) through independent
samples t-tests (p-values<0.001).

8 Values in the range 0.5-1.5 are ‘productive of measurement’, i.e. not too pre-
dictable and not too unpredictable patterns of measurement (Linacre, 2020).

" Difficulty of an item is defined by the measure of eating behaviour (in logits)
whereby a higher measure, as reported by mothers, represents more frequent
display of the behaviour by the child.

reported decreasing levels of child Food Responsiveness (p = 0.057) and
Desire to Drink (p = 0.027), they reported increasing levels of Food
Fussiness (p = 0.047).

5. Discussion

In the present paper, the Rasch model was applied to the original 35-
item CEBQ and confirmed the validity of a 31-item version of this
questionnaire as a parent-reported measure for child food approach and
food avoidance behaviours. Changes in eating behaviours among pre-
schoolers were assessed using the 31-item CEBQ during the 12-month
follow-up period of the ML Study. The parenting programme was
equally effective in improving food approach/food avoidance behav-
iours among children as compared to standard treatment —even though
the parenting programme has been more effective in reducing weight
status (Ek et al., 2019). Overall, obesity treatment (the parenting pro-
gramme and standard treatment) had favourable effects on eating be-
haviours which promote a healthy weight status (decreased food
approach and increased food avoidance behaviours).

The results from the validation of the questionnaire with an alternate
method, Rasch, offers additional support to previous research. It con-
firms that the CEBQ assesses eight distinct eating behaviours, which can
discriminate between children with higher and lower weight status (de
Lauzon-Guillain et al., 2012; Ek et al., 2016). Moreover, it provides new
insights into the CEBQ at the item level.

The item ‘My child cannot eat a meal if s/he has had a snack just before’
(‘snacking item’) was found to indicate above average levels of child
responsiveness to satiety cues, and was therefore a relevant aspect of
Satiety Responsiveness. By contrast, in a factorial validation study of the
CEBQ in Sweden, this item was dropped because it loaded weakly on the
SR scale (Ek et al., 2016). This discrepancy may be due to floor effects in
the study by Ek et al. (2016), whereby fewer parents of pre-schoolers
endorsed the ‘snacking item’ (i.e. it was not common behaviour in the
sample). Notably, a concrete definition for snacking is not provided in
the CEBQ, and parents may find it challenging to define (Blaine,
Kachurak, Davison, Klabunde, & Fisher, 2017). Yet, the ‘snacking item’
may be an important element of SR, which distinguishes between the
different processes that bring any eating occasion to an end and those
that prevent further eating, as defined by Blundell et al. (2010). In
particular, the ‘snacking item’ may represent inhibition of further
eating/inter-meal satiety, while the remaining items of the SR scale (e.g.
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Table 4
Item difficulty, item fit statistics, and validity testing of included Food Avoid-
ance items clustering under four eating behaviours.

ITEM ITEM
# DESCRIPTION

DIFFICULTY
" (ERROR)

ITEM FIT
STATISTICS
e

Validity testing
Crude mean score
(SD) ¢

Infit/Outfit No
Mean Square  obesity

Measure "
(Model S.E)

Obesity

Satiety Responsiveness * 3.05 2.43
r=0.998 (0.59) (0.70)

30 My child cannot 1.0 (0.04) 1.30/1.31
eat a meal if s/
he has had a
snack just before

3 My child has a
big appetite
(reverse coding)

21 My child gets
full before his/
her meal is
finished

17 My child leaves
food on his/her
plate at the end
of a meal

0.13 (0.04) 1.02/1.02

-0.49 (0.04) 0.84/0.85

-0.64 (0.04) 0.80/0.81

Slowness in Eating * 2.99 2.25
r=0.99 ¢ (0.80) (0.85)

18 My child takes 1.19 (0.04) 0.99/1.00
more than 30
minutes to finish
a meal

35 My child eats
more and more
slowly during
the course of a
meal

8 My child eats
slowly

4 My child
finishes his/her
meal quickly
(reverse coding)

1.02 (0.04) 1.33/1.36

-0.89 (0.04) 0.69/0.70

-1.32 (0.04) 0.93/0.94

Emotional Undereating * 2.89 2.52
r=0.99 ¢ (0.87) (0.78)

25 My child eats 0.75 (0.03) 0.76/0.74
less when upset

9 My child eats
less when angry

23 My child eats
more when she
is happy

11 My child eats
less when s/he is
tired

0.44 (0.03) 0.92/0.92

0.03 (0.03) 1.06/1.11

-1.23 (0.04) 1.14/1.15

Food Fussiness * r=0.998 © 2.71 2.36
(0.81) (0.75)

24 My child is
difficult to
please with
meals

16 My child enjoys
a wide variety of
foods (reverse
coding)

10 My child enjoys
tasting new
foods (reverse

coding)

Person Separation/Reliability ranged between 1.32-1.72/0.63-0.75 (lowest
values for SR and highest for SE); relatively low (separation/reliability below 2/
0.8) but there is still a capacity to discriminate between people endorsing at least
lower and higher levels of the behavior. Addition of a wider range of expres-
sions/items of the respective behavior would be useful (Linacre, 2020).

Item Separation/Reliability ranged between 16.31-28.72/1.00-1.00 (lowest

0.98 (0.04) 1.11/1.12

-0.01 (0.04)

0.98/0.98

-0.97 (0.04) 0.87/0.87




M. Somaraki et al.

values for SR and highest for SE).
Point-measure correlations were acceptable (lowest was 0.65 for SR)

# Response categories (5): 1 ‘Never’; 2 ‘Rarely’; 3 ‘Sometimes’; 4 ‘Often’; 5
‘Always’

b A logit of 0 indicates a moderate amount of the latent trait

¢ Correlation coefficient describing the association between logit measures
computed through Rasch model and the mean scores of ordinal responses by
mothers (p-value<0.001).

4 Crude mean scores (ordinal responses) were compared across child weight
status (children with obesity and children without obesity) through independent
samples t-tests (p-values<0.001).

¢ Values in the range 0.5-1.5 are ‘productive of measurement’ i.e. not too pre-
dictable and not too unpredictable patterns of measurement (Linacre, 2020).

f Difficulty of an item is defined by the measure of eating behaviour (in logits)
whereby a higher measure, as reported by mothers, represents more frequent
display of the behaviour by the child.

Table 5
Descriptive characteristics of the clinical sample (total and across treatment
conditions).

Background N ¢ Total PGB PGNB ST p-
characteristics sample (N=31) (N=36) (N=67) value
(N=134) © ab
CHILD

Age in years, 134 5.3 (0.7) 5.2 5.2 5.3 0.93
mean (SD) * (0.8) (0.8) (0.7)

Girl n (%) © 134 70 (52.2) 9(29.0) 18 43 <0.05

(50.0) (64.2)

BMI SDS, 134 2.9 (0.6) 29 3.1 29 0.13

mean (SD) * (0.6) 0.7) (0.6)
MOTHER

Age in years, 130  36.6 (5.6) 38.1 36.1 36.1 0.22
mean (SD) * (5.1) (5.4) (5.8)

Obesity n (%) 129 42 (32.6) 10 13 19 0.89
b (33.3) (38.2) (29.2)

University 130 56 (43.1) 14 15 27 0.94
degree n (%) (45.2) (44.1) (41.5)
b

Foreign 131 78 (59.5) 20 20 38 0.80
background (64.5) (57.1) (58.5)
n (%) "

FATHER

Age in years, 117 39.9(7.2) 43.1 38.7 39.0 0.03
mean (SD) * (7.9) (7.4) (6.5)

Obesity n (%) 117 46 (39.3) 9(31.0) 13 24 0.68
b (43.3) (41.49)

University 119 47 (39.5) 11 12 24 0.99
degree n (%) (39.3) (38.7) (40.0)
b

Foreign 121 69 (57.0) 15 21 33 0.50
background (51.7) (65.6) (55.0)
dn (%) "

Abbreviations: PGB: Parenting program with boosters, PGNB: Parenting pro-
gram without boosters, ST: Standard Treatment

? Independent samples t-test

b Chi-squared tests

¢ Out of 177 enrolled families, 42 families did not have data on CEBQ at
baseline and 3 children were excluded due to receiving a diagnosis that affects
their physical development.

4 Foreign background: ‘two parents born abroad regardless of own country of
birth’

¢ The numbers may vary due to missing data

‘My child leaves food on his/her plate at the end of a meal’) may describe
the termination of eating/intra-meal satiety (Blundell et al., 2010). The
items representing Food Fussiness suggest that both picky eating (e.g.
‘My child is difficult to please with meals’) and food neophobia (e.g. ‘My
child enjoys tasting new foods’ reversed scoring) are important aspects of
the behaviour (Wardle et al., 2001). Interestingly, the four items for food
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neophobia (out of a total of six for FF) represented equivalent levels of
the underlying trait, and, thus, only one of those was retained. While the
definition for picky eating serves as an umbrella term to define rejection
of both familiar and unfamiliar foods, food neophobia is specific to
rejecting new (unfamiliar) foods (Brown, Vander Schaaf, Cohen, Irby, &
Skelton, 2016; Taylor, Wernimont, Northstone, & Emmett, 2015).
Notably, half of the parents in the Australian/Swedish sample were
likely to endorse the ‘neophobia item’ (above average levels), which
corresponds to earlier prevalence estimates for this (typical) child eating
behaviour (Brown et al., 2016). However, overall rejection of foods (not
enjoying meals and in particular a wide variety of foods) indicated
higher levels of FF, and fewer parents endorsed the corresponding items.
Future studies may need to explicitly distinguish between food neo-
phobia and general food rejection, or at least maternal concerns in
relation to food rejection.

In summary, the existing items of the widely used CEBQ hold rele-
vance to assessing the eight subscales mapping onto the food approach
and the food avoidance dimensions. However, certain items were su-
perfluous, i.e. they assessed the same level of a certain underlying trait,
overestimating this level’s contribution to the assessment, without
providing a holistic assessment along the continuum of the underlying
trait (items tied to lower all the way up to higher levels of the behav-
iours). Based on these findings and an informed understanding of what
type of behaviours the CEBQ assesses, we proceeded to the evaluation of
child eating behaviours in the ML study.

Our evaluation of eating behaviours over 12 months follow-up in the
ML study, are in contrast with Cohen, Hazell, Vanstone, Rodd, and
Weiler (2018) who indeed demonstrated favourable effects on food
approach behaviours (but not food avoidance behaviours) at 1-year
post-baseline of family-based treatment. However, children in that
study were older (mean age close to 8 years) and the control condition
did not participate in any structured treatment regime until after the
1-year follow-up. On the contrary, all families in our sample received
treatment, but of different set-up. Nevertheless, in our study child SR
increased in the parenting programme without boosters. The SR scale
comprises of items that capture not finishing/eating a meal and having a
small appetite (Wardle et al., 2001). While these are measures of satiety,
they may also depend on parental concerns around child eating (Jansen,
Mallan, Nicholson, & Daniels, 2014). Parents, who have attended the
parenting programme, but did not receive the boosters, might have
increased their awareness around healthy eating without getting
continuous support. Because fussy eating increased overall in our clin-
ical sample, parents who did not receive boosters may have interpreted
fussy eating behaviours as a sign of inadequate nutrition (Taylor et al.,
2015). Nevertheless, Steinsbekk and Wichstrgm (2015) found that
parental reports on SR did not influence child weight status between 6
and 8 years old. Thus, favourable effects on a single aspect of eating
behaviour may not adequately explain child weight loss in preschool
years, evident from the non-significant weight loss in the parent group
without boosters.

The overall lack of differential changes across treatment groups
should be discussed considering greater weight loss among children in
the parenting programme with booster sessions (Ek et al., 2019). Recent
cohorts from different settings have provided evidence that child weight
status among young children (ages 4 to 7) prospectively relates to eating
behaviours (Costa, Severo, Vilela, Fildes, & Oliveira, 2020; Derks et al.,
2018; Steinsbekk, Llewellyn, Fildes, & Wichstrgm, 2017). In our sample,
we could not confirm a mechanism of change in child eating behaviours
in parallel with the clinically significant reduction in child weight status
among children in the parenting programme with boosters (Ek et al.,
2019). By contrast, our clinical sample benefited by treatment
(parenting programme and standard treatment) and decreased aspects
of food approach behaviours, which relate to a high weight status. Taken
together, these findings indicate that treatment and support by health
professionals, may promote less obesogenic behavioural profiles in the
long term. Future research should examine the long-term effects of child
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Fig. 1. Changes in food approach behaviours over the 1-year follow-up time. Graphs are based on Estimated Marginal Means holding time fixed at baseline, 3, 6 and

12 months (1 year).

FR: Group effect (p = 0.105), Time effect (p = 0.057), Group-by-Time (p = 0.233).
EOE: Group effect (p = 0.258), Time effect (p = 0.451), Group-by-Time (p = 0.438).
EF: Group effect (p = 0.115), Time effect (p = 0.261), Group-by-Time (p = 0.191).

DD: Group effect (p = 0.189), Time effect (p = 0.025), Group-by-Time (p = 0.801).

weight loss due to treatment on eating behaviours and potential hor-
monal mediators.

In our sample, children decreased their responsiveness to food and
beverage cues and increased perceived fussy eating. These trajectories
may favour early obesity treatment regardless of the approach by
reversing/stabilising expected trajectories of increasing food and
beverage consumption (Ashcroft, Semmler, Carnell, van Jaarsveld, &
Wardle, 2008). On the contrary, increasing fussy eating behaviours may
reflect developmental trajectories in this clinical sample of pre-schoolers
(Taylor et al., 2015), though a similar trajectory was not identified

during 12 months follow-up of the ML study when all 4 items for food
neophobia in the original CEBQ were examined (Sandvik et al., 2019).
Alternatively, families facing particular challenges around child eating,
including fussy eating, may be more likely to seek treatment (Croker
et al., 2011). More tailored advice regarding fussy eating may be rele-
vant in the context of obesity treatment (Fernandez et al., 2020).

5.1. Strengths and limitations

The Rasch model has not been used previously to validate the CEBQ
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Fig. 2. Changes in food avoidance behaviours over the 1-year follow-up time. Graphs are based on Estimated Marginal Means holding time fixed at baseline, 3, 6 and

12 months (1 year).

SR: Group effect (p = 0.038), Time effect (p = 0.424), Group-by-Time (p = 0.039).

SE: Group effect (p = 0.421), Time effect (p = 0.919), Group-by-Time (p = 0.427).

EUE: Group effect (p = 0.735), Time effect (p = 0.351), Group-by-Time (p = 0.997).
FF: Group effect (p = 0.412), Time effect (p = 0.047), Group-by-Time (p = 0.707).

and this analysis provides a greater understanding of the items
describing child eating behaviours. A particular strength was that the
validation was performed in a merged sample from Australia and Swe-
den enhancing the range of the underlying traits being analyzed. In
NOURISH the intervention group had presented favourable eating be-
haviours, but it followed similar trajectories as the control group in the
time period spanning the end of intervention delivery and 3.5 years
follow-up (Daniels et al., 2014; Magarey et al., 2016). Thus, we included
both intervention and control of the NOURISH study at 5 years follow-up
to further strengthen the sample and increase the range of responses.

Our findings should be interpreted considering some limitations. In
Study I, the person separation/reliability indexes were relatively low,
which shows the need for the development of new items in order to
accurately assess the full range of each eating behaviour trait. However,
our findings indicate that the items discarded did not necessarily offer
additional information on the behaviour since they overlapped with
other items. The addition of more items, which do not overlap with
existing ones, may also prospectively facilitate the careful examination
of the behaviours in the clinical setting and/or tailored groups in the
population across countries. This can be further supported considering
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the presence of differential item functioning (DIF) across relevant
groups in order to ensure measurement invariance, e.g. child sex/age or
parent education/gender (Cheng, Chen, & Shih, 2020; Garratt, Coste,
Rouquette, & Valderas, 2021). In Study II, the sample size computations
were based on the primary outcome (changes in child weight status) (Ek
et al., 2015). Thus, the present paper may have a limited capacity to
identify differential effects on child eating behaviours across treatment
groups. Moreover, 42 questionnaires on child eating behaviours were
missing at baseline. However, we applied linear mixed models, which
handles missing data well. Background characteristics of included
families did not differ from those with missing data.

6. Conclusion

A modified 31-version of the CEBQ is a valid parent-reported tool for
the assessment of eating behaviours among pre-schoolers, though future
studies could consider what additional items are needed to adequately
assess the full range of the underlying eating behaviour traits. Moreover,
we provided evidence that early obesity treatment may support a
decrease in food approach behaviours, which relate to a high weight
status. Further research should investigate how changes in child weight
status in response to treatment involving parents may influence child
eating behaviours through middle childhood.
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