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Abstract
The consumption of energy-dense sugar-sweetened beverages (SSB) and its low satiating effects may influence the development of child eating
behaviours. We aimed to investigate the association of SSB consumption at 4 years on appetitive behaviours at age 7 years. Children from the
Generation XXI birth cohort were included (n 3880). SSB consumption was evaluated through a FFQ and appetitive behaviours were evaluated
through the Children’s Eating BehaviourQuestionnaire, which includes eight subscales. Two composite factors, derived by principal component
analysis (Appetite Restraint – related to Food Fussiness, Enjoyment of Food, Slowness in Eating and Satiety Responsiveness – and Appetite
Disinhibition – related to Food Responsiveness, Emotional Under- and Overeating and Desire to Drink), were also investigated. The dose–
response relationship between SSB consumption and appetitive behaviours was examined using multivariable linear regression (continuous
eating behaviour scores) andmultinomial logistic regression (tertile categories of eating behaviour scores). Child SSB consumption at 4 yearswas
associated with higher Appetite Disinhibition and Desire to Drink and lower Food Fussiness and Slowness in Eating at 7 years. Consuming SSB
≥1 times/d (comparedwith a lower intake) was associatedwith 29 % increase in the odds of Desire to Drink (3rd v. 1st tertile). Pre-schoolers’ SSB
consumptionwas associatedwith higher food approach and less food avoidant behaviours later in childhood. Family characteristics, particularly
maternal SSB consumption, explained part of these associations. It is essential to promote the intake of water, instead of sugary drinks, andmake
parents and caregivers aware of the importance of this exposure, since they have a pivotal role in shaping children’s eating behaviours.
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Eating behaviours develop early in life, beginning in utero, and
may track throughout childhood(1,2). The Children’s Eating
Behaviour Questionnaire (CEBQ) is a widely used parent-report
psychometric measure of child eating behaviours, which
assesses a variety of appetitive traits in population-based
studies(3). Some of these traits are related to the degree in which
children respond to their internal satiety cues, being frequently
categorised as ‘food avoidant behaviours’(4–6) and are measured
through subscales namely Food Fussiness, Slowness in Eating,
Emotional Undereating and Satiety Responsiveness. Other traits,
the ‘food approach behaviours’(4–6), are related to the degree
in which children respond to external eating cues and can be
assessed through subscales such as Emotional Overeating,
Desire to Drink, Enjoyment of Food and Food Responsiveness.
This range of eating behaviours may arise during childhood(4,7,8)

and have been widely associated with child food intake(9–11)

and weight(4,5,12), which may compromise child’s future health.
Evidence from different populations show a strong asso-
ciation between food approach behaviours, such as Food
Responsiveness, Emotional Overeating and Enjoyment of
Food and greater BMI in children in their first year of life(13,14)

and during preschool- and school-age years(15,16).On the other
hand, a negative association between food avoidant behaviours
(mainly Slowness in Eating and Satiety Responsiveness) and BMI
was found among children(13,15,16). These traits may also lead to a
poor diet quality in childhood and adolescence, as shown
previously(1,17,18). A poor diet quality involves a lack or excess
of food intake in general or of specific food groups, for example,
high consumption of energy-dense foods (such as fatty and/or
sugary foods and beverages) and low consumption of
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nutrient-dense foods (such as fruits and vegetables), leading to
an unbalanced nutritional status and, for this reason, these eating
behaviours might be a cause of concern(1,13,18).

Sugar-sweetened beverages (SSB) have been considered one
of the dietary factors with greatest impact on childhood
obesity(19) and have been associated with an increased risk of
dental caries and insulin resistance(20), a positive energy
balance(21) and increased food intake(22,23). It also appears to
play a key role in moderating fullness, responses possibly driven
via ghrelin(24). Evidence suggests that if there is no compensation
for energy provided in liquid forms, it can result in an increased
total energy intake(21,25). However, long-term effects of SSB con-
sumption are poorly studied(24), especially on eating behaviours.

Some cross-sectional studies showed that the consumption of
SSB is positively associated with food approach behaviours and
negatively associated with food avoidant behaviours(25,26). For
instance, higher preferences and greater frequency of SSB con-
sumption among English pre-schoolers were associated with
higher scores on theDesire to Drink subscale, measured through
the CEBQ, suggesting that this can be linked to the desire for
sweet taste in the mouth and not simply a matter of thirst or
hunger(25). Among Swedish 12-year-olds with higher response
to internal satiety cues, a lower SSB consumption was found(27).
In contrast, studies in Finland(28) and the Netherlands(29) did not
find any relationship between SSB consumption and food
approach appetitive traits, such as Food Responsiveness and
Desire to Drink, among school-age children.

Research on the effect of SSB on appetitive traits is still scarce,
especially using a prospective approach(29). Knowledge from
prospective studies may help to better understand how the con-
sumption of SSB shapes child’s eating behaviours and influences
weight and other health indicators later in life. Thus, this study
aimed to investigate if the consumption of SSB early in childhood
(at 4 years old) is prospectively associatedwith appetitive behav-
iours 3 years later (at 7 years old). First, we hypothesised that a
higher consumption of SSB at 4 years old might be associated
with higher scores of food approach behaviours (i.e.
Enjoyment of Food, Food Responsiveness, Desire to Drink
and Emotional Overeating) and higher ‘Appetite Disinhibition’
factor 3 years later, at age 7 years. In addition, we expected to
find that higher SSB consumption at 4 years old would be asso-
ciated with lower scores of food avoidant behaviours (i.e.
Slowness in Eating, Satiety Responsiveness, Food Fussiness
and Emotional Undereating) and lower ‘Appetite Restraint’ factor
at age 7 years.

Methods

Study design and participants

This study included participants from the Generation XXI, a
population-based birth cohort, described in detail else-
where(30,31). A total of 8495 women and their 8647 children were
recruited from all public maternity units in the Porto
Metropolitan Area (northern Portugal), between 2005 and
2006. These maternity units were responsible, at enrolment,

for 91·6 % of the deliveries in the whole catchment population.
Of the invited mothers, 91·4 % agreed to participate.

The second evaluation wave was between April 2009 and
August 2011, when children were 4 years old, and 7459 children
were evaluated (86 % participation rate). Between April 2012
and March 2014, 6882 children (80 % participation rate) partici-
pated in the third evaluation wave (at 7 years old). Only partic-
ipants who had been on site, followed-up by face-to-face
interviews, at 4 and 7 years (n 5137)were included in the present
study. Participants who had no available data on the CEBQ at
7 years old (n 329), no data of SSB consumption from the FFQ
at 4 years, nor data of variables of interest (n 731)were excluded.
We also excluded participants with congenital malformations
and twins (n 197). Overall, the final sample consisted of 3880
participants (see study’s flow chart in Fig. 1).

Student’s t test was performed in order to compare the current
sample (n 3880)with non-participant’s characteristics at baseline
(n 4767). In the current sample, mothers were slightly older
(29·8 (SD 5·2) years old compared with 28·3 (SD 5·8) years old,
P< 0·001) and were slightly more educated (11·3 (SD 4·2)
schooling years compared with 9·7 (SD 4·2) schooling years,
P< 0·001). According to Cohen’s d effect size values (0·26 for
maternal age and 0·38 maternal education), the magnitude of
the presented differences is considered low(32), suggesting that
these differences were likely to be due to the large sample size
and less likely because of differences between participants’
characteristics.

Ethical considerations

Generation XXI was conducted in accordance with the guide-
lines defined in the Declaration of Helsinki, and all procedures
involving human subjects were approved by the Ethics
Committee of the Hospital de São João/University of Porto
Medical School. The legal representatives of each participant
were informed about benefits and potential discomforts, through
written informed consent, with the information of all the exami-
nations to be carried out during the evaluation, at baseline and in
the subsequent follow-up evaluations.

Fig. 1. Flow chart of participants. CEBQ, Children’s Eating Behaviour
Questionnaire; SSB, sugar-sweetened beverages.
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Data collection

Data were collected in face-to-face interviews by trained
researchers using structured questionnaires. Self-reported ques-
tionnaires, answered by the main caregiver, were also used.

Information on mother characteristics and birth data were
available at baseline. At 4 years old, child characteristics were
assessed, including family structure (with whom the child was
living with – parents, siblings, grandparents, other family mem-
bers or others) and daily media screen time (average time during
weekdays and weekend were converted into average daily
screen time). In addition, children’s dietary intake was obtained
through an FFQ, covering the previous 6 months, which was
filled out by the main caregiver, which were usually mothers.
Response frequency options varied between ‘More than 4 times
per day’ and ‘Never’. From the thirty-five food groups, four
assessed the consumption of sugary beverages, these were:
packed nectar and fruit juices, ice tea, colas and other carbon-
ated drinks. Frequencies of consumption were converted into
daily frequencies (e.g. once a week was converted into 1/7 d
= 0·14 times/d). This questionnaire was previously validated
through comparison with 3-d food records in a sub-sample of
children from Generation XXI. Significant intraclass correlation
coefficients (ICC) were found between the consumption of soft
drinks from the FFQ and from food diaries at 4 years old, ranging
between 0·12 and 0·29, and ICC between 0·39 and 0·57 between
FFQ food groups and total intake and macronutrients from
food diaries at 4 years of age(33). Maternal diet, including SSB
consumption, was also assessed by a FFQ following the same
structure described above.

At the 7-year-old follow-up, eating behaviours were assessed
through the CEBQ, completed by the main caregiver (94 % were
mothers). The original CEBQ includes thirty-five items related to
child eating behaviours, answered on a five-point Likert scale,
ranging from 1 (‘never’) to 5 (‘always’)(34). In accordance with
the original scale, five of the items were reverse-scored due to
opposite phrasing. The scale is composed of eight subscales,
namely Satiety Responsiveness, Slowness in Eating, Emotional
Undereating and Food Fussiness, characterising food avoidant
behaviours, and Enjoyment of Food, Food Responsiveness,
Desire to Drink and Emotional Overeating characterising food
approach behaviours(4–6). To determine the score of each sub-
scale, items were summed and its mean was calculated. In ques-
tionnaires with <50 % of missing data, subscales were calculated
by replacing missing items with the mean of the present items
(about 3 % of the sample). This questionnaire is a well-
established instrument, demonstrating stability over time and
good psychometric properties(3,15,35).

In this research, the Portuguese version of the CEBQ (P-
CEBQ)(33) was used. Previously, the psychometric properties
of the questionnaire subscales were tested in children from
Generation XXI at 7 years of age(33). A confirmatory factor analy-
sis was conducted to test if the original factor structure (eight
subscales) would be replicated in the current sample, and an
eight-factor structure that explained 67 % of the total variance
was identified. The questionnaire showed good internal consis-
tency (Cronbach’s α ranged from 0·74 to 0·85) and good reliabil-
ity (average ICC= 0·73)(36). More details about the validation

process of the P-CEBQ can be found elsewhere(33). In this pre-
vious work from Albuquerque et al.(36), subscales were grouped
into two composite factors using principal component analysis:
‘Appetite Restraint’ and ‘Appetite Disinhibition’, explaining 62 %
of the total variance (35 and 26 %, respectively). The ‘Appetite
Restraint’ factor is related to behaviours associated with internal
satiety cues and food fussiness, on which loaded mostly the sub-
scales Food Fussiness, Enjoyment of Food, Slowness in Eating
and Satiety Responsiveness, and the ‘Appetite Disinhibition’
factor is related to behaviours associated with external food cues
and emotional responses towards foods, on which loaded mostly
the subscales Food Responsiveness, Emotional Overeating,
Emotional Undereating and Desire to Drink. In the present
study, we also investigated the relationship between SSB con-
sumption at 4 years old and both of these factors 3 years later.

Child’s height and weight were measured at 4 and 7 years old
by trained staff, according to standard procedures(37). Weight
was measured in light clothing and without shoes, using a digital
scale (TANITA®) and the measure was recorded to the nearest
0·1 kg. Height was measured using a fixed stadiometer
(SECA®), and the measure was recorded to the nearest 0·1 cm.
Children were classified according to the age- and sex-specific
BMI z-scores (BMIz) developed by the WHO at 4 years of age.
‘Underweight’ was defined as z-score <−2 SD, ‘normal weight’
as z-score ≥−2 SD and ≤þ1 SD, ‘at risk of overweight’ as z-score
>þ1 and≤þ2, overweight>þ2 and≤þ3 and ‘obesity’ as z-score
>þ3 SD(38). The two upper categories were combined for statis-
tical analysis purposes (sample descriptive, only).

Mothers’ height was also measured, and they were asked
about their weight before pregnancy at the baseline of
Generation XXI. Maternal BMI before pregnancy was calculated
and categorised as follows: ‘underweight’ was defined as
BMI< 18·5 kg/m2, ‘normal weight’ as BMI≥ 18·5 and <25 kg/m2,
‘overweight’ as BMI≥ 25 and <30 kg/m2 and ‘obesity’ as
BMI≥ 30 kg/m2(39).

Statistical analysis

Descriptive statistics were performed; proportions were com-
pared using the Pearson’s χ2 test and means using Student’s t
tests. Univariate and multivariate generalised linear models,
computing β regression coefficients and the respective 95 %
CI, were performed to estimate the associations between SSB
consumption and the eight subscales of the P-CEBQ and the
two composite factors of ‘Appetite Restraint’ and ‘Appetite
Disinhibitions’. Additionally, we performed multinomial logistic
regression models aiming to assess the association between the
consumption of SSB at 4 years and appetitive traits at age 7 years.
Since a low percentage of parents reported that their child did
not consume SSB in the FFQ (7·8 %), we opted to dichotomise
child SSB consumption into <1 and ≥1 times/d. Increasing
scores on the P-CEBQ subscales were categorised into tertiles
at 7 years old, with the reference category being set in the lower
levels, that is, 1st tertile, of each subscale.

The selection of confounders in each model was based on
literature review, and these potential confounderswere included
in groups into the models. Thus, the first adjusted model
included child’s sex, family structure at 4 years old (living with
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both parents or living with one of them or having other type of
family structure –without any of their parents) andmedia screen
time at 4 years old(40). The secondmodel was further adjusted for
maternal characteristics, namelymaternalBMIbeforepregnancy,
maternal age and education. Model 3 was further adjusted for
maternal SSB consumption at 4 years of the child(41–43). In the
fourth (and last) model, we further adjusted for other dietary var-
iables, namely child’s daily consumption, at 4 years old, of fruit
and vegetables and sweets (cookies, cakes, candies and choco-
lates),whichwereconsidered indicatorsof overall diet quality(17).

The effect of child BMI at 4 years old was also tested in the
adjusted model, and the magnitude of the associations did not
change (data not shown). For this reason, and due to the
possible bidirectional relationship between BMI and eating
behaviours(44), we decided not to include child BMIz in the
models. A sensitivity analyses was also performed by adjusting
the models for father’s characteristics (i.e. father’s age, education
and BMI), instead of maternal characteristics. As a much lower
sample size was available with father’s data and because
results did not change substantially, we opted to show results
controlling for maternal characteristics, thus increasing the
power of the analyses.

An interaction effect of child’s sex in these associations was
also tested, but no differences were observed. Thus, analyses
were not stratified by sex, and sex was included in the model
as a potential confounder, as described above.

Statistical significance was set in 5 %, and data were analysed
using SPSS statistical software (IBM Corp. Released 2017. IBM
SPSS Statistics for Windows, version 25.0: IBM Corp.).

Results

Table 1 shows the mother and child characteristics considering
the whole sample, and after stratification by categories of
SSB consumption at 4 years of age. Children with greater con-
sumption of SSB (≥1 times/d) had more frequently younger
(<25 years of age) and less educated mothers (<9 years of
schooling), with higher prevalence of overweight/obesity before
pregnancy, and who also consumed more frequently SSB.
Among the 31·3 % of children consuming SSB ≥1 times/d,
33·6 % were at risk of overweight/overweight/obesity weight
categories. Children with greater consumption of SSB at 4 years
old spent more time using screens compared with children
with lower consumption. Additionally, children who lived with

Table 1. Parent and child characteristics at baseline and follow-ups at 4 years, according to child‘s consumption of sugar-sweetened beverages (SSB) at
4 years (n 3880)
(Numbers and percentages)

SSB consumption at 4 years

<1 time/d ≥1 times/d

P*n % n % n %

3880 100 2664 68·7 1216 31·3
Mother characteristics
Age (years)

<25 750 19·3 419 15·7 331 27·2 <0·001
25–34 2420 62·4 1722 64·6 698 57·4
≥35 710 18·3 523 19·6 187 15·4

Education (years)
<9 1568 40·4 900 33·8 668 54·9 <0·001
9–12 1113 28·7 770 28·9 343 28·2
>12 1199 30·9 994 37·3 205 16·9

BMI before pregnancy†
Under-/normal weight (BMI< 25 kg/m2) 2685 68·5 1868 70·1 790 65 0·002
Overweight/obesity (BMI≥ 25 kg/m2) 1222 35·5 796 29·9 426 35

Consumption of SSB when child aged 4 years
<1 time/d 2728 70·3 2237 84 491 40·4 <0·001
≥1 times/d 1152 29·7 427 16 725 59·6

Child characteristics
Sex

Female 1913 49·3 1340 50·3 573 47·1 0·067
Male 1967 50·7 1324 49·7 643 52·9

Weight status at 4 years‡
Under-/normal weight (≤1 SD) 2651 68·3 1843 69·2 808 66·4 0·094
At risk of overweight/overweight/obesity (>1 SD) 1229 31·7 821 30·8 408 33·6

Family structure at 4 years
Living with both parents 3456 89·1 2404 90·2 1052 86·5 0·001
Living with at least one parent 397 10·2 246 9·2 151 12·4
Other family structure 27 0·7 14 0·5 13 1·1

Daily average media screen time at 4 years
<120min 2591 66·8 1877 70·5 714 58·7 <0·001
≥120min 1289 33·2 787 29·5 502 41·3

* Statistically significant differences according to Pearson’s χ2 test.
† BMI defined according to the WHO’s classification(39).
‡ BMI z-scores defined according to the WHO’s classification(38).
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both parents consumed less SSB compared with other family
structures.

Nearly 60 % of the children consumed SSB between 2 and 4
times/week and 80·4 % consumed once a week (data not
shown). Children consumed most frequently ice teas (16·5 %
consumed daily) and packed fruit nectars (10·6 % consumed
daily), and less frequently colas (1·4 % consumed daily) and
other carbonated beverages (1·7 % consumed daily) (data
not shown).

Fig. 2 presents the mean scores of each P-CEBQ subscale at
7 years old, stratified by child SSB consumption at 4 years of
age. Those children consuming SSB once a day or more at
4 years had greater average scores of the food approach behav-
iours Enjoyment of Food, Food Responsiveness, Emotional
Overeating andDesire to Drink at 7 years old. On the other hand,
children consuming SSB less than once a day at 4 years old
showed greater scores of the food avoidant subscale Slowness
in Eating.

Associations between the consumption of SSB at 4 years old
and eating behaviours at 7 years old are described in Table 2. In
the final adjustedmodel (model 4), higher consumption of SSB at
4 years of age was associated with higher scores of the food
approach behaviour subscale Desire to Drink (β= 0·065, 95 %
CI 0·033; 0·097) and the ‘Appetite Disinhibition’ factor
(β= 0·047, 95 % CI 0·007, 0·086). On the other hand, higher con-
sumption of SSB at 4 year old was associated with lower scores
on the food avoidant behaviours subscales Slowness in Eating
(β=−0·044, 95 % CI −0·079, −0·009) and Food Fussiness
(β=−0·031, 95 % CI −0·061, −0·001) at 7 years of age.

The multinomial logistic regression analyses (Table 3)
showed that consuming ≥1 times/d of SSB (v. <1 time/d) at
4 years old was associated with an increased odds of scoring
higher in Desire to Drink in a dose–response relationship
(P= 0·019 for 2nd v. 1st tertile and P< 0·001 for 3rd v. 1st tertile).
In the final adjusted model (model 4), the association between
the consumption of SSB at age 4 and Desire to Drink at 7 years
old was significant considering the third tertile of consumption
(1st v. 3rd tertile adjustedOR= 1·29, 95 %CI 1·08, 1·54). SSB con-
sumption also showed an association with the third tertile of

‘Appetite Disinhibition’ (1st v. 3rd tertile adjusted OR= 1·28,
95 % CI 1·08, 1·53, adjusting for demographics in models 1
and 2), but this association was no longer significant when fur-
ther adjusting for maternal consumption of SSB. No significant
associations were found with the remaining appetitive subscales
(Table 3).

Discussion

This study aimed to examine the prospective associations
between the consumption of SSB of 4-year-olds and appetitive
behaviours at age 7 years. SSB consumption at 4 years old was
associated with increased food approach behaviours 3 years
later, especially higher scores of Desire to Drink, as well as
higher scores in the composite factor ‘Appetite Disinhibition’.
In addition, SSB consumption was associated with lower scores
in Food Fussiness and Slowness Eating, corroborating our pre-
vious hypothesis.

Previous cross-sectional studies(25–28) showed a tendency of
positive associations between the consumption of SSB and food
approach behaviours among children. Sweetman et al.(25) found
that the consumption of SSB among preschoolers was associated
with a greater preference for these beverages and higher scores
of Desire to Drink, which corroborates the current results. In
contrast, Jalkanen et al.(28) did not find this relationship among
school-age children, only an association between greater fat-
containing milk consumption and Desire to Drink was found.
In the present study, the subscale Desire to Drink showed the
most consistent associations with child’s SSB consumption.
CEBQ measures, among other traits, child’s general appetite
for drinks, using, for example, the following statement: ‘My child
is always asking for a drink’. Accordingly, a higher score in
Desire to Drink does not provide sufficient information about
the actual consumption and type of beverage consumed.

In this study, we found that a greater consumption of SSBwas
associated with a higher score in the ‘Appetite Disinhibition’ fac-
tor, which is related to the subscales Desire to Drink, Emotional
Overeating and Food Responsiveness. Overall, these subscales

Fig. 2. Children’s appetitive behaviour scores at 7 years of age, according to their intake of sugar-sweetened beverages (SSB) at 4 years old (n 3880). Values are
means, with their standard errors represented by vertical bars. * Statistically significant difference according to Student’s t test (P< 0·05). , <1 Time/d SSB at 4 years;
, ≥1 time/d SSB at 4 years. CEBQ, Children’s Eating Behaviour Questionnaire.
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Table 2. Generalised linear regression models between child sugar-sweetened beverage (SSB) consumption at 4 years old and appetitive behaviours at 7 years old†
(β-Coefficients and 95 % confidence intervals)

CEBQ – EUE CEBQ – FF CEBQ – SR CEBQ – SE Appetite Restraint CEBQ – FR CEBQ – DD CEBQ – EOE CEBQ – EF Appetite Disinhibition

β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI

Crude 0·016 −0·009, 0·041 −0·008 −0·033, 0·017 0·003 −0·019, 0·026 −0·038* −0·067, −0·009 −0·025 −0·058, 0·008 0·047** 0·021, 0·074 0·135** 0·109, 0·162 0·039** 0·018, 0·060 0·038* 0·011, 0·064 0·106** 0·073, 0·138

Model 1 0·013 −0·012, 0·039 −0·017 −0·043, 0·008 0·002 −0·022, 0·025 −0·037* −0·066, −0·008 −0·026 −0·060, 0·008 0·039* 0·013, 0·066 0·124** 0·097, 0·151 0·035** 0·014, 0·056 0·032* 0·005, 0·059 0·093** 0·060, 0·126

Model 2 0·032* 0·006, 0·058 −0·005 −0·032, 0·021 0·019 −0·005, 0·043 −0·030 −0·060, 0·001 0·003 −0·031, 0·038 0·021 −0·006, 0·048 0·095** 0·067, 0·123 0·025* 0·003, 0·048 0·006 −0·021, 0·034 0·075** 0·041, 0·109

Model 3 0·030 0, 0·060 −0·016 −0·046, 0·015 0·005 −0·022, 0·033 −0·040* −0·075, −0·005 −0·011 −0·050, 0·029 0·013 −0·018, 0·044 0·072** 0·040, 0·103 0·022 −0·003, 0·048 0·010 −0·021, 0·042 0·059** 0·020, 0·098

Model 4 0·021 −0·010, 0·051 −0·031* −0·061, −0·001 −0·006 −0·033, 0·022 −0·044* −0·079, −0·009 −0·026 −0·065, 0·014 0·009 −0·022, 0·041 0·065** 0·033, 0·097 0·017 −0·008, 0·043 0·019 −0·013, 0·050 0·047* 0·007, 0·086

CEBQ, Children’s Eating Behaviour Questionnaire; CEBQ-EUE, Emotional Undereating; CEBQ-FF, Food Fussiness; CEBQ-SR, Satiety Responsiveness; CEBQ-SE, Slowness in Eating; CEBQ-FR, Food Responsiveness; CEBQ-DD, Desire to Drink; CEBQ-
EOE, Emotional Overeating; CEBQ-EF, Enjoyment of Food.
* P < 0·05, ** P < 0·001.
†Model 1 – adjusted for child’s sex, family structure at 4 years, media screen time at 4 years; model 2 – adjusted for model 1 plus maternal BMI before pregnancy, maternal age and education; model 3 – adjusted for model 2 plusmaternal consumption of SSB at 4
years of the child; model 4 – adjusted for model 3 plus child’s consumption of fruits and vegetables and sweets at 4 years.
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Table 3. Multinomial logistic regressionmodels between child sugar-sweetened beverage (SSB) consumption (≥1 v.<1 times/d – reference category) at 4 years old and appetitive behaviours at 7 years old (1st
tertile as reference category)†
(Odds ratios and 95 % confidence intervals)

CEBQ – EUE CEBQ – FF CEBQ – SR CEBQ – SE
Appetite
Restraint CEBQ – FR CEBQ – DD CEBQ – EOE CEBQ – EF

Appetite
Disinhibition

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

Crude
1st tertile Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
2nd tertile 0·93 0·78, 1·11 1·14 0·96, 1·35 0·86 0·72, 1·02 0·99 0·83, 1·17 0·96 0·82, 1·14 0·92 0·77, 1·09 1·26* 1·03, 1·55 1·17 0·96, 1·42 1·00 0·83; 1·19 1·11 0·93, 1·31
3rd tertile 0·98 0·83, 1·15 0·98 0·84, 1·15 0·94 0·79, 1·11 0·80* 0·68, 0·95 0·84* 0·72, 1·00 1·14 0·96, 1·35 1·69** 1·44, 1·97 1·10 0·93, 1·29 1·20* 1·02; 1·41 1·43** 1·21, 1·69

Model 1
1st tertile Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
2nd tertile 0·93 0·78, 1·11 1·12 0·95, 1·33 0·84 0·71, 1·00 0·98 0·83, 1·17 0·97 0·82, 1·14 0·91 0·76, 1·08 1·24* 1·01, 1·53 1·15 0·94, 1·40 0·97 0·81; 1·17 1·08 0·91, 1·29
3rd tertile 0·97 0·82, 1·14 0·93 0·79, 1·10 0·93 0·78, 1·10 0·81 0·68, 0·95 0·85 0·72, 1·00 1·10 0·93, 1·30 1·62** 1·38, 1·89 1·07 0·91, 1·27 1·17 1·00; 1·38 1·37** 1·16, 1·62

Model 2
1st tertile Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
2nd tertile 0·97 0·81, 1·17 1·12 0·94, 1·33 0·89 0·74, 1·06 1·00 0·84, 1·20 1·02 0·86, 1·21 0·94 0·78, 1·13 1·24* 1·00, 1·52 1·10 0·90, 1·34 0·96 0·79; 1·16 1·10 0·92, 1·32
3rd tertile 1·06 0·90, 1·26 1·00 0·84, 1·18 1·04 0·88, 1·24 0·85 0·71, 1·01 0·95 0·80, 1·13 1·06 0·77, 1·07 1·45** 1·23, 1·70 1·03 0·87, 1·22 1·07 0·90; 1·26 1·28* 1·08, 1·53

Model 3
1st tertile Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
2nd tertile 0·95 0·78, 1·17 1·06 0·88, 1·29 0·86 0·70, 1·10 0·98 0·80, 1·19 1·05 0·87, 1·27 0·93 0·76, 1·14 1·25 0·09, 1·56 1·11 0·89, 1·38 1·05 0·85; 1·29 1·12 0·92, 1·36
3rd tertile 1·06 0·88, 1·27 0·97 0·81, 1·17 0·95 0·78, 1·15 0·82 0·68, 1·00 0·92 0·76, 1·11 1·01 0·83, 1·23 1·33* 1·11, 1·58 0·97 0·81, 1·17 1·11 0·93; 1·34 1·21 1·00, 1·46

Model 4
1st tertile Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
2nd tertile 0·92 0·75, 1·12 1·02 0·84, 1·24 0·84 0·69, 1·02 0·96 0·79, 1·18 1·01 0·84, 1·23 0·93 0·76, 1·14 1·23 0·98, 1·55 1·08 0·87, 1·35 1·06 0·86; 1·31 1·09 0·90, 1·33
3rd tertile 1·01 0·84, 1·22 0·89 0·74, 1·08 0·89 0·74, 1·08 0·81 0·67, 0·98 0·86 0·71, 1·04 0·99 0·82, 1·21 1·29* 1·08, 1·54 0·93 0·78, 1·13 1·16 0·97; 1·40 1·16 0·95, 1·40

CEBQ,Children’sEatingBehaviourQuestionnaire; CEBQ-EUE, Emotional Undereating; CEBQ-FF, Food Fussiness; CEBQ-SR, Satiety Responsiveness; CEBQ-SE, Slowness in Eating; CEBQ-FR, FoodResponsiveness; CEBQ-DD, Desire
to Drink; CEBQ-EOE, Emotional Overeating; CEBQ-EF, Enjoyment of Food.
* P < 0·05, ** P < 0·001.
†Model 1 – adjusted for child’s sex, family structure at 4 years, media screen time at 4 years; model 2 – adjusted for model 1 plus maternal BMI before pregnancy, maternal age and education; model 3 – adjusted for model 2 plus maternal
consumption of SSB at 4 years of the child; model 4 – adjusted for model 3 plus child’s consumption of fruits and vegetables and sweets at 4 years.
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measure desinhibited behaviours towards eating. Eating in
response to emotions has been previously associated to the con-
sumption of sugary and fatty foods, whichmight be explained by
their high palatability(27,45,46). In our study, we suggest that the
opposite is also true, that is, children consuming more SSBmight
also develop food approach behaviours. Previous studies sug-
gested that SBB imply a higher food intake(22,23) because liquid
forms (like SSB) do not provide subsequent compensation of
energy intake, leading to a greater total caloric intake(21,25).
Also, beverages require less oral processing and have a faster
gastric-emptying and orocecal transit times(47,48). In other words,
liquid forms exert a less satiating effect compared with solid
forms, which supports the association of SSB with the food
approach subscales. Another hypothesis is related to the smaller
increase of GLP-1 and insulin and likewise a smaller reduction in
ghrelin after ingestion of liquids, compared with solid forms(49).

Considering our second hypothesis, we expected to find a
negative association between SSB consumption and food
avoidant subscales, namely Satiety Responsiveness, Slowness
in Eating, Food Fussiness and Emotional Undereating. From
our findings, a child who consumed more SSB at 4 years old
had greater risk of eating faster and also of being less fussy at
7 years. These results may be related to the food environment
the child lives in and the meals context. Children with less
healthy dietary patterns, such as a high consumption of SSB, tend
to live in a more obesogenic environment and show more food
approach behaviours(11,50). On the other hand, children who
show food avoidant traits tend to eat more slowly and to bemore
selective, excluding several foods from their diet, not only
unhealthy foods, such as SSB but it is also common the refusal
to eat healthy foods, like vegetables(51).

Different adjustments were tested in the associations under
study. After further adjusting for maternal SSB consumption
(model 3), a significant impact was found. Overall, associations
were weakened and others were lost (e.g. association between
SSB consumption and the Emotional Overeating subscale). We
also tested the model stratified by mother SSB consumption (<1
time/d (70·3 % of mothers) and ≥1 times/d (29·7 %)). The con-
sumption of SSB by mothers did not modify the majority of
the associations that remained virtually the same by strata of
mother’s own SSB consumption (<1 v.≥ 1 times/d). However,
for Appetite Disinhibition, the association with child’s SSB con-
sumption was only significant among those children whose
mothers had a higher consumption of SSB (≥1 times/d:
β= 0·061, 95 % CI 0·006, 0·115). This may suggest a positive con-
tribution to the eating habits of childrenwhosemothers consume
less SSB. The impact of the mother’s consumption of SSBmay be
a reflection of parent’s influence as role models in child’s
eating(52). Children tend to behave according to their families
and peers, especially at early ages, when parents and siblings
have a high influence in the development of eating behav-
iours(42). Furthermore, this can also be an indicator of the food
accessibility and availability within the child’s environment(52).
When themother has a frequent SSB consumption, it is likely that
this type of food is available in their home, too. Thus, factors
related to family characteristics and habits seem to play an
important role in child’s SSB consumption, as well as in disinhi-
bition behaviours later in childhood.

In our study, SSB were investigated as an independent
group of drinks. Nevertheless, diet is complex and the con-
sumption of SSB has been considered a marker of a dietary pat-
tern with poor quality that usually includes other unhealthy
foods and beverages(17,53–56). In order to test if the effects were
specifically from SSB consumption, further adjustments for
other dietary variables were done (i.e. daily fruit, vegetables
and sweets consumption – model 4). Previous associations
were weakened, but remained significant. This is an important
result of this study, showing that even with a diet with greater
quality (i.e. high in fruits and vegetables and low in sweets), the
consumption of SSB per se seems to affect eating behaviours
later in life.

It is relevant to mention that studies with European popula-
tions have shown that Portuguese children have, in general,
healthier eating habits(9,17,56). Our data revealed a relative lower
intake of SSB and other energy-dense foods and a higher
intake of fruit and vegetables compared with other European
populations(9,17,20,56). A lower consumption of SSB may have
implied in weaker associations between SSB consumption and
appetitive traits, not just due to the lower intake of unhealthy
foods but also because of the intake of foods with protective
effects, such as fruit and vegetables (high content of micronu-
trients and phytochemicals)(1,57,58). In light of this, the associa-
tions between the consumption of SSB and appetitive traits
could be even stronger in populations with an increased daily
consumption of SSB, and additional associations with other sub-
scales could also be found. Despite the consumption of SSB in
our sample being minor compared with other samples in the
same age group(9,17,20,56), this consumption is still worrisome
and reinforces this public health concern.

In recent years, due to the negative impact of SSB on health,
companies have been reformulating products high in sugar,
reducing portion sizes and introducing formulas with lower
sugar content or artificial sweeteners(59,60). In Portugal, the intro-
duction of sugar taxation regulation in 2017(61) also led to prod-
uct reformulations. It is important to highlight that the evaluation
of the SSB consumption of the current sample occurred between
2009 and 2011 (4 years follow-up), that is, before the implemen-
tation of the taxation regulation in Portugal. Therefore, at that
time, the sugar content of these beverages was higher, and arti-
ficial versions were less frequent compared with the beverages
currently available in the market(62,63).

This study has limitations that need to be addressed. First of
all, food consumption and eating behaviour data were self-
reported, whichmight introduce some recall and social desirabil-
ity bias. However, both the instruments were previously tested;
the FFQdatawere validated in comparisonwith 3-d food records
in this same birth cohort(33), as well as the CEBQ that showed
good psychometric properties in the current sample(36).
Furthermore, we grouped the colas, other carbonated drinks,
ice tea and packed nectar and fruit juices, assuming similar con-
tents of sugar, which might not be entirely factual. Likewise,
other sugary beverages were not included, for example choco-
late milk, and the consumption of artificially sweetened
beverages or light versions was not considered as they were
expected to be less frequent at that time in our country,
especially among children of 4 years of age.
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Despite the adjustments for several potential confounders,
residual confounding of other foods not included in the adjust-
ments is still possible, such as the consumption of foods high in
salt, for example. Moreover, only themother characteristics were
included as co-variates, not taking into account the father’s role
in shaping child’s eating behaviours. Commonly, mothers are
seen as the providers of food and have an important role as main
caregiver by shaping child’s eating behaviour and lifestyle(64,65).
However, father’s role has recently increased in households,
as shown in a recent review which suggests that father’s eating
habits, weight status and parenting techniques influence child’s
dietary behaviours(66). However, in the current sample, the
CEBQwas answered by themain caregiver, and in 94 % of cases,
these were mothers. A sensitivity analysis was performed with
the inclusion of father’s characteristics as co-variates in the mod-
els, but as the current results were very similar and, as the
sample size significantly decreased due to lower availability of
father‘s data, we chose to show the associations with maternal
confounders only, and larger sample size.

The main strength of the present study is, to our knowledge,
to be one of the first studies investigating the association
between the consumption of SSB and eating behaviours in child-
hood, using a prospective approach. So far, only one study used
a prospective approach in this investigation, but in the opposite
direction of associations(29), as cited above. In that study, associ-
ations between SSB and eating behaviours were inconsistent,
and the appetitive traits did not predict changes in child’s weight,
nor intake(29). In our study, the associations were exploited in the
opposite direction with 3 years between follow-ups, which
allowed a better understanding of cause and effect relationships,
in contrast to the previous study. Moreover, this study had a
larger sample size (n 3880 v. n 1275).

Conclusions

The consumption of SSB during pre-school years was associated
with increased food approach behaviours and less food avoidant
behaviours later in childhood. Family characteristics, particularly
maternal SSB consumption, explained part of these associations.

In light of this, it is relevant, from early ages, to promote the
intake of alternative drinks, such as water, and to restrict the
availability of other sweetened options, making parents and
caregivers aware of the importance of these exposures.
Longitudinal studies are necessary in order to better understand
the long-term effects of frequent SSB consumption, and of differ-
ent types of SSB, on the development of eating behaviours and
future health across childhood.
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