
RESEARCHARTICLE

Association between parental consumer
attitudes with their children's sensory taste
preferences as well as their food choice
Hannah S. Jilani1,2, Hermann Pohlabeln1, Kirsten Buchecker3, Wencke Gwozdz4,
Stefaan De Henauw5, Gabriele Eiben6,7, DeÂnesMolnar8, Luis A. Moreno9, Valeria Pala10,
Lucia Reisch4, Paola Russo11, Toomas Veidebaum12, Wolfgang Ahrens1,13☯,
Antje Hebestreit1☯*, on behalf of the IDEFICS consortium¶

1 Leibniz Institute for Prevention Research and Epidemiology - BIPS, Bremen, Germany, 2 Institute for
Public Health and Nursing Research, University of Bremen and Health Sciences Bremen, University of
Bremen, Bremen, Germany, 3 Department of Food Science, TTZ, Bremerhaven, Germany, 4 Department of
Management, Society and Communication, Copenhagen Business School, Frederiksberg, Denmark,
5 Department of Public Health, Faculty of Medicine and Health Sciences, Ghent University, Ghent, Belgium,
6 Department of Public Health and Community Medicine, University of Gothenburg, Gothenburg, Sweden,
7 Department of Biomedicine and Public Health, School of Health and Education, University of SkoÈvde,
SkoÈvde, Sweden, 8 Department of Pediatrics, University of PeÂcs, Medical School, PeÂcs, Hungary, 9 GENUD
(Growth, Exercise, Nutrition and Development) ResearchGroup, Faculty of Health Sciences, University of
Zaragoza, Zaragoza, Spain, 10 Department of Preventive and Predictive Medicine, Fondazione IRCCS
Istituto Nazionale dei Tumori, Milan, Italy, 11 Epidemiology and PopulationGenetics, Institute of Food
Sciences, National ResearchCouncil, Avellino, Italy, 12 Department of Chronic Diseases, National Institute
for Health Development, Tallinn, Estonia, 13 Institute of Statistics, Faculty of Mathematics and Computer
Science, University of Bremen, Bremen, Germany

☯ These authors contributed equally to this work.
¶ Full list of authorship can be found in S1 File.
* hebestr@leibniz-bips.de

Abstract

Background
We investigated the association between the consumer attitudes of European parents and
their children's taste preferences and food choice. Furthermore, we studied whether the
parental consumer attitudes were related to education level.

Methods
This analysis included 1,407 IDEFICS study children aged 6.0 to 11.8 years and from 7
European countries, who participated in the sensory taste perception module between 2007
and 2010. Parental consumer attitude was operationalized as `trustingin foods known from
advertisements' (trusting advertisements) and as ǹot avoiding additives in food' (not avoid-
ing additives). Parents reported their educational attainment and completed a food fre-
quency questionnaire for their children. Consumption frequencies of sweet, fatty and
processed foods as well as a healthy diet adherence score were calculated. Children per-
formed fat, sweet and umami taste preference tests. Multivariable logistic models were
used to analyse the association between parental consumer attitudes and their children's
taste preference frequencies as well as parental education. Linear regression models were
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used to analyse the association between parental consumer attitudes and their children's
food consumption.

Results
Parental consumer attitudes were not associated with children's fat, sweet and umami taste
preferences. Children of parents trusting advertisements consumedmore frequently pro-
cessed foods (β = 1.21, 95%CI: 0.49; 1.93). Children of parents not avoiding additives con-
sumedmore often sweet, fatty and processed foods and had a lower healthy diet adherence
score (β = 2.37, 95%CI: 1.03; 3.70; β = 2.27, 95%CI: 1.12; 3.43; β = 0.91, 95%CI: 0.22;
1.59; β = -2.87, 95%CI: -3.89; -1.85, respectively).Unfavourable parental consumer atti-
tudeswere associated with a lower parental education level across Europe (Compared to
high education: Odds Ratio (OR) of trusting advertisementswith medium education: 1.04,
95%CI: 0.77; 1.40; OR with low education: 2.01, 95%CI: 1.15; 3.54; OR of not avoiding
additiveswith medium education: 1.91, 95%CI: 1.44; 2.54; OR with low education: 1.76,
95%CI: 0.96; 3.24).

Conclusions
Across Europe, unfavourable parental consumer attitudes are associated with a lower diet
quality of their children. Parental consumer attitudes in turn were associated with their own
level of education. This has implications for policy makers, interventions and health promo-
tion programmes that aim to promote healthy eating.

Introduction
A diet high in sugar and fat has been found to contribute to a positive energy balance and unfa-
vourable weight development in children [1]. As parents provide most of the foods children
consume, they have a great influence on their children's diet through their own nutritional
behaviour and child-feeding practices [2, 3]. Thus the consumer behaviour of the parents,
such as buying particular foods and beverages, may determine their children's diet as they act
as gatekeepers [3]. Parental consumer behaviour can be described as (i) parental attitudes
towards food and beverage products they know from advertisements and (ii) parental efforts
to avoid additives in food they purchase for the family. These two factors might influence the
taste preferences and food consumption frequencies of their children through their gatekeep-
ing function as already mentioned. Foods and beverages that are heavily marketed are typically
high in sugar and fat [4] and are thus more unhealthy and more obesogenic. Furthermore, lit-
erature describes that foods containing additives, including taste enhancers, preservatives, and
colours might be harmful for children [5].

It is unclear if these described attitudes, hereafter called parental consumer attitudes, are
associated with children's taste preferences as well as their sweet, fatty and processed food con-
sumption frequency, and the overall quality of their diet. During childhood food choice is
mostly determined by the sensory perception and liking of foods [6, 7]. Sensory taste percep-
tion and preferences formed during childhood might persist until later life [8] and affect die-
tary intake. Hence, to influence food choice of young children it is essential to understand how
taste perception and preferences are formed. It is also unclear to what extent the parental con-
sumer attitudes are related to their educational level. If there is no other access to nutritional
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knowledge, parents with a lower education might be more receptive for what is said in adver-
tisements and might hence put more trust in the information given therein.

To understand what influences the dietary behaviour of children, it is essential to investi-
gate how taste and food preferences are formed. Therefore, we investigated whether parental
consumer attitudes are associated with parental educational level as well as with their chil-
dren's taste preferences and food consumption patterns. Should these associations prove to be
present, this could be a pathway from low educational level to an unhealthy diet and thus offer
a starting point for interventions.

Methods
Subjects
The data for this study was taken from the IDEFICS (Identification and prevention of Dietary-
and lifestyle-induced health EFfects In Children and infantS) multicentre study, which aimed
to investigate the prevalence and aetiology of overweight and obesity of children in Europe
and to implement and evaluate intervention programs to reduce childhood overweight and
unhealthy lifestyles [9]. Between September 2007 and June 2008, a baseline survey (T0) was
conducted on 16,228 aged two to 9.9 year old children from 8 European countries (Belgium,
Cyprus, Estonia, Germany, Hungary, Italy, Spain and Sweden). Two years later, between Sep-
tember 2009 and May 2010 a follow up (T1) examination was conducted on 13,596 children.
The children were approached through primary school and kindergarten settings. A sub-sam-
ple of 20% of schoolchildren from the age of 6 years onwards was asked to participate in taste
preference tests. In total, 1,407 children between 6.0 and 11.8 years from Belgium, Estonia,
Germany, Hungary, Italy, Spain and Sweden who participated in the preference tests either at
T0 or T1 were included in this cross-sectional analysis.

All centres obtained ethical approval from their respective local institutional review board
(e.g. Ethics Committee, University Hospital, Gent, Belgium; Tallinn Medical Research Ethics
Committee, Tallinn, Estonia; Ethics Committee of the University of Bremen, Bremen, Ger-
many; EgeÂszseÂguÈgyi TudomaÂnyos TanaÂcs, PeÂcs, Hungary; Azienda nitaria Locale Avellino
Comitato Etico, Avellino, Italy; Regionala EtikproÈvningsnaÈmnden i GoÈteborg, Gothenburg,
Sweden; ComiteÂEÂtico de InvestigacioÂn ClõÂnica de AragoÂn, Zaragoza, Spain). All parents gave
informed written consent for their children's participation. The children were informed orally
about the study procedures and gave their oral consent before participating. All instruments,
questionnaires and recording sheets were developed in English, translated to the national lan-
guage and then back-translated to check for translation errors. National examples of foods or
other items were provided where deemed necessary.

Parental consumer attitudes
The children's dietary behaviour and the parental consumer attitudes regarding nutrition were
assessed using the Children's Eating Habit Questionnaire (CEHQ) [10, 11]. Among others, the
parents were asked whether they trust in products that they know from advertisements and
whether they try to avoid additives in foods and beverages. They could answer 5 `agree',4 `agree
moderately', 3 `unsure',2 `disagreemoderately' or 1 `disagree'.Parents that answered with
`unsure'were excluded from the present analysis. The answering categories of these two vari-
ables were dichotomised as: `Donot trust in products from advertisements' (answers: disagree
and moderately disagree) vs. `Trustin products from advertisements' (answers: agree and
agree moderately) and `Donot avoid additives in foods and beverages' (answers: disagree and
moderately disagree) vs. `Avoidadditives in foods and beverages' (answers: agree and agree
moderately). To ease reading of the text, the following shorter terms will be used henceforth in
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the text: `trustin products from advertisements' will be stated as `trustingadvertisements' and
`donot avoid additives in foods and beverages' will be stated as `notavoiding additives'

Parental education
Self-reported educational attainment was classified according to the International Standard
Classification of Education (ISCED). The ISCED classification comprises levels 0±8 (ISCED
level 0: Early childhood education, ISCED level 1: Primary education, ISCED level 2: Lower
secondary education, ISCED level 3: Upper secondary education, ISCED level 4: Post-second-
ary non-tertiary education, ISCED level 5: Short-cycle tertiary education, ISCED level 6: Bach-
elor's or equivalent level, ISCED level 7: Master's or equivalent level, ISCED level 8: Doctoral
or equivalent level) [12]. For the present analysis, highest education level of the household was
clustered into three groups; `Low'(ISCED level 0±2), `medium' (ISCED level 3±5) and `high'
(ISCED level 6±8).

Sensory taste preferences
As children were very young and the examination protocol was very demanding, we decided
to keep the test procedures as simple as possible. Thus, the whole test procedure was standard-
ised and adapted for use in very young children. We conducted extensive pre-tests and found
that the test procedures were only suitable for children from the age of 6 years and not for pre-
schoolers [13]. Therefore, the minimum age was set to 6 years during the actual taste threshold
tests. Children from the age of 6 years and older were in general able to understand the task
and to deliver reliable results. Nevertheless, the procedure needed to be simple and compre-
hensive. A paired comparison forced choice taste preference test to assess the sweet, salty,
umami, aroma and fatty taste preference was arranged as a board game as described in Knof
et al. [14]. In brief, for every taste modality, two food samples were presented to the child at
room temperature. Apple juice was used to assess sweet and aroma preference and crackers
were used to assess salty, fatty and umami preference. One sample represented the basic taste
and the other the modified taste (e.g. 3.11% sucrose, 0.05% apple aroma, 1.16% sodium chlo-
ride, 18% fat or 1% monosodium glutamate were added). Samples were placed at the bottom
of the game board and the child compared the basic sample against the modified one. The
interviewer asked the child which of the two samples he/she liked best. The child indicated this
by placing the preferred sample on the respective field on the game board. The child had to
choose the preferred sample and was then classified as preferring either the basic or the modi-
fied taste. The interviewer recorded the answer on paper recording sheets. After each taste
modality, participants had a 2-minute break during which they neutralised their palate with
distilled water, and the interviewer prepared the next test sequence. According to the examina-
tion protocol, at least 1 hour had passed after having eaten but children were not hungry
either. The adapted procedures were adjusted after being pre-tested in all survey centres [13].
A test-retest analysis of the taste preference tests in a sub-sample of participating children
revealed a kappa coefficient of 0.77 (sweet), 0.86 (salty), 0.77 (fatty), 0.78 (aroma) and 0.80
(umami). The results of the test re-test procedure in the sub-sample were assumed to be appli-
cable to the full sample. The samples were shipped centrally for examination and standard
operation protocols (SOP) as well as a central training of field staff were provided to all centres.
To ensure a high degree of standardisation, the adherence to the SOPs was monitored during
site visits.

In this analysis we investigated the sweet, fat and umami taste preferences as dichotomous
variables (basic taste preference vs. modified taste preference).
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Food choices and healthy diet score
As part of the CEHQ, parents were asked to complete a proxy food frequency questionnaire
(FFQ) for their children's diet during the previous month. It was tested for reliability and
validity [11, 15]. The questionnaire had 43 items including processed, fatty and sweet, as well
as healthy foods and beverages. The answer possibilities were `never/lessthan once a week', `1±
3 times a week', `4±6times a week', `1time/day', `2times a day', `3times a day' and `Ihave no
idea'. Based on these answers, the children's weekly consumption frequencies were calculated.
The relative consumption frequency of fatty (fried potatoes, whole fat milk, whole fat yoghurt,
fried fish, cold cuts/sausages, fried meat, fried eggs, mayonnaise, cheese, chocolate- or nut-
based spread, butter/margarine on bread, nuts/seed/dried fruits, salty snacks, savoury pastries,
chocolate-based candies, cake/pudding/cookies and ice cream) as well as sweet (fresh fruits
with added sugar, fruit juice, sugar-sweetened drinks, sweetened breakfast cereals, sweetened
milk, sweetened yoghurt, jam/honey, chocolate- or nut-based spread, chocolate-based candies,
non-fat candies, cake/pudding/cookies and ice cream) foods and beverages per week over all
foods were calculated, resulting in the continuous variables sweet propensity score and fat pro-
pensity score ranging from 0% to 100% [16]. The consumption frequency of processed foods
was calculated as the sum of weekly intake of processed meat, hamburgers, hot dogs, kebab
and snacks such as savoury pastries and fritters reported for the previous month.

Based on weekly consumption frequencies, an a priori healthy diet adherence score
(HDAS) was calculated [17]. The HDAS aimed to reflect the adherence of the children to
food-based dietary guidelines common in all participating countries. In particular: limited
intake of refined sugar, reduced fat intake, choosing whole meal foods, high consumption of
fruits and vegetables and consuming 2±3 times fish per week. Hence, the HDAS consisted of 5
dimensions including weekly consumption frequency of foods high in sugar, of foods low in
fat, of whole meal foods, of fruits and vegetables as well as of fish. Depending on the consump-
tion frequency derived from the FFQ for each dimension, a score between 0 and 10 could be
reached. To calculate this, the consumption frequency of foods high in sugar, of foods low in
fat, of whole meal foods, of fruits and vegetables as well as of fish, were considered either as
total consumption frequency or as the proportion of all consumed food items as follows: To
obtain a score for each dimension

1. The weekly consumption frequency of sugar containing foods was divided by the weekly
consumption frequency of all consumed foods. The following food items were considered
as sugar containing foods: sweetened breakfast cereals, sweetened drinks, fruit juices, sweet-
ened milk, sweet yoghurt and fermented milk beverages, fruits with added sugar, jam and
honey, chocolate or nut based chocolate, candy bars, loose candies, marshmallows, biscuits,
cakes, pastries, puddings, ice cream, milk or fruit based bars. A proportion of 10% or less of
sugar containing foods was assigned to the score of 10, and a proportion of 15.7% or more
was assigned to 0. The scores of 1 to 9 were equally distributed in steps of 0.6 percentage
points.

2. The weekly consumption frequency of foods generally low in fat (cooked vegetables, eggs,
fish, meat and low fat dairy products and spread) was divided by the intake of both cooked
and fried vegetables, eggs, fish, meat and low and high fat dairy products and spread. The
proportion of foods low in fat over all fat containing food items was assigned to scores of 1
to 10 by assigning 100% low fat foods to 10 and 10% or less to 0. The scores 1 to 9 were
equally distributed in steps of 10%.

3. The proportion of whole meal bread (`wholemeal bread, dark roll, dark crispbread') over
all kinds of bread (`whitebread, white roll, white crispbread' + `wholemeal bread, dark roll,
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dark crispbread') was calculated. A proportion of 100% whole meal bread was assigned to
10 and a proportion of 10% or less to 0. The scores 1 to 9 were equally distributed in steps
of 10%.

4. The total consumption frequency of fruits and vegetables (fresh fruits, cooked vegetables,
potatoes and beans, legumes and raw vegetables) of 35 portions per week (5 a day) was
assigned to a score of 10. Less than 1 portion per week was assigned to 0. The scores 1 to 9
were equally distributed in equidistant categories.

5. The total consumption frequency of fish of 2.5 times per week was assigned to a score of 10.
No fish at all was assigned to 0. The scores 1 to 9 were equally distributed in steps of 0.3
times per week.

For the total HDAS, the scores of all dimensions were summed up. Thus, the HDAS ranged
from 0 to 50. A higher score represented a higher adherence to the food-based dietary guide-
lines, presumed to be a healthier diet.

Potential confounders
Children's age, sex and country were assessed via parental questionnaires. Children's weight
and height were measured in an overnight fasting state using a Tanita BC 420 SMA scale
(TANITA, Tokyo, Japan) for weight measurement and a SECA 225 Stadiometer (SECA
GmbH & KG, Hamburg, Germany) for height measurement. BMI was calculated and con-
verted to age- and sex-specific z-scores. Children were classified into thin/normal weight and
overweight/obese (weight status) using age- and sex-specific cut-points published by Cole and
Lobstein [18]. Children's age, sex, country and weight status were considered as possible
confounders.

Statistical analysis
The associations between the two dichotomised variables for parental consumer attitudes and
the dichotomous outcome variables children's sweet, fat and umami taste preferences were
estimated using logistic regression models. Models were adjusted for sex, age, country, weight
status and highest parental education level as fixed effects.

The associations between parental consumer attitudes and the continuous outcome vari-
ables fatty, sweet as well as processed food consumption and HDAS of their children were ana-
lysed using linear regression models adjusted for sex, age, country, weight status and highest
parental education level as fixed effects. Sample sizes for these analyses varied due to missing
values for the avoiding additives variable (missing: n = 61).

Further, the association between highest parental education level and parental consumer
attitudes was analysed by means of a logistic regression (adjusted only for country but not for
child dependent variables).

We used SAS1 (Statisitcal Analysis System, SAS Institute Inc., Cary, USA), version 9.3 for
all analyses and set the level of significance at p<0.05.

Results
Study characteristics
The study sample comprised 689 girls (49.0%) and 718 boys (51.0%). The age ranged from 6.0
to 11.8 years (mean 8.8 years). 22.4% of the children were overweight or obese. 5.5% of the
children had parents with low education, 42.9% with medium education and 51.6% with high
education.
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About 56% and 58.6% of all children preferred the test sample with the added fat and added
sugar over the basic taste sample, respectively, and 45% of all children preferred the sample
with added monosodium glutamate over the sample without added monosodium glutamate.
Regarding parents, 21.8% stated that they trust in foods and beverages they know from adver-
tisements and 26.2% answered that they do not avoid foods and beverages with additives. Chil-
dren consumed processed food products on average 6.4 times per week and had fatty and
sweet food and beverage propensity scores of 26.4% and 25.4%, respectively. There were no
substantial differences between boys and girls with regard to the study characteristics
(Table 1).

Parental consumer attitudes and children's taste preferences
In general, country, sex, age, weight status and parental education were significant confound-
ers (p<0.05) in almost all analyses (data not shown). For example, boys consumed sweet foods
more frequently (p<0.05) and increasing age was associated with increasing consumption fre-
quency of processed foods (p<0.05). However, since these influences are beyond the scope of
the present analysis, we will focus our attention on the results presented hereafter which are
relevant for our study aim.

The logistic regression analysis revealed no association between trusting advertisements
and children's sweet, fat or umami preferences (Table 2). Further, we did not observe an asso-
ciation between not avoiding additives and children's sweet, fat or umami preferences.

Parental consumer attitudes and children's food choice
We observed a non-significant but positive association between parental trusting advertise-
ments and children's sweet (û = 0.97, 95% CI = -0.45; 2.40) and fatty (û = 0.79, 95% CI = -0.43;
2.00) food and beverage consumption. Further, we found a significantly higher consumption
frequency of processed foods (û = 1.21, 95% CI = 0.49; 1.93) in children whose parents trust
advertisements than in those whose parents do not trust advertisements. Children of parents
not avoiding additives consumed sweet and fatty foods and beverages over all foods more
often and also consumed processed foods more often per week (û = 2.37, 95% CI = 1.03; 3.70;
û = 2.27, 95% CI = 1.12; 3.43; û = 0.91, 95% CI = 0.22; 1.59, respectively) compared to children
whose parents avoided additives. Children whose parents did not avoid additives also had a
significantly lower HDAS (û = -2.87, 95% CI = -3.89; -1.85) compared to those whose parents
avoided additives (Table 3).

Parental education level and consumer attitudes
Highest parental education level was associated with parental consumer attitudes. Parents with
low education level had significant higher odds (OR = 2.01, 95% CI = 1.15; 3.54) of trusting
advertisements compared to parents with high education level. Further, parents with medium
or low education level had higher odds (OR = 1.91, 95% CI = 1.44; 2.54 and OR = 1.76 95%
CI = 0.96; 3.24, respectively) of not avoiding additives compared to parents with high educa-
tion level (Table 4).

Discussion
Our analyses revealed that parental consumer attitudes are associated with their children's
(parental reported) food intake but not with their taste preferences, and that the parental atti-
tudes depend on parental education level across Europe.
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We did not find any association between parental consumer attitudes and general prefer-
ences for sweet, fat and umami. Therefore, the diet that is associated with the parental con-
sumer attitudes did not appear to be related to taste preferences. Results of a previous study,
also suggested that taste preferences might not be associated with dietary habits [16]. We pre-
sume that taste preferences might be determined by other factors and that children do not nec-
essarily prefer what parents provide. Furthermore, using food matrices for the taste preference
tests limited the textual conditions of foods to only juice and crackers, compared to the variety
of textures children were exposed normally. This may have caused the non-significant associa-
tion between parental consumer attitudes and taste preferences. The perception of taste may
differ according to the matrix delivering the taste in the oral cavity. For example, fat in more
liquid foods might be more ready to diffuse out compared to solid food matrices like crackers.
Accordingly, a semi-fluid matrix possibly allows the sweet taste to remain longer in the oral
cavity compared to apple juice. This should be considered in future studies. We observed that
children from parents trusting advertisements tended to consume fatty and sweet foods and
beverages more often and also consumed more processed foods. These children had a non-sig-
nificant tendency to have a lower diet quality indicated by a lower HDAS. Previous studies in

Table 1. Characteristics (total number and percentages or mean and standard deviation (SD)) of exposure and outcome variables given by boys and girls.

Boys Girls Total
N = 718 (51.0%) N = 689 (49.0%) N = 1407
Mean (SD) Mean (SD) Mean (SD)

Age 8.8 (1.2) 8.8 (1.1) 8.8 (1.1)
Sweet propensity score % 26.0 (11.4) 24.8 (10.4) 25.4 (11.0)
Fat propensity score core % 26.3 (9.4) 26.5 (9.6) 26.4 (9.5)
Processed foods/week 6.4 (5.6) 6.4 (6.1) 6.4 (5.8)
Healthy diet adherence score 21.7 (8.5) 21.9 (8.4) 21.8 (8.5)

N (%) N (%) N (%)
Overweight/obese1 147 (20.5) 168 (24.4) 315 (22.4)
Parents who trust in advertisements 153 (21.3) 154 (22.4) 307 (21.8)
Parents who do not avoid additives 172 (24.9) 180 (27.5) 352 (26.2)
Highest parental education level2

Low 44 (6.1) 33 (4.8) 77 (5.5)
Medium 294 (41.0) 310 (45.0) 604 (42.9)
High 380 (52.9) 346 (50.2) 726 (51.6)
Sweet preference 427 (59.5) 398 (57.8) 825 (58.6)
Fat preference 399 (55.6) 387 (56.2) 786 (55.9)
Umami preference 332 (46.2) 301 (43.7) 633 (45.0)
Country
Belgium 106 (14.8) 94 (13.6) 200 (14.2)
Estonia 66 (9.2) 72 (10.5) 138 (9.8)
Germany 205 (28.6) 221 (32.1) 426 (30.3)
Hungary 96 (13.4) 92 (13.4) 188 (13.4)
Italy 84 (11.7) 71 (10.3) 155 (11.0)
Spain 98 (13.7) 76 (13.4) 174 (12.4)
Sweden 63 (8.8) 63 (9.1) 126 (9.0)

1: BMI z-scores according to Cole and Lobstein 2012 [18].
2: International Standard Classification of Education Maximum (ISCED) [12]; maximum of both parents (0, 1, 2 = low education; 3, 4 = medium education; 5, 6 = high
education).

https://doi.org/10.1371/journal.pone.0200413.t001
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the USA and in Europe showed that 20% of commercials shown on TV promote food products
and 98% of these advertisements promote foods and beverages high in sugar, sodium and/or
fat [19±21]. As a result, the parents trusting advertisements may prefer to buy the advertised
products, which may explain the tendency towards a lower overall quality of the diet and a
higher consumption frequency of sweet and fatty as well as processed foods and beverages.

Table 2. Association between parental consumer attitudes and their children's taste preferences1.

Outcome: Parents trust in advertisements2 Parents do not avoid additives3

No Yes No Yes
N % N % OR

(95% CI)
p-value N % N % OR

(95% CI)
p-value

Sweet preference
Low 462 42.0 120 39.1 1.00

(reference)
163 46.3 395 39.7 1.00

(reference)
High 638 58.0 187 60.9 0.94

(0.71; 1.25)
0.69 189 53.7 599 60.3 0.85

(0.65; 1.11)
0.23

Fat preference
Low 495 45.0 126 41.0 1.00

(reference)
442 44.5 156 44.3 1.00

(reference)
High 605 55.0 181 59.0 1.07

(0.81; 1.42)
0.64 552 55.5 196 55.7 1.01

(0.78; 1.32)
0.92

Umami preference
Low 609 55.4 165 53.8 1.00

(reference)
545 54.8 193 54.8 1.00

(reference)
High 491 44.6 142 46.2 1.02

(0.77; 1.35)
0.89 449 45.2 159 45.2 1.04

(0.80; 1.36)
0.78

All children 1407 1346

Abbreviations: OR = Odds Ratio, CI = Confidence interval
1: Logistic regression model, adjusted for sex, age, country, ISCED (International Standard Classification of Education Maximum (ISCED) [12]) and weight status [18]
2: Reference: Parents do not trust in advertisement
3: Reference: Parents avoid additives

https://doi.org/10.1371/journal.pone.0200413.t002

Table 3. Association between parental consumer attitudes and their children's food consumption1.

Parents trust in
advertisements2

Parents do not avoid
additives3

Outcome: û (95% CI) p-value û (95% CI) p-value
Proportion of sweet food and beverage consumption 0.97

(-0.45; 2.40)
0.18 2.37

(1.03; 3.70)
0.0005

Proportion of fatty food consumption 0.79
(-0.43; 2.00)

0.21 2.27
(1.12; 3.43)

0.0001

Processed food consumption frequency 1.21
(0.49; 1.93)

0.001 0.91
(0.22; 1.59)

0.0093

Healthy Diet Adherence Score -0.42
(-1.50; 0.67)

0.45 -2.87
(-3.89; -1.85)

<0.0001

Abbreviations: û = û-coefficient, CI = Confidence interval
1: Model is adjusted for sex, age, country, ISCED (International Standard Classification of Education Maximum
(ISCED) [12]) and weight status.
2: Reference: Parents do not trust in advertisements.
3: Reference: Parents avoid additives.

https://doi.org/10.1371/journal.pone.0200413.t003
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Even more pronounced was the effect of parental consumer attitude on their children's die-
tary behaviour when considering the analyses of the associations of not avoiding additives.
Children of parents not avoiding additives had a lower overall diet quality, consumed sweet
foods and beverages more often, and also consumed more fatty foods as well as more pro-
cessed foods. A recent study from Norway found a negative association between a consumer
pattern labelled as `healthy'which included the importance of absence of additives and junk/
convenience food consumption [22]. They concluded that healthy eating promotion of chil-
dren should focus on parents' health concerns, emphasising on natural food without additives.

We found that a lower parental education (from high over medium to low) is associated
with unfavourable consumer attitudes (trusting advertisements and not avoiding). Since chil-
dren with less educated parents have a lower overall diet quality and consume more sweet and
fatty foods [23], our results add valuable knowledge about the pathway from low education to
an unfavourable diet, indicating that families with a lower socioeconomic status consume
unhealthy and more obesogenic food, because they tend to rely on advertisements more often
and do not try to avoid additives.

Because early learned dietary behaviour and taste preferences can persist until later on in
life [8], it very important to ensure a healthy and adequate diet during childhood, that is partic-
ularly low in sugar and fat, so as to prevent an early onset of overweight. To be able to do so,
parents need information about a healthy diet for their children.

This study has some strengths and limitations that need to be addressed. As parents
reported the dietary intake of their children, underreporting could have occurred due to social
desirability and to missing details on their children's outside home eating. Nevertheless, self-
reported food group consumption is more robust against misreporting compared to energy
reporting [24]. The described underreporting would have led to a decrease of the association
between parental consumer attitudes and children's food intake. The same holds true for the
misreporting of consumer attitudes due to social desirability. Should parents have reported
more favourable consumer attitudes, this could have also led to an attenuation of the associa-
tion we investigated. Apart from these limitations our study has several strengths. All measure-
ments including the taste preference tests were developed especially for children. A high

Table 4. Influence of parental ISCED level on their consumer attitudes1.

High ISCED level
(Reference)

Medium ISCED level Low ISCED level

Outcome N % N % OR
(95% CI)

p-value N % OR
(95% CI)

p-value

Parents trust in advertisement
No 600 82.6 456 75.5 1.00

(reference)
44 57.1 1.00

(reference)
Yes 126 17.4 148 24.5 1.04

(0.77;1.40)
0.81 33 42.9 2.01

(1.15;3.54)
0.02

Parents do not avoid additives
No 539 76.9 403 70.2 1.00

(reference)
52 73.2 1.00

(reference)
Yes 162 23.1 171 29.8 1.91

(1.44;2.54)
<0.0001 19 26.8 1.76

(0.96;3.24)
0.07

Abbreviation: OR: Odds ratio, CI: Confidence interval, ISCED: International Standard Classification of Education Maximum (ISCED) [12]; maximum of both parents
(0, 1, 2 = low education; 3, 4, 5 = medium education; 6, 7, 8 = high education)
1: Model is adjusted for country.

https://doi.org/10.1371/journal.pone.0200413.t004
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standardisation between countries was assured through the central training sessions offered to
all study personnel and the central provision of all study materials. Site visits further guaran-
teed high quality of data collection. All methods were pre-tested and test-retest reliability was
calculated with `almostperfect' results [13, 14]. Our study sample consists of a large number of
children and we were able to account for relevant possible confounders.

To our knowledge, this is the first study that investigated the impact of parental consumer
attitudes on their children's taste preferences and dietary habits in different European coun-
tries using standardised methods. Our results can possibly to some extent explain the higher
prevalence of overweight and obesity [25±27] as well as the higher consumption of sweet and
fatty foods [23, 28] in children from families with a lower socioeconomic status.

Conclusion
Our results show that parents' consumer attitudes are associated with their children's food
intake. Additionally, we showed that parents with a low education background have less
favourable consumer attitudes. This has implications for policy makers, interventions and
health promotion programmes that aim to promote healthy eating. Additionally, our results
underline the importance of an incorporation of nutrition and consumer education into
school education to help develop a healthier dietary as well as consumer behaviour among
children.
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