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ABSTRACT

This study aims to estimate cost variations according to diet quality and sociodemographic char-
acteristics in children. Data (n=1,596; 5-17 y) from the Belgian National Food Consumption
Survey were used. The “Kidmed index” and dietary patterns (DP) identified through principal com-
ponent analysis were used to assess diet quality. Daily diet cost was estimated after linking the
consumed foods with the GfK ConsumerScan panel food prices. The mean diet cost was 4.68€/
day (SEM: 0.05). Adjusted for covariates and energy intake, the mean diet cost was 9.1% higher
in the highest Kidmed adherence (vs. the lowest) and 6.2% higher in the tercile T3 (vs. T1) of the
“Healthy” DP score. It was 4.8% lower in the T3 (vs. T1) for the “Junk food” DP score. Diet cost
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was higher in 12-17 year-olds (vs. 5-11 years) and in medium and high educated household (vs.
the lowest). These findings support policies to make healthy diets more affordable.

Introduction

Adopting a healthy diet at every stage of life helps
stay healthy and prevent the risk of obesity and diet-
related non-communicable diseases, which are the
leading cause of morbidity and mortality in the world
(Bennett et al. 2018). Children and adolescents require
specific nutritional needs due to growth, puberty, psy-
chomotor and intellectual development (Das et al.
2017). In most high-income countries such as
Belgium, diet quality of children and adults follows a
socio-economic gradient (Darmon and Drewnowski
2008; Giskes et al. 2010; Desbouys et al. 2019a;
Desbouys et al. 2019b). Many studies have shown that
people of higher socio-economic status (SES) are
more likely to consume healthier diets, while lower-
quality diets are more commonly observed in lower
SES groups (Darmon and Drewnowski 2008; Giskes et
al. 2010; Desbouys et al. 2019a; Desbouys et
al. 2019b).

Among others, diet cost has been identified as one
of the critical factors that may explain this social gra-
dient (Aggarwal et al. 2011; Darmon and Drewnowski
2015). In the adult population, most of the studies,
but not all (Lee et al. 2016), have found a positive
association between the quality and the cost of diets

(Schroder et al. 2006; Rehm et al. 2015; Tong et al.
2018). In 2013, a systematic review gathering a rather
large set of observations concluded that healthier diets
generally cost more than less healthy diets, though
depending on whether the cost of the total diet or the
cost per 2,000kcal was estimated (Rao et al. 2013).
Indeed, energy-dense foods are generally cheaper than
nutrient-dense and energy-diluted foods, such as fruit
and vegetables (Maillot et al. 2008; Drewnowski 2010).
Therefore, food prices can represent a barrier to adopt
nutrient-rich diets, particularly for low SES groups
(Darmon and Drewnowski 2008). In addition to the
food prices, a large set of other influences may also
affect eating behaviours of children and adolescents
such as individual taste, convenience, peer influence,
food availability, parental monitoring, body image,
medias and personal or cultural beliefs (Das et
al. 2017).

Very few studies on diet cost have been undertaken
in the child and adolescent population. To our know-
ledge, only three studies have been conducted in
European countries: in Sweden among children aged
4, 8, 11 (Ryden and Hagfors 2011), in Germany
among 4-18 year olds (Alexy et al. 2012; Alexy et al.
2014) and in Spain in 2-24 year olds (Schroder et al.
2016). As observed in adults, diets with higher
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nutritional quality scores were generally associated
with a higher diet cost (Ryden and Hagfors 2011;
Alexy et al. 2012; Alexy et al. 2014; Schroder et al.
2016). Two of those studies have also estimated diet
cost variations according to the parental SES and
reported higher diet cost when parental SES was
higher (Ryden and Hagfors 2011; Schroder et al.
2016). Studies of food purchasing behaviours have
shown that low SES groups were less likely to make
healthy choices (Giskes et al. 2007) while high SES
groups tended to have higher food expenditures and
to make healthier choices (Pechey and Monsivais
2016). However, the three above mentioned studies
contained some methodological limitations and need
updating. Firstly, the analyses performed in the
Spanish study (Schroder et al. 2016) are based on
food consumption and price data collected 15years
ago. Secondly, for the two other studies, price data
were collected for a limited time period (one month
(Alexy et al. 2014) or one season (Ryden and Hagfors
2011) and therefore did not take into account yearly
price variations. Moreover, a bias due to the difference
of 7 years in the temporality between the food con-
sumption and food prices data collection may have
occurred in the Swedish study (Ryden and Hagfors
2011). Finally, few studies (Alexy et al. 2014; Schroder
et al. 2016) analysed the role of sociodemographic
characteristics other than SES, and none addressed
their potential interaction with diet quality. Such an
approach could have highlighted potential differences
in the association between diet quality and cost
according to the sociodemographic characteristics.

The small number of studies in the child and ado-
lescent population and their limitations make it difficult
to generalise the findings and to draw robust conclu-
sions. In addition, it is important to explore these rela-
tionships in different countries because food prices and
dietary habits differ (Slimani et al. 2002). Indeed, food
prices are known to be, on the average, higher in
Belgium in comparison with some other European
countries such as France, Germany and Netherlands
(Bruynoghe et al. 2018). The aim of this study was to
estimate cost variations according to the overall nutri-
tional quality of diets and to identify sociodemographic
characteristics associated with the diet cost, among
Belgian children and adolescents using nationally repre-
sentative food consumption and prices data.

Materials and Methods

Data referred to diet nutritional quality of diets were
retrieved from the 2014-2015 Belgian National Food
Consumption Survey (BNFCS-2014), which is a

national representative cross-sectional survey of the
consumption habits of the population aged 3 to 64
years old residing in Belgium. The study was con-
ducted in accordance with the ethical principles for
medical research involving human participants
(Declaration of Helsinki). The study protocol was
approved by an Ethical Committee (University of
Ghent, Belgian registration number: B670201319129)
and the Commission for the Protection of Privacy.
Written informed consent to participate in the study
was obtained from all participants or parent(s)/legal
guardian(s) of participants younger than 12 years old,
before the start of the first home visit. The survey
methodology (described in detail elsewhere (Bel et al.
2016)) followed the recommendations of European
Food Safety Authority (EFSA) for the collection of
food consumption data formulated in view of the EU-
Menu project (EFSA 2014).

Sampling

Participants in the BNFCS-2014 were randomly
selected from the National Population Register follow-
ing a multistage stratified sampling procedure, includ-
ing a geographical stratification based on the eleven
provinces, a selection of municipalities within each
province (proportionally to the size of each province),
and a selection of individuals within each municipality
(one or more groups of 50 individuals were randomly
selected depending on the municipality size) (Bel et al.
2016). Data collection was equally planned over the
four seasons and days of the week in order to incorp-
orate seasonal effects and day-to-day variation in
food intake.

The BNFCS-2014 sample included 3,297 partici-
pants aged from 3 to 64 years (Figure 1). Participants
who failed to provide two 24 h dietary recalls (24 h-R)
(n=151) as well as those over the age of 17
(n=1,222) were excluded from the sample of analysis
here. Children under 5 years (n=271) were also
excluded, to keep school-aged children only. This led
to a sample of 1,653 children and adolescents aged 5
to 17 vyears. Fifty-seven participants were further
excluded from the sample due to missing data for diet
quality assessment or covariates. Thus, the total study
sample included 1,596 participants (Figure 1).

Measures
Dietary assessment

The methodology used to collect food consumption
data in children (up to 9 years old) follows the
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Figure 1. Inclusion diagram in the analyses. 2014 Belgian National Food Consumption Survey.

recommendations of the European PANCAKE project
(Ocké et al. 2012). The parents or legal guardians
were asked to complete, on two occasions, a one-day
dietary diary listing all the food and drinks consumed
by the child (Bel et al. 2016). On both occasions, the
diary was followed by an interview using GloboDiet®
software: the first was conducted by telephone during
the interval between the two home visits and the
second took place face-to-face during the second
home visit of the investigator. The one-day food dia-
ries had to be completed one or maximum two days
before the completion interview with Globodiet® (Bel
et al. 2016). A country-specific version of the
Globodiet® software (formerly named EPIC-Soft) was
used, ensuring the use of a standardised method and
preventing the risk of systematic errors (Slimani et al.
2011; EFSA 2014). All food-diaries were open-ended
(i.e., no pre-coded food lists) and special pages were
available for home-made recipes and dietary supple-
ment intake (Bel et al. 2016). In every booklet explan-
ations and examples on how to fill in the diary were
provided (Bel et al. 2016). This method was identified
by the European PANCAKE project as the most suit-
able for collecting food consumption data in this age
group (Ocké et al. 2012). For participants aged 10 or
older, food consumption data were collected using
two non-consecutive 24h-R (EFSA 2014; Bel et al.
2016). Trained dietitians collected information from
the participants through face-to-face interviews per-
formed during the two home visits, with an interval
of one to four weeks in order to account for within-
subject variation (EFSA 2014; Bel et al. 2016). Portion

sizes were estimated using household measurements,
information from the manufacturer and a picture
book adapted for the BNFCS-2014 (Bel et al. 2016).
Food consumption data were linked with two food
composition databases: NUBEL (NUBEL 2015) and
NEVO (RIVM 2013). In addition, as recommended by
the EFSA (EFSA 2014), a Food Frequency
Questionnaire (FFQ) was completed by all the partici-
pants or proxy-respondent, reporting their usual fre-
quency of consumption of specific foods and dietary
supplements in the last 12 months (without specifying
quantity) (Bel et al. 2016). During the first home visit
interview, a paper FFQ was given to all participants or
proxy-respondent. The FFQ for 10-17 and 18-64 year
olds included 79 food items. In 3-9 year-old children,
alcoholic beverages were removed, therefore, the FFQ
comprised of 74 food items. The frequency response
options for the food list were: “never”, “less than once
per month”, “1-3 times per month”, “once per week”,
“2-4 times per week”, “5-6 times per week”, “once
per day”, “2-3 times per day” and “more than 3 times
per day”. Participants were given a couple of weeks
between the two home visits to complete the FFQ. It
was retrieved by the investigator at the second home
visit (Bel et al. 2016).

Food price data

Average food prices for the entire year 2014 data were
received from Europanel based on the GfK
ConsumerScan panel data (GfK, Brussels, Belgium). A
stratified sampling strategy was applied by GfK
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considering household size and age of the main shop-
per. The sample included around 5,000 Belgian house-
holds. The panel members recorded household
purchasing behaviours (and related shop-visiting
behaviour) with respect to a broadly defined group of
products regardless of the place of purchase.
Participants were asked to record all their food pur-
chases made each day during the survey year. They
were provided with an electronic measuring device to
record everything they bought (including fresh foods,
packaged products), except meals at restaurants. This
instrument consists of a preprogrammed hand ter-
minal with a 4-line display, a simple keyboard and an
integrated scanner for barcode scanning. Participants
scanned the barcodes of all food products purchased
or manually coded when the products did not have a
barcode. The purchase and visit data recorded by the
respondents were sent to the Research Centre via the
Global System for Mobile Communications (GSM)
network. For away-from-home meals, the costs of the
ingredients were taken into account as no prices were
available from GfK. Quality controls were conducted
and households which failed to meet the minimum
quality standards were excluded from the dataset (e.g.,
if participants did not provide food and price data on
an ongoing basis).

A file with all foods and ingredients consumed by
BNFCS-2014 participants was completed by GfK by
assigning an average price for each food and ingredi-
ent listed. In addition, average prices were also avail-
able based on certain characteristics of foods (e.g.,
whole/half-skimmed/skimmed for milk, fresh/frozen/
canned for fruits and vegetables, etc.). ConsumerScan
panel data provided the prices of 70% of the foods
included in the BNFCS-2014. A protocol was created
to fill the missing prices, ensuring a systematic
approach and traceability. For 15% of missing prices,
the price of the most similar food (in terms of nutri-
tional composition) was used within the same food
group (e.g., price of white beans was assigned to red
beans). For the remaining 15%, a conversion was
needed. For example, the price of eggs was given per
unit, so a conversion was made to obtain the price
per kilogram. This file was then imported into the
Stata® software (StataCorp 2019b) and linked with the
BNFCS-2014 data. An average price was given to each
food and ingredient listed in the food dairies, cited
during the 24h-R or included in FFQ according to
the food characteristics specified. Edible and yield fac-
tors were taken into account to convert the prices
from purchased foods to consumed foods.

Sociodemographic characteristics

Sociodemographic characteristics were collected in the
BNFCS-2014 through a face-to-face questionnaire
using a computer-assisted personal interviewing
(CAPI) technique (Bel et al. 2016). In children aged
3-9, a parent or legal guardian was used as a proxy
respondent (Bel et al. 2016). The sociodemographic
characteristics included were sex, age (grouped into
5-11 years; 12-17 years), household type (single-par-
ent; two-parent; other (e.g., intergenerational house-
hold)), highest education level in the household
(secondary education or lower; short post-secondary
education; long post-secondary education), country of
birth (Belgium; other EU member state; outside EU)
and region of residency (Flanders; Brussels; Wallonia).

Statistical analyses

Two complementary methodologies were used to
assess diet quality: a priori and a posteriori method
(Panagiotakos 2008).

A priori method

We used the Kidmed index which is based on princi-
ples sustaining Mediterranean dietary patterns as well
as those that undermine it, and has been recognised
as a reliable tool to evaluate children and adolescent
dietary habits (Serra-Majem et al. 2004; Stefan et al.
2017). The score includes 16 items and ranges from
—4 to 12 points (Serra-Majem et al. 2004). Items cor-
responding to favourable behaviours in relation to the
Mediterranean diet were assigned a value of 1, while
those concerning behaviours to be limited had a value
of —1 (Serra-Majem et al. 2004). However, our score
ranged from —3 to 12 points since no information
regarding the item on the frequency of fast-food con-
sumption was available. The construction of the score
has been described in Supplemental Table 1. The FFQ
was mainly used to compute the score but data from
24 h-R were used for four items (cereals or grains for
breakfast, dairy products for breakfast, commercially
baked foods or pastries for breakfast and cheese quan-
tity per day). The total score was classified into three
levels: <3, poor adherence (“very low diet quality”);
4-7, medium adherence (“improvement needed to
adjust intake to Mediterranean patterns”); >8, high
adherence (“optimal diet”) (Serra-Majem et al. 2004).

A posteriori method

We conducted principal component analysis (PCA) to
derive dietary patterns (DP) based on intakes (g/day)
for 23 food groups (Hu 2002). Foods and beverages
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Table 1. Energy-adjusted mean scores of Kidmed index and dietary patterns (DP), and diet cost according to the sociodemo-

graphic characteristics (n = 1596)°

Diet quality score

Dietary pattern scores Daily diet cost (€/day)

Kidmed index DP1 - “Healthy” DP 2 - “Junk food”
% Mean (SEM) PP Mean (SEM) PP Mean (SEM) PP Mean (SEM) PP
Sex
Boys 51.1 4.54 (0.11) 0.08 0.03 (0.05) 0.82 —0.00 (0.05) 0.79 4.70 (0.04) 0.60
Girls 489 4.81 (0.10) 0.01 (0.05) 0.01 (0.05) 4.66 (0.04)
Age
5-11 years 57.0 5.15 (0.09)* <0.001 —0.01 (0.06) 0.38 0.00 (0.05) 0.98 462 (0.04)* 0.03
12-17 years 43.0 413 (0.11) 0.06 (0.04) 0.00 (0.06) 4.75 (0.04)
Household type
Single-parent 123 4.39 (0.24) 0.002 0.17 (0.09) 0.046 0.04 (0.09) 0.45 4.75 (0.08) 0.24
Two-parent 75.0 4.82 (0.08) 0.02 (0.04) —0.02 (0.04) 4.69 (0.04)
Other 12.7 4,07 (0.21)* —0.13 (0.08)* 0.14 (0.13) 4.56 (0.08)
Highest education level in the household
Low 38.5 432 (0.13)* <0.001 —0.10 (0.05)* 0.007 0.23 (0.06)* <0.001 4.52 (0.05)* <0.001
Medium 32.2 4.78 (0.13) 0.03 (0.06) 0.02 (0.07) 4.69 (0.06)
High 293 5.03 (0.12) 0.18 (0.08) —0.32 (0.06 4.87 (0.05)
Country of birth
Belgium 93.6 4.61(0.08)* 0.001 —0.00 (0.04)* 0.01 0.02 (0.04)* 0.006 4.68 (0.03) 0.99
Other EU member state 3.6 5.42 (0.34) 0.44 (0.16) —0.35 (0.12) 4.68 (0.15)
Outside the EU 238 5.93 (0.43) 0.32 (0.20) —0.30 (0.20) 4.69 (0.15)
Region of residency
Flanders 57.7 4.74 (0.10) <0.001 0.15 (0.04) <0.001 (0.05) 0.007 4.71 (0.04) 0.02
Brussels 9.8 5.53 (0.25) 0.24 (0.20) —0.32 (0.11) 4.86 (0.12)
Wallonia 326 430 (0.12)* —0.28 (0.05)* 0.08 (0.06)* 4.57 (0.05)*

2014 Belgian National Food Consumption Survey.

2All analyses were weighted and adjusted for total energy intake; Pp-value of the Wald test; *Reference group; bold: category for which the mean statis-

tically differed from the reference category. SEM: Standard error of the mean.

included in each food groups are presented in
Supplemental Table 2. We applied a varimax rotation
to achieve a simpler structure with uncorrelated fac-
tors to ease the interpretation (Kaiser 1958). The
number of factors to retain in the analysis was deter-
mined using eigenvalues of each factor and Cattel’s
scree test (plot of the total variance explained by each
factor) (Cattell 1966). Food groups with a factor load-
ing higher than an absolute value of 0.2 were consid-
ered as significant contributors to the DP, which have
been labelled accordingly. For each participant, we
estimated a factor score for each of the DPs identified
by summing the observed intakes of the 23 foods
groups, weighted by their factor loading. A higher
score indicates a stronger adherence to the DP. We
then divided participants into terciles of each
DP score.

For both 24h-R days, the sum of the prices of all
foods and non-alcoholic beverages consumed was
computed and then divided by two in order to obtain
a mean daily diet cost (€/day). All estimates presented,
including diet costs, were adjusted for total energy
intake. It is generally considered as more appropriate
to compare the price of energy-adjusted diets or for
isoenergetic diets (e.g., 2,000kcal) (Darmon and
Drewnowski 2015) given that total energy intake may
be associated with diet cost and exposure variables
and thus act as a confounding variable (Willett et
al. 1997).

Since the Black method (Black 2000) does not take
into account energy needs related to growth, under-
reports were identified as those declaring mean energy
intake below two standard deviations of the mean
energy intake of the sample. Under-reporters (n=>5)
were kept in the study sample (EFSA 2014).

An individual weighting factor was calculated
according to sex, age, province of residency, season
and day of the first 24 h-R (i.e., week vs. weekend) to
ensure the estimations to be representative to the
population living in Belgium. All analyses included
the weighting factors and the survey design (using the
“svyset” function, Stata®) (StataCorp 2019a,b).

Energy-adjusted linear regression analyses were
conducted to estimate the associations of sociodemo-
graphic characteristics with the diet quality scores
(Kidmed index and DP scores) on one hand, and with
the diet cost (€/day) on the other hand. In addition,
mean daily consumption of food groups was calcu-
lated according to the terciles of diet cost. In order to
assess diet cost variations according to the diet quality
(as continuous scores or categories based on terciles),
energy-adjusted linear regression analyses and then
multivariable linear regression modelling adjusted for
covariates (total energy intake, sex, age, household
type, household education level, country of birth and
region) were undertaken. Adjusted means of diet cost
were post-estimated using predictive margins, with
covariates being treated as non-fixed (Williams RA
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Table 2. Energy adjusted daily consumption means (SEM; in g/d) of food groups according to the terciles of diet cost and contri-

bution (%) of food groups to the total daily diet cost (n=1,596).

Daily diet cost (€/day)

T T2

Median (min.-max.) 3.28€ (0.97-3.81)

4.36€ (43.81-4.98)

Fruits & vegetables
Vegetables
Fruit

Potatoes & cereal products

85.14 (3.85)*
110.50 (7.95)*

Potatoes & refined cereal products 176.77 (4.84) 176.04 (4.00
Whole-grain cereal products 43.17 (4.54) 34.28 (2.46
Processed breakfast cereals 8.20 (0.90) 7.04 (0.76,
Non-processed breakfast cereals 0.35 (0.18) 0.56 (0.18
Protein-driving products
Nuts & seeds 0.78 (0.26)* 1.99 (0.34
Legumes 2.11 (0.86) 1.37 (0.35
Eggs 8.19 (1.06) 8.34 (0.97
Fish & seafood 0.90 (1.39)* 10.69 (1.21
Poultry, meat & processed meat 89.81 (3.41)* 94.93 (2.54
Milk, yoghurt & fresh cheese 221.55 (13.37)* 201.39 (8.96
Cheese & cream 20.34 (1.68) 2342 (1.18
Substitutes 6.61 (2.43) 6.64 (1.56
Added fat, sweets & salty snacks
Vegetable fats 8.55 (0.57) 7.30 (0.44
Animal fats 2.02 (0.39) 2.03 (0.26
Fatty sauces 9.67 (1.19)* 13.09 (.097
Salty snacks rich in fats 12.93 (1.47)* 10.61 (1.61
Sugar & sugar confectionery 14.25 (1.18) 13.53 (0.83
Sweet spreads & sauces 31.00 (2.29)* 27.92 (1.52
Biscuits, cakes, desserts & ice-creams 59.91 (3.14)* 78.90 (2.88

Non-alcoholic beverages
Low to non-caloric beverages
Sugar-sweetened beverages

654.06 (27.07)*
212.24 (14.39)

102.45 (3.21)
141.23 (6.78)

701.60 (25.38)
244.31 (12.30)

T3 Contribution (%) to the total
5.88€ (4.98-14.39) p° daily diet cost (€/day)

131.32 (4.83) <0.001 13.3% 5.8%
205.73 (10.33) <0.001 7.5%
170.43 (4.79) 0.64 13.9% 10.5%
37.79 (3.44) 0.10 2.5%
6.70 (0.89) 0.45 0.9%
1.02 (0.24) 0.10 0.0%
2.86 (0.44) <0.001 36.9% 0.4%
3.71 (1.46) 0.22 0.2%
8.18 (1.24) 0.99 0.7%
30.06 (2.85) <0.001 4.6%
107.48 (3.76) 0.007 20.2%
167.91 (10.06) 0.02 6.0%
26.06 (1.78) 0.12 4.3%
16.03 (3.79) 0.08 0.5%
7.20 (0.52) 0.15 22.0% 0.6%
1.46 (0.23) 0.31 0.3%
18.20 (2.08) 0.005 1.8%
6.58 (1.18) 0.009 1.3%
13.43 (1.20) 0.86 2.5%
16.51 (1.66) <0.001 2.5%
89.22 (3.72) <0.001 13.0%
798.14 (25.58) 0.005 10.7% 4.0%
262.48 (17.92) 0.09 6.7%

2014 Belgian National Food Consumption Survey. All analyses were weighted and adjusted for total energy intake; *Wald test; *Reference group; bold: cat-
egory for which the mean statistically differed from the reference category (p < 0.05). SEM: Standard error of the mean.

2012). Interactions between diet quality scores and
sociodemographic  characteristics tested
(p < 0.05) one by one in three models: without adjust-
ment, with adjustment for total energy intake and in
models adjusted for total energy intake and covariates.

The normality of the diet cost distribution was
verified on the basis of a histogram. Homoscedasticity
was tested using the Levene test. The outliers were
retained in the analyses given the plausibility of val-
ues. For multivariable models, normality, homoscedas-
ticity, and linearity of the residuals, along with the
absence of co-linearity between variables were graph-
ically verified in unweighted models. Statistical signifi-
cance threshold was set at p < 0.05. All analyses were
performed using Stata® version 16 (StataCorp, College
Station, TX, USA) (StataCorp 2019b).

were

Results

Sample characteristics are described in Table 1. The
mean total diet cost without alcohol was 4.68€/day
(Standard Error of the Mean, SEM: 0.05). Children
and adolescents were classified into the Kidmed index
categories as follows: 34.1% with poor adherence,
52.1% with medium adherence and 13.8% with high
adherence. We identified two major DPs that

explained 12.7% of the total variance. These two pat-
terns were labelled as “Healthy” (DP1) and “Junk
food” (DP2) (Figure 2). Indeed, DP1 was characterised
by high intake (factor loadings >0.20) in vegetable fat,
vegetables, legumes, low to non-caloric beverages,
whole-grain cereal products, and fish and seafood,
whereas DP2 was rich in sugar-sweetened beverages,
salty snacks and fatty sauces and poor (factor loadings
<—0.20) in low to non-caloric beverages and fruits
(Figure 2). Mean daily consumption in these food
groups are described according to the terciles of each
DP (Supplemental Table 3).

Nutritional quality of diets according to
sociodemographic characteristics

No difference was observed in both Kidmed index and
DP scores between boys and girls (Table 1). Mean of
Kidmed index was higher in the 5-11 years group (vs.
12-17 years), yet the two DP scores were not statistic-
ally associated with age categories. The mean Kidmed
index was higher in two-parent families in comparison
with “other” household types (e.g., intergenerational
household). Mean “healthy” DP score was higher in
single-parent families (vs. “other”), while “Junk food”
DP score was not associated with household type.
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Figure 2. Dietary patterns (DP). Factor loadings for the two dietary patterns derived from 23 food groups.

Higher household education level and being born
abroad were both associated with more favourable
diet quality based on the Kidmed index and the two
DP scores. Lastly, means of Kidmed index and

“Healthy” DP score were higher in Flanders and
Brussels in comparison with Wallonia, whereas mean
“Tunk food” DP score was lower in Brussels than in
Wallonia (Table 1).
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Table 3. Multivariable linear regression analyses estimating daily diet cost variations according to Kidmed index and dietary pat-

tern (DP) scores (n=1,596)°.

Daily diet cost (€/day)

Adjusted for total energy intake

Adjusted for total energy intake and covariates®

R (%)  Mean (SEM) B (95% Cl) p R (%)  Mean (SEM) B (95% CI) p
Kidmed index
For 1-point increase 59.0 0.06 (0.04 —0.09) <0.001 60.4 0.07 (0.04 —0.09) <0.001
Categories 58.7 <0.001 60.0 <0.001
Poor adherence 4.50 (0.04)* Ref. 4.50 (0.06)* Ref.
Medium adherence 4.74 (0.04) 0.24 (0.11 —0.36) 4.73 (0.06) 0.23 (0.11 —0.36)
High adherence 4.90 (0.10) 0.40 (0.18 — 0.61) 491 (0.10) 0.40 (0.20- 0.61)
“Healthy” DP
For 1-point increase 59.1 0.14 (0.07 —0.21) <0.001 60.2 0.12 (0.06 —0.19) <0.001
Terciles 58.6 <0.001 59.8 0.001
T 4.50 (0.04)* Ref. 4.54 (0.06)* Ref.
T2 4.67 (0.06) 0.17 (0.03 — 0.31) 4.67 (0.07) 0.14 (-0.00 — 0.28)
T3 4.85 (0.06) 0.34 (0.19 — 0.49) 4.82 (0.06) 0.28 (0.13 — 0.43)
“Junk food” DP
For 1-point increase 58.4 —0.10 (—0.15 - —0.04) 0.001 59.6 —0.08 (-0.13 - —0.02) 0.005
Terciles 58.5 <0.001 59.7 0.004
T 4.81 (0.05)* Ref. 4.78 (0.06)* Ref.
T2 4.72 (0.06) —0.09 (-0.24 — 0.06) 4.71 (0.07) —0.07 (-0.22 — 0.08)
T3 4.51 (0.05) —0.30 (-0.45 - —0.16) 4.55 (0.06) —0.23 (-0.37 - —0.09)

2014 Belgian National Food Consumption Survey. *All analyses were weighted; “Sex, age, household type, household education level, country of birth and
region; *Reference group; bold: category for which the mean statistically differed from the reference category (p < 0.05)

Cost of diets according to the sociodemographic
characteristics

Independently of energy intake, daily diet cost was
significantly higher in the 12-17 years group (vs. 5-11
years), in medium and high household education level
(vs. the lowest) and in Flanders and Brussels (vs.
Wallonia) (Table 1). No association was found
between diet cost and sex, household type and coun-
try of birth (Table 1).

Food and beverage intakes according to the
terciles of diet cost

Compared with the lowest cost tercile (T1), intake of
vegetables, fruit, nuts and seeds, fish and seafood, fatty
sauces, non-caloric beverages, the group of poultry, meat
and processed meat and the group of biscuits, cakes,
desserts and ice cream was significantly higher in the
highest tercile of diet cost (T3), while intake of salty
snacks rich in fats, sweet spreads and sauces, and “milk,
yoghurt and fresh cheese” was significantly lower (Table
2). The protein-based product group (36.9%) was the
most important contributor to the total daily diet cost,
followed by added fat and sugar (22.0%), potatoes and
cereal products (13.5%), fruit and vegetables (13.4%),
and non-alcoholic beverages (10.7%) (Table 2).

Diet cost variations according to the nutritional
quality of diets

The cost of diet significantly increased with the overall
diet quality assessed by the scores as continuous or in

categories (Table 3). Indeed, in comparison with the
lowest category, diet cost was significantly higher in
the intermediate and highest categories for both
Kidmed index and “Healthy” DP score, whereas the
mean diet cost was lower in T3 of “Junk food” DP
score than in T1. Adjusted for energy intake and
covariates, the difference in mean diet cost between
the lowest and the highest category of adherence to
Kidmed index was 9.1% (0.41€/day). Similarly, the
mean diet cost of T3 of the “Healthy” pattern score
was 6.2% (0.28€/day) higher in comparison with T1
and was 4.8% (0.23€/day) lower in T3 than in T1 for
the “Junk food” pattern score. When considering the
scores in continuous form, for each one-point increase
of diet quality scores, the cost increased by 0.07€for
the Kidmed index and by 0.12€ for the “Healthy” DP
score, and decreased by 0.08€for the “Junk food” DP
score. The cost difference was 1.12€/day between the
minimum and the maximum Kidmed index. Results
were similar whether or not the models were adjusted
for covariates (Table 3). In addition, no statistical
interaction between sociodemographic characteristics
and diet quality was found in the relationship with
the cost of diets.

Discussion

Since most studies on diet cost have previously been
conducted in the adult population, we considered it
interesting to study this topic in youth. Since these
two populations are different in many ways (nutri-
tional needs, eating habits, food preferences, food



choice independency, etc.), we wanted to explore this
issue among younger populations to determine
whether the same conclusions could be made. In add-
ition, our aim was to estimate cost variations across
sociodemographic categories in children and adoles-
cents, an even more under-addressed issue. As
observed among adults in many countries, we found
that diet quality was positively associated with diet
cost. In addition, diet cost was higher in adolescents
compared with children independently of energy
intake, in medium and higher household education
level (vs. the lowest) and was subject to
regional variations.

Unlike the three previous studies conducted in
youth (Ryden and Hagfors 2011; Alexy et al. 2012;
Alexy et al. 2014; Schroder et al. 2016) and most of
the studies carried out in adults (Rao et al. 2013), we
chose to address the issue of diet quality using a
mixed methodology. The combination of “a priori”
and “a posteriori” methods allows to provide a richer
description of the population’s eating patterns and to
determine whether different methods would lead to
consistent conclusions regardless of the method used
to assess diet quality. Overall, our findings confirmed
this hypothesis. Indeed, they showed that the quality
of diets was positively associated with their cost inde-
pendently of the method used for the diet quality
assessment. Similarly, associations between sociode-
mographic characteristics and dietary quality were
overall similar whether nutritional quality scores or
DP scores were used. Nevertheless, differences were
observed regarding the presence of statistically signifi-
cant associations (this was the case for age) or in the
strength of the associations. This finding may be
explained by the weak correlation between the
Kidmed index and PDs (Cramer’s V-test <0.15), as
these tools do not assess diet quality according to the
same criteria.

The magnitude in the cost differences we observed
between less and healthier diets was close to those
found in the other three studies in youth (Ryden and
Hagfors 2011; Alexy et al. 2014; Schroder et al. 2016).
In comparison with our findings, the German study
found an energy-adjusted cost difference for each 1-
point increase of 0.05€ based on the Healthy Nutrition
Score for Kids and Youth (HuSKY) and of 0.18€based
on the Nutrient Quality Index (NQI) (Alexy et al.
2014). The Spanish study which used the Kidmed
Index, found a cost difference between the lowest (0
to 3 points) and the highest adherence (>7 points)
level of 0.71€/day and 0.28€/1,000 kcal (Schroder et al.
2016). Overall, we found that participants in the
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highest cost tercile had a healthier dietary profile,
with a higher consumption of healthy foods such as
fruits and vegetables and lower consumption of
unhealthy foods such as salty snacks and sweet
spreads. The fact that foods rich in vitamins and min-
erals are generally more expensive than foods rich in
sugars and fats (Maillot et al. 2008; Drewnowski
2010), and the amount of intake within more expen-
sive food groups contribute to explain why healthier
diets cost more.

Our analyses showed that both quality and cost of
diets were positively associated with the household
education level confirming an observation widely
reported in the literature among both adults (Darmon
and Drewnowski 2008; Rehm et al. 2011; Tong et al.
2018) and youth (Ryden and Hagfors 2011; Schroder
et al. 2016; Desbouys et al. 2019b). The energy-
adjusted cost difference between the lowest and the
highest household education level (0.35€/day i.e.,
0.21€/1,000kcal) found in our study was slightly
higher than that observed in Sweden (0.17€/1,000 kcal)
(Ryden and Hagfors 2011) and in Spain (0.13€/
1,000 kcal) (Schroder et al. 2016). It is noteworthy that
those estimations are based on prices data collected in
2010 for the Swedish study (Ryden and Hagfors 2011)
and in 2000 for the Spanish study (Schroder et al.
2016). The diets of children and adolescents are still
highly dependent on the food their parents buy and
the meals they prepare. It can therefore be assumed
that the observations made in low SES adults could be
transposed to the younger population, with a similar
social gradient found in the quality and cost of diets
for both adults and youth.

Studies in adults have suggested that the reasons
why people with lower SES have poorer quality diets
may be related to the fact that they are mainly guided
in their food purchasing by food price and familiarity
(what is usually consumed), whereas health considera-
tions would be the priority for people with high SES
(Konttinen et al. 2013). Indeed, energy-dense foods, in
addition to being generally cheaper (Maillot et al.
2008; Drewnowski 2010), are often more palatable
(Drewnowski 1998; Gibson 2006), and have certain
psychosocial properties (Gibson 2006; Hemmingsson
2014) that may explain why they are more likely to be
consumed by low SES individuals. Moreover, the price
of healthy food is often perceived as an important
barrier by low-income households (Reicks et al. 1994;
Mackenbach et al. 2015). Adult studies (Durand-
Gasselin and Luquet 2000) as well as a recent study
including children aged 5, 8 and 11 years (Moraeus et
al. 2020), showed that participants from households
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with lower education level had less varied diet. This
finding contributes to explain why their diets are
often poorer in nutrients, less diversified, and gener-
ally cheaper in low SES households.

Several studies conducted among adults (Aggarwal
et al. 2011; Tong et al. 2018), including a Belgian
paper using the same data as for the analyses here
(Pedroni et al. 2021), have found a non-significant or
weaker association between the quality and cost of
diets among adults with higher SES. Such findings
suggests that for low SES people, adopting a healthier
diet leads to a significant diet cost difference, whereas
for people with higher SES, diet cost does not vary
significantly whether they eat healthily or not. We
therefore expected to potentially find this interaction
also in youth, but it was not observed (the three pre-
vious studies in youth did not test interactions). This
absence of interaction would mean that for children
and adolescents, adopting healthier eating habits
would lead to higher dietary costs regardless of their
SES. The lack of interaction could also be explained
by the criteria used to assess the diet quality here or
by a lack of statistical power. Further investigations
on this topic is therefore needed because it could have
consequences on health promotion messages.
Furthermore, even if the cost difference we observed
between education levels seems relatively small, deter-
mining whether low SES Belgian households have suf-
ficient financial resources to be able to afford the
necessary cost difference to achieve a healthier diet
still needs to be evaluated.

We found that diet quality was lower in adolescents
aged 12-17 years than in the children aged 5-11
years. Another study conducted in the same Belgian
population has shown that the 14-17 year-old age
group was the most deviant from food-based dietary
guidelines (Bel et al. 2019). In contrast, diet cost was
higher in this adolescent group than in the children
group. This finding is comparable to the two studies
in youth in Spain (Schroder et al. 2016) and Germany
(Alexy et al. 2014) where the cost per day, as well as
the energy-adjusted cost per day, increased with age.
Knowing that the cost of diets tends to increase with
the diet quality, it was quite surprising that they trend
in the opposite direction with age. One explanation
may lie in the food choices made by adolescents.
Adolescents may eat unhealthier foods than children,
with those that are relatively expensive in larger quan-
tities, such as meat and sugar-sweetened beverages.
This hypothesis would require further investigation.

In our study, sex was not associated with either the
quality or cost of diets. We compared the mean

Kidmed Index between boys and girls in the two age
groups separately (data not shown). In children, girls’
diets were of significantly higher quality, whereas in
adolescents, the means were not statistically different
according to sex. This finding contrasts with previous
studies which showed that adolescent girls (del Mar
Bibiloni et al. 2012; de Oliveira Figueiredo RA et al.
2019; Kelly et al. 2019) and women (Schroder et al.
2006; Rehm et al. 2015; Tong et al. 2018) tended to
show higher quality diets. However, in our sample, no
difference in cost between 5-11 year-old boys and
girls was found, meaning that higher quality diets in
girls did not translate into a higher diet cost. Only
one study explored such an association in youth and
concluded that the daily diet cost (€/day) was higher
in boys but that the energy-adjusted cost
(€/1,000 kcal) was higher in girls (Schroder et al.
2016). Thus, whether the difference in diet quality
between girls and boys would lead to a varying cost
requires confirmation among larger samples of
adolescents.

One strength of this study lies in its methodology.
First, consumption data for the BNFCS-2014 was col-
lected following guidelines developed by the EFSA to
harmonise food consumption surveillance in Europe
(EFSA 2014). In addition, the analyses accounted for
the survey design and individual weighting factors,
enabling the estimates to be considered as representa-
tive of the population living in Belgium. Price data
were collected during the same period as the con-
sumption data and were detailed according to their
presentation (i.e., fresh, frozen or canned/glass for
fruits and vegetables). Moreover, the collection of
food consumption data as well as food price data was
spread over several months in order to take seasonal
variations into account. Since both diet quality and
diet cost were derived from two independent sources,
the possibility that some level of association might be
artefactual can be ruled out. Finally, unlike most
papers on this topic, we chose to use a mixed meth-
odology in our analyses of diet quality, which consoli-
dated our conclusion.

However, some limitations about the data used in
our study are worth noting. For instance, for the
Kidmed Index, the definition of food groups are rela-
tively outdated (i.e, there is no differentiation
between wholegrain vs. refined grain) (Fulgoni et al.
2018) and ultra-processed food products are not
accounted for (Monteiro et al. 2013). In addition,
because the food cost and consumption data came
from two different sources, the prices of foods actually
purchased by the BNFCS-2014 participants were not



known, nor were the exact nutritional composition of
the foods purchased by the GfK ConsumerScan panel.
Furthermore, seasonal or other sources of variation in
prices could not be taken into account. Finally, the
prices of away-from-home meals were not available,
but the prices of the ingredients were taken into
account instead.

Recall bias and social desirability bias leading to
under- or over-estimation of intakes were also pos-
sible in the 24h-R and FFQ (Althubaiti 2016). Child
and adolescent’s dietary assessment carries some spe-
cific limitations (Livingstone et al. 2004; Magarey et
al. 2011). Indeed, using a parent as a proxy-respond-
ent may lead to an underestimation of intakes: while
parents may reliably report their child’s food intake at
home (Eck et al. 1987; Baranowski et al. 1991;
Livingstone et al. 2004) they do not really know what
he/she consumes outside of the home (Baranowski et
al. 1991; Livingstone et al. 2004). In addition, it seems
that children and adolescents may have difficulties
accurately quantifying their intakes and portion sizes
(Livingstone et al. 2004; Magarey et al. 2011).
However, the use of picture book and household
measurement tools to report portions sizes can
improve the accuracy of the reported intakes
(Livingstone et al. 2004; Magarey et al. 2011).

Conclusion

Higher quality diets were associated with higher diet
costs in children and adolescents in Belgium. A social
gradient was observed for both the quality and cost of
diets, consistently with previous reports. This topic
was insufficiently addressed so far, and further studies
are still needed to better understand the mechanisms
and social disparities related to the cost of diets for
younger people. For instance, why adolescents’ diets
cost more than those of children while it is of poorer
quality needs to be clarified. In addition, studies based
on linear programming would also be useful to iden-
tify the components of healthy diets at the most
affordable cost in Belgium. Overall, our findings con-
tribute to a better understanding of social inequalities
in the children and adolescents’ diets and may help
policymakers to develop public health policies to
improve diets and reduce such inequalities.
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