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Abstract

Purpose To estimate the 10-year change in the overall nutritional quality of adolescent and young adult’s diet, as measured
by the modified Nutrient Profiling System of the British Food Standards Agency individual Dietary Index (FSAm-NPS-DI)
which funds the Nutri-Score development, and in different components of this score, overall and according to the individual
characteristics.

Methods Two 24-h dietary recalls were carried out in 15- to 39-year-old respondents included in the Belgian Food Con-
sumption Surveys in 2004 (n=1186) and 2014 (n=952). The weighted mean individual FSAm-NPS-DI was computed from
all foods and beverages consumed, converted into a scale from O to 100 (from the poorest to the most favorable diet), and
compared between survey years. Subject characteristics associated with the score, along with the mean daily intake of food
groups, energy, and nutrients were explored in multiple linear regressions stratified by survey year and age group.

Results The weighted mean daily FSAm-NPS-DI significantly increased between 2004 and 2014 [2004: 55.3 (SEM: 0.2)
vs. 2014: 57.4 (0.5), P <0.001 in 15- to 18-year olds; 55.0 (0.6) vs. 58.1 (0.4), P<0.001 in 19- to 25-year olds; 57.1 (0.4)
vs. 58.5 (0.3), P<0.01 in 26- to 39-year olds]. SFA intake decreased in all age groups, and sugar-sweetened beverage, sugar,
sodium, and fiber intakes decreased among 15—18-year olds. The nutritional quality changed unevenly according to socio-
cultural characteristics, levels of education and regions being the main sources of disparities.

Conclusion The quality of diet improved overall between 2004 and 2014 among young people in Belgium, an uneven change
that need to be confirmed in future surveys, following the implementation of the Nutri-Score.

Keywords Dietary quality - Nutrient profiling system - Nutrition survey - Adolescent - young adult - Socioeconomic factors

Introduction eat lots of fast food [2]. Such poor dietary patterns are also

correlated with energy-dense, high-fat, and low-fiber diet [3,

The worldwide prevalence of overweight and obese children
and adolescents has considerably increased over the five past
decades, though it has plateaued in many high-income coun-
tries since 2000 [1]. In various settings, the diet pattern of
adolescents has been identified as poor, with low consump-
tion of fruit and vegetables, and a high propensity to snack
on nutrient-poor and energy-dense items, skip meals, and
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4]. In Belgium, adolescents (14—17 years) show the worst
adherence to dietary guidelines, being the lowest consumers
of fruit and, along with young adults (18—39 years), hav-
ing the highest energy intake from the nutrient-poor food
group (comprising for instance, sugar-sweetened beverages
(SSB), alcoholic drinks, biscuits and pastries, confectionary
and chocolates, salty and fried snacks, etc.) [5]. Yet, from
the beginning of adolescence to the transition to adulthood,
i.e., between about 10 and 24 years of age, biological and
social transformations make it a key period for health behav-
ior acquisition and strengthening, including diet [6]. Thus,
since the health of future adults may be impacted, there is a
need to further identify dietary behaviors suited to this life
phase, and the determinants associated with diet, in order to
adapt dietary recommendations and to target at-risk groups
in nutritional policies.
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The Food Standard Agency nutrient profiling system (FSA-
NPS) was initially developed in the United Kingdom in order
to regulate food advertising for children [7], and, after some
modifications, became the basis of the food labeling system
Nutri-Score, developed in France [8]. The Nutri-Score, sup-
ported by the World Health Organization Regional Office for
Europe [9], has been adapted to the French dietary recom-
mendations [8], and was formalized in 2017. Several Euro-
pean countries followed, including Belgium in 2019 [10]. To
date, the use of the Nutri-Score is not mandatory but relies
on the voluntary participation of the food manufacturers. The
FSAm-NPS (“m” is for “modified”), which is typically used
to qualify a food or a beverage, can also be applied to the indi-
vidual diet through a dietary index (i.e., the FSAm-NPS-DI)
[11-14]. Like other diet quality scores, the FSAm-NPS-DI
makes it possible to describe the overall diet with a synthetic
measure, without a hierarchy between the components of the
score, and to compare this measure in different samples. In the
context of the Nutri-Score labeling on an increasing number
of food products sold in Belgium, describing the diet with the
underlying FSAm-NPS-DI is of interest.

Despite a continuing inadequate diet, an overall improve-
ment in fruit, vegetable, SSB, sweet snack, and energy from
solid fat and from added sugar intakes has been observed
among adolescents from several European countries and the
United States since the early 2000s [15—18]. However, dispari-
ties in level of education, country of birth, and region of resi-
dency were noted in relation to the food group consumption of
adolescents and young adults living in Belgium in 2014 [19].
The rapid change in social environments in recent decades
may have impacted eating habits and diet disparities [6]. The
Belgian Food Consumption Surveys (FCS) from 2004 to 2014
provide an opportunity to examine dietary trends within this
particular age group, and to identify potential changes in diet
disparities.

The primary objective of our study was to estimate the
change in the overall nutritional quality of diet, as measured
by an individual dietary index based on the FSAm-NPS-
DI, between 2004 and 2014, of adolescents (15—18 years),
young adults (19—25 years) and adults (26—39 years) living
in Belgium. The specific objectives were (i) to estimate the
change in nutritional quality according to the socioeconomic
and regional characteristics of the three age groups; and (ii) to
examine how the change in intake of the different food groups
and nutrients, which are components of the score, may support
the potential change in dietary quality.

@ Springer

Subjects and methods
Sampling

The research was based on the two nationally representa-
tive cross-sectional FCSs conducted in 2004 and 2014 in
Belgium. Methods of the surveys, described elsewhere [20,
21], followed the European Food Safety Authority (EFSA)
guidelines for the harmonization of the food consump-
tion data collection [22]. The FCS from 2004 included
persons aged 15 years and older, and the FCS from 2014
included persons aged three to 64 years (Supplemental
Fig. 1). The two samples were randomly selected from
the Belgian national population register, following similar
multistage stratified sampling procedures [20, 21]. In brief,
the sampling process consisted of a geographic stratifica-
tion according to the 11 provinces, followed by a selection
of municipalities proportional to the size of each province,
and a selection of one individual per household according
to different age and sex strata (8 in 2004; 10 in 2014). The
data collection for each survey was divided equally over
the four seasons and seven days of the week so as to take
into account seasonal and day-to-day variations in food
intake.

Ethics

The two FCS protocols were approved by the relevant ethi-
cal authorities (2004: Ethics Committee of the Scientific
Institute of Public Health in Brussels; 2014: Ethics Com-
mittee of Ghent University and Belgian Commission for the
Protection of Privacy (protocol number B670201319129,
approved on 19/12/2013)). All participants (or their parents
or guardians) provided written or verbal informed consent.
Verbal consent was witnessed and formally recorded. The
two surveys were conducted in accordance with ethical prin-
ciples for medical research involving human subjects (Dec-
laration of Helsinki).

Dietary data collection

During both surveys, two nonconsecutive computerized
24-h dietary recalls (24 h-R) were conducted for each par-
ticipant by a trained dietician. EPIC-Soft in 2004 [23] and
GloboDiet® in 2014 [24], both developed and maintained
by the International Agency for Research on Cancer (IARC),
were used. The Multiple-Pass 24 h-R method [25] was
applied successively, including: a rapid and consecutive list
of foods consumed and recipes used on each eating occasion;
a description and quantification of such foods and recipes; a
summary of the 24 h-R; and a description and quantification
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of dietary supplements. Each recipe was broken down into
a list of foods.

All foods were sorted according to the food classifica-
tion system developed by the EFSA (FoodEx2 is the latest
version used in 2014 [26]), and linked to the current Bel-
gian (Nubel) and Dutch (NEVO) food composition data, in
order to estimate total energy and nutrient intake. The Black
method and Goldberg cutoff [27] were used to identify 18-
to 39-year-old under-reporters: the mean energy intake of
each subject was compared with the basal metabolic rate
(BMR), estimated by the Schofield equation [28]. A mean
physical activity level of 1.55 was used. Energy intake day-
to-day variations, between-subject BMR variation (8.5%),
and between-subject physical activity level variation (15%)
were considered. Among 15-17-year olds, since the Scho-
field equations to estimate BMR do not take into account
energy needs related to growth [29], under-reporters were
those declaring mean energy intake below two standard
deviations of the mean energy intake of the sample. Propor-
tions of under-reporters identified as such were 4.3%, 16.6%,
and 24.3% in 2004, and 3.4%, 19.2%, and 19.2% in 2014,
among 15—18-, 19—25-, and 26—39-year olds, respectively.
As recommended by the EFSA [22], we have kept under-
reporters in our analyses especially since under-reporting
has previously been shown to be associated with individual
factors, such as sex, age, psychologic characteristics, etc.
and more particularly with BMI [30-32]. Indeed, discarding
them would drive to introduce additional selection bias by
excluding some specific categories of the population more
likely to be considered as under-reporters.

FSAm-NPS-DI and other diet outcomes
The FSAm-NPS-DI was calculated as follows (Table 1): for

each food and beverage consumed during the two surveys,
points were attributed according to the 100 g nutrient content

of foods that should be limited [energy (kJ), SFA (g), sodium
(mg) and sugar (g)], and points were subtracted according
to the 100 g nutrient content of foods that should be favored
[fruit, vegetables, legumes, nuts, and olive, canola and wal-
nut oil (FVLNO, %), fiber (g) and protein (g)], using specific
thresholds for beverages and added fats [14]. The FVLNO
content of food was determined according to the ingredient
list of food products available on the participatory Open-
foodfacts online platform [33] and from the websites of the
retailers and manufacturers. In a second step, the points for
each food were totaled using an algorithm dependent on the
total content of dietary components to limit and the content
of FVLNO (Table 1). For each participant, the arithmetic
daily energy-weighted mean of the score was then calculated
[11, 14], ranging from —15 (most favorable diet) to 40 (poor-
est diet). To facilitate interpretation, the final FSAm-NPS-
DI was converted into a scale theoretically ranging from 0
(poorest diet) to 100 (most favorable diet) [34, 35]:

Final FSAm - NPS - D = 1oAm-NPS -DI—-40 -,

-55

Besides the mean daily FSAm-NPS-DI, the mean daily
intake of specific food groups (fruits and vegetables, whole
grain breads and cereals, refined starchy food, and SSB),
energy, and nutrients (SFA, sodium, sugar, and fiber) were
calculated for each participant.

Exposure variables

The demographic and socioeconomic variables shared by
the two surveys and analyzed here were sex, household type,
highest education level in the household, and region of resi-
dency. The household type in which the participant lived
was categorized into two or four categories, depending on
the age group of the participant (see “Results” section). All

Table 1 Calculation process of

Components to limit /100 g Points Components to favor /100 g Points
the FSAm-NPS

Step 1

Energy (kJ) 0—10 FVLNO*(%) 0-5

Sugar (g) 0-10 Fiber (g) 0-5

Saturated fatty acids (g) 0-10 Protein (g) 0-5

Sodium (mg) 0—10

Total A 0—40 Total B 0—-15

Step 2

If A>11 and FVLNO=35, Score=A—-B

If A>11 and FVLNO< 5, Score= A — (FVLNO +fiber points)

IfA<II, Score=A—-B

Final score (— 15 to 40)

See references for the detailed point allocation thresholds of the different components [7, 66]

FVLNO fruit, vegetables, legumes, nuts, and olive, canola, and walnut oil

@ Springer
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participants under 18 years of age were counted as “chil-
dren” of the household in both surveys, as well as partici-
pants still in school but of adult age in the 2014 survey.

Statistical analyses

All analyses were stratified by survey year and according to
three age groups: 15-18 years, 19-25 years, and 26-39 years.
Pregnant and breastfeeding women were excluded; energy
under-reporters were included [22]. A weighting factor
calculated according to age, sex, day of first dietary recall
(weekday or weekend), season, and province of residency,
along with sample design, was taken into account in the sta-
tistical analyses (using the “svyset” function, Stata®). Each
dietary outcome, i.e., the mean daily FSAm-NPS-DI and
the mean daily intake of food groups, energy, and nutrients,
was compared between survey years with 7 test (after check-
ing for normality of the distribution and homoscedasticity).
In order to identify subjects’ characteristics independently
associated with dietary outcomes, multiple linear regression
was used, with F test corrected for the sampling plan. Total
energy intake was systematically included in the models.
Before being included in the models, the categorical covari-
ates were transformed into indicators. Adjusted (for all vari-
ables included in the models) mean dietary outcomes were
post-estimated from the regression models using predictive
margins, with covariates being treated as nonfixed [36]. Fac-
tors (VIF) were used to check the absence of collinearity
between variables included in multivariate models; normal
distribution, homoscedasticity, and linearity, along with the
absence of influence of potential outliers, were graphically
verified by residual analyses in unweighted models. P val-
ues < 0.05 were considered statistically significant, except
in the case of multiple comparisons (Table 3) where the
Bonferroni correction was applied (threshold set at 0.017 in
that situation). All analyses were performed using Stata®
version 14.2 (StataCorp, College Station, TX, USA).

Results

In total, 1186 15—39-year-old subjects completed two non-
consecutive 24 h-R in 2004, and 952 in 2014. Between the
two surveys, the proportion of single-parent families signifi-
cantly increased among the 15—18-year olds, as well as the
proportion of households having a postgraduate education
level in the 19—25- and 26—39-year-old groups (Table 2).

FSAm-NPS-DI change and disparities
In all age groups, the weighted mean daily FSAm-NPS-DI
significantly increased between 2004 and 2014 (Table 3). After

adjustment for total energy intake and other covariates, the
scores of the 15—18- and the 26—39-year-old subjects were the

@ Springer

lowest when the highest education level of the household was
secondary school or lower as compared to households with a
postgraduate or bachelor’s degree or equivalent in 2004 but
not in 2014 (Table 4). The FSAm-NPS-DI was significantly
lower among females than males, in 19—25- and 26—39-
year olds in 2004 and in 15—18-year olds in 2014. In 2004
only, the 26—39-year olds who lived alone had lower scores
and those who lived in a single-parent household had higher
scores than those who lived in a two-parent household. Finally,
26—39-year-old Wallonia residents had a significantly lower
score than Flanders residents in both surveys.

Change and disparities in the components
of the score

Among 15—18-year-old adolescents, mean daily SSB, SFA,
sodium, and sugar intakes decreased significantly between
2004 and 2014, but fiber intakes also decreased (Table 3).
Regarding disparities, in 2004, 15—18-year olds living in
less-educated households had lower favorable intakes than
those living in more educated ones for SSB, fruit, vegeta-
bles, and fiber (Supplemental Tables 1, 2, 3). In 2014, such
educational differences were maintained regarding SSB
consumption, while they became nonsignificant for fruit,
vegetable, and fiber intake. Sex disparities for fruits and
vegetables in 2004 became nonsignificant in 2014, while
such disparities in SFA intake remained stable over time
(Supplemental Table 4). Significant differences in SSB con-
sumption according to the region of residence appeared in
2014, to the disadvantage of Flanders.

Among 19—25-year olds, mean daily SFA intake signifi-
cantly decreased between the two survey years (Table 3).
While, no regional disparity was visible in 2004, subjects
living in Flanders consumed higher amounts of SSB than
Brussels inhabitants in 2014 (Supplemental Table 1).

Among 26—39-year olds, mean daily SFA intake
improved between the two surveys (Table 3). Both study
years showed educational disparities in daily consumption
of fruits and vegetables, SSB, and fiber, while the 2004
disparities in sodium intake became nonsignificant in 2014
(Supplemental Tables 1, 2, 3, 4, 5). We observed regional
disparities, to the detriment of Wallonia, which were stable
over time for SFA and fiber intakes. SFA intake was also
significantly higher among females than among males in
both study years.

Discussion

In adolescents and young adults living in Belgium, the
FSAm-NPS-DI improved between 2004 and 2014, denot-
ing an increase in diet quality. The change in consumption
of the foods and nutrients that make up the score helps
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Table 3 Weighted mean daily FSAm-NPS-DI, four food group consumption, energy and nutrient intakes involved in the calculation of the score,
according to age group, in 2004 and 2014 Belgian food consumption surveys

Survey 2004 2014

P

year
15—18 years,

n=1760

19-25 years,
n=163

26—39 years,

n=263 n=415

15—18 years,

15—18
years

19-25
years

26—39
years

19-25 years,
n=182

26—39 years,
n=355

FSAm-
NPS-DI
Fruits and
vegeta-
bles (g/d)
Whole
grain
breads
and cere-
als (g/d)
Refined
starchy
food
(g/d)
Sugar-
sweet-
ened
beverages
(g/d)
Energy
(kcal/d)
Saturated
fatty
acids
(g
Sodium
(mgfj)
Sugar (g/j)
Fiber (g/j)

55.3(0.2) 55.0 (0.6) 57.1(0.4)

216.6(63)  222.5(15.5) 242.1(11.5)

40.3 2.7) 48.2 (7.2) 48.8 (5.1)

2458 (6.2) 2183 (11.9) 229.5(8.9)

404.1 (19.6)  406.5 (60.1)  245.2 (29.3)

2171.4 (34.1) 2305.6 (108.1) 1984.0 (53.8)

34.5(0.7) 35.5(1.9) 33.2(1.2)

129.0 (3.3)
16.6 (0.3)

149.6 (25.8)
16.4 (0.7)

95.5 (3.8)
16.6 (0.5)

57.4 (0.5)

193.0 (10.1)

37.3(3.3)

229.2 (9.5)

311.1 (26.7)

1987.3 (70.4)  2093.5 (75.2)

28.6 (1.5)

2597.0 (53.1) 2604.4 (132.7) 2569.8 (80.8) 2284.6 (98.7) 2334.7 (84.7)

108.2 (4.4)
14.6 (0.4)

58.1(0.4) 58.5(0.3) <0.001 <0.001  0.003

2354 (14.1)  269.6 (11.5) 0.047 0.539  0.092

48.2 (6.2) 63.5 (4.9) 0.489 0.999  0.037

217.1 (12.9)  203.4 (7.4) 0.146 0943  0.024

328.1(40.2)  239.1 (21.1) 0.005 0.278  0.864

2035.6 (42.4) 0.019 0.11 0.45

27.7(1.1) 29.1 (0.8) <0.001 <0.001  0.004

2492.0 (62.0) 0.005 0.087  0.445

0.159°
0.363

1122 (5.6)
15.6 (0.6)

99.3 (3.5)
16.4 (0.4)

<0.001
0.001

0.456
0.731

Statistically significant results at level P <0.017 (Bonferroni correction) are presented in bold

FSAm-NPS-DI Food Standard Agency modified Nutrient Profiling System Dietary Index, numbers in parentheses are Standard Errors of the

Mean (SEM)
2t test between the two survey years in each age group

b¢ test for unequal variances

us to understand the score increase. Indeed, SFA intake
improved in all age groups. Moreover, the 15—18-year olds
decreased their SSB, sugar, and sodium intakes, but also
their fiber intake between the two surveys.

The weighted mean daily FSAm-NPS-DI prior to the
transformation [from — 15 (most favorable diet) to 40
(poorest diet)], was 8.6 (SEM: 0.2) to 9.7 (0.4) in 2004,
and 7.8 (0.2) to 8.4 (2.5) in 2014, depending on the age
group. This was slightly higher than observed in other
settings. For instance, the mean score was 6.0 (SD: 2.1)
among a cohort of European adults in 1992—2000 [13],
and 7.7 (1.5) in a cohort of French men aged 45—60 years
in 1994—1996 [11], suggesting a lower diet quality in
the Belgian population. A comparison with other youth

@ Springer

populations at the same time period would be useful to
confirm such a conclusion.

Between 1990 and 2010, among adults, worldwide con-
sumption of SFA remained stable [37], while it decreased in
Belgium [38]; worldwide sodium intake increased slightly,
while it was stable in Belgium [39]. In Europe, an increase
in the consumption of healthy items and a decrease in
unhealthy items (a very modest decrease, however), were
observed in adults over this 20-year period [40]. In children
and adolescents, and based on the same EU-Menu proto-
col, a slight decrease in total energy and energy from fat
intakes was observed between 1998-2000 and 2012-2014
in Spain [41]. In France, between 2006 and 2015, total
energy, fat and SFA intakes remained stable and the sodium
intake increased [42]. In the past two decades, based on the
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Health Behaviour in School-Aged Children (HBSC) survey,
11—15-year-old adolescents improved their daily consump-
tion of fruits and vegetables in most European countries,
including Belgium [18], and of SSB and sweets in Nordic
countries [15, 43]. In the United States, between 2003 and
2010, total energy, energy from solid fat, added sugar, and
SSB intakes significantly declined while whole fruit con-
sumption increased [16, 17]. Among American 12—18-year
olds, SSB, sweet, and salty snack consumption decreased
between 2003 and 2014 [44]. These trends are in line with
ours, except regarding the absence of change in fruit and
vegetable consumption in the 15—18-years olds. Of note,
HBSC trends showed that if daily fruit and vegetable intake
increased between the 2002 and 2006 European surveys, it
stabilized thereafter until 2010 [18]. Such an unfavorable
trend in the frequency of fruit and vegetable intake among
adolescents from 2006 must be confirmed in future surveys,
especially since mean fruit, vegetable and fiber intakes are
still far below the recommendations, i.e., half the recom-
mended 400 g/day of fruits and vegetables [45, 46] and half
the recommended 30 g/day [45] of fiber.

In the Belgian FCS 2014, adolescents and young adults
were identified as the age groups having the highest energy
intake from nutrient-poor foods (an aggregated group
including SSB, alcoholic drinks, biscuits and pastries, con-
fectionary and chocolates, salty and fried snacks, etc.), with
no difference between 2004 and 2014 in the total sample [5].
In our analyses, 15—18-year olds significantly reduced their
SSB consumption during this period, though the amounts
consumed remained high, suggesting a change in the dietary
habits in adolescents, but not in older groups. In the total
FCS sample, the change in energy-dense snack consump-
tion, as well as in the other food groups identified as main
providers of SFA, sugar and sodium [47], may contribute
to understand the observed decreases in the indicators used
in adolescents. For instance, in the whole Belgian sample,
among such food groups, the consumption of red meat and
spreadable and cooking fats decreased significantly between
2004 and 2014 [5], supporting the change in SFA intake
among adolescents.

One hypothesis for the improved overall diet quality
regards the salt [48] and sugar [49] reduction initiatives
implemented in the European region over the last decade.
In Belgium in 2009, a large-scale media campaign for salt
reduction was launched, combined with a convention held
by the food industry and distributors [48]. As a result of this
initiative, the salt content of food products such as bread,
processed meat, sauces, soups, and cheese would have been
reduced by 7.5-36% between 2004 and 2012, according to
the manufacturers [50]. Indeed, it has been observed in vari-
ous contexts that such reformulations could led to a signifi-
cant decrease in sodium [51, 52] and SFA [52, 53] content
in some manufactured products. However, a sodium decline
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was only observed in the adolescent group in our study,
which necessitates further exploration.

Despite the FSAm-NPS-DI improvement in all age
groups, nutritional quality changed unevenly according to
the socioeconomic characteristics. Educational disparities in
the diet quality score were observed in 2004, but not in 2014.
Indeed, 15—18-year olds living in less-educated households
had less favorable intakes of SSB, fruits and vegetables, and
fiber in 2004—a gap that was statistically significant only
for SSB in 2014. For 26—39-year olds, the education level
disparities in SSB, fruit and vegetable, and fiber consump-
tion were stable over time, while those in sodium intake
disappeared in 2014. In a Norwegian 2001—2016 cohort
followed from early adolescence to young adulthood, less-
educated subjects in adulthood had higher SSB consumption
than more educated at all time points [54]. Less-educated
adolescents and young adults remain a group at risk of high
SSB consumption.

After adjustment, females generally had a lower diet qual-
ity score than males in both surveys, which is corroborated
by the unexpectedly [55-58] higher SFA intake in females.
Without adjustment for total energy intake, SFA intake
was higher among males than females (data not shown),
but when expressed in % of energy intake, it was higher in
females than males in the National report [47]. The litera-
ture generally reports adolescent and young adult males as
being less healthy eaters than females [59—-62], but this is
not true in all contexts or for all methods of diet description
[63]. Females have been identified as being more likely to be
concerned about dieting and healthy eating habits than males
[64]. Our findings need to be further explored to determine
whether they were specific to these age groups, and which
other differences in dietary behavior could explain them.

Finally, independent of the socioeconomic characteristics
of the subjects, some regional disparities were observed;
among 26—39-year olds, Wallonia inhabitants had lower diet
quality scores and fiber intake, and higher SFA intake than
the Flemish. Such differences were stable between the two
surveys. SSB consumption disparities in 15—18- and 19—25-
year olds appeared in 2014 to the detriment of Flanders. Our
findings denote a persistent gap in dietary habits between
Belgian regions, as previously identified and attributable to
several potential causes such as different cultural, socioeco-
nomic and health policy contexts [19].

The strengths of our study lie in the nationally representa-
tive samples of adolescents and young adults, following the
same methodology of selection and diet collection at inter-
vals of 10 years, as well as the use of a validated repeated
24 h-R method. Nevertheless, the sample size, particularly
among the 19—25-year olds, led to a lack of statistical power
and a possible under reporting of diet changes and associa-
tions in some sociocultural subgroups. In addition, despite
the methodological comparability of the two surveys, they
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only had a few covariates in common. Moreover, the use
of an a priori constructed diet quality score presents limits
(choices of components, cutoffs, etc.) [65]. However, the
FSAm-NPS-DI differs from other a priori quality scores in
that it assesses the quality of each food consumed rather than
comparing dietary habits with recommendations.

To conclude, diet quality, as evaluated through a nutrient
profiling system, improved between 2004 and 2014 among
adolescents and young adults in Belgium. Nevertheless,
most of the dietary components remain improvable, espe-
cially among less-educated subgroups. Along with behav-
ioral change, reformulation by manufacturers is a possible
explanation for the observed change in this youth sample.
The implementation of a food labeling system to better guide
consumers in their food choices, as has been the case in
Belgium since 2019, along with the introduction of a “soda
tax” in January 2016, is also expected to have some effect.
Thus, monitoring the change in dietary quality and behaviors
in future surveys is of interest, especially among adolescents
and young adults. Whether the changes would be related to
the socioeconomic and cultural background is also a ques-
tion to be addressed in future research.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00394-021-02499-y.

Author contributions LD and KC designed the research and had pri-
mary responsibility for the final content. KDR managed data collection
and provided original data. LD computed scores, analyzed data, and
wrote the manuscript. KC, MR, CP, and KDR critically revised the
manuscript, and all authors: read and approved the final manuscript.

Funding This work was supported by the French Community of Bel-
gium, as part of the “Actions de Recherche Concertée” funding pro-
gram. The French Community of Belgium had no role in the design,
analysis or writing of this article. The English editing was financed by
the University Foundation of Belgium.

Availability of data and material The datasets analyzed during the cur-
rent study are not publicly available due to protection of personal data
but are available on reasonable request.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Abarca-Gémez L, Abdeen ZA, Hamid ZA et al (2017) Worldwide
trends in body-mass index, underweight, overweight, and obesity
from 1975 to 2016: a pooled analysis of 2416 population-based
measurement studies in 128.9 million children, adolescents, and
adults. Lancet 390:2627-2642

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

World Health Organization (2005) Nutrition in adolescence: issues
and challenges for the health sector: issues in adolescent health
and development, Geneva

Ambrosini GL, Johns DJ, Northstone K et al (2015) Free sugars
and total fat are important characteristics of a dietary pattern
associated with adiposity across childhood and adolescence. J
Nutr 146:778-784

Huybrechts I, Lioret S, Mouratidou T et al (2017) Using reduced
rank regression methods to identify dietary patterns associated
with obesity: a cross-country study among European and Aus-
tralian adolescents. Br J Nutr 117:295-305

Bel S, de Ridder K, Lebacq T et al (2019) Habitual food con-
sumption of the Belgian population in 2014-2015 and adher-
ence to food-based dietary guidelines. Arch Public Health 77:14
Sawyer SM, Azzopardi PS, Wickremarathne D et al (2018)
The age of adolescence. Lancet Child Adolesc Health
$2352-4642:30022-30031

Rayner M, Scarborough P, Lobstein T (2009) The UK ofcom
nutrient profiling model: defining ‘healthy’ and ‘unhealthy’
foods and drinks for TV advertising to children

Julia C, Kesse-Guyot E, Touvier M et al (2014) Application of
the British Food Standards Agency nutrient profiling system in
a French food composition database. Br J Nutr 112:1699-1705.
https://doi.org/10.1017/S0007114514002761

World Health Organization Regional Office for Europe
(2015) European Food and Nutrition Action Plan 2015-2020,
Copenhagen

SPF Santé Publique, Sécurité de la chaine alimentaire et
Environnement. Arrété Royal relatif a 1’utilisation du logo
"Nutri-Score". 2019. http://www.etaamb.be/fr/arrete-royal-du-
01-mars-2019_n2019040711.html. Accessed August 2019
Julia C, Méjean C, Touvier M et al (2016) Validation of the FSA
nutrient profiling system dietary index in French adults-findings
from SUVIMAX study. Eur J Nutr 55:1901-1910

Deschasaux M, Julia C, Kesse-Guyot E et al (2017) Are self-
reported unhealthy food choices associated with an increased
risk of breast cancer? Prospective cohort study using the British
Food Standards Agency nutrient profiling system. BMJ Open
7:¢013718

Deschasaux M, Huybrechts I, Murphy N et al (2018) Nutritional
quality of food as represented by the FSAm-NPS nutrient profil-
ing system underlying the Nutri-Score label and cancer risk in
Europe: results from the EPIC prospective cohort study. PLoS
Med 15:e1002651

Julia C, Touvier M, Méjean C et al (2014) Development and vali-
dation of an individual dietary index based on the British Food
Standard Agency nutrient profiling system in a French context. J
Nutr 144:2009-2017

Fismen A-S, Smith ORF, Torsheim T et al (2016) Trends in food
habits and their relation to socioeconomic status among Nordic
adolescents 2001/2002-2009/2010. PLoS ONE 11:e0148541
Mendez MA, Miles DR, Poti JM et al (2019) Persistent disparities
over time in the distribution of sugar-sweetened beverage intake
among children in the United States. Am J Clin Nutr 109:79-89
Rehm CD, Drewnowski A (2016) Trends in consumption of solid
fats, added sugars, sodium, sugar-sweetened beverages, and fruit
from fast food restaurants and by fast food restaurant type among
US children, 2003-2010. Nutrients 8:804

Vereecken C, Pedersen TP, Ojala K et al (2015) Fruit and vegeta-
ble consumption trends among adolescents from 2002 to 2010 in
33 countries. Eur J Public Health 25(Suppl 2):16-19

Desbouys L, de Ridder K, Rouche M et al (2019) Food consump-
tion in adolescents and young adults: age-specific socio-economic
and cultural disparities (Belgian Food Consumption Survey 2014).
Nutrients 11:1520

@ Springer


https://doi.org/10.1007/s00394-021-02499-y
https://doi.org/10.1017/S0007114514002761
http://www.etaamb.be/fr/arrete-royal-du-01-mars-2019_n2019040711.html
http://www.etaamb.be/fr/arrete-royal-du-01-mars-2019_n2019040711.html

European Journal of Nutrition

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

De Vriese S, De Backer G, De Henauw S, Huybrechts I, Korni-
tzer K, Leveque A, Moreau M, Van Oyen H (2005) The Belgian
food consumption survey: aims, design and methods. Arch Public
Health 63:1-16

Bel S, van den Abeele S, Lebacq T et al (2016) Protocol of the
Belgian food consumption survey 2014: objectives, design and
methods. Arch Public Health 74:20

European Food Safety Authority (2014) Guidance on the EU
menu methodology. EFSA Journal 12:S58

Slimani N, Valsta LM (2002) Perspectives of using the EPIC-
SOFT programme in the context of pan-European nutritional
monitoring surveys: methodological and practical implications.
Eur J Clin Nutr 56:S73-S64

Slimani N, Casagrande C, Nicolas G et al (2011) The stand-
ardized computerized 24-h dietary recall method EPIC-Soft
adapted for pan-European dietary monitoring. Eur J Clin Nutr
65(Suppl 1):S5-15

Moshfegh AJ, Rhodes D, Baer DJ et al (2008) The US Depart-
ment of Agriculture automated multiple-pass method reduces
bias in the collection of energy intakes. Am J Clin Nutr
88:324-332

European Food Safety Authority (2015) The food classification
and description system FoodEx 2 (revision 2). EFSA Support Publ
12:84

Black AE (2000) Critical evaluation of energy intake using the
Goldberg cut-off for energy intake:basal metabolic rate: a practi-
cal guide to its calculation, use and limitations. Int J Obes Relat
Metab Disord 24(9):1119-1130

Schofield WN (1985) Predicting basal metabolic rate, new stand-
ards and review of previous work. Hum Nutr Clin Nutr 39(Suppl
1):5-41

FAO (2001) Human energy requirements: report of a joint FAO/
WHO/UNU expert consultation. FAO, Rome

Maurer J, Taren DL, Teixeira PJ et al (2006) The psychosocial and
behavioral characteristics related to energy misreporting. Nutr Rev
64:53-66

Black AE, Cole TJ (2001) Biased over- or under-reporting is char-
acteristic or individuals whether over time or by different assess-
ment methods. J Am Diet Assoc 101:70-80

Johnson RK (2002) Dietary intake—how do we measure what peo-
ple are really eating? Obes Res 10(Suppl 1):63S-68S
Openfoodfacts Open Food Facts: L’information alimentaire
ouverte. https://fr.openfoodfacts.org. Accessed July 2019

Bragg MA, Liu PJ, Roberto CA et al (2013) The use of sports
references in marketing of food and beverage products in super-
markets. Public Health Nutr 16:738-742

Castetbon K, Harris JL., Schwartz MB (2012) Purchases of ready-
to-eat cereals vary across US household sociodemographic cat-
egories according to nutritional value and advertising targets.
Public Health Nutr 15:1456-1465

Williams R (2012) Using the margins command to estimate
and interpret adjusted predictions and marginal effects. Stata J
12:308-331

Micha R, Khatibzadeh S, Shi P et al (2014) Global, regional, and
national consumption levels of dietary fats and oils in 1990 and
2010: a systematic analysis including 266 country-specific nutri-
tion surveys. BMJ 348:22272

De Backer G, Claessens F, De Henauw S et al (2020) Verander-
ingen in serumlipiden, in voedingsgewoonten, in het gebruik van
statines en in de incidentie van coronaire hartziekten in Belgi€ in
de periode 1980-2015. Tijdschr Geneeskd 76:147-154

Powles J, Fahimi S, Micha R et al (2013) Global, regional and
national sodium intakes in 1990 and 2010: A systematic analysis
of 24 h urinary sodium excretion and dietary surveys worldwide.
BMIJ Open 3:e003733

@ Springer

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Imamura F, Micha R, Khatibzadeh S et al (2015) Dietary quality
among men and women in 187 countries in 1990 and 2010: a
systematic assessment. Lancet Glob Health 3:e132—-e142
Lopez-Sobaler AM, Aparicio A, Rubio J et al (2019) Adequacy
of usual macronutrient intake and macronutrient distribution in
children and adolescents in Spain: a National dietary survey on
the child and adolescent population, ENALIA 2013-2014. Eur J
Nutr 58:705-719

Esen, (2017) Etude de santé sur I’environnement, la biosur-
veillance, I’activité physique et la nutrition (Esteban), 2014—
2016: Volet Nutrition. Chapitre Consommations alimentaires,
Saint-Maurice

Rasmussen M, Pedersen TP, Johnsen NF et al (2018) Persistent
social inequality in low intake of vegetables among adolescents,
2002-2014. Public Health Nutr 21:1649-1653

Dunford EK, Popkin BM (2018) 37 year snacking trends for US
children 1977-2014. Pediatr Obes 13:247-255

Conseil Supérieur de la Santé (2019) Recommandations ali-
mentaires pour la population belge adulte: 2019. Avis no. 9284,
Bruxelles

World Health Organization (2015) Fact sheet n°394: Healthy
diet. http://www.who.int/mediacentre/factsheets/fs394/en/.
Accessed Mar 2020

De Ridder K, Bel S, Brocatus L, Cuypers K, Lebacq T, Moyer-
soen I, Ost C, Teppers E (2016) Enquéte de Consommation Ali-
mentaire 2014-2015. Rapport 4 : la consommation alimentaire.
https://fcs.wiv-isp.be/nl/Gedeelde %20%20documenten/FRANS
/Rapport%204/Resume_rapport_4_finaal_finaal.pdf

World Health Organization, Regional Office for Europe (2013)
Mapping salt reduction initiatives in the WHO European
Region. WHO, Copenhagen

World Health Organization, Regional Office for Europe (2017)
Incentives and disincentives for reducing sugar in manufactured
foods: An explanatory supply chain analysis. A set of insights
for member states in the context of the WHO European Food
and Nutrition Action Plan 2015-2020. WHO, Copenhagen
SPF Santé Publique, Sécurité de la chaine alimentaire et Envi-
ronnement (2018) La Convention sel. https://www.health.belgi
um.be/en/node/33358. Accessed Sept 2020

Federici C, Detzel P, Petracca F et al (2019) The impact of
food reformulation on nutrient intakes and health, a systematic
review of modelling studies. BMC Nutr 5:2

Spiteri M, Soler L-G (2018) Food reformulation and nutritional
quality of food consumption: an analysis based on households
panel data in France. Eur J Clin Nutr 72:228-235

Muth MK, Karns SA, Mancino L et al (2019) How much can
product reformulation improve diet quality in households with
children and adolescents? Nutrients 11:618

Bolt-Evensen K, Vik FN, Stea TH et al (2018) Consumption
of sugar-sweetened beverages and artificially sweetened bever-
ages from childhood to adulthood in relation to socioeconomic
status—15 years follow-up in Norway. Int J Behav Nutr Phys
Act 15:8

Diaz-Rios LK, Chapman-Novakofski K, Malacara JM et al
(2014) Metabolic and nutritional profile differences among
Mexican, Mexican-American and Non-Hispanic White children.
Rev Invest Clin 66:31-44

Gwynn JD, Flood VM, D’Este CA et al (2012) Poor food and
nutrient intake among Indigenous and non-Indigenous rural
Australian children. BMC Pediatr 12:12

Tornaritis MJ, Philippou E, Hadjigeorgiou C et al (2014) A
study of the dietary intake of Cypriot children and adolescents
aged 6-18 years and the association of mother’s educational
status and children’s weight status on adherence to nutritional
recommendations. BMC Public Health 14:13


https://fr.openfoodfacts.org
http://www.who.int/mediacentre/factsheets/fs394/en/
https://fcs.wiv-isp.be/nl/Gedeelde%20%20documenten/FRANS/Rapport%204/Resume_rapport_4_finaal_finaal.pdf
https://fcs.wiv-isp.be/nl/Gedeelde%20%20documenten/FRANS/Rapport%204/Resume_rapport_4_finaal_finaal.pdf
https://www.health.belgium.be/en/node/33358
https://www.health.belgium.be/en/node/33358

European Journal of Nutrition

58.

59.

60.

61.

62.

Marques-Vidal P, Rousi E, Paccaud F et al (2015) Dietary intake
according to gender and education: a twenty-year trend in a
Swiss adult population. Nutrients 7:9558-9572
Marques-Vidal P, Waeber G, Vollenweider P et al (2018) Socio-
demographic and lifestyle determinants of dietary patterns in
French-speaking Switzerland, 2009-2012. BMC Public Health
18:131

de Oliveira Figueiredo RA, Viljakainen J, Viljakainen H et al
(2019) Identifying eating habits in Finnish children: a cross-sec-
tional study. BMC Public Health 19:312

Bibiloni MDM, Martinez E, Llull R et al (2012) Western and
Mediterranean dietary patterns among Balearic Islands’ adoles-
cents: socio-economic and lifestyle determinants. Public Health
Nutr 15:683-692

Kelly C, Callaghan M, Molcho M et al (2019) Food environments
in and around post-primary schools in Ireland: associations with
youth dietary habits. Appetite 132:182—189

63.

64.

65.

66.

Bibiloni MDM, Pons A, Tur JA (2016) Compliance with the Med-
iterranean Diet Quality Index (KIDMED) among Balearic Islands’
adolescents and its association with socioeconomic, anthropomet-
ric and lifestyle factors. Ann Nutr Metab 68:42-50

Wardle J, Haase AM, Steptoe A et al (2004) Gender differences
in food choice: the contribution of health beliefs and dieting. Ann
Behav Med 27:107-116

Julia C, Ducrot P, Lassale C et al (2015) Prospective associa-
tions between a dietary index based on the British Food Standard
Agency nutrient profiling system and 13-year weight gain in the
SU.VL.LMAX cohort. Prev Med 81:189-194

Santé Publique France Nutri-Score. https://www.santepubliquefr
ance.fr/determinants-de-sante/nutrition-et-activite-physique/artic
les/nutri-score. Accessed Aug 2019

@ Springer


https://www.santepubliquefrance.fr/determinants-de-sante/nutrition-et-activite-physique/articles/nutri-score
https://www.santepubliquefrance.fr/determinants-de-sante/nutrition-et-activite-physique/articles/nutri-score
https://www.santepubliquefrance.fr/determinants-de-sante/nutrition-et-activite-physique/articles/nutri-score

	Ten-year changes in diet quality among adolescents and young adults (Food Consumption Survey 2004 and 2014, Belgium)
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Subjects and methods
	Sampling
	Ethics
	Dietary data collection
	FSAm-NPS-DI and other diet outcomes
	Exposure variables
	Statistical analyses
	Results
	FSAm-NPS-DI change and disparities
	Change and disparities in the components of the score

	Discussion
	References




