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Abstract: There is scarce information on the influence of dairy consumption between main meals
on the overall diet quality through childhood, constituting the main aim of this research. From the
Identification and prevention of Dietary- and lifestyle induced health EFfects In Children and infantS
(IDEFICS) study, and based on the data availability in each period due to drop outs, 8807 children
aged 2 to 9.9 years from eight European countries at baseline (T0: 2007-2008); 5085 children after two
years (T1); and 1991 after four years (T3), were included in these analyses. Dietary intake and the
Diet Quality Index (DQI) were assessed by two 24 hours dietary recalls (24-HDR) and food frequency
questionnaire. Consumption of milk and yogurt (p = 0.04) and cheese (p < 0.001) at snack meal
occasions was associated with higher DQI scores in T0; milk and yogurt (p < 0.001), and cheese
(p < 0.001) in T1; and cheese (p = 0.05) in T3. Consumers of milk (p = 0.02), yogurt (p < 0.001),
or cheese (p < 0.001) throughout TO and T1 at all snack moments had significantly higher scores of
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DQI compared to non-consumers. This was also observed with the consumption of cheese between T1
and T3 (p = 0.03). Consumption of dairy products at snack moments through childhood is associated
with a better overall diet quality, being a good strategy to improve it in this period.

Keywords: dairy; snack; diet quality; children

1. Introduction

Dietary factors in relation with obesity at different life stages from early childhood to adolescence
are barely understood [1]. Recently, some eating patterns such as eating frequency, snacking, or skipping
meals have been suggested to influence energy intake regulation [2].

In fact, for this specific age target, the consumption of at least four meal occasions per day is
recommended, whereas the effect of eating five or more meals per day remains to be elucidated [3].
However, composition of snack meal occasions and their association with total dietary intake or body
composition have not been investigated in depth during childhood [4].

The main dairy products consumed are (1) yogurt, which is defined as a food in the form of a thick,
slightly sour liquid that is made by adding bacteria to milk and (2) cheese. Other dairy products
consumed were included in milky desserts, which are a pooled group of foods that contain a lot of
milk, and sweetened milk, which has an added sugar portion inside. Dairy products are good sources
of calcium, which helps maintain bone mineral content and could reduce the risk of fractures later in
life [5].

Some studies have also suggested that dairy consumption may have a protective effect against
the development of obesity and cardiovascular diseases (CVD) [6]. Yet, the literature in children and
adolescents in this sense is scant; in general, studies indicate either a beneficial or a neutral effect of
dairy foods or calcium consumption on body weight or body composition [6,7].

Besides, an understanding of the tracking of dietary intake appears to be relevant for formulating
policies focused on nutrition related health outcomes such as obesity. In dietary survey, tracking is
defined as similar levels of dietary intake over time [8]. Despite childhood and adolescence being
critical periods for physical development, not many studies have investigated the tracking of dietary
intake during these periods.

In order to facilitate the appraisal of adequate dietary intake, diet quality indices (DQIs) have
been used in various studies. DQIs have shown to provide an adequate overview of an individual’s
dietary intake and consequently to assess the compliance with food-based dietary guidelines (FBDG).
A number of diet quality indicators have arisen, but their associations with health-related outcomes
are still debated [9]. For instance, Vyncke et al. [10] showed good validity of the DQI for adolescents
when comparing food and nutrient intakes and biomarkers in European adolescents using that index.
Nevertheless, up to date, there is no study assessing the association of the consumption of dairy
products with these DQIs and likewise none considering specific occasions of consumption as snack
meal occasions considering the childhood period so widely.

Therefore, the objective of this study is to describe food consumption focusing on dairy products at
snack meal occasions (mid-morning, mid-afternoon, after-dinner) during childhood and to investigate
their relationship with the overall diet quality (cross-sectionally and longitudinally).

2. Material and Methods

2.1. Study Subjects

This study is based on the “Pan-European IDEFICS/I.Family children cohort”, which can be found
at the ISRCTN registry under the ID ISRCTN62310987. The “Identification and prevention of Dietary-
and lifestyle induced health EFfects In Children and infantS” (IDEFICS) cohort comprised a total of
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16,228 children aged between 2 and 9.9 years (y) old at baseline (T0) [11-13]. They were examined from
autumn 2007 to spring 2008 in a community based baseline survey (T0) in eight European countries
and also in a follow-up performed in 20092010 (T1) and from 2013 to 2014 in the “Investigating the
determinants of food choice, lifestyle and health in European children, adolescents and their parents”
(LFamily) (T3) study. Final included samples in the follow-ups comprised 11,041 and 6055 children of
the original IDEFICS cohort in T1 and T3, respectively [11-13]. The design of the study was not thought
to provide a representative sample for each country but constituted the starting point of the largest
European children’s prospective cohort study established up to date, involving Sweden, Germany,
Hungary, Italy, Cyprus, Spain, Belgium, and Estonia. In each country, two separated cities or regions
were involved in the study to have an intervention and a control region. This community intervention
was carried out between autumn 2008 and spring 2009.

Children from 2 to 9.9 y who lived in the specific regions and who belonged to the selected
pre-schools, kindergartens, or primary schools were eligible for recruitment. Children were approached
via schools and kindergartens. In addition to the informed consent signed by parents, each child was
asked to give verbal approval immediately before examination (or proper informed consent if they
were older than 12 y in T3). In each country, participating centers obtained ethical approval from the
local responsible authorities in accordance with the ethical standards laid down in the 1964 Declaration
of Helsinki and its later amendments [14].

The general purpose of both studies IDEFICS and I.Family was to understand the mechanisms
of childhood obesity and how to prevent it and to identify determinants of eating habits, lifestyles,
and health in European children and their families. The attrition rate was defined by Langeheine et
al. [14]. Children’s age and weight status was positively associated with attrition; however, mother’s
age, migrant background, and educational level were associated with lower attrition. Taking into
consideration the availability of the variables for this study [age, sex, BMI z-scores, education of
the families, region, valid data on the two dietary assessment methods 24-HDR and food frequency
questionnaire (FFQ)], total samples in each of the surveys were 8807 in TO, 5085 in T1, and 1991
children in T3 for cross-sectional analyses. In relation to longitudinal analyses, we finally included:
3838 children for tracking between T0 and T1; 974 children for tracking between T1 and T3; and 977
children with available data to assess the tracking between T0 and T3. In Figure 1, the flow chart of the
selection process is provided.

CROSS-SECTIONAL
ANALYSIS

8,807 children from TO had
information on at least one

16,228 children initially
recruited in TO

24HDR
LONGITUDINAL
_ ANALYSIS
e N [ ii}?)?:l:t}l}j)lsrz:ll z}:ta(lieast one
11,041 children from e 24HDR, both in TO and in
TO, participated again , 5,085 children from T1 had T1
in T1 information on at least one L 974 children T1
24HDR children T1 an

> dT3
> 977 children TO and T3

CROSS-SECTIONAL

ANALYSIS
6,055 children from TO, .
participated again in T3 === 1,991 children from T3 had
information on at least one

24HDR

Figure 1. Flow chart of the sampling.



Nutrients 2020, 12, 642 4 0of 20

2.2. Dietary Assessment

For the purpose of this study, dietary intake was assessed using the computer-assisted 24-h dietary
recall (24-HDR), called SACINA (“Self-Administered Children and Infant Nutrition Assessment”)
in TO and T1 and SACANA (“Self-Administered Children, Adolescents, and Adult Nutrition
Assessment”) in T3. SACANA was the revised and extended web-based version of the SACINA off-line
24-HDR. SACINA was based on the previous HELENA-DIAT (“HELENA-Dletary Assessment Tool”)
software [15] developed within the HELENA Study (http://www.helenastudy.com) for adolescents.
The absolute validity of proxy-reported energy intakes from SACINA [16] was investigated based
on comparison with total energy expenditure measured using the doubly labeled water technique.
SACANA was validated twice. In IDEFICS, both at TO and T1, parents or caregivers were those who
reported the information on amount and type of all foods and drinks that were consumed by the
children during the previous weekday. In T3, this was done by the children themselves with the help
of a parent from the age of 8 y. Estimation of portion size was assisted using standardized photographs.
For children who had lunch in the canteen, school meals were assessed using a standardized observer
sheet, completed by trained staff. Country-specific food composition tables (FCT) were used to match
simple foods or recipes [17]. All nutrients and energy values were expressed per 100 g edible portion.
Standard units were taken from McCance and Widdowson's [18] food composition tables (FCT). As the
Italian FCT provided nutrient data only for raw foods, a raw/cooked coefficient was applied when
large raw/cooked deviations were expected after preparation by boiling or steaming [16].

In a subsample, in TO and T1, two 24-HDR were recorded, but to not lose participants in this
study, only the first 24-HDR was considered in each child (also in T3).

SACINA instrument offered food and beverage reporting during six meal occasions: breakfast,
mid-morning snack (everything recalled from breakfast to lunch), lunch, afternoon snack (everything
recalled from lunch to dinner), evening meal, and evening snack (everything recalled after dinner) [16].
It was also possible to add more snack occasions.

Missing or implausible values that could not be corrected were imputed by country, food group,
and age-specific median intakes (this represented 0.01% of the entries for SACINA and 0.14% for
SACANA). Incomplete 24-HDR and those with four or more imputed values were excluded from
the analysis.

For the cross-sectional analyses in all periods, intake (in grams per day) of the food items that
belongs to the food group of dairy products consumed at mid-morning-snack, mid-afternoon snack,
after dinner, and during the day, and the total energy intake (TEI) in kcal per day were provided.
In the category “milk”, whole milk, skimmed, and semi-skimmed milk were included; in “yogurt”,
all types of yogurt; in “cheese”, all types of cheese; in “milky desserts” were products such as junket or
rice pudding; and in “sweetened milk”, there were products such as milk-shakes. “Milky desserts +
sweetened milk” considered together as a category, and cheese, were only described for main meal
occasions and considering all snack occasions together due to their low consumption.

The food frequency questionnaire (FFQ), which was part of the Children’s Eating Habits
Questionnaire (CEHQ) in the IDEFICS study [19], was also used in the cohort to calculate the Diet
Quality Index (DQI) in each survey. The FFQ was found to provide reproducible and valid data [19,20].
In TO and T1, the CEHQ included 43 food items clustered into 36 according to their nutritional profiles,
as it was previously described [19], and also to make them comparable to the food categories of the
24-HDR. Similarly, in T3, the FFQ included the food items from T0 and added 17 food items due to
older children and adolescents usually eating a wider range of food groups than the youngest. All food
items were also re-arranged with the same nutritional profile purpose in 43 categories.

2.3. Diet Quality Index

The Diet Quality Index (DQI) was used in this study to account for the overall diet quality of the
children’s diet. This index was originally developed for preschool children [21] and was later adapted
and validated for its use in adolescents [10]. It consists of three components: dietary quality, dietary
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diversity, and dietary equilibrium. The basis to compute it was described previously in Vyncke’s and in
Huybrechts et al.’s research [10,21]. This index was previously used as an indicator of compliance with
the Flemish Food Based Dietary Guidelines (FBDG), which are similar to the dietary guidelines in other
countries and in the World Health Organization CINDI (Countrywide Integrated Non-communicable
Disease Intervention program) pyramid [10].

Dietary quality component expressed whether the food consumption of the child was of optimal
quality within a food group. It was represented by a “preference group”, an “intermediate group” and
a “low-nutrient, energy-dense group”. This classification can be observed in Appendix A Table Al.
To calculate this dietary quality component, the amount of food groups consumed was considered.
As we used a qualitative FFQ, sex-, age-, and country-specific medians of the portion sizes of the
corresponding food groups were derived based on the 24-HDR. Portion sizes were multiplied by the
derived frequencies from the FFQ to get the amount of food groups consumed daily, according to
Bel-Serrat et al., Koster-Rasmussen et al., and Marcinkevage et al. [19,22,23].

Dietary diversity expressed the degree of variation in the diet by giving points ranging from 0 to 9
for each different serving of food consumed from the recommended food group (those from the list of
preferable groups in Appendix A Table A1).

Finally, dietary equilibrium was calculated from the difference between the adequacy component
(which is the percentage of the minimum recommended intake for each of the main food groups)
and the excess component (which is the percentage of intake exceeding the upper level of the
recommendation) [10]. The actual recommendations to calculate the adequacy and the excess of each
food group are based on the Flemish Food Based Dietary Guidelines (FBDG) [24] for the different age
ranges: <10y and >10y.

These three components of the DQI are presented in percentages. The dietary quality component
ranged from —100 to 100%, while dietary diversity and dietary equilibrium ranged from 0 to 100%.
To compute the DQI, the mean of these components was calculated. As such, the DQI ranged from 33 to
100%, with higher scores reflecting higher diet compliance. The score was calculated at baseline, T1, and T3
surveys. DQI scores for an individual provide an estimate of diet quality relative to dietary guidelines.

2.4. Body Mass Index

All measurements followed standard and validated procedures in TO, T1, and T3 surveys. Children
were weighted in fasting status, without shoes and with light clothing on a body composition analyzer
(Tanita BC 420 MA specifically adapted for children’s feet in TO and T1, and TANITA BC 418 MA in
T3), recorded to the nearest 0.1 kg. Height was measured with a stadiometer (SECA 225 in TO and T1,
and SECA 213 in T3, Birmingham, UK) and recorded to the nearest 0.1 cm. Body mass index (BMI) was
calculated by dividing body weight in kilograms by squared body height in meters and transformed to
an age- and sex-specific z-score according to Cole et al. [25].

2.5. Sociodemographic Factors

Highest educational level of the parents according to International Standard Classification of
Education (ISCED) was used as proxy indicator for socio-economic status of the family [26].

2.6. Intervention

Intervention was designed to address key obesity-related behaviors (diet, physical activity,
and stress) in 4 levels: individual (children), family (parents), schools, and community. Briefly,
six messages related to these behaviors were delivered through 10 modules targeted across all the
levels: (1) increase water consumption; (2) increase the consumption of fruits and vegetables; (3) reduce
daily screen time; (4) increase daily physical activity; (5) improve the time of family quality; (6) ensure
adequate sleep duration. More information in this respect can be found elsewhere [27]. As this
intervention took part between T0O and T1, we used a covariate to avoid the possible effect this might
have in our analyses.
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2.7. Statistical Analysis

The distribution of the sample regarding the categories of parents’” education at baseline (T0) and
in the two follow-up examinations (T1 and T3) as well as per country and per region (intervention or
control) were presented stratified by sex and age group. Similarly, descriptive data of the study sample
for the BMI z-score, diet quality, total energy intake, total dairy intake, and the food items eaten at
snack meals and main meals occasions were presented as means and standard deviations for each
survey and age group and sex.

Multiple linear regression analyses adjusted by BMI z-score, total energy intake, education of
parents (the category of the one with highest education level) in the last survey of the tracking (T1 or T3),
and region (control vs. intervention) were used to determine the differences in DQI between those who
had consumed dairy products at snack occasions and those who did not. Similarly, for the prospective
analysis, the dairy consumption at snack occasions was categorized in several groups of “consumers”
at TO and T1: dairy consumers at TO and T1, non-consumers either in TO and T1, dairy consumers
in TO but not in T1, and finally, non-dairy consumers in TO but consumers in T1. After the creation
of these groups, multiple linear regression analyses were again applied to investigate the differences
in DQI between the healthy (consumers in both surveys and non-consumers in the first survey but
consumers in the final survey, apart from the case for milky desserts and sweetened milk, for which
it was the opposite) and unhealthy (non-consumers in both surveys, consumers in the first survey
but non-consumers in the final survey, apart from the case for milky desserts and sweetened milk,
for which it was the opposite) tracking groups after adjustment by the already mentioned variables.
The same was done for T0-T3 and T1-T3 tracking surveys. The Statistical Package for Social Sciences
version 22.0 (SPSS Inc., Chicago, IL, USA) was used for analyses. All statistical tests were stratified by
sex and age group (<6 y and 6-9.9 y for TO and T1, and <10 y and >10 y for T3), and corresponding p
values were two-sided, considering p < 0.05 as statistically significant.

3. Results

Figures 2—4 are presented in order to easily observe the mean amounts of main groups of dairy
products consumed during all snack occasions per country in T0, T1, and T3, respectively. In general,
the main obtained observation is the drop out of the consumption of dairy products at these occasions.
In TO (Figure 2), milk and yogurt are the categories more consumed in snack occasions. However,
in Cyprus and Spain, sweetened milks are more consumed than yogurt, while in Hungary and Germany,
sweetened milk is the most consumed category of dairy products.

Dairy consumption at TO in all snack moments obtained through 24 hours dietary
recall
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Figure 2. Dairy consumption at TO in all snack moments obtained through 24 HDR.
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In T1 (Figure 3), milk is the most consumed dairy product at snack occasions for Italy, Estonia,
Cyprus, and Sweden, while yogurt is for Belgium and Spain. In Cyprus, sweetened milk is more

consumed than yogurt, while again in Hungary and Germany, sweetened milk is the category of dairy
product with the highest consumption with regards T3 in Figure 4.

Dairy consumption at T1 in all snack moments obtained through 24 hours dietary
recall

90,00
80.00 :
70,00
@ 60,00
£
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g aMilk
Z
S 40,00 BYogurt
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<
[a]

)
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[=3
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2 Sweet milk & milky desserts

20,00
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Figure 3. Dairy consumption at T1 in all snack moments obtained through 24 HDR.

Dairy consumption at T3 in all snack moments obtained through 24 hours dietary
recall

90,00
80,00
70,00
60,00
£
250,00
El aMilk
2
g 40,00 B Yogurt
g 2 Cheese
5 3

@ Sweet milk & milky desserts

Figure 4. Dairy consumption at T3 in all snack moments obtained through 24 HDR.

Descriptive characteristics of the sample are shown in Tables 1 and 2 in terms of distribution of
the samples per surveys for age and sex categories, BMI z-scores, total energy consumption, total dairy
intake, and DQI. Besides, in Tables 2 and 3, the consumption of dairy products at main meals and
snack occasions by sex and age categories and by survey, respectively, are shown.
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The percentage of energy contribution of dairy products (obtained throughout the 24-HDR) during
snack occasions decreased over time (decreased 3% from TO to T1 and from T1 to T3; from TO to T3,
a 6% energy contribution of dairy products decreased; data not shown).

Boys showed higher energy intakes and total dairy intake at any main meal compared to girls,
while they had lower scores of DQI in any survey or age category (Table 2). In Table 3, dairy intakes
for total and each snack meal occasions are described for the three survey periods. In general, in TO,
the consumption of dairy products at snack occasions was higher than in T1 and even higher than in T3,
both in terms of absolute values in grams per day (Table 3) and in terms of relative energy contribution
at snack occasions (data not shown). Consumption of milk was higher than yogurt at any snack
moment of the day in any survey and in any age or sex category. Besides, the mid-afternoon snack
moment was the one in which the children or adolescents consumed higher amounts of dairy products.

Table 1. Descriptive characteristics of the children participating in the different surveys T0, T1, and T3.

TO T1 T3
Boys Girls Boys Girls Boys Girls
2-6y 6-10y 26y 6-10y 2-6y 6-12y 2-6y 6-12y <10y =210y <10y =10y
N 1961 2504 1814 2528 501 2076 445 2063 450 575 418 548

018 054 021 054 024 061 027 060 050 057 029 034
(1.18) (125  (111) (1.17) (1200 (1.22) (L19) (L17)  (1.24) (1.28) (1.21) (1.21)

Education of the Families (ISCED 2011) TO

BMI z-score *

High education 888 1064 832 1122 253 987 249 991 241 310 260 278
Medium education 905 1220 847 1204 214 931 175 927 188 245 144 241
Low education 168 220 135 202 34 158 21 145 21 20 14 29
Country
Italy 483 558 388 553 129 657 101 612 64 112 50 107
Estonia 131 215 138 254 148 351 131 390 109 95 85 84
Cyprus 168 263 163 273 6 149 9 159 11 30 11 35
Belgium 116 83 105 76 34 166 35 148 28 34 24 38
Sweden 296 326 272 320 70 207 60 204 57 87 74 67
Germany 372 528 369 513 31 206 38 203 38 96 48 66
Hungary 224 392 247 395 17 90 18 87 29 25 20 30
Spain 171 139 132 144 66 250 53 260 45 45 46 40
Region
Control 918 1146 821 1201 250 1088 226 1065 224 241 186 231
Intervention 1043 1358 993 1327 251 988 219 998 226 334 232 317

* This row corresponds to mean and (standard deviations), while the rest of the rows are number of participants (N).
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Table 2. Description of dietary information (diet quality, energy, and dairy intakes) at main meals for boys and girls in the different age categories for each survey period.

TO (2007-2008) T1 (2009-2010) T3 (2013-2014)
Boys Girls Boys Girls Boys Girls
2-6y 6-10y 2-6y 6-10y 2-6y 6-12y 2-6y 6-12y <10y 210y <10y 210y
79.97 80.7 80.62 83.22 85.69 85.22 87.75 87.90 99.76 97.86 101.26 100.85

Diet Quality Index (DQI) (16.03)  (18.04)  (1612)  (17.36)  (19.09)  (1898)  (18.02)  (19.32)  (1682)  (1843)  (1856)  (18.54)

146025 16752 137455 152991  1634.04 177423 150372 161930 164812 161199 148581  1482.05
(509.69)  (568.23)  (502.57)  (512.75)  (512.72)  (571.07) (51658) (546.67)  (688.47)  (650.67)  (624.40)  (570.48)

33498 31852 30378 27034 36829 32290 32651 28267 25435 23352 23990  209.64
(241.84)  (259.12)  (232.57) (227.84)  (240.99) (258.65) (23556) (217.55) (234.82) (211.30) (218.76)  (218.83)

Total energy intake (kcal/day)

Total Dairy intake (g/day)

Breakfast
Milk (g/day) 91.65 81.99 81.50 68.42 93.01 101.01 83.77 85.54 82.39 90.42 74.75 60.73
y (108.40)  (102.58)  (109.20) (95.64) (105.67)  (109.21)  (101.28) (98.19) (105.70)  (109.42) (97.52) (86.92)
Yogurt (g/day) 15.88 13.95 13.38 12.01 17.09 14.52 14.71 15.41 13.82 12.81 14.31 12.84
& g/day (54.35) (53.02) (47.33) (47.72) (54.97) (52.88) (46.42) (53.01) (50.98) (51.47) (47 A7) (45.03)
Milk + yogurt (z/day) 107.52 95.93 94.87 80.43 110.10 115.53 98.48 100.95 96.21 103.23 89.06 73.57
yogurt {giday (11457)  (109.33)  (113.38)  (101.39)  (112.07) (112.43) (101.12)  (102.19) (111.50) (113.29)  (104.68)  (92.78)
Cheese (g/day) 2.81 2.10 2.75 2.01 2.42 2.20 2.22 2.45 293 291 4.33 2.92
y (1491)  (1087)  (1677)  (1072)  (17.89)  (1356)  (13.23)  (12.74)  (1851)  (11.78)  (15.82)  (14.88)
18.43 18.85 15.0 18.0 9.91 13.27 14.38 14.70 19.11 16.27 17.86 19.53

Milky desserts + sweetened milk (g/day) (59.55)  (60.80)  (55.25)  (57.38)  (39.58)  (50.81)  (51.88)  (52.09)  (62.77)  (61.13)  (59.63)  (60.09)

Lunch
Milk (g/day) 17.94 21.06 16.55 15.57 28.76 20.57 23.03 16.52 19.89 17.22 20.45 13.60
y (54.56) (66.53) (49.79) (56.80) (68.95) (63.58) (63.68) (54.93) (59.72) (60.40) (62.79) (55.78)
Yogurt (g/day) 7.93 6.80 5.31 6.53 6.12 9.29 7.48 7.89 6.08 6.95 495 5.20
& g/day (34.60) (32.38) (27.95) (31.57) (30.47) (37.73) (36.98) (33.81) (31.51) (33.40) (26.53) (28.56)
Milk + yogurt (g/day) 25.86 27.85 21.86 22.10 34.88 29.86 30.51 24.41 25.97 24.17 25.40 18.80
yogurt {g/day (63.77) (72.77) (56.56) (63.71) (73.83) (72.11) (71.31) (62.64) (67.12) (68.12) (68.52) (61.52)
Cheese (g/day) 4.76 5.14 5.57 6.05 8.93 6.19 7.01 6.0 5.15 3.14 3.29 4.06
y (26.32) (21.89) (22.08) (26.21) (27.65) (24.24) (25.01) (23.03) (22.16) (16.42) (16.71) (22.16)
4.76 6.63 4.63 6.04 9.3343 8.91 8.87 8.92 19.11 16.27 17.86 19.53

Milky desserts + sweetened milk (g/day) (2632)  (37.93)  (3240)  (29.57)  (40.37)  (39.96)  (36.58)  (38.27)  (62.77)  (61.13)  (59.63)  (60.09)
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Table 2. Cont.
TO (2007-2008) T1 (2009-2010) T3 (2013-2014)
Boys Girls Boys Girls Boys Girls
2-6y 6-10y 2-6y 6-10y 2-6y 6-12y 2-6y 6-12y <10y 210y <10y 210y
Dinner

Milk (g/day) 31.82 37.53 29.60 27.85 46.62 33.59 39.13 28.67 29.21 20.52 24.16 23.57
g/day (77.85)  (88.72)  (7151)  (74.04)  (86.76)  (8L77)  (82.87)  (74.64)  (8320)  (63.42)  (66.39)  (72.32)

Yogurt (g/da) 11.16 8.33 8.75 6.57 9.56 8.57 9.94 9.60 7.08 7.24 8.06 7.24
& y (43.63) (3791)  (37.16)  (3L.09)  (39.47) (3795  (35.80)  (3829)  (37.16)  (4146)  (37.65)  (35.13)

Milk + yogurt (g/day) 42.98 45.86 38.35 34.43 56.18 42.16 49.08 38.27 36.29 27.76 3222 30.80
yos y (88.38)  (94.60)  (78.99)  (7851)  (9329)  (87.77)  (88711)  (81.77)  (89.57)  (7437)  (7444)  (80.52)

5.57 6.35 6.22 6.07 7.80 7.93 691 5.54 5.04 5.47 5.06
Cheese (g/day) (2068)  (2329)  (2395)  (2440) PP (o785 (3045) (24300  (1936)  (2079)  (2127)  (2146)

Milky desserts + sweetened milk (g/day) 10.99 14.01 9.83 9.29 8.27 7.52 6.20 6.99 19.11 16.27 17.86 19.53
y g/day (43.65)  (5242)  (4230)  (41.32)  (3445)  (3448)  (2803)  (31.20)  (6277)  (61.13)  (59.63)  (60.09)

All the data in cells correspond to means and (standard deviations).
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Table 3. Description of the dietary information at snack meal occasions for boys and girls in the different age categories per survey (in g/day, SD).

TO (2007-2008) T1 (2009-2010) T3 (2013-2014)
Boys Girls Boys Girls Boys Girls
2-6y 6-10y 2-6y 6-10y 2-6y 6-12y 2-6y 612y <10y 210y <10y 210y
All Snacks

Milk 56.19 4421 53.25 38.27 65.18 41.95 55.3 31.86 20.08 15.30 13.90 12.50
(107.24)  (96.46) (98.03) (85.70)  (105.80)  (104.65)  (100.27)  (82.24) (67.87) (60.70) (49.47) (50.40)

Yogurt 22.82 18.60 20.49 16.25 31.75 21.57 24.79 17.17 11.15 9.10 12.73 9.35
& (64.18) (64.27) (58.75) (53.78) (71.75) (65.00) (61.20) (53.32) (43.62) (43.11) (47.15) (46.02)

Milk + vogurt 79.0 62.81 73.74 54.52 96.93 63.52 80.09 49.03 31.23 24.39 26.63 21.85
yo8 (123.33)  (117.68)  (110.84) (101.14) (120.76)  (121.63)  (114.39)  (96.46) (81.24) (73.17) (68.95) (71.41)

Cheese 4.66 5.19 4.89 4.54 6.11 6.19 6.17 6.07 3.52 3.30 4.39 327
(17.82) (19.14) (17.53) (14.52) (24.35) (20.82) (24.38) (20.00) (20.47) (21.74) (28.20) (17.63)

26.71 27.81 26.06 26.77 17.84 19.74 15.57 17.96 12.18 10.16 14.76 14.70

Milky desserts + sweetened milk (7655)  (78.17)  (73.29)  (79.95)  (54.88)  (64.80)  (53.75)  (6127)  (5076)  (51.12)  (56.62)  (54.13)

Mid-Morning Snack

Milk 5.62 7.06 6.74 8.92 15.52 522 12.02 3.38 2.65 1.85 1.84 2.53
(37.97) (37.31) (31.62) (40.37) (57.68) (31.39) (46.36) (25.80) (25.46) (20.79) (17.11) (25.68)
Yogurt 497 3.98 4.28 2.98 5.24 4.63 5.45 3.56 2.61 0.96 1.68 0.55
5 (28.56) (36.07) (24.83) (20.92) (28.92) (27.20) (28.57) (22.38) (20.23) (11.86) (13.42) (7.39)
. 10.59 11.04 11.01 11.90 20.76 9.85 17.47 6.94 5.26 2.80 3.52 3.078
Milk + yogurt

(4747)  (52.94)  (39.82)  (44.88)  (64.58)  (41.12)  (5323)  (33.80)  (32.30)  (23.86)  (21.60)  (26.67)

Mid-Afternoon Snack

Milk 20.0 18.90 19.04 14.66 27.18 20.03 29.70 18.34 10.21 8.62 8.97 6.03
(59.83)  (64.26)  (56.46)  (53.59)  (66.59)  (66.15)  (70.63)  (61.91)  (46.01)  (46.96)  (41.74)  (33.35)
Yogurt 12.74 8.90 12.04 8.43 15.45 10.24 14.25 9.23 5.54 3.73 5.35 5.622
8 (45.01)  (40.01)  (4394)  (37.76)  (49.04)  (42.81)  (46.07)  (3852)  (30.16)  (2679)  (3512)  (32.71)
. 32.74 27.80 31.08 23.10 42.65 30.27 43.96 27.58 15.75 12.35 14.32 11.66
Milk + yogurt

(7424)  (7623)  (70.06)  (6554)  (78.59)  (77.86)  (8328)  (72.05)  (56.64)  (5430)  (54.10)  (49.43)

After-Dinner Snack

Milk 30.57 18.25 27.48 14.68 22.46 16.69 13.573 10.14 722 4.83 3.09 3.93
(76.31) (58.92) (70.75) (61.15) (67.60) (59.16) (52.99) (45.60) (41.18) (31.98) (22.65) (24.63)
Yoeurt 5.11 5.72 4.17 4.84 11.05 6.71 5.09 4.38 3.0 4.41 5.70 3.18
g1 (32.82) (34.34) (28.86) (31.36) (46.01) (39.05) (29.69) (29.39) (25.17) (29.35) (30.13) (28.98)
. 35.67 23.98 31.65 19.53 33.52 23.40 18.66 14.52 10.22 9.24 8.78 712
Milk + yogurt

(81.69)  (67.58)  (7545)  (59.05)  (80.93)  (70.36)  (60.16)  (54.14)  (4825)  (4292)  (37.62)  (37.70)

All the data in cells correspond to means and (standard deviations).
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In Table 4, children who consumed dairy products at snack occasions had, in general, higher
adjusted means of DQI scores apart from those consuming sweetened milk or milky desserts. Specifically,
the consumption of the sum of milk and yogurt (p = 0.04) and cheese (p < 0.001) determined higher
DQI scores in TO; yogurt (p < 0.001), the sum of milk and yogurt (p < 0.001), and cheese (p < 0.001) in T1,
and only cheese in T3 (p = 0.052). In contrary, those consuming sweetened milk in T0O had significantly
lower DQI scores (p = 0.03).

When analyzing longitudinally the consumption of dairy products at snack occasions and their
tracking for each survey (Table 5), results pointed to the same direction. The adjusted tracking of
the DQI mean values by groups of dairy consumers and non-consumers throughout T0O and T1 in all
snack occasions showed that those who consumed either milk (p = 0.02), yogurt (p < 0.001), or cheese
(p < 0.001) determined significantly higher scores of DQI. The same result was observed between
the tracking of T1 and T3 for cheese (p = 0.03) and for the combined category of milky desserts and
sweetened milk with only borderline significance (p = 0.054).
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Table 4. DQI by non-consumers and consumers of the different dairy products considering all snack meal occasions, cross-sectional analyses in TO and T1.

TO T1 T3
(CI 95%) (CI 95%) (CI 95%)
Means p-Values Means p-Values Means p-Values
All Snacks
Milk (g/day) NON CONSUMERS (N) 85.91 (6640) (~0.06, 1.71) 86.17 (4082) (-0.24,2.39)  99.73(1831)  (=2.46, 3.40)
gaay CONSUMERS (N) 87.21 (2160) 0.06 88.22 (1002) 0.11 100.88 (160) 0.75
Yogurt (g/day) NON CONSUMERS (N) 86.06 (7754) (~0.43,1.92) 85.92 (4429) (2.66,5.73) 99.68 (1867)  (~1.68, 4.88)
gurt {g/day CONSUMERS (N) 87.41 (1042) 0.22 90.96 (654) <0.001 101.96 (124) 0.34
Milk + yogurt (z/day) NON CONSUMERS (N) 85.74 (5843) (0.06, 1.68) 85.47 (3538) (1.44,3.71) 99.60 (1720)  (~1.32,3.34)
yogurt (g/day CONSUMERS (N) 87.18 (2957) 0.04 89.09 (1546) <0.001 101.27 (271) 0.40
Cheese (g/day) NON CONSUMERS (N) 85.34 (7453) (1.02, 3.13) 85.92 (4262) (1.39,4.21) 99.56 (1845)  (~0.03, 6.06)
y CONSUMERS (N) 88.35 (1346) <0.001 89.95 (821) <0.001 103.16 (146) 0.052
. NON CONSUMERS (N) 86.25 (8203) (~2.69, 0.35) 86.50 (4709) (-1.56,2.39)  99.93(1869)  (-5.32,1.28)
Milky desserts (g/day) CONSUMERS (N) 85.81 (593) 0.13 87.40 (374) 0.68 98.18 (122) 0.23
Sweetened milk (wday)  NON CONSUMERS (N) 86.32 (7405)  (-2.21,-0.12)  86.38 (4442) (-0.87,2.25)  99.75(1930)  (~2.95,6.25)
gaay CONSUMERS (N) 85.71 (1392) 0.03 87.90 (641) 0.39 102.33 (61) 0.48

95% confidence intervals and p-values correspond to linear regression analyses adjusted by BMI z-score (age and sex adjusted), energy intake, higher education of the parents, and type of
region only for T1 and T3 (control or intervention).
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Table 5. Diet Quality Index by groups according to tracking of dairy products consumption at snack meal occasions between T0O and T1, T1 and T3, TO and T3.

T0-T1 T1-T3 T0-T3
(CI95%) (C195%) Mean DQI (CI95%)
Mean DQI () p-Values Mean DQI () p-Values (n) p-Values
All Snacks
Milk UNHEALTHY TRACKING 85.46 (3039) (0.26, 3.20) 98.85 (908) (-2.35, 6.88) 98.74 (914) (-3.12, 5.20)
HEALTHY TRACKING 88.11 (799) 0.02 101.27 (66) 0.34 100.71 (77) 0.62
Yoeurt UNHEALTHY TRACKING 85.49 (3388) (1.70, 5.36) 98.86 (921) (-3.14, 7.05) 98.79 (928) (—4.06, 5.0)
& HEALTHY TRACKING 89.91 (450) <0.001 101.73 (53) 0.45 100.47 (63) 0.84
Milk + voeurt UNHEALTHY TRACKING 84.90 (2675) (1.36, 3.96) 98.65 (860) (-0.95, 6.26) 98.59 (859) (-2.09, 4.48)
o8 HEALTHY TRACKING 88.56 (1163) <0.001 101.75 (114) 0.15 100.85 (132) 0.48
Cheese UNHEALTHY TRACKING 85.14 (3235) (1.74,5.0) 98.63 (913) (0.43,9.95) . )
HEALTHY TRACKING 89.59 (603) <0.001 104.85 (61) 0.03
Milky desserts + HEALTHY TRACKING 86.34 (450) (-1.36,2.31) 96.81 (120) (=0.07, 6.96) 98.11 (85) (-2.61,5.27)
sweetened milk* UNHEALTHY TRACKING 85.97 (3388) 0.61 99.33 (854) 0.054 98.97 (906) 0.51

95% confidence intervals and p-values correspond to linear regression analyses adjusted by BMI z-score (age and sex adjusted), energy intake, higher education of the parents in the final
survey (T1 or T3 accordingly), and type of region only for T1 and T3 (control or intervention). Healthy tracking: consumers in both surveys, non-consumers in the first survey but
consumers in the final survey (apart from the case for milky desserts and sweetened milk, for which it was the opposite). Unhealthy tracking: non-consumers in both surveys, consumers
in the first survey but non-consumers in the final survey (apart from the case for milky desserts and sweetened milk, for which it was the opposite). There are no data for cheese in T0-T3
because the unhealthy tracking group was empty.
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4. Discussion

The main outcome of the present study showed that children who consumed dairy products
at snack meal occasions had a higher diet quality than their non-consumers counterparts, both in
the cross-sectional and the prospective analysis. To the best of our knowledge, this is the first study
showing such association in such a large sample of children in a prospective cohort. These results
seem relevant due to their influence on growth and development in children and adolescents.

There are several definitions of eating occasions in between meals. There is evidence that eating
three main meals and two or three snacks per day (nibbling, frequent small intakes) is considered
better for health than eating fewer but larger meals (gorging, infrequent large meals) [3,28]. Therefore,
a standard definition is required to facilitate comparisons and further research. At the same time,
these differences could influence the direction and the magnitude of the associations with diet quality
and other health outcomes [29]. Eating occasions in between meals (snacking) can help to control
hunger, but snacking should not replace proper meals [28]. Indeed, the snacking habit is commonly
associated with poor health outcomes and dietary patterns [30], mainly when the snacks are high-energy
dense foods, which might contribute as a factor in the development of childhood overweight and
obesity. Although eating at least four meals per day is recommended for children older than 2 years
of age [3], some studies have investigated the association between snacking and body mass index
and have shown mixed results [31]. The reason could be that their food composition is often poorly
described [4]. In this perspective, our study brings some elements showing that dairy products
consumption during snack meal occasions might positively affect the overall diet quality.

Our results showed that, in European children, milk and yogurt are generally the dairy most
consumed at snack occasions apart from Germany and Hungary, where sweetened milk and milky
desserts are mainly consumed, in agreement with previous results [32]. Assessment of children’s diet is
of considerable interest because food habits and behavior acquired during childhood and adolescence
are used to track until adulthood [33]. In our study, the percentage of energy corresponding to dairy
products in relation to the total energy intake consumed at snack occasions decreased over time, as did
the absolute values of dairy consumption, except for younger boys between T0O and T1, which may be
related to a decrease in the parental influence on children’s dietary patterns [34].

Previous studies in adults suggested that the beneficial effect of dairy products may be dependent
on the type of dairy products consumed [35-37]. Therefore, given the low dairy products consumption
along the day observed in the studied children and adolescents, snack time could be a good opportunity
to increase daily intakes of milk and yogurt, specifically among girls who have shown lower
consumption of dairy products both in main meals and at snack meal occasions.

Tracking of milk and/or yogurt and/or cheese consumption is also associated with high DQI
scores. Other authors have also shown that dairy consumption is linked to healthy dietary patterns
and lifestyle factors in adults [38]. This is confirmed in our study.

Children who consumed milk and yogurt had a positive relationship with a combination of
high physical activity and low sedentary behaviors over the years [39]. The most likely reason is the
clustering of different lifestyle behaviors, such as physical activity, smoking, or dietary behavior [40].
Moreover, the consumption of yogurt and other dairy products has been shown to be associated
with a high diet quality, a decreased risk of weight gain and obesity, as well as decreased risk of
cardiovascular diseases [41], and it may contribute to a healthier insulin profile in adults [42].

Some studies have suggested that dairy intake and its contribution to calcium intake could have
a protective effect on the development of type 2 diabetes, as an inverse association with the incidence
of insulin resistance, independently of age and family history of diabetes, was shown [43,44]. A recent
review suggests a neutral effect of dairy intake on adiposity during early and middle childhood and
amodestly protective effect in adolescence [45]. Dairy intake also contributes to dietary fat consumption;
however, there is recent evidence showing the positive health effects of dairy fat [41,46]. There is only
one recent cross-sectional study showing that a frequent consumption of yogurt was associated with
a better healthy eating index in US children [47]. However, information on the association between
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dairy consumption and diet quality in children is scarce; for this reason, we are providing further
evidence showing that those children consuming higher amounts of dairy products (specifically yogurt
and milk) had also higher values of diet quality index and that this association is maintained after
two years.

During the last years, an obesogenic environment has been developed [48], leading to an increase
of unhealthy eating habits [49], among other lifestyle behaviors components. For instance, a recent
review also found an association between watching TV during meals and a high consumption of
energy-dense high-fat, high-sugar foods such as savory snacks in children [50]. Therefore, our results
show an agreement with available guidelines suggesting a benefit in the replacement of energy-dense
foods by dairy products at snack time in terms of diet quality [28].

The present study is subject to a number of limitations. For instance, the fact that the number of
participants on each survey decreased progressively may affect our results as, normally, those who are
healthier and with higher social position are less likely to drop out. However, in our cohorts, drop-outs
showed to slightly distort the distribution of children’s BMI for those above the 99% percentile, affecting
marginally exposure-outcome associations [14]. Besides, food consumption was obtained using only
a single 24-HDR. Although the use of multiple 24-HDRs may have provided more reliable data,
this method is still considered as a valid tool for the estimation of population means, as random errors
cancel out on a group level [51]. The diet quality index was obtained from the combination of FFQ
and 24-HDR, as it was previously done by other authors [20,21]. In addition, the DQI, based on the
FFQ, was previously shown to be a good approach when compared with a 3 days record in Flemish
pre-schoolers [21]. Moreover, the sample size was reduced for the prospective analysis, although
a considerable sample size was achieved. Regarding the moment of consumption and specifically
snacking, our study included any food or beverage intake outside of the usual main meals (breakfast,
lunch, and dinner) without the possibility to discriminate structured snacks from nibbling behavior.

The standardized dietary assessment and linkage to country-specific food composition tables
using validated 24-HDR software as well as the cooperation with schools, which enabled the assessment
of school meal information, are the main strengths of this study. The assessment period covered
almost an entire year, taking into account seasonal variations in the diet. Moreover, the large
sample size comprises data from eight European countries; the strictly standardized data assessment,
documentation, and data cleaning processing guarantee the highest possible data quality.

In conclusion, higher consumption of milk, yogurt, and cheese at snack meal occasions throughout
childhood is related to a higher diet quality. Inclusion of dairy products outside the main meals could
be a good strategy to decrease the consumption of energy-dense foods in children and adolescents.
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Abbreviations

BMI body mass index

CVD cardiovascular diseases

CEHQ Children’s Eating Habits Questionnaire

CINDI Countrywide Integrated Non-communicable Disease Intervention program
DQI dietary quality index; FBDG: food-based dietary guidelines

FCT food composition tables

FFQ food frequency questionnaire

HDR hours dietary recall

HELENA-DIAT HELENA-Dletary Assessment Tool
HELENA Healthy Lifestyle in Europe by Nutrition in Adolescence

Identification and prevention of Dietary- and lifestyle induced health EFfects In Children

IDEFICS and infantS

ISCED International Standard Classification of Education

SACANA Self-Administered Children, Adolescents, and Adult Nutrition Assessment
SACINA Self-Administered Children and Infant Nutrition Assessment

SPSS Statistical Package for Social Sciences

TEI total energy intake

UK United Kingdom

Appendix A

Table Al. Categorization of the food groups among ‘preferable consumption’, ‘intermediate

consumption’, or ‘low consumtion” groups # [10].

IDEFICS (T0/T1): Water, wholemeal bread, wholemeal cereals, unsweetened breakfast cereals,
raw vegetables, fresh fruit, cooked meat, eggs, fresh fish, plain yogurt

Preferable I.Family (T3) additionally: replacement foods (e.g., tofu), poultry boiled, canned fish,
vegetable oils
IDEFICS (T0/T1): light soft drinks, fruit juices, milk, white bread, cereals (pasta and rice ... ),
Intermediate sweetened breakfast cereals, cooked vegetables, sweetened fruit, nuts, ketchup, fried meat,

cold cults, fried eggs, fried fish, sweetened yogurt, cheese, butter and margarine
I.Family (T3) additioanlly: coffee and tea, dried fruits

IDEFICS (T0/T1): Soft drinks, chocolates, salty snacks, ice-creams, biscuits, candies,
Low chocolate/nut-based spread, fried potatoes, mayonnaise
I.Family (T3) additionally: poultry fried

Refe
1.

rences

Howarth, N.C.; Huang, T.T,; Roberts, S.B.; Lin, B.H.; McCrory, M.A. Eating patterns and dietary composition
in relation to BMI in younger and older adults. Int. J. Obes. 2007, 31, 675-684. [CrossRef] [PubMed]

Kirk, R.R. 2nd plenary session of ‘body weight balance and regulation’. Role of dietary carbohydrate and
frequent eating in body-weight control. Proc. Nutr. Soc. 2000, 59, 349-358. [CrossRef] [PubMed]

Agostoni, C.; Braegger, C.; Decsi, T.; Kolacek, S.; Koletzko, B.; Mihatsch, W.; Moreno, L.A.; Puntis, J.;
Shamir, R.; Szajewska, H.; et al. Role of dietary factors and food habits in the development of childhood
obesity: A commentary by the ESPGHAN Committee on Nutrition. J. Pediatr. Gastroenterol. Nutr. 2011, 52,
662-669. [CrossRef] [PubMed]

EUropean Food Information Council (EUFIC) (2007) Is Eating between Meals Good for Our Health? EUFIC: Brussels,
Belgium, 2007.

van den Heuvel, E.G.H.M,; Steijns, ]. M.].M. Dairy products and bone health: how strong is the 444 scientific
evidence? Nutr. Res. Rev. 2018, 31, 164-178. [CrossRef]

Moreno, L.A.; Bel-Serrat, S.; Santaliestra-Pasias, A.; Bueno, G. Dairy products, yogurt consumption,
and cardiometabolic risk in children and adolescents. Nutr. Rev. 2015, 73, 8-14. [CrossRef]


http://dx.doi.org/10.1038/sj.ijo.0803456
http://www.ncbi.nlm.nih.gov/pubmed/16953255
http://dx.doi.org/10.1017/S0029665100000409
http://www.ncbi.nlm.nih.gov/pubmed/10997651
http://dx.doi.org/10.1097/MPG.0b013e3182169253
http://www.ncbi.nlm.nih.gov/pubmed/21593641
http://dx.doi.org/10.1017/S095442241800001X
http://dx.doi.org/10.1093/nutrit/nuv014

Nutrients 2020, 12, 642 18 of 20

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Spence, L.A.; Cifelli, C.J.; Miller, G.D. The Role of Dairy Products in Healthy Weight and Body Composition
in Children and Adolescents. Curr. Nutr. Food Sci. 2011, 7, 40-49. [CrossRef]

Ambrosini, G.L.; Emmett, PM.; Northstone, K.; Jebb, S.A. Tracking a dietary pattern associated with increased
adiposity in childhood and adolescence. Obesity 2014, 22, 458—465. [CrossRef]

Marshall, S.; Burrows, T.; Collins, C.E. Systematic review of diet quality indices and their associations with
health-related outcomes in children and adolescents. J. Hum. Nutr. Diet. 2014, 27, 577-598. [CrossRef]
Vyncke, K.; Cruz Fernandez, E.; Fajo-Pascual, M.; Cuenca-Garcia, M.; De Keyzer, W.; Gonzalez-Gross, M.;
Moreno, L.A.; Beghin, L.; Breidenassel, C.; Kersting, M.; et al. Validation of the Diet Quality Index for
Adolescents by comparison with biomarkers, nutrient and food intakes: The HELENA study. Br. . Nutr.
2012, 109, 2067-2078. [CrossRef]

Ahrens, W.; Bammann, K.; de Henauw, S.; Halford, J.; Palou, A.; Pigeot, I; Siani, A.; Sjostrom, M.
Understanding and preventing childhood obesity and related disorders-IDEFICS: A European multilevel
epidemiological approach. Nutr. Metab. Cardiovasc. Dis. 2006, 16, 302-308. [CrossRef]

Ahrens, W.; Bammann, K.; Siani, A.; Buchecker, K.; De Henauw, S.; Iacoviello, L.; Hebestreit, A.; Krogh, V.;
Lissner, L.; Marild, S.; et al. The IDEFICS cohort: design, characteristics and participation in the baseline
survey. Int. ]. Obes 2011, 35, S3-5S15. [CrossRef] [PubMed]

Ahrens, W.; Siani, A.; Adan, R.; De Henauw, S.; Eiben, G.; Gwozdz, W.; Hebestreit, A.; Hunsberger, M.;
Kaprio, J.; Krogh, V.; et al. Cohort Profile: The transition from childhood to adolescence in European
children-how I.Family extends the IDEFICS cohort. Int. . Epidemiol. 2016. [CrossRef] [PubMed]
Langeheine, M.; Pohlabeln, H.; Lauria, F.; Veidebaum, T.; Tornaritis, M.; Molnar, D.; Eiben, G.; de Henauw, S.;
Moreno, L.A.; Williams, G.; et al. Attrition in the European Child Cohort IDEFICS/I.Family: Exploring
Associations Between Attrition and Body Mass Index. Front Pediatr. 2018, 6, 212. [CrossRef] [PubMed]
Vereecken, C.A.; Covents, M.; Sichert-Hellert, W.; Alvira, ].M.; Le Donne, C.; De Henauw, S.; De Vriendt, T.;
Phillipp, M.K.; Beghin, L.; Manios, Y.; et al. Development and evaluation of a self-administered computerized
24-h dietary recall method for adolescents in Europe. Int. J. Obes. 2008, 32, S26-S34. [CrossRef] [PubMed]
Hebestreit, A.; Bornhorst, C.; Pala, V.; Barba, G.; Eiben, G.; Veidebaum, T.; Hadjigergiou, C.; Molnar, D.;
Claessens, M.; Fernandez-Alvira, ].M.; et al. Dietary energy density in young children across Europe. Int. J.
Obes. 2014, 38, 5S124-5134. [CrossRef] [PubMed]

Hebestreit, A.; Barba, G.; De Henauw, S.; Eiben, G.; Hadjigeorgiou, C.; Kovacs, E.; Krogh, V.; Moreno, L.A;
Pala, V.; Veidebaum, T.; et al. Cross-sectional and longitudinal associations between energy intake and BMI
z-score in European children. Int. J. Behav. Nutr. Phys. Act. 2016, 13, 23. [CrossRef]

McCance, W. The Composition of Foods, 6th ed.; The Royal Society of Chemistry and the Food Standards
Agency: London, UK, 2002.

Bel-Serrat, S.; Mouratidou, T.; Pala, V.; Huybrechts, I.; Bornhorst, C.; Fernandez-Alvira, ].M.; Hadjigeorgiou, C.;
Eiben, G.; Hebestreit, A.; Lissner, L.; et al. Relative validity of the Children’s Eating Habits Questionnaire-food
frequency section among young European children: The IDEFICS Study. Public Health Nutr. 2013, 17, 266-276.
[CrossRef]

Lanfer, A.; Hebestreit, A.; Ahrens, W.; Krogh, V.; Sieri, S.; Lissner, L.; Eiben, G.; Siani, A.; Huybrechts, I.;
Loit, H.M.; et al. Reproducibility of food consumption frequencies derived from the Children’s Eating Habits
Questionnaire used in the IDEFICS study. Int. J. Obes. 2011, 35, S61-568. [CrossRef]

Huybrechts, I.; Vereecken, C.; De Bacquer, D.; Vandevijvere, S.; Van Oyen, H.; Maes, L.; Vanhauwaert, E.;
Temme, L.; De Backer, G.; De Henauw, S. Reproducibility and validity of a diet quality index for children
assessed using a FFQ. Br. J. Nutr. 2010, 104, 135-144. [CrossRef]

Koster-Rasmussen, R.; Siersma, V.; Halldorsson, T.I.; de Fine Olivarius, N.; Henriksen, J.E.; Heitmann, B.L.
Missing portion sizes in FFQ-alternatives to use of standard portions. Public Health Nutr. 2014, 18, 1914-1921.
[CrossRef]

Marcinkevage, J.; Mayen, A.L.; Zuleta, C.; DiGirolamo, A.M.; Stein, A.D.; Ramirez-Zea, M. Relative Validity
of Three Food Frequency Questionnaires for Assessing Dietary Intakes of Guatemalan Schoolchildren. PLoS
ONE 2015, 10, e0139125. [CrossRef] [PubMed]

Belgian Health Council. De actieve voedingsdriehoeckeen praktische voedingsen beweeggids (Nutritional
Recommendations for Belgium. Revised version 2012); Belgian Health Council: Brussels, Belgium, 2012.


http://dx.doi.org/10.2174/157340111794941111
http://dx.doi.org/10.1002/oby.20542
http://dx.doi.org/10.1111/jhn.12208
http://dx.doi.org/10.1017/S000711451200414X
http://dx.doi.org/10.1016/j.numecd.2006.01.011
http://dx.doi.org/10.1038/ijo.2011.30
http://www.ncbi.nlm.nih.gov/pubmed/21483420
http://dx.doi.org/10.1093/ije/dyw317
http://www.ncbi.nlm.nih.gov/pubmed/28040744
http://dx.doi.org/10.3389/fped.2018.00212
http://www.ncbi.nlm.nih.gov/pubmed/30159304
http://dx.doi.org/10.1038/ijo.2008.180
http://www.ncbi.nlm.nih.gov/pubmed/19011650
http://dx.doi.org/10.1038/ijo.2014.143
http://www.ncbi.nlm.nih.gov/pubmed/25376214
http://dx.doi.org/10.1186/s12966-016-0344-3
http://dx.doi.org/10.1017/S1368980012005368
http://dx.doi.org/10.1038/ijo.2011.36
http://dx.doi.org/10.1017/S0007114510000231
http://dx.doi.org/10.1017/S1368980014002389
http://dx.doi.org/10.1371/journal.pone.0139125
http://www.ncbi.nlm.nih.gov/pubmed/26465769

Nutrients 2020, 12, 642 19 of 20

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Cole, T.J.; Freeman, J.V.; Preece, M. A. British 1990 growth reference centiles for weight, height, body mass
index and head circumference fitted by maximum penalized likelihood. Stat. Med. 1998, 17, 407-429.
[CrossRef]

UNESCO Institute for Statistics. International Standard Classification of Education ISCED 2011; UNESCO:
Montreal, QC, CA, 2012; ISBN 978-92-9189-123-8.

De Henauw, S.; Baranowski, T.; Pigeot, I. Special Issue: Prevention of childhood obesity: Results from the
IDEFICS study. Obes. Rev. 2015, 16, 1-174.

EUFIC. The European Food Information Council. 10 Healthy Lifestyle Tips for Adults. Last Revision: 7 June
2017 [14 June 2017]. Available online: http://www.eufic.org/en/healthy-living/article/10-healthy-lifestyle-
tips-for-adults (accessed on 4 February 2020).

Leech, R.M.; Worsley, A.; Timperio, A.; McNaughton, S.A. Characterizing eating patterns: A comparison of
eating occasion definitions. Am. J. Clin. Nutr. 2015, 102, 1229-1237. [CrossRef]

Bellisle, F. Meals and snacking, diet quality and energy balance. Physiol. Behav. 2014, 134, 38—43. [CrossRef]
Nicklas, T.A.; Yang, S.J.; Baranowski, T.; Zakeri, I.; Berenson, G. Eating patterns and obesity in children.
The Bogalusa Heart Study. Am. J. Prev. Med. 2003, 25, 9-16. [CrossRef]

Julidn, C.; Santaliestra-Pasias, A.; Miguel-Berges, M.; Moreno, L. Frequency and quality of mid-afternoon
snack among Spanish children. Nutr. Hosp. 2017, 34, 827-833. [CrossRef]

Kelder, S.H.; Perry, C.L.; Klepp, K.I; Lytle, L.L. Longitudinal tracking of adolescent smoking, physical
activity, and food choice behaviors. Am. J. Public Health 1994, 84, 1121-1126. [CrossRef]

Verloigne, M.; Van Lippevelde, W.; Maes, L.; Brug, J.; De Bourdeaudhuij, I. Family- and school-based
correlates of energy balance-related behaviours in 10-12-year-old children: A systematic review within the
ENERGY (EuropeaN Energy balance Research to prevent excessive weight Gain among Youth) project.
Public Health Nutr. 2012, 15, 1380-1395. [CrossRef]

Rosell, M.; Hakansson, N.N.; Wolk, A. Association between dairy food consumption and weight change
over 9y in 19,352 perimenopausal women. Am. |. Clin. Nutr. 2006, 84, 1481-1488. [CrossRef]

Wang, H.; Troy, LM.; Rogers, G.T.; Fox, C.S.; McKeown, N.M.; Meigs, J.B.; Jacques, P.F. Longitudinal
association between dairy consumption and changes of body weight and waist circumference:
The Framingham Heart Study. Int. ]. Obes. 2014, 38, 299-305. [CrossRef] [PubMed]

Mozaffarian, D.; Hao, T.; Rimm, E.B.; Willett, W.C.; Hu, EB. Changes in diet and lifestyle and long-term
weight gain in women and men. N. Engl. ]. Med. 2011, 364, 2392-2404. [CrossRef] [PubMed]
Martinez-Gonzalez, M.A.; Sayon-Orea, C.; Ruiz-Canela, M.; de la Fuente, C.; Gea, A.; Bes-Rastrollo, M.
Yogurt consumption, weight change and risk of overweight/obesity: The SUN cohort study. Nutr. Metab.
Cardiovasc. Dis. 2014, 24, 1189-1196. [CrossRef] [PubMed]

Santaliestra-Pasias, A.M.; Gonzalez-Gil, E.M.; Pala, V.; Intemann, T.; Hebestreit, A.; Russo, P.; Van Aart, C.;
Galli, C.; Veidebaum, T.; Molnar, D.; et al. Prospective associations between lifestyle behaviors and dairy
consumption: The IDEFICS study. Nutr. Metab. Cardiovasc. Dis. 2020, 30, 514-522. [CrossRef] [PubMed]
Panahi, S.; Fernandez, M. A.; Marette, A.; Tremblay, A. Yogurt, diet quality and lifestyle factors. Eur. J. Clin.
Nutr. 2016, 71, 573-579. [CrossRef]

Astrup, A. Yogurt and dairy product consumption to prevent cardiometabolic diseases: Epidemiologic and
experimental studies. Am. J. Clin. Nutr. 2014, 99, 12355-1242S. [CrossRef]

Wang, H.; Livingston, K.A.; Fox, C.S.; Meigs, ].B.; Jacques, PE. Yogurt consumption is associated with better
diet quality and metabolic profile in American men and women. Nutr. Res. 2013, 33, 18-26. [CrossRef]
Rosell, M.; Johansson, G.; Berglund, L.; Vessby, B.; de Faire, U.; Hellenius, M.L. Associations between the
intake of dairy fat and calcium and abdominal obesity. Int. J. Obes. Relat. Metab. Disord. 2004, 28, 1427-1434.
[CrossRef]

Yerlikaya, O.; Acu, M.; Kinik, O. Importance of dairy products in cardiovascular diseases and type 2 diabetes.
Crit. Rev. Food Sci. Nutr. 2013, 53, 902-908. [CrossRef]

Dror, D.K. Dairy consumption and pre-school, school-age and adolescent obesity in developed countries:
A systematic review and meta-analysis. Obes. Rev. 2014, 15, 516-527. [CrossRef]

Kratz, M.; Baars, T.; Guyenet, S. The relationship between high-fat dairy consumption and obesity,
cardiovascular, and metabolic disease. Eur. J. Nutr. 2013, 52, 1-24. [CrossRef] [PubMed]

Zhu, Y.; Wang, H.; Hollis, ].H.; Jacques, P.F. The associations between yogurt consumption, diet quality,
and metabolic profiles in children in the USA. Eur. . Nutr. 2015, 54, 543-550. [CrossRef] [PubMed]


http://dx.doi.org/10.1002/(SICI)1097-0258(19980228)17:4&lt;407::AID-SIM742&gt;3.0.CO;2-L
http://www.eufic.org/en/healthy-living/article/10-healthy-lifestyle-tips-for-adults
http://www.eufic.org/en/healthy-living/article/10-healthy-lifestyle-tips-for-adults
http://dx.doi.org/10.3945/ajcn.115.114660
http://dx.doi.org/10.1016/j.physbeh.2014.03.010
http://dx.doi.org/10.1016/S0749-3797(03)00098-9
http://dx.doi.org/10.20960/nh.918
http://dx.doi.org/10.2105/AJPH.84.7.1121
http://dx.doi.org/10.1017/S1368980011003168
http://dx.doi.org/10.1093/ajcn/84.6.1481
http://dx.doi.org/10.1038/ijo.2013.78
http://www.ncbi.nlm.nih.gov/pubmed/23736371
http://dx.doi.org/10.1056/NEJMoa1014296
http://www.ncbi.nlm.nih.gov/pubmed/21696306
http://dx.doi.org/10.1016/j.numecd.2014.05.015
http://www.ncbi.nlm.nih.gov/pubmed/25001921
http://dx.doi.org/10.1016/j.numecd.2019.10.006
http://www.ncbi.nlm.nih.gov/pubmed/31791633
http://dx.doi.org/10.1038/ejcn.2016.214
http://dx.doi.org/10.3945/ajcn.113.073015
http://dx.doi.org/10.1016/j.nutres.2012.11.009
http://dx.doi.org/10.1038/sj.ijo.0802769
http://dx.doi.org/10.1080/10408398.2011.572200
http://dx.doi.org/10.1111/obr.12158
http://dx.doi.org/10.1007/s00394-012-0418-1
http://www.ncbi.nlm.nih.gov/pubmed/22810464
http://dx.doi.org/10.1007/s00394-014-0735-7
http://www.ncbi.nlm.nih.gov/pubmed/25034879

Nutrients 2020, 12, 642 20 of 20

48.

49.

50.

51.

Popkin, B.M. Technology, transport, globalization and the nutrition transition food policy. Food Policy 2006,
31, 554-569. [CrossRef]

Popkin, B.M. Global nutrition dynamics: The world is shifting rapidly toward a diet linked with
noncommunicable diseases. Am. J. Clin. Nutr. 2006, 84, 289-298. [CrossRef]

Avery, A.; Anderson, C.; McCullough, F. Associations between children’s diet quality and watching television
during meal or snack consumption: A systematic review. Matern. Child Nutr. 2017. [CrossRef]
Rutishauser, I.H. Dietary intake measurements. Public Health Nutr. 2005, 8, 1100-1107. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.foodpol.2006.02.008
http://dx.doi.org/10.1093/ajcn/84.2.289
http://dx.doi.org/10.1111/mcn.12428
http://dx.doi.org/10.1079/PHN2005798
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Study Subjects 
	Dietary Assessment 
	Diet Quality Index 
	Body Mass Index 
	Sociodemographic Factors 
	Intervention 
	Statistical Analysis 

	Results 
	Discussion 
	
	References

