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In recent years, diet- and lifestyle-related disorders have become a major health threat in Europe
and worldwide. Globally, optimal infant and child feeding practices include exclusive breastfeeding
for the first six months of life, age-appropriate and safe complementary feeding, and the prevention
of micronutrient deficiencies; they also target a balanced diet during childhood and adolescence to
prevent childhood obesity and associated cardiovascular and metabolic sequelae [1]. The promotion of
as well as a general increase in physical activity across all ages is one target across numerous settings
and communities [2]. Contributions in this monograph include two review articles [3,4] and 19 original
contributions from several countries, providing new information to existing research and elucidating
important aspects of children’s and adolescents’ nutrition and lifestyle behavior.

Data included in this Special Issue are from large epidemiological studies including several
multi-center [5,6] and multinational studies [3,7] as well as datasets from surveillance initiatives, such
as the German Health Interview and Examination Survey for Children and Adolescents (KiGGS) [8,9],
the U.S. National Health and Nutrition Examination Survey (NHANES) [10], and the WHO European
Childhood Obesity Surveillance Initiative (WHO COSI) [11]. Three of the studies in this Special Issue
reported on the co-occurrence of multiple health behaviors in the same children [6,8,11], in particular the
clustering of low levels of physical activity levels and/or high screen times with a higher consumption
of energy-dense foods [6,8]. These findings encourage future community-based intervention studies to
target multiple lifestyle behaviors simultaneously to reduce the burden of lifestyle-related diseases.

The role of parenting and early feeding practices was investigated in four studies within this
Special Issue [5,12–14]. Of particular interest, Walton K. et al. videotaped families during dinner
and reported associations between food parenting practices and preschooler’s risk of poor nutrition.
Physical restriction of food from a child was associated with higher nutrition risk whereas positive
comments about a child’s food was associated with a lower nutrition risk in children [12]. These results
suggest that the use of positive encouragement by supporting parents, rather than restriction, may
improve preschoolers’ nutrition; they further highlight the previously described role of parents as
gatekeepers [15].

Ensuring validity of dietary intake data is a prerequisite for any investigation into diet–disease
associations. Three U.S. studies [10,16,17] and one Finnish study [18] focused on the validity of
self-reported dietary intake data and derived dietary patterns. Validity refers to the extent to
which a measurement actually measures what it is intended to measure. There are several types of
validity, including criterion-related validity, construct validity, content validity, and face validity [19].
Hibbs-Shipp S.K. et al. [16] derived a diet quality score for the home food environment and carefully
evaluated all four validity measures. Face validity was evaluated by expert reviews of representative

Nutrients 2019, 11, 1849; doi:10.3390/nu11081849 www.mdpi.com/journal/nutrients1
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foods and food amounts, considering whether representative foods can be realistically found in the
target population’s home. Content validity was assessed by iterative runs and via the removal of each
food individually from the score database to determine whether the representative food was loading
into the component scores as theorized Criterion validity was assessed by testing the contributions
of each food to component and total scores. Finally, construct validity was evaluated by testing five
hypothetical home food environments that resulted in a range of scores in the expected directions.
Using a validated FFQ, Wolters M. et al. confirmed a positive association between frequent fast
food consumption and adverse changes in body composition indicators in two German pediatric
cohorts [20].

Two European studies evaluated the prevalence and determinants of dietary supplement use
in children and adolescents, an important research question given that dietary supplement use has
been implicated in preventable adverse drug events and emergency department visits in children
and adolescents [21,22]. Data from the KiGGS Module EsKiMo II study showed that around 16% of
adolescents in Germany use dietary supplements [9], and data from Eastern Poland reported that
around 30% of children and adolescents use vitamin or mineral supplements [23]. Notably, the time
frame for which supplement intake was queried was different in these two studies; in Germany the
time frame was the previous four weeks and in Poland the past 12 months. In comparison, 33% of
children and adolescents in the United States use dietary supplements [21]. In the two European
studies, supplement users were more often female, living in urban areas, from more highly educated
families, more likely to be physically active, and less likely to be overweight or obese [9,23].

Growing up in lower socio-economic environments or vulnerable groups such as ethnic minorities
may increase susceptibility to unhealthy dietary patterns [24]. The study in this Special Issue from
New Caledonia reported that the proportion of adolescents regularly consuming sugar-sweetened
beverages was high (90%) and was related to living in rural areas and belonging to a particular ethnic
community [25]. Results from the WHO Health Behavior in School-Aged Children survey in Belgium
are in line with previous findings which showed that eating culture plays a role in inequalities of eating
habits among immigrants when socioeconomic conditions are considered [26]. Mustafa N. et al. [27]
further highlighted that the type of foods consumed at breakfast are highly dependent on culture.
Malaysian adolescents consume breakfast that is of low nutrient quality, such as cereal-based and
often primarily rice dishes, chocolate and confectionary, hot and powered drinks, and noodles. The
Malaysian study suggests that breakfast consumption is related to lower cardiovascular risk because of
the earlier timing of food intake rather than the types of foods consumed at breakfast. This interesting
hypothesis remains to be established in randomized trials.

The diverse articles in this Special Issue highlight the complexity and extent to which nutrition
and physical activity behaviors may influence different health aspects of children and adolescents.
Few studies in this Special Issue combined genetic data with nutritional data [28], a likely expanding
research area in the coming years, with the goal to provide personalized and gene-based dietary
recommendations in the future. As seen by the various findings and recommendations, not only is more
work in this area required but the translation of this work to practice and policy is imperative if we are
to address the challenges impacting the nutrition, physical activity, and health of young populations.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: The aim was to investigate associations between the duration of infant feeding practices
(FP) and taste preferences (TP) in European children and adolescents. A total of 5526 children
(6–16 years old) of the I.Family study completed a Food and Beverage Preference Questionnaire to
measure their preferences for sweet, fatty and bitter tastes. Mothers retrospectively reported the FPs
duration in months: exclusive breastfeeding (EBF), exclusive formula milk feeding (EFMF), combined
breastfeeding (BF&FMF) and the age at the introduction of complementary foods (CF). Using logistic
regression analyses and latent class analysis (latent profiles of FP and CF were identified), we explored
associations between profiles and TP, adjusting for various covariates, including the Healthy Diet
Adherence Score (HDAS). A total of 48% of children had short durations of EBF (≤4 months) and
BF&FMF (≤6 months) and were introduced to CF early (<6 months). No significant relationship was
observed between the single FPs and TP, even when considering common profiles of FP. HDAS was
inversely associated with sweet and fatty TP, but positively with bitter TP. Contrary to our hypotheses,
we did not observe associations between FP and children’s TP later in life. Further studies with higher
FP variation and longitudinal design are needed to investigate the causal associations between infant
FP and taste preferences later in life.
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1. Introduction

Taste preference (TP) is one of the factors that affect the children’s food intake and eating habits [1].
Humans can perceive 6 main basic tastes: (1) Sweet taste is caused by sugar and its derivatives such as
fructose or lactose, but other substances such as amino acids and alcohol in fruit juices or alcoholic
drinks can also activate the sensory cells that respond to sweetness; (2) Sour taste is mostly perceived
via acidic solutions such as lemon juice or organic acids and is caused by hydrogen ions; (3) Salty
taste is mainly perceived through foods containing table salt. Its chemical basis is the salt crystal,
which consists of sodium and chloride. The sensation of saltiness can be caused by other mineral salts
such as potassium or magnesium salts [2]; (4) Bitter taste is brought by a variety of components such
as 6-n-propylthiouracil (PROP), sinigrin and goitrin, found in cruciferous vegetables (e.g., broccoli).
There are 25 bitter taste receptors in humans but the most studied is TAS2R38. Genetic variations in
this receptor cause different responses in taste sensitivity to bitter compounds from one human to
another [3]; (5) Umami taste is caused by glutamic acid or aspartic acid and is similar to the taste of
meat broth. It is also found in some plants, such as ripe tomatoes or asparagus [4]; (6) Fatty taste,
called Oleogustus, has been described as the sixth basic taste. The stimuli devoted to the detection of
dietary fat taste are the Non-Esterified Fatty Acids (NEFA). In particular, medium and long-chain fatty
acids have a distinct taste sensation compared to other basic tastes (sweet, bitter, sour and salty) [5,6].

Evidence for the influencing role of genetic and environmental factors on the development of TP
is well established [7]. Infants prefer the sweet taste and reject the sour and bitter tastes [7], while the
preference for salt appears at about 4 months postnatally [8,9]. TP are learned during contact with
food and the eating environment. An infant’s experience with flavors begins in the mother’s womb
and during lactation, when flavors from the mother’s diet are transmitted to her amniotic fluid, and
later to her colostrum and milk. The infant-feeding method parents choose, whether it is breast or
formula milk, will later influence their child-feeding practices [10,11] and the development of their
children’s food preferences and food acceptance patterns [12].

The fundamental role of breastfeeding on different physiological functions and on the infant’s
early immunity has been recognized through international nutritional policies, such as the World
Health Organization guidelines on early life feeding, which recommends the exclusive breastfeeding of
infants up to the age of 6 months and at least for the first 4 months of life [13]. Exclusive breastfeeding
is crucial for the growth and development of infants [14], has a long term impact in shaping children’s
eating behaviors, and predicts the Body Mass Index (BMI) during childhood [15] and later in adult
life [16]. Previous studies have pointed out the positive influence of breastfeeding duration on food
variety and higher intake of fruits and vegetables in preschoolers [17,18], including in 4 European
cohorts [19] and in school-aged children [20,21]. Vital compounds in the human milk provide a specific
taste, such as lactose for the sweet taste, glutamate for the umami or savory taste, sodium for the salty
taste, urea for the bitter taste and long-chain fatty acids for the fatty taste [22,23].

The introduction of formula milk and other complementary foods represents a crucial period for
establishing infants’ taste preferences and attitudes towards food, as well as for obesity prevention [24].
Children who were fed exclusively with formula milk do not benefit from the rich flavor profile of
their mother’s milk: their flavor experience is poorer as they don’t experience the flavors from the
variety of foods in the mother’s diet. Various types and brands of formula milk products offer a
diversity of flavors: milk-based formulas are described as having low levels of sweetness and ‘sour
and cereal-type’; soy-based formulas are described as tasting sweeter, more sour and bitter, and having
a ‘hay/beany’ odor, whereas the hydrolysate formulas are extremely unpalatable to adults due to
their sourness and bitterness [25]. Formula-fed infants learn to prefer the flavors associated with the
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formula milk they were fed and this has been found to influence taste preferences later in life [3,25].
Infant formulas might differ in protein, fat and carbohydrate composition and/or structure, and these
differences may, in turn, affect growth, health outcomes and taste preferences [26].

Scott et al. demonstrated that breastfeeding duration is directly associated with the food variety at
two years of age [18], independent of factors that are known to influence diet quality in children, such as
maternal age and education [27,28]. Another study found that having been breastfed was positively
associated with a healthier dietary pattern amongst older Australian children [20]. Burnier et al. [29]
investigated longitudinal data from the Quebec Longitudinal Study of Child Development and
observed that 3 or more months of exclusive breastfeeding appeared to be a predictive factor for
the higher consumption of vegetables in preschool age children. Nicklaus and colleagues found
that 2–8 year old children who were breastfed for at least three or more months were more likely to
eat vegetables compared to those who were breastfed for a shorter time [30]. A number of animal
studies [31,32] and experimental studies in humans [33,34] indicated that breastfeeding is associated
with a greater acceptability of new food and flavors during the weaning period. Breastfeeding can
contribute towards reducing infants’ fears to try new foods and facilitate the transition from milk
feeding to solid food eating with lower resistance. Consequently, this can lead to an intake of a higher
food variety in breastfed children [3,21,35,36].

Although research has shown that breastfeeding influences infants’ food acceptance [22,37–39],
to our knowledge, no studies have examined whether it shapes taste preferences in later stages of life.
This study seeks to fill this gap by examining how breastfeeding practices—in comparison to formula
milk feeding—during infancy, affect food TP in later childhood and adolescence, in a population-based
cohort of normal, healthy developing children aged 6 to 16 years old, in 7 European countries: Cyprus,
Estonia, Germany, Hungary, Italy, Spain and Sweden.

To be exact, we examined the association between infant feeding practices duration (FP):
(1) exclusive breastfeeding (EBF), (2) exclusive formula milk feeding (EFMF) and (3) combined strategy
(BF&FMF), and taste preferences (TP) evaluated in our study: sweet, fatty and bitter. We further
considered a latent class analysis to identify feeding patterns from a combination of feeding practices
and food introduction, and their association with taste preferences.

2. Materials and Methods

2.1. Study Sample

I.Family builds on the IDEFICS (Identification and prevention of Dietary and lifestyle-induced
health Effects in Children and InfantS) study, whereby it additionally engages the families of the
children who were examined during the IDEFICS baseline (T0) and/or follow-up survey (T1) [40,41].
During the IDEFICS study in 2007/2008, 16,229 children aged 2–9 years from Belgium, Cyprus, Estonia,
Germany, Hungary, Italy, Spain and Sweden participated in the baseline survey (T0). Two years
later (T1), 13,596 children were examined, 11,041 of whom had previously participated in T0 (68%).
In 2013/2014, I.Family (T3) collected further data on the lifestyle-related diseases of 7105 (52% of T1)
children, who were then between 7 and 17 years old [42]. Data of 5526 children aged 6–16 years old
who completed the Food and Beverage Preference Questionnaire (FBP) during I.Family were used.
For the purpose of this investigation, Belgian participants were excluded as their data on food and
beverage preference were not collected. Further, retrospective information from the Pregnancy and
Early Childhood Questionnaire concerning breastfeeding and formula milk feeding practices and their
respective durations during infancy and early childhood reported by mothers in both the IDEFICS
study and I.Family were linked. Parents provided written informed consent for all examinations.
Each child was informed orally about the measurements by field workers and asked for his/her consent
immediately before the examination.
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2.2. Core Questionnaire

Information on sex, age, country, migration and socio-economic status (SES) of I.Family participants
were collected using a self-administered questionnaire. A validated [43,44] and reproducibility
tested [45] food frequency questionnaire (FFQ) containing 59 food and beverage items was completed
for each participant. The response categories were ‘never/less than once a week’, ‘1–3 times a week’,
‘4–6 times a week’, ‘1 time/day’, ‘2 times a day’, ‘3 times a day’ and ‘I have no idea’. Based on the
FFQ data, a Healthy Diet Adherence Score (HDAS) was developed for all 7 countries [46,47], as a
proxy-indicator of children’s adherence to healthy dietary guidelines including a high consumption of
fruits and vegetables, of whole meals, fish consumption of 2–3 times per week and a reduced intake of
refined sugars and fat. The HDAS was used for the present analyses as a continuous variable and
ranged from 0 to 50. A higher score represented a higher adherence to healthy dietary guidelines.
The self-reported educational level of parents was assessed based on the International Standard
Classification of Education (ISCED) [48] and used as a proxy indicator for SES. For the present analyses,
it was classified into two main categories: “low-medium education”, and “high education”. Children’s
migration background was assessed based on whether the parents were born outside the respective
country of residence and recorded as the migration status in the categories “both parents”, “one parent”,
“none of the parents”.

All questionnaires were developed in English and translated into the respective national languages.
They were then back-translated into English to check for translation errors. Children aged 12 years
and above self-completed the questionnaire, while parents proxy-reported the relevant questions for
children below 12 years of age. The cut-off of 12 years was chosen because children have been shown
to be reliable reporters of their food intake at this age [49].

2.3. Food and Beverage Preference Questionnaire

The questionnaire was constructed as part of the I.Family survey to assess the preferences for
sweet, fatty, bitter and salty tasting foods and beverages and was administered to children and
adolescents. It contained food photographs of 63 items, including single foods (e.g., broccoli, banana,
lettuce), mixed foods (e.g., lasagna, donut), condiments (e.g., nougat spread, butter), and drinks (e.g.,
fruit juice, lemonade). Using a 1–5 point Likert (smiley) scale, children indicated how much they
like the taste of the food given in the photograph, with 1 meaning “do not like at all” and 5 meaning
“I like it very much”. Participants were also given the chance to indicate if they had never tried (don’t
know) a specific food/drink item (Figure 1). A pre-test was conducted in every center to ensure the
availability of all food items across countries. Furthermore, the FBP questionnaire has been shown to
provide valid data that are useful for characterizing taste phenotypes in epidemiological studies [50].
For the present analyses, the preferences for sweet and fatty taste were used as proxy-indicators for
unhealthy foods [51,52], while bitter taste was used as a proxy-indicator for healthy foods [3]. Our
study only focused on taste preferences that are linked to current obesogenic dietary intake in children,
characterized by nutrient-dense foods high in fat and sugar and low in fiber [53,54], hence, salty
and sour taste were not assessed. Umami taste is under discussion for healthy (e.g., tomatoes) and
unhealthy food preferences (e.g., crisps); thus we also did not consider the preference for umami
taste. For the sake of clarity, the term “taste preference” will be used instead of preferences for sweet,
fatty and bitter tasting foods and beverages, hereafter.
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Figure 1. A screenshot of a food item from the Food and Beverage Preference Questionnaire [55].

2.4. Taste Preference Scores

The food and beverages included in our analyses were chosen based on factor analyses conducted
by Jilani and colleagues [55] that assigned foods to respective taste modalities. In accordance with
the factor analyses, we computed scores for the liking of three specific taste modalities: sweet, fatty
and bitter, by calculating the mean liking of the foods and drinks included in each of the 3 categories.
To control for differences of age and sex in the liking of each taste, the scores were first calculated
separately for boys under 12 years old, girls under 12 years, boys aged 12 years and above and girls
aged 12 years and above. The cut off of 12 years was chosen as the median age where children enter
the age of puberty and further physiological and anatomical developments occur [56]. The scores were
then merged into one unique score for each taste modality, in order to assess the association between
taste preference scores and infant FP, independent of the age and sex of subjects. The sum of the ratings
for the foods and drinks was then calculated and divided by the total number of foods and drinks that
were included in the specific taste modality group. The taste preference scores were then categorized
as “high” vs. “low”, depending on the children’s answers. Based on the median value, those who
reported 4 or 5 on the smiley scale were included in the “high” preference category, while children
who reported 3 or below on the Likert scale were categorized in the “low” preference category. Due to
missing values in the taste preference scores, the sample size varied. For instance, when analyzing the
sweet score, the sample size was higher than for the bitter score, because children recognized the sweet
tasting foods more than the bitter tasting ones.

2.5. Pregnancy and Early Childhood Questionnaire

During the IDEFICS surveys (2007/2008 and 2009/2010) and the I.Family survey (2013/2014),
mothers were asked to retrospectively report on the feeding strategies they had chosen during infancy
and the early life stage of their children. The FP included the duration of

1. Exclusive breastfeeding (EBF): calculated as the difference in months between age at start of other
forms of feeding (formula or other complementary foods) and the age at the start of EBF (at birth);
EBF was then classified in categories “None”, “Up to 4 months” and “More than 4 months”,

2. Combined breastfeeding (BF&FMF): calculated as the total duration of breastfeeding after birth
(breastfeeding combined with any other type of feeding, formula or complementary foods) and
classified as “None“, ”Up to 6 months” and “More than 6 months”.

3. Exclusive formula milk feeding (EFMF): calculated as the difference of total duration of formula
milk feeding in combination with other types of feeding and the duration of either EBF or BF&FMF.
It was then categorized as “None”, “Up to 6 months”, “More than 6 months”.
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The categories for the infant feeding variables were chosen to try and accommodate the restricted
sample size for smaller categories and to facilitate the interpretability of the results. The cut off of
4 months for EBF was chosen based on the WHO recommendations to breastfeed infants exclusively
with breastmilk for at least the first 4 months of life [13]., As the introduction of complementary foods
and the duration of FP in many countries varies, the cut off of 6 months was chosen for the BF&FMF
and EFMF. This is in accordance with WHO observations and findings of other studies [13,22]. Mothers
also provided information on the age at first introduction of any of the five food categories: cereals
(or foods containing rye, wheat or barley), vegetables, fruits, meat and cow milk. These categories
were then merged into one unique variable—the minimum age at the first introduction of any food
category—which was then categorized as “up to 6 months”, “later than 6 months” and “missing”.
This was again based on WHO observations of the introduction of complementary feeding [13]. From
here on, we will refer to these categories as complementary food introduction (CF).

2.6. Statistical Analyses

Descriptive analyses of FP during infancy were conducted by calculating the mean, median and
range of the duration of EBF, BF&FMF and EFMF. Furthermore, the following study characteristics
were described, i.e., N and proportions, based on categories of BF&FMF for categorical covariates
included in the analyses, such as age groups, sex, SES, migration status, the age of the first introduction
of complementary food categories, preference scores for each taste modality and country. In order
to evaluate the association between each of the three different FP (independent variables) and taste
preferences (dependent variables), i.e., sweet, fatty and bitter, logistic regression analyses to calculate
Odds Ratios (OR) and 95% confidence limits adjusted for covariates (country, age, sex, HDAS,
CF introduction, parents’ migration status and SES) were conducted. As a combined analysis showed
a high multicollinearity of feeding practices and did not yield interpretable results, a latent class
analysis (LCA) was conducted in order to identify latent profiles considering categories of FP and
age of complementary food introduction [57]. LCA was conducted considering three, four or five
latent profiles of seven variables (three FP variables and four separate variables for the introduction of
food items). The different LCA were compared by considering the Bayesian Information Criterium
(BIC) and a clear distinction of latent profiles in terms of conditional probabilities. The chosen profiles
were then used in logistic regression models as independent variables for each of the TP to again
calculate Odds Ratios and 95% confidence limits adjusted for the remaining covariates. All statistical
analyses were performed using the statistical software SAS, version 9.3 (Statistical Analyses System,
SAS Institute Inc., Cary, NC, USA). The latent class analysis was conducted using the PROC LCA
Macro (version 1.3.2, University Park: The Methodology Center, Penn State, PA, USA) [58] in SAS 9.3.
Level of significance was set to α = 0.05.

3. Results

3.1. Study Characteristics

The descriptive analyses of the three main feeding practices, as shown in Table 1, indicated that
the median for EBF was 4 months, ranging from not breastfed at all to 36 months of EBF. The BF&FMF
had a median of 6 months, varying from 0 to 36 months of total breastfeeding (BF combined with other
types of feeding). The EFMF had a maximum of 48 months, with a median of 0 months of formula
milk feeding.

Half of the study population was female (Table 2) and the mean age was 11.6 years (SD = 1.9),
whereby 53.3 % of the participants were less than 12 years old. Both parents of a small proportion of
the children were migrants (5.4%), while 9.8 % had one parent who was a migrant. Half of the children
(50.5%) came from highly educated families and 78.1% of them were introduced to complementary
foods early (≤6 months). The HDAS ranged from 0 to 44, with a median of 18.
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Table 1. The duration of feeding practices during infancy.

Types of Feeding Practices (N = 5526)
Duration in Months

Mean/SD Median Min/Max

Exclusive Breastfeeding (EBF) 3.3/2.7 4.0 0.0/36.0
Combined Breastfeeding (BF&FMF) 7.2/6.3 6.0 0.0/36.0

Exclusive Formula Milk Feeding (EFMF) 4.1/8.1 0 0.0/48.0

Table 2. The study characteristics of participants according to the duration of combined
breastfeeding (BF&FMF).

Combined Breastfeeding (BF&FMF)
All

Variables
None Up to 6 Months More Than 6 Months

N % N % N % N %

All 798 100.0 2318 100.0 2410 100.0 5526 100.0
Age Groups

<12 years 404 50.6 1184 51.1 1359 56.4 2947 53.3
≥12 years 394 49.4 1134 48.9 1051 43.6 2579 46.7

Sex

Boys 410 51.4 1147 49.5 1203 49.9 2760 49.9
Girls 388 48.6 1171 50.5 1207 50.1 2766 50.1
SES

Low –Medium 511 64.0 1306 56.3 921 38.2 2738 49.5
High 287 36.0 1012 43.7 1489 61.8 2788 50.5

Migrant Status

Both Parents 69 8.6 107 4.6 122 5.1 298 5.4
One parent 94 11.8 276 11.9 170 7.1 540 9.8

Neitherparent 635 79.6 1935 83.5 2118 87.9 4688 84.8
Complementary Food

Introduction
Missing 76 9.5 153 6.6 86 3.6 315 5.7
≤6 months 592 74.2 1892 81.6 1833 76.1 4317 78.1
>6 months 130 16.3 273 11.8 491 20.4 894 16.2

Sweet Taste Preference

Low 350 43.9 950 41.0 918 38.1 2218 40.1
High 448 56.1 1368 59.0 1485 61.6 3301 59.7

Missing 1 0 0 0 0 7 0.3 7 0.1
Fatty Taste Preference

Low 317 39.7 855 36.9 948 39.3 2120 38.4
High 481 60.3 1463 63.1 1460 60.6 3404 61.6

Missing 1 0 0 0 0 2 0.1 2 0.0
Bitter Taste Preference

Low 546 68.4 1583 68.3 1624 67.4 3753 67.9
High 223 27.9 666 28.7 707 29.3 1596 28.9

Missing 1 29 3.6 69 3.0 79 3.3 177 3.2
Country

Italy 170 21.3 652 28.1 224 9.3 1046 18.9
Estonia 57 7.1 265 11.4 554 23.0 876 15.9
Cyprus 228 28.6 508 21.9 169 7.0 905 16.4
Sweden 41 5.1 208 9.0 433 18.0 682 12.3

Germany 181 22.7 310 13.4 315 13.1 806 14.6
Hungary 60 7.5 242 10.4 509 21.1 811 14.7

Spain 61 7.6 133 5.7 206 8.5 400 7.2
1 Missing values were generated when calculating the taste preference scores for each taste group. N is the number
of participants in the BF&FMF categories.

Almost 42% of the study population was breastfed for up to 6 months, while 43.6% had a longer
duration of more than 6 months and 14.4% were never breastfed. Looking at the proportions of taste
preference categories (low vs. high) according to BF&FMF, the children reported high sweet and fatty
taste preferences, independent of the duration of BF&FMF during infancy. The contrary was however
shown for bitter taste preferences.
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3.2. Association between Exclusive Breastfeeding and Taste Preference

The results of the logistic regression analyses showed no associations between EBF and preferences
for sweet, fatty and bitter tastes (Table 3). An increase in the HDAS was observed to significantly
decrease the chance for high sweet taste preferences (OR = 0.88, 95% CI [0.82; 0.96]) and high-fat
taste preferences (OR = 0.88, 95% CI [0.81; 0.95]), while on the other hand significantly increasing
the chance for a high bitter taste preference (OR = 1.31, 95% CI [1.20; 1.43]). A late introduction to
complementary foods (≤6 months) was found to significantly decrease the odds for a high-fat taste
preference (OR = 0.81, 95% CI [0.68; 0.95]). Compared to having parents with a high SES, having parents
with a low/medium SES significantly increased the odds for a high-fat taste preference (OR = 1.14,
95% CI [1.009; 1.30]).

Table 3. The association between exclusive breastfeeding (EBF) duration and taste preferences in
6–16 year old children and adolescents who participated in the IDEFICS/I.Family studies.

Sweet Taste (N = 5191) Fatty Taste (N = 5196) Bitter Taste (N = 5029)

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

EBF
(ref: None) 1.00 1.00 1.00
≤4 months 1.12 0.97 1.29 1.04 0.90 1.21 0.98 0.84 1.15
>4 months 1.10 0.95 1.29 1.02 0.87 1.19 0.95 0.80 1.12

Healthy Diet Adherence
Score (HDAS) $

0.88 0.82 0.96 0.88 0.81 0.95 1.31 1.20 1.43

Complementary Food
Introduction

(ref. ≤6 months)
>6 months 0.91 0.77 1.07 0.81 0.68 0.95 1.02 0.86 1.22

Missing 0.88 0.67 1.14 0.82 0.62 1.07 1.02 0.75 1.38
SES

(ref. high)
Low- medium 1.11 0.98 1.26 1.14 1.009 1.30 0.88 0.77 1.017

$ OR is calculated for difference in one unit from the mean. (Logistic regression models were adjusted also for age,
sex, migrant background and country—OR not reported).

3.3. Association between Combined Breastfeeding and Taste Preference

The logistic regression analyses did not show an association between the duration of BF&FMF and
taste preferences (sweet, fatty and bitter) (Table 4). As observed for EBF, significant associations were
observed between HDAS and taste preferences, with having a higher HDAS significantly decreasing
the odds for high sweet and fatty taste preference but significantly increasing the odds for high bitter
taste preference (Table 4). A late introduction of complementary foods significantly decreased the
odds for a high-fat taste preference (OR = 0.82, 95% CI [0.70; 0.97]) compared to an introduction of
complementary foods before the age of 6 months. Having parents with a low/medium SES again
significantly increased the odds for a high-fat taste preference (OR = 1.14, 95% CI [1.004; −1.29]).
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Table 4. The association between combined breastfeeding (BF&FMF) duration and taste preference in
6–16 year old children and adolescents who participated in the IDEFICS/I.Family studies.

Sweet Taste (N = 5191) Fatty Taste (N = 5196) Bitter Taste (N = 5029)

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

BF&FMF
(ref. None) 1.00 1.00 1.00
≤6 months 1.11 0.93 1.32 1.15 0.96 1.37 0.98 0.81 1.19
>6 months 1.10 0.92 1.32 1.03 0.85 1.24 1.09 0.89 1.33

HDAS $ 0.88 0.81 0.96 0.88 0.81 0.95 1.31 1.20 1.43
Complementary Food

Introduction
(ref. ≤6 months)
>6 months 0.91 0.78 1.07 0.82 0.70 0.97 0.99 0.83 1.18

Missing 0.88 0.67 1.15 0.82 0.63 1.08 1.01 0.74 1.37
SES

(ref. High)
Low- medium 1.11 0.98 1.26 1.14 1.004 1.29 0.90 0.78 1.03

$ OR is calculated for difference in one unit from the mean. (Logistic regression models were adjusted also for age,
sex, migration status and country—OR not reported.

3.4. Association between Exclusive Formula Feeding and Taste Preference

No significant association was observed between the EFMF duration and preferences for sweet,
fatty and bitter taste (Table 5). HDAS was again significantly associated with sweet and fatty taste
preferences, (OR = 0.88, 95% CI [0.81; 0.96]) and OR = 0.88, 95% CI [0.81; 0.95]) respectively, as well as
with a high bitter taste preference (OR = 1.31, 95% CI [1.20; 1.42]). Furthermore, a late introduction of
complementary foods decreased the chance for a high preference of fatty taste (OR = 0.82, 95% CI [0,70;
0.97]) at a later age, compared to an early introduction. Compared to having a high SES background,
having a low/medium SES background increased the odds to prefer a high-fat taste (OR = 1.14, 95% CI
[1.00; 1.29]).

Table 5. The association between exclusive formula milk feeding (EFMF) duration and taste preference
in 6–16 years old children and adolescents who participated in the IDEFICS/I.Family studies.

Sweet Taste (N = 5191) Fatty Taste (N = 5196) Bitter Taste (N = 5029)

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

EFMF
(ref. None)
≤6 months 1.001 0.84 1.18 1.09 0.92 1.29 0.85 0.71 1.02
>6 months 1.009 0.85 1.18 1.008 0.85 1.18 0.95 0.80 1.13

HDAS $ 0.88 0.82 0.96 0.88 0.81 0.96 1.31 1.20 1.43
Complementary Food

Introduction
(ref. ≤6 months)
>6 months 0.91 0.78 1.07 0.81 0.69 0.95 1.004 0.84 1.19

Missing 0.87 0.67 1.14 0.82 0.62 1.07 1.01 0.75 1.37
SES

(ref. High)
Low- medium 1.10 0.97 1.25 1.14 1.004 1.29 0.90 0.78 1.03

$ OR is calculated for difference in one unit from the mean. (Logistic regression models were adjusted also for age,
sex, migration status and country—OR not reported).

3.5. Association between Latent Profiles of Feeding Practices and Taste Preferences

With regard to the four latent profiles, the LCA showed the lowest BIC and a clear interpretable
distinction of conditional probabilities for the respective variables. Results of the latent class profiles
are presented in Table 6, where names of the profiles were chosen according to the highest conditional
probabilities. Almost half of the children and adolescents (48%) had a short duration of EBF (up to
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4 months), then were breastfed in combination with formula milk and introduced to complementary
foods early (before 6 months). About a quarter (24%) were exclusively breastfed for a long period,
were never exclusively fed formula milk and had a late introduction to complementary foods (later
than 6 months). A total of 14% were fed formula milk as the main alternative to breastmilk and were
as well introduced to complementary foods at a later age. Only 13% were exclusively fed formula milk
and were introduced to complementary foods early.

Table 6. The latent class profiles and highest conditional probabilities (�-estimate) of categories within
each profile.

Latent Profiles of Feeding Practices Frequency %

1. Long period of EBF and mixed breastfeeding, no exclusive use
of formula milk, late introduction of complementary foods

1334 24.14

Variable Category �-estimate

Mixed feeding more than 6 months 0.869
Exclusive breastfeeding more than 4 months 0.853

Exclusive formula milk feeding None 0.952
Introduction of vegetables after month 6 0.674

Introduction of fruit after month 6 0.562
Introduction of meat after month 6 0.981

Introduction of cow milk after month 6 0.988

2. Predominantly formula milk feeding (mixed and exclusive)
and late introduction of complementary foods

774 14.01

Variable Category �-estimate

Mixed feeding 0–6 months 0.702
Exclusive breastfeeding 0–4 months 0.464

Exclusive formula milk feeding more than 6 months 0.619
Introduction of vegetables after month 6 0.832

Introduction of fruit after month 6 0.657
Introduction of meat after month 6 0.997

Introduction of cow milk after month 6 0.973

3. Short duration of EBF and mixed BF without exclusive formula
milk use, early introduction of main complementary foods

2700 48.86

Variable Category �-estimate

Mixed feeding 0–6 months 0.541
Exclusive breastfeeding 0–4 months 0.627

Exclusive formula milk feeding None 0.764
Introduction of vegetables before month 6 0.964

Introduction of fruit before month 6 0.988
Introduction of meat before month 6 0.681

Introduction of cow milk after month 6 0.824

4. No breastfeeding, but exclusive formula milk use, early
introduction of main complementary foods.

718 12.99

Variable Category �-estimate

Mixed feeding None 0.841
Exclusive breastfeeding None 0.994

Exclusive formula milk feeding more than 6 months 0.583
Introduction of vegetables before month 6 0.911

Introduction of fruit before month 6 0.983
Introduction of meat before month 6 0.645

Introduction of cow milk after month 6 0.806

Profile number 4 was considered to reflect the least advisable feeding strategy (no breastfeeding,
only formula milk, early introduction) and served as a reference for the logistic regression analyses
presented in Table 7. No significant associations of profiles of feeding practices with taste preferences for
sweet, fatty and bitter tastes were observed. Again, the HDAS was significantly negatively associated
with sweet (OR = 0.88, 95% CI [0.82; 0.96]) and fatty taste preferences (OR = 0.88, 95% CI [0.81; 0.95])
and significantly positively associated with a bitter taste preference (OR = 1.31, 95% CI [1.20; 1.43]).
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In addition, children from low/medium SES families were observed to have a higher chance of having
a high-fat taste preference (OR = 1.14, 95% CI [1.00; 1.29]).

Table 7. The results of logistic regression models investigating the association between latent profiles of
feeding practices (FP) and taste preferences of 6–16 year old children and adolescents who participated
in the IDEFICS/I.Family studies.

Sweet Taste (N = 5191) Fatty Taste (N = 5196) Bitter Taste (N = 5029)

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

Profile of FP
(ref: profile 4) 1.00 1.00 1.00

Profile 1 0.99 0.81 1.20 0.97 0.79 1.19 1.09 0.88 1.36
Profile 2 0.90 0.72 1.13 1.13 0.90 1.43 1.05 0.82 1.35
Profile 3 1.09 0.91 1.30 1.11 0.92 1.33 1.06 0.87 1.29
HDAS $ 0.88 0.82 0.96 0.88 0.81 0.95 1.31 1.20 1.43

SES (ref: high)
Low/medium 1.11 0.97 1.25 1.14 1.004 1.29 0.89 0.78 1.02

$ OR is calculated for difference in one unit from the mean. (Logistic regression models were adjusted also for age,
sex, migration status and country—OR not reported).

4. Discussion

To our knowledge, this is the first study assessing the association between different infant FPs
and children’s taste preferences in later stages in life which included retrospective and current data
from 7 European countries. Our results indicate that European children were predominantly breastfed
exclusively for at least 4 months, which is in line with the WHO guidelines [13]. In addition, almost
half of the subjects had a long duration of BF&FMF and only a minority (13%) was exclusively fed FM.
The feeding strategy parents used seemed not to play a role in the development of taste preferences later
in life, irrespective of whether it was EBF, EFMF or a combination. Using both single logistic regression
analyses and LCA methods, in which latent profiles of all FP and introduction of complementary
food categories were identified, a higher quality diet (HDAS) was observed to be associated with
lower chances for a high sweet and high-fat taste preference and increased chances for high bitter
taste preference. This suggests that current food choices can actually mold children’s preferences for
sweet, fat and bitter tastes, independent of their infant feeding patterns. SES also seemed to play a
role, as children who came from a lower SES background were more likely to prefer the fatty taste
compared to those from a higher SES background. Our results indicate that a variation in food choice
and parental education can affect children’s behaviors towards healthy food choices and preferences.

Our findings are supported by the current evidence, which suggests that children have innate
preferences for sweet taste as signalers of high energy foods [3,8]. Further, Schwartz et al. reported
that infants’ sweet acceptance was not related to longer durations of EBF [22]. In a longitudinal study,
Desor and colleagues measured the sweet preference in children at the age of 11–15 years and again
when they were 19–25 years of age, and found that the preferred levels of sucrose decreased over
time [59]. Other studies have suggested that children learn to prefer flavors associated with a high
dietary fat content [60,61]. Previous findings from the IDEFICS study indicated that children from low
educational backgrounds tended to eat more high energy-dense foods, such as sugar-rich and fat-rich
foods, compared to those whose parents had a high education [62]. In contrast, children of parents
with a higher education tended to eat more fruits and vegetables, generally eating less unhealthy foods.
They were also more likely to eat breakfast on a daily basis, emphasizing the influence of parental
education on children’s eating habits [47,63–67]. Furthermore, a higher number of fruits and vegetables
at 14 months has been shown to increase the preference for these foods and improve the quality of the
diet at 3.7 years of age [68]. Our results, which are supported by the current evidence, suggest that
taste preferences in children are learned via food experience and are significantly influenced by the
food choice and diet literacy of parents. Thus, public health education programs should emphasize the
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role of food variety in shaping children’s preferences for bitter tasting foods in the long term. Particular
attention needs to be paid to parents and other caretakers of low to medium socio-economic status
families in order to help them reduce their children’s preferences for high energy-dense foods.

5. Strengths and Limitations

One of the main strengths of our study is the large sample size of 5526 children and adolescents
from 7 European countries, which allowed us to have a detailed picture of FP and its potential
association with taste preferences in later stages of life. The standardized protocol and the pre-test
conducted in a subsample of children showed that the Food and Beverage Preference Questionnaire is
a feasible instrument for assessing preferences of food and beverages in children and adolescents.

Furthermore, having information on covariates such as country of residence, age, sex, HDAS,
the timing of the first introduction of complementary feeding, parental education level and migration
status allowed us to make adjustments and to control for confounding.

Nevertheless, there are important methodological limits concerning our research. The scale of
the taste preference was slightly limited as it was calculated based on measuring the food preference
with only 5 points. This limited our ability to clearly distinguish between extreme taste preferences.
Further, in the BF&FMF category, information on the proportion of actual formula milk and breastmilk
feeding was not provided. Thus, we have to acknowledge this as a limitation as it hampers a critical
discussion on the potential effects of a mixed strategy of feeding on taste preference.

Since mothers self-reported the details of their infants’ FP (age at starting and termination of
infant feeding, the timing of the first introduction of complementary foods) and as adolescents tend
to self-report a lower preference for energy-dense (fatty and sweet) foods and beverages [69,70],
we cannot entirely exclude social desirability bias. As we used retrospective information on feeding
practices, recall bias also potentially affected our data. The reproducibility testing of the early infant
parameters showed a weak reproducibility of maternal reports on early infant nutrition, a further
potential limitation [71]. Nevertheless, research has shown that mothers recall breastfeeding duration
accurately [72,73], while the recall of age at introduction of complementary food is less satisfactory [73].
Moreover, the parents of half of our sample had a high educational status, a fact which might also bias
the results with regard to socio-economic status. In addition, we did not have information on other
confounding factors such as the role of the maternal diet during breastfeeding and the family diet,
factors that have been found to influence taste preference and food intake in children [3,55,74]. Lastly,
our research was conducted using only cross-sectional data enriched with retrospective information.
We strongly recommend further longitudinal research, e.g., through birth cohorts, that can evaluate the
effects of FP during infancy and changes of taste preferences during different stages of life, particularly
accounting for the interplay between food choice and socio-economic background.

6. Conclusions

In contrast to our hypotheses, we did not observe an association between infant feeding practices
and taste preferences in school children and adolescents, neither regarding the single FPs or as a mixed
strategy, nor considering common profiles of FP. Instead, the current diet quality through food choice
and educational status of parents consistently showed an association with the current taste preference
for sweet, fatty or bitter tastes. Hence, further studies with higher FP variations and using longitudinal
data are necessary in order to investigate causal associations between infant feeding practices and taste
preferences in later stages of life.
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Abstract: A balanced diet and sufficient physical activity are essential for the healthy growth of children
and adolescents and for obesity prevention. Data from the second wave of the population-based
German Health Interview and Examination Survey for Children and Adolescents (KiGGS Wave 2;
2014–2017) were used to analyse the association between food intake and physical activity among 6-
to 17-year-old children and adolescents (n = 9842). Physical exercise (PE) and recommended daily
physical activity (RDPA) were assessed with self-administered questionnaires and food intake by
a semi-quantitative food frequency questionnaire. Multivariable logistic regression was used to
analyse the association between food group intake (dependent variable) and level of PE or RDPA.
High levels of physical activity (PE or RDPA) were associated with higher consumption of juice,
water, milk, dairy products, fruits, and vegetables among both boys and girls, and among boys
with a higher intake of bread, potatoes/pasta/rice, meat, and cereals. Higher PE levels were also less
likely to be associated with a high soft drink intake. High levels of RDPA were associated with high
intake of energy-dense foods among boys, which was not observed for PE. This study indicates that
school-aged children and adolescents with higher levels of physical activity consume more beneficial
foods and beverages compared to those with lower physical activity levels.

Keywords: Physical activity; exercise; food intake; diet; children; adolescents; KiGGS

1. Introduction

A balanced diet and sufficient physical activity are essential for a healthy growth and development
of children and adolescents and are important determinants of health throughout the life course.
Unbalanced dietary patterns (with high amounts of highly processed and energy dense foods) are
associated with unfavourable cardiometabolic risk factors (e.g., blood pressure, blood glucose, insulin
levels, and lipid profile) among adolescents [1,2]. Higher levels of physical activity are associated
with better physical, psychological, and cognitive health of children and adolescents [3], whereas a
predominantly sedentary lifestyle is associated with less favourable levels of cardiometabolic risk
factors [4]. In addition to genetic predisposition [5], dietary behaviour and physical activity are
important determinants of obesity [6,7].

The prevalence of childhood obesity has significantly increased in recent years and is, therefore,
a priority for health promotion and prevention policy and action [8]. Current data from KiGGS wave 2
(2014–2017) show that 15% of the 3- to 17-year-old children and adolescents in Germany are overweight;
almost 6% are obese [9]. Compared to the KiGGS baseline survey (2003–2006), the prevalence of
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overweight and obesity has not increased further in the last ten years among children and adolescents,
but remains at a high level [9].

There are only a few studies that have comprehensively analysed the relation between the two
key components of obesity development, dietary behaviour, and physical activity in children and
adolescents. In two studies, one conducted among high school students in the USA and the other among
12-year-old children from France, a higher level of physical activity is associated with a higher intake
of fruits and vegetables [10,11]. The international study ISCOLE among 9- to 12-year-old children from
12 countries showed that achieving a higher number of specific physical activity recommendations
(for sedentary behaviour, physical activity, and sleep duration) is associated with a more preferable
dietary pattern [12]. A review of several studies investigating obesogenic behaviours using cluster
analyses indicated that diet, physical activity, and sedentary behaviour cluster in both unhealthy and
healthy ways and that cluster patterns differ by sex, age, and socioeconomic status [6].

Most existing studies investigating the relation between physical activity and dietary behaviour
cover just a small age-range of childhood and do not indicate how the intake of single food items differ
by the level of physical activity. Indicators of the current physical activity levels, as well as consumption
of particular food items of children and adolescents have been described for Germany [13,14]. However,
the interrelationship between these two behavioural aspects has not yet been analysed.

The aim of this study is to analyse whether children and adolescents aged 6 to 17 years with
higher levels of physical activity differ in their food intake compared to those with lower levels of
physical activity.

2. Materials and Methods

2.1. Study Design and Study Population

KiGGS (German Health Interview and Examination Survey for Children and Adolescents) is
part of the Federal Health Monitoring System of the Robert Koch Institute and consists of regularly
conducted representative cross-sectional surveys among children and adolescents aged between 0 and
17 years living in Germany. KiGGS Wave 2 was conducted between 2014 and 2017. The design and
methodology of KiGGS Wave 2 have been described in detail elsewhere [15,16]. In brief, the study
sample was drawn from the German resident population aged 0 to 17 years using a two-stage cluster
sampling approach. Firstly, 167 sample points were randomly selected proportional to the population
densities in the federal states and community sizes within the Federal Republic of Germany. Secondly,
within each sample point age-stratified samples of individuals were randomly selected from the local
population registries. In total, 15,023 children and adolescents (7538 girls; 7,485 boys) participated in
the cross-sectional survey of KiGGS Wave 2.

KiGGS Wave 2 was conducted in accordance with the Declaration of Helsinki, and the protocol
was approved by the Federal Commissioner for Data Protection and Freedom of Information and
by the ethics committee of the Hannover Medical School (Number 2275–2014). A written informed
consent was obtained by parents and all participants aged 14 years and above before data collection.

2.2. Data Collection and Aggregation

In KiGGS, parents (or legal guardians) of the 3- to 10-year-olds completed self-administered
questionnaires which provided information on their children’s health and health behaviour (e.g., food intake
and physical activity). Similar questionnaires were filled in by 11- to 17-year-olds themselves.

2.3. Food Intake

KiGGS Wave 2 included a self-administered semi-quantitative food frequency questionnaire
(FFQ) to assess the consumption of selected food items [17]. The FFQ starts with a short written
introduction about the questionnaire. Participants are instructed how to report the frequency and
number of standard portions which were consumed during the last four weeks. An illustration is
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provided as an example to report two slices of bread that were eaten twice a day during the past
four weeks. A further illustration shows how to make corrections in case this is necessary. Finally,
a telephone number was provided for further questions about the completion of the questionnaire.
The 11- to 17-year-old participants or parents of 3- to 10-year-old participants were asked about the
food items they or their children had consumed ‘during the last four weeks’. The questionnaire
contained 48 food items for younger participants and 53 food items (including alcoholic beverages)
for those aged 11 years and above. First, the consumption frequency of each food item was assessed
with the question: ‘How often did your child/did you eat/drink food/drink X?’ and in most cases,
examples of the particular food items were given. Answer categories were: ‘never’, ‘once per month’,
‘2–3 times per month’, ‘1–2 times per week’, ‘3–4 times per week’, ‘5–6 times per week’, ‘daily’, ‘2 times
per day’, ‘3 times per day’, ‘4–5 times per day’, ‘more than five times per day’. Second, portion size
information was obtained by questions following the pattern: ‘If your child/you eat/drink food/drink
X, how much does your child/do you usually eat/drink?’ To support portion size estimation, pictures
were included as a reference for predefined portion sizes. In each case, five answering categories were
given, which varied depending on the food item. These were, for instance, ‘ 1

2 a glass (or less)’, ‘1 glass’,
‘2 glasses’, ‘3 glasses’, and ‘4 glasses (or more)’. For some food items, a specific aspect of the food
consumption was inquired, such as the dilution ratio of juice and water.

For the presented analyses, the information on food consumption frequencies was transformed into
the number of occasions of consumption of each food over a four-week period (28 days). The portions
were converted into grams or millilitres. For each food item, the estimated amount consumed per day
was obtained by multiplying the converted food consumption frequency and the portion amount,
and dividing this by 28. The following food groups were used for the analyses, partly constructed by
summarising the amounts of multiple food items (in parenthesis): Soft drinks (sugar-sweetened soft
drinks; reduced calorie soft drinks), juices (fruit juices; vegetable juices), water, milk, dairy products
(cream cheese; cheese; quark, yoghurt or soured milk), fast food (hamburger or doner kebab; grilled
sausages; French fries; pizza), fruits (fresh fruits; processed fruits), vegetables (raw vegetables; legumes;
cooked vegetables), bread (whole-grain bread or rolls; brown or mixed bread or rolls; white bread or
rolls), potatoes, noodles & rice (cooked potatoes; fried potatoes; noodles; rice), meat (poultry; red meat;
meat portion in hamburger or doner kebab; grilled sausages; sausage; ham), breakfast cereals (corn
flakes; muesli), savoury snacks (potato crisps; salty snacks or crackers), confectionery (cakes, tartes or
sweet pastries; biscuits; chocolate; sweets; ice cream; sweet spreads). Based on the consumed amounts
of these food groups, participants were ranked into quintiles. Quintiles were calculated separately
for boys and girls in the age groups 6–10, 11–13 and 14–17 years in order to account for gender- and
age-related differences in energy and nutrient requirements. For each food group, the top two quintiles
(40%) were assigned to the category ‘high intake’. A table with the threshold values for the category
‘high intake’ can be found in the Supplemental Table S1.

2.4. Recommended Daily Physical Activity (RDPA) and Physical Exercise (PE)

In KiGGS Wave 2, RDPA and PE information was also obtained using self-administered
questionnaires. The indicator RDPA describes the amount of days per week with physical activity
(light to vigorous intensity) of at least 60 min. To assess RDPA, participants were asked ‘How many
days of a normal week are you/is your child physically active for at least 60 min on a single day?’
The eight answer categories ranged from ‘Seven days’ to ‘None’. The answers were assigned to the
categories ‘low’ (one hour/day on less than 3 days/week), ‘medium’ (one hour/day on 3 to 5 days/week)
and ‘high’ (one 1 hour/day on 6 to 7 days/week). The instrument was initially used to verify if
participants met the ‘at least 60 min daily physical activity’ criteria recommended by the World
Health Organization [18] and was adapted from Prochaska and colleagues [19] A validation study
showed moderate test-retest reliability with a Kappa coefficient of 0.54 and a significant Spearman
correlation coefficient of 0.24 for validity when compared with objectively measured physical activity
by accelerometers [20]. The indicator PE should include sports activities like running or playing
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soccer. To obtain information on PE, participants were asked whether they participate in physical
exercises, adding that this referred to all kinds of sports regardless if it was within a sports club or not.
Physical education at school should not be included. The question could be answered with ‘Yes’ or
‘No’. Participants who answered ‘Yes’ were consecutively asked how many minutes or hours they
usually participate in physical exercises per week. The data on PE was used to assign the persons
to categories ‘low’ (less than one hour of sport/week), ‘medium’ (1–3 h/week) and ‘high’ (more than
3 h/week).

2.5. Socioeconomic Status (SES)

In the KiGGS study, an index is used to measure parental socioeconomic status (SES), which
is based on information about the parents’ education, their occupational status and income [21,22].
A detailed description of the construction of the socioeconomic variables and the SES index can be
found elsewhere [22]. Based on the SES index, individuals were categorized into ‘low’, ‘medium’ and
‘high’ SES.

2.6. Body Mass Index (BMI)

In the physical examination component, standardized measurements of body height and weight
were obtained [9]. The body mass index (BMI) was calculated from body weight divided by the square
of body height. BMI percentiles were modelled as a function of age (BMI-for-age) and transformed to a
standard normal distribution (BMI-for-age z-score).

2.7. Data Analysis

Since preschool children have a considerably different physical activity and food consumption
pattern from older children, 3- to 5-year-olds were not included in the present analysis. The current
analysis was, therefore, restricted to 11,014 participants aged 6 to 17 years (5582 girls and 5432 boys).

Food consumption information was completely set to missing for some cases in the original
dataset (n = 38). This was done if the frequency answers contained more than 20 missing values or if
the calculated total intake was implausibly high (total daily amount of beverages exceeded 15 litres,
of solid foods exceeded 10 kg or if there was a combination of the amount of beverages exceeding 4 L
and solid foods exceeding 6 kg). In the current analysis, participants with missing information on at
least one of the aggregated food intake variables were excluded from the current analysis (n = 1172,
10.6%). The sample for multivariable regression analyses among boys comprises 4472 participants
for PE and 4557 participants for RDPA, after excluding participants with missing information on PE,
RDPA or SES. Among girls, the sample for the multivariable regression comprises 5016 for PE and
5073 participants for RDPA.

Statistical analyses were conducted using Stata SE 15 (StataCorp. 2017. Stata Statistical Software:
Release 15. StataCorp LLC, College Station, TX, USA). All analyses were performed with survey
design procedures to adjust for the clustered sampling design. A weighting factor was applied to
correct deviations within the sample from the German population with regard to age, gender, federal
state (as of 31.12.2015), nationality (as of 21.12.2014), and the parents’ level of education (Mikrozensus
2013). Multivariable logistic regression was used to analyse if medium and high versus low RDPA and
PE were associated with food intake variables. Odds ratios (OR) were reported to describe the odds
of having a high intake of a food depending on the variables PE and RDPA. The associations were
stepwise adjusted for age (model 1) and parental SES (model 2). In a sensitivity analysis, BMI-for-age
z-scores were added to model 2. The criterion for statistical significance was set at p < 0.05.

3. Results

Demographic characteristics and physical activity behaviour of the study sample stratified by sex,
age, and SES are shown in Table 1. PE was low among 25.7%, medium among 36.7% and high among
37.6% of the participants, while RDPA was low among 25.2%, medium among 47.8% and high among
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27.0% of the participants. Boys more often had a high level of PE and RDPA than girls. The proportion
of boys and girls with a high PE level was higher among older age groups, whereas the proportion
with a high RDPA level was lower among older age groups. The proportion of boys and girls with a
high PE level increased with increasing SES, while there were no statistically significant differences in
the frequency of high RDPA levels by SES. However, the proportion of participants with low RDPA
significantly decreased with increasing SES.

3.1. Binary Associations

A higher PE level was significantly associated with a high intake of water, dairy products, fruits,
and vegetables in boys and girls, and a high intake of juice and breakfast cereals in boys (Table 2).
A medium or high PE level was less often associated with a high soft drink intake than a low PE level
among boys and girls. Furthermore, a low PE level was more often associated with a higher meat
intake for girls compared to medium or high PE level, while a low PE level was associated with a high
intake of savoury snacks for both genders.

Higher RDPA was significantly associated with a high intake of fruits and vegetables among
boys and girls. Furthermore, among boys, higher levels of RDPA were associated with a high intake
of water, milk, dairy products, bread, potatoes/pasta/noodles, breakfast cereals, and confectionery
(Table 2). Girls with a low RDPA level more often had a high intake of soft drinks, savoury snacks,
and confectionery than girls with a medium or high RDPA level.

3.2. Multivariable Analyses

Almost all significant associations in the binary analyses for PE remained significant in the
logistic regression analyses after adjustment for age and SES (model 2; Table 3). Exceptions were the
associations of PE with water and with meat among girls. Furthermore, the association of PE and a
high intake of breakfast cereals and savoury snacks among girls became significant after adjusting for
age, but did not remain significant after further adjustment for SES.

For boys, a high compared to a low level of PE was less likely associated with a high soft drink
intake (OR 0.7), but was more likely associated with a high intake of juice (OR 1.3), water (OR 1.3),
dairy products (OR 1.5), fruits (OR 1.9), vegetables (OR 1.7), and breakfast cereals (OR 1.5) (Table 3).
For girls, a high compared to a low level of PE was less likely associated with a high intake of soft
drinks (OR 0.7), and more likely associated a high intake of dairy products (OR 1.2), fruits (OR 1.6),
and vegetables (OR 1.5).

Many binary associations of RDPA with a certain food group intake remained significant in the
multivariable analyses (Table 4). Among boys, the non-significant association observed for a high
intake of juice and meat with higher levels of RDPA became significant after adjustment for age and
SES. For girls, the significant binary association between RDPA and high soft drink intake did not
remain significant after adjusting for age and SES, whereas the associations between RDPA and high
intake of juice, water, milk, and dairy products became significant.

For boys, a high compared to a low RDPA was more likely associated with a high intake of juice
(OR 1.3), water (OR 1.4), milk (OR 1.7), dairy products (OR 1.4), fruits (OR 2.1), vegetables (OR 1.5)
bread (OR 1.5), potatoes/pasta/rice (OR 1.4), meat (OR 1.3), breakfast cereals (OR 1.3), and confectionery
(OR 1.6) for boys (Table 4). For girls, a high compared to a low RDPA was more likely associated with
a high intake of water (OR 1.3), milk (OR 1.3), dairy products (OR 1.4), fruits (OR 1.9), and vegetables
(OR 1.5). A medium compared to a low RDPA was less likely associated with a high intake of savoury
snacks (OR 0.8) and confectionery (OR 0.8), and more likely associated with a high intake of juice (OR
1.3) for girls.

The inclusion of BMI-for-age z-scores into model 2 did not alter the relation between PE nor RDPA
and food intake (data not shown).
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4. Discussion

Adequate levels of physical activity and a balanced diet are important requirements for an optimal
physiological and cognitive development, as well as for the maintenance of good physical conditions
and health in general. A good balance between physical activity and diet may also help to prevent or
reduce the occurrence of obesity [23]. For a holistic prevention approach, it is important to understand
and take into account that these health behaviours may interact with each other. The aim of the current
study was, therefore, to analyse differences in intake of various food groups between low, medium and
high physical activity behaviour groups among children and adolescents. To our knowledge, this study
is the first study to investigate the associations between two different aspects of physical activity
behaviour and 14 different food groups based on representative data from children and adolescents
living in Germany. These analyses among boys and girls aged 6 to 17 years indicate that higher
physical activity levels are more often associated with a high intake of predominantly preferable foods
(with some exceptions) and a less frequent high intake of some less beneficial foods. For example,
boys and girls with a high RDPA level were twice as likely to consume fruits in high amounts and had
50% higher odds to consume vegetables in high amounts than those with a lower RDPA. Furthermore,
the odds ratio of a high soft drink intake was 30% lower in children and adolescents with a high
compared to a low PE level.

The more often observed high intake of several food groups among children and adolescents with
higher physical activity levels (PE and RDPA), some of which are dairy products, fruits, and vegetables,
may partly be explained by a higher energy requirement due to a higher physical activity. A derivation
of accurate estimates of the energy intake is not possible due to the relatively short food frequency
questionnaire used in KiGGS Wave 2. Nevertheless, a high RDPA level was more often associated with
a high intake for many food groups for boys, which may suggest a higher energy intake for this group.
Among girls, high intakes of some food groups, i.e., for water, fruits, and vegetables, were associated
with higher RDPA levels, although these are not energy-dense foods. Overall, this suggests that
differences in energy needs may not explain all observed differences in food intake. The observed
association of high intake of water and higher physical activity levels may be related to higher
transpiration losses during enhanced physical activity. The authors of a review summarised that
the relation between energy expenditure caused by physical activity and energy intake in children
and adolescents are still inconclusive due to a lack of data [24]. However, it was observed that
nutritional adaptation occurs as a response to physical activity, not only to compensate for the
expended energy [24,25]. These adaptations may be changes in food choices as well as in appetite
sensation, depending on duration, intensity, and type of physical activity [26,27]. Differences in
duration, intensity and type of physical activity between boys and girls might also explain why, in this
present analysis, more food groups were associated with physical activity in boys compared to girls.
The higher levels of RDPA and PE among boys than girls [13] might have a stronger impact on their
food choices. Furthermore, our results confirm that different types of physical activity are differently
associated with a high consumption of food items: RDPA was more often associated with a high
intake of individual foods compared to PE. Various reasons may lead to engagement in more PE or
RDPA. These include body weight loss or maintenance, to gain muscle power, to improve body fitness,
or physical skills as well as social aspects [28]. These purposes may differ between genders as well as
for RDPA and PE, and could partly explain the observed differences in associations with food intake.

Studies comparing the intake of different food groups and physical activity in children and
adolescents are rare. The observed higher fruit and vegetable consumption in children with higher
physical activity is in line with studies among school-aged children in the USA and France [10,11].
In a representative sample of adolescents attending grade 9 to 12 in the USA, a higher fruit, vegetable,
and soft drink consumption was associated with higher daily physical activity [10]. Regarding the soft
drink intake, our study showed contradictory results: a lower soft drink intake was associated with a
high PE level. There was no significant association observed between a high soft drink intake and
RDPA. A study among 12-year-olds from France showed that the consumption of fruits, vegetables,
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and fruit juice was positively associated with organised physical activity [11]. In our study, in addition
to the observed association with fruit and vegetable intake, fruit juice was also positively associated
with PE and RDPA in boys and with RDPA in girls.

Most studies regarding physical activity and food intake in children summarise the assessed food
intake into the categories ‘healthy dietary pattern’ and ‘unhealthy dietary pattern’. If we apply these
categories to the food groups presented in our study, a high intake of water, fruits, and vegetables
would be considered as components of a healthy dietary behaviour, whereas a high intake of soft
drinks, fast food, savoury snacks, and confectionery would be unhealthy [29]. From this perspective,
the current results suggest that a high PE level is more likely associated with a healthy food pattern,
reflected by high intakes of fruit and vegetables and low intakes of soft drinks. High RDPA also seems
to be associated with more beneficial intakes of fruits, vegetables, and drinking water. Additionally,
high RDPA seems to be associated with higher intakes of energy-dense food groups and less beneficial
food groups, like confectionery and meat, among boys. Among girls, higher RDPA was associated
with a lower intake of savoury snacks and confectionery. The positive association between PE and
a healthy food intake might be explained by a higher overall health consciousness which influences
multiple health behaviours [30,31]. For younger children, the motivation of the parents and family to
live a healthy lifestyle will be relevant rather than the individual preference [32].

The authors of a review about the clustering of physical activity, sedentary behaviour and diet
in children and adolescents concluded that these behaviours show inconsistent clustering patterns,
sometimes corresponding with healthy behaviours and sometimes not [6]. Two studies found a
consistency in preferable physical activity and dietary behaviour which confirms our results. However,
in a cluster analysis conducted with children and adolescents aged 11 to 17 years living in Germany no
cluster with high scores in physical activity and healthy diet was observed [33].

Data of the International Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE)
were used to examine if meeting recommendations related to physical activity, screen-time and sleep
(≥60 min/day moderate-to-vigorous physical activity; ≤2 h/day screen time; 9 to 11 h/night sleep
duration) were associated with dietary patterns among 9- to 11-year-old children from 12 different
countries [12]. Results showed that a healthier diet was observed when more recommendations were
met, which confirm partly a positive relation between sufficient physical activity and a healthy diet.

A strength of the study is that it is based on a large nationwide and representative sample of
young persons living in Germany. In addition, the information on two different aspects of physical
activity, as well as on the intake of many food groups, allows a broad analysis of the association
between physical activity and food intake among children and adolescents. Our analyses have some
limitations that should be considered. The assessment of physical activity and food intake was
based on self-reports which is subject to recall and social desirability bias [34,35]. This may lead to
overreporting of healthy behaviours (e.g., physical activity, intake of fruits, and vegetables) and an
underreporting of unhealthy behaviours (e.g., intake of soft drinks, snacks, and sweets). The use
of objective methods, such as activity monitors, may help to reduce such bias for physical activity.
However, bias might still be present, since the measurement of specific physical activities by activity
monitors is only possible in combination with a self-reported diary, and the consciousness of activity
being measured may also alter actual behaviour [36]. In a free-living population setting, it is hardly
possible to objectively measure dietary intake. The food frequency instrument used in this survey is
not comprehensive and detailed enough to give a complete and precise overview of food consumption
and energy intake. In addition, the specific information on food consumption and physical activity
behaviour is gathered from parents for the younger children (up to the age of 11 years) and from those
above 11 years themselves, which could have biased the results. Although this is inevitable because
young children cannot give reliable information on major parts of the requested items, parents may also
not have a complete overview of what their children eat (especially out of home) and how physically
active they are. So for the different age groups the level of misreporting could be different. However,
we constructed age-specific quintiles for the reported food intakes, so persons are ranked according
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to reported consumption relative to those within their age group. This may at least reduce in some
extent the possible bias introduced by the responder. Furthermore, the association between physical
activity and food intake may be confounded by other variables, which we have not considered for
adjustment. We adjusted for age and SES because these dimensions could bias the association between
physical activity and food intake. In a sensitivity analysis, we additionally adjusted for BMI-for-age
z-scores. This, however, had no substantial impact on the regression results (data not shown). Due to
the cross-sectional nature of the data, causal inferences cannot be derived. Finally, around 10% of the
participants were excluded because of missing values in the analysed items which might have biased
the results. These excluded participants were more often boys, younger children, and participants
with lower SES.

5. Conclusions

The analysis of the association between RDPA and PE with food intake among school-aged
children and adolescents indicates that higher levels of RDPA and PE are associated with more
beneficial intakes of particular food items, such as a high fruit and vegetable intake and a lower soft
drink intake. RDPA is additionally more often associated with high intakes of some energy-dense
foods among boys, but not among girls. Detailed information on activity patterns and food intake can
make a considerable contribution to focused primary prevention strategies which promote a healthy
lifestyle of children and adolescents.
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identified clusters were associated with weight status. Participants were 6- to 9-year-old children
(n = 63,215, 49.9% girls) from 19 countries participating in the fourth round (2015/2017) of the
World Health Organization (WHO) European Childhood Obesity Surveillance Initiative. Energy
balance-related behaviors were parentally reported. Weight and height were objectively measured.
We performed cluster analysis separately per group of countries (North Europe, East Europe,
South Europe/Mediterranean countries and West-Central Asia). Seven clusters were identified
in each group. Healthier clusters were common across groups. The pattern of distribution of
healthy and unhealthy behaviors within each cluster was group specific. Associations between
the clustering of energy balance-related behaviors and weight status varied per group. In South
Europe/Mediterranean countries and East Europe, all or most of the cluster solutions were associated
with higher risk of overweight/obesity when compared with the cluster ‘Physically active and healthy
diet’. Few or no associations were observed in North Europe and West-Central Asia, respectively.
These findings support the hypothesis that unfavorable weight status is associated with a particular
combination of energy balance-related behavior patterns, but only in some groups of countries.

Keywords: cluster analysis; energy balance-related behaviors; physical activity; sedentary behavior;
screen time; dietary intake; overweight; obesity; children

1. Introduction

Childhood obesity is one of the most serious public health problems of the 21st century [1].
Evidence from a major epidemiological study which evaluated worldwide trends of weight status
from 1975 to 2016 revealed that obesity in children has multiplied eightfold in the last 40 years, with a
plateauing of body mass index (BMI) in high-income countries [2]. Obesity is a major risk factor of
multifactorial etiology. Modifiable factors such as dietary patterns, physical activity and sedentary
behaviors play a key role in energy imbalance leading to overweight and obesity in children [3].

Low fruit and vegetable (F&V) intake [4,5], consumption of high energy-dense/nutrient-poor
foods [6,7], low physical activity (PA) levels and high sedentary time [8,9] have individually been
associated with childhood overweight and obesity in a large number of studies; however, their effects
on children’s lifestyles are multivariable and interrelated [10]. Previous studies have investigated the
clustering of energy balance-related behaviors (EBRB) and its association with childhood obesity to
gain some understanding about the potential interplay among different behavior patterns [11–18].
Healthy and unhealthy behaviors seem to co-exist in the same groups of children in complex ways
that are not well understood [10]. For instance, it has been shown that isolated unhealthy behaviors
may not be related to higher obesity risk when they are compensated with healthy behaviors [15].
However, evidence on the associations between behavior cluster patterns and overweight and obesity
remains inconclusive [10]. While some studies have reported higher obesity risk in unhealthy
clusters [11,13,14,18], other studies have found no association at all [15,16].

Evaluating the synergetic effect instead of the individual effects of EBRB will help researchers,
health professionals and policy makers to understand which behaviors need to be approached
simultaneously. This may be helpful to identify and to promote a healthy lifestyle as well as to
assist in the development of successful obesity prevention programs. Therefore, this study aimed to
identify clusters of EBRB based on dietary patterns, PA and sedentary behaviors, and to investigate
their association with obesity, including overweight, in a large sample of children in the World Health
Organization (WHO) European region. To date, no studies have addressed these associations in
nationally representative samples of primary school children from such a large geographical area
including 19 countries spread across Europe and Asia.
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2. Materials and Methods

2.1. World Health Organization (WHO) European Childhood Obesity Surveillance Initiative (COSI)

The WHO European Childhood Obesity Surveillance Initiative (COSI) is a collaborative study
that was initiated in 2008 by the WHO Regional Office for Europe with 13 member states. Currently,
COSI is carried out in 37 European countries that co-operate in relation to survey content, methodology
and timing using a common European protocol [19–21]. The study routinely measures overweight
and obesity prevalence of primary schoolchildren aged 6 to 9 years old to monitor the progress of
the obesity epidemic in this population group, allow between-country comparisons within the WHO
European Region and inform action to reverse the trend [22]. The COSI is a unique system that
provides a large dataset based on nationally representative samples and standardized weight and
height measurements. A total of four rounds have been conducted to date: Round 1 in 2008, Round 2
in 2009/2010, Round 3 in 2012/2013, and Round 4 in 2015/2017.

In addition to the mandatory anthropometric examinations, data on simple indicators of dietary
intake, physical activity, screen time use and parental education, amongst others, are collected through
an optional family questionnaire [23]. The present study focuses on children from 19 countries (Albania,
Bulgaria, Croatia, Czech Republic, Denmark, Georgia, Ireland, Kazakhstan, Latvia, Lithuania, Malta,
Montenegro, Poland, Portugal, Romania, Russia (only Moscow), Spain, Tajikistan, and Turkmenistan)
who participated in the study in Round 4 (2015/2017) and who had complete information on age, sex,
weight, and height and had completed the family questionnaire.

The COSI study is conducted according to the guidelines laid down in the Declaration of Helsinki
and all procedures involving human subjects were approved by the local ethics committee at each
study site. Parents were fully informed about the study procedures. In some countries, parents had
to provide written signed consent to allow their children to participate in the study (opt-in consent
approach) whereas other countries adopted the opt-out consent approach. On the measurement day,
verbal consent from the child to participate in the study was obtained.

Countries chose the most appropriate professionals to take the anthropometric measurements
(e.g., physical education teachers, nationally- or regionally-based health professionals such as
nutritionists, physicians, health care nurses, etc.) based on the local arrangements and available
budgets. Paper and online versions of the family questionnaire were available for completion to collect
information on the child’s EBRB and household sociodemographic characteristics. The paper version
was either presented to the parent and child during the measurements, sent home with the child,
mailed directly to the household, or filled out during parents’ meetings in the school. Parents were
emailed the link to fill in the online version and completed the questionnaire jointly with their child.
More details about the implementation characteristics of COSI rounds can be found elsewhere [23,24].

2.2. Sampling of Children

Main characteristics of study design including the sampling strategy, targeted age range, sample
size and participation rates within each country are presented as Supplementary Material in Table S1.
Two-stage cluster sampling was applied in most of the countries with the school as primary sampling
unit and school classes as the secondary sampling unit to draw nationally representative samples of
children. Poland and Bulgaria applied four-stage (region, sub-region, school, class), and three-stage
(school, class, 7-year-old children) cluster sampling, respectively, while one-stage cluster sampling
was adopted by Croatia (sampling unit = class), Denmark and Latvia (school for both). Primary
schools/classes were selected randomly from the list of all primary schools available in each country
through the ministry of education or at the national school registry. Bulgaria, Ireland and Lithuania
followed a sentinel approach; therefore, the same schools measured in previous rounds were included
and classes were randomly selected at each sentinel site. Lithuania followed a sentinel approach
combined with the selection of new schools by region and by degree of urbanization. As an exception,
the primary sampling unit in Czech Republic was composed of pediatric clinics which were randomly
selected from the national list of primary care pediatricians following a cluster sampling design
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stratified by region and size of residential location. As for other countries, 11 of them stratified
their sample: many considered a geographical or administrative division of the national territory
(9 countries) and, to a lesser extent, the degree of urbanization of the child’s place of residence or
school location (4 countries). No specific sampling strategy was used in Malta as all 7-year-old children
in the country were included in the study.

COSI targets children aged 6, 7, 8 and 9 years and countries can focus on one or more of these four
age groups [21]. Spain targeted children aged 6 to 9 years old, Albania, Croatia, and Poland targeted
8-year-old children, Romania measured children aged 8 and 9 years, Kazakhstan only included those
aged 9 years, and the 13 remaining countries targeted 7-year-old children. One class per school was
drawn within a grade level when the targeted age group was in the same grade. On the other hand,
all grades where children from this age group were present could be sampled if the targeted age group
was spread across grades. All children registered in the sampled classes were invited to take part in the
study and those who returned a signed parental consent (opt-in consent approach) or did not refuse to
take part in the study (opt-out consent approach) and were present on the survey day were examined
and received the family questionnaire. Further details about the sampling characteristics have been
described elsewhere [23,24].

2.3. Measurements

2.3.1. Anthropometry

Weight and height measurements were carried out by trained fieldworkers following
a standardized protocol on anthropometric procedures and data collection drawn up by the WHO [21].
Information on children’s age and sex was also collected. Children were asked to wear normal, light,
indoor clothing and remove their shoes. Body weight was measured in kilograms, to the nearest
0.1 kg, with portable electronic (digital) scales and was adjusted for the weight of the clothes worn.
Children’s height was measured in centimeters with stadiometers and the reading taken to the last
completed 0.1 cm. Body mass index (BMI) was calculated from the formula: weight (kg) divided by
height squared (m2). The specific equipment used in each country can be found as Supplementary
Material (Table S2). The 2007 WHO BMI-for-age (BMI/A) growth charts were used to compute BMI/A
z-scores. Children were classified into two weight status categories: underweight/healthy weight and
overweight/obese according to the WHO 2007 [25] and the International Obesity Task Force [26,27]
and the sex- and age-specific cut-offs.

2.3.2. Energy Balanced-Related Behaviors

The specific questions asked on the EBRB through the family questionnaire are shown as
Supplementary Material—Table S3.

Physical Activity

The number of hours per day the child played actively/vigorously (e.g., running, jumping outside
or moving and fitness games indoors) in their free time was assessed for both weekdays and weekend
days. Numeric answers were assigned to the five answer categories available in the form to convert the
variables to a numerical scale: ‘never’ = 0; ‘<1 h/day’ = 0.5; ‘1 h/day’ = 1; ‘2 h/day’ = 2; ‘≥3 h/day’ = 3.
The average hours per day playing actively was computed as [(week days × 5) + (weekend days × 2)]/7.

Screen Time

Usual screen time was described in all countries by the time (hours/day) spent watching television
(TV) and/or videos or using electronic devices such as computer, tablet, smartphone or other electronic
devices (excluding moving or fitness games) either at home or outside home. Responses were provided
separately for weekdays and weekend days. In Ireland, Lithuania and Spain, responses included five
categories split into weekdays and weekend days. These categories were converted to a numerical

39



Nutrients 2019, 11, 511

scale: ‘never’ = 0; ‘<1 h/day’ = 0.5; ‘1 h/day’ = 1; ‘2 h/day’ = 2; ‘≥3 h/day’ = 3. Usual screen time
(hours/day) was computed as [(week days × 5) + (weekend days × 2)]/7.

Fruit, Vegetable and Sugared Soft Drinks Intake

Fruit, vegetable and sugared soft drinks (SSD) intake during a normal week was obtained
through a qualitative food frequency questionnaire. Responses included four frequency categories
of consumption: ‘never /<once a week’, ‘some days (1–3 days)’, ‘most days (4–6 days)’, ‘every day’.
Frequencies were converted into times per week ranging from 0 to 7. Fruit and vegetable responses
were grouped into one group.

2.3.3. Parental Education Level

Data was collected separately for the mother and the father using five answer options
and regrouped into four categories: ‘primary school’, ‘secondary school/vocational school’,
‘undergraduate/Bachelor’s degree’, and ‘Master’s degree or higher’. One of the parents reported the
education level of both parents. The highest level of education attained in the household by either the
mother or the father was used for adjustment in multivariable models.

2.4. Statistical Analysis

Following data cleaning, which was performed locally by each country, all country datasets were
reviewed in a standard manner for inconsistencies and incompleteness at the WHO Regional Office for
Europe before being merged for the intercountry analyses. Children younger than 6 years (n = 6) and
older than 9 years (n = 723) as well as children with biologically implausible BMI/A z-scores below −5
or above +5 z-scores (n = 124) were excluded from the analyses, as recommended by the WHO [28].

Cluster analyses were performed using the statistical software SPSS version 24.0 (SPSS Inc.,
IBM Corp., Armonk, NY, USA). Countries were grouped into four groups according to their
geographical location and/or cultural similarities as follows: North Europe (Denmark and Ireland),
East Europe (Albania, Bulgaria, Czech Republic, Lithuania, Latvia, Montenegro, Poland, Romania and
Russia), South Europe/Mediterranean countries (Croatia, Malta, Portugal and Spain) and West-Central
Asia (Georgia, Kazakhstan, Tajikistan and Turkmenistan). Clusters were computed specifically for each
of the four groups. PA, screen time, F&V and SSD intake were the four EBRB indicators included in the
analyses. Variables were standardized prior to data analyses given the variation in means, variances
and units among them [29].

Cluster analysis was carried out in two steps applying a combination of hierarchical and
non-hierarchical clustering methods [30]. Ward’s method based on Euclidean distances [31] was
applied in the first step as hierarchical cluster analysis. The high sensitivity of Ward’s method to
outliers was reduced by removing univariate outliers (z-values > ±3 standard deviation (SD)) and
multivariate outliers (those with high values of the Mahalanobis distance) for any of the four variables
tested (n = 383). In the second step, an iterative on-hierarchical K-means clustering procedure was
carried out. Initial cluster centers based on Ward’s hierarchical method were used as non-random
starting points.

The third step consisted of testing the stability of the cluster solutions. The sample was randomly
split into two sub-samples and the clustering procedure was repeated. The agreement between the
main sample and two sub-samples was compared with Cohen’s kappa (κ). Agreement ranged from
0.985 (North Europe) to 0.932 (South Europe) [32].

Descriptive statistics included mean (SD) values of weight, height, BMI, PA, screen time, and F&V
and SSD intake, prevalence estimates for anthropometric indicators, and percentages of sex, parental
education level and season of completion of the questionnaire separately per group of countries and
per cluster solution.

Mixed-effects regression models with country as the grouping variable were used to investigate
the associations between the clusters (independent variables) and anthropometric indicators and the
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prevalence of overweight/obesity (dependent variables). Univariate and multivariate mixed linear
regression models were carried out to examine associations with the continuous dependent variable
BMI/A z-score. Univariate and multivariate logistic regression models were conducted between the
prevalence of overweight/obesity (dependent variables) and the obtained clusters. Multivariate models
were adjusted for sex, age, parental education level and season of completion of the questionnaire.
Country was entered as random intercept in all the mixed-effects models. The threshold for statistical
significance was set at p ≤ 0.05. The Stata version 13.0 (StataCorp LP, College Station, TX, USA) was
used to perform these analyses.

3. Results

3.1. Sample Characteristics

The final dataset consisted of 63,215 children (49.9% girls) from 19 countries with complete data
on age, sex, weight, height and with information on all four EBRB indicators. The main sample
characteristics in terms of age, sex, weight, height, BMI, BMI/A, parental education, season of
completion of the questionnaire, PA, screen time, F&V intake, and SSD intake are displayed in Table 1
separately for each group of countries. Mean age was around 8 years in all groups except in North
Europe where children were younger (mean age = 7.2 years). North Europe had the highest educated
sample as nearly 40% of the families were undergraduate or held a Bachelor’s degree. The most
common highest education level attained in East Europe, South Europe/Mediterranean countries and
West-Central Asia was secondary/vocational school with 42.1%, 49.3% and 62.4% of the parents in this
category, respectively. The lowest prevalence of overweight/obesity was observed in North Europe
(16.6% WHO, 11.3% IOTF) and West-Central Asia (16.4% WHO, 11.5% IOTF) whereas the countries in
the South European/Mediterranean group had the highest prevalence (35.3% WHO, 27.5% IOTF).

Table 1. Baseline characteristics of participants in the fourth round of the WHO European Childhood
Obesity Surveillance Initiative (COSI), separately by group of countries.

North
Europe

East
Europe

South Europe/
Mediterranean Countries

West-Central
Asia

Mean SD Mean SD Mean SD Mean SD

Age (years) 7.2 0.4 8.1 0.8 7.9 0.9 8.0 0.9
Weight (kg) 24.9 4.3 28.7 6.7 28.9 7.2 25.5 5.6
Height (cm) 125.1 5.8 130.7 7.4 128.6 8.1 125.4 7.8
BMI (kg/m2) 15.9 1.8 16.7 2.7 17.3 2.8 16.1 2.4

BMI/A 0.10 1.0 0.29 1.3 0.62 1.3 −0.01 1.16
Physical activity (hours/day) 1.5 0.7 2.0 0.7 1.6 0.8 1.6 0.8

Screen time (hours/day) 1.9 0.9 1.7 1.0 1.4 0.8 1.6 1.1
Fruit and vegetable intake (times/week) 11.0 3.5 8.5 3.8 8.3 3.8 9.2 4.0

Soft drinks (times/week) 0.9 1.1 1.7 2.1 1.3 1.9 2.6 2.6

n % n % n % n %

Sex
Boys 908 51.7 13,975 49.9 10,807 50.1 5966 50.3
Girls 850 48.3 14,018 50.1 10,785 49.9 5906 49.7

Parental education level
Primary school 11 0.6 1937 7.2 1126 5.4 87 0.8

Secondary and vocational school 517 29.7 11,294 42.1 10,361 49.3 7098 62.4
Undergraduate/Bachelor degree 693 39.9 6223 23.2 7122 33.8 2603 22.9

Master degree or higher 519 29.8 7357 27.5 2419 11.5 1586 13.9

Season questionnaire completion
Winter 605 34.4 915 3.3 8017 37.1 2681 22.6
Spring 180 10.2 16,596 59.3 7955 36.8 3047 25.7

Summer 252 14.4 1688 6.0 1232 5.7 1 0.01
Autumn 721 41.0 8794 31.4 4388 20.3 6143 51.7

Overweight/obese (WHO 2007) 291 16.6 7644 27.5 7611 35.3 1927 16.4
Overweight/obese (IOTF) 198 11.3 5824 20.9 5929 27.5 1346 11.5

BMI, body mass index; BMI/A, BMI-for-age; IOTF, International Obesity Task Force; WHO, World Health
Organization. North Europe: Denmark and Ireland. East Europe: Albania, Bulgaria, Czech Republic, Latvia,
Lithuania, Montenegro, Poland, Romania and Russia. South Europe: Malta, Croatia, Portugal and Spain.
West-Central Asia: Georgia, Kazakhstan, Tajikistan and Turkmenistan.
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PA levels were the highest in East Europe (2.0 h/day) and the lowest in North Europe
(1.5 h/day). North Europe had the highest screen time (1.9 h/day) whereas the lowest amount
of time spent on this behavior was observed in South Europe/Mediterranean countries (1.4 h/day).
The highest and lowest intakes of F&V were observed in North Europe (11.0 times/week) and in
South European/Mediterranean countries (8.3 times/week), respectively. West-Central Asia had the
highest SSD intake (2.6 times/week) whereas the North European countries had the lowest intake
(0.9 times/week).

3.2. Clusters Characteristics

Cluster analyses turned out in a seven-cluster solution as the most adequate, reliable, and stable
representation of the clustering of EBRB in the four groups of countries. Figure 1 shows the specific
characteristics of each cluster. Cluster labels are based on distinguishing features defined by high or
low mean z-scores relative to other clusters. Clusters that were common across groups were given the
same cluster number; therefore, a total of 13 distinctive clusters were identified across the four groups.

Figure 1. Cont.
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Figure 1. Group-specific cluster solutions (mean z-scores) of the four energy balance-related behaviors
(EBRB) patterns among children participating in the fourth round of the World Health Organization
European Childhood Obesity Surveillance Initiative: (a) Cluster solutions (mean z-scores) of the four
EBRB patterns in North Europe; (b) Cluster solutions (mean z-scores) of the four EBRB patterns in East
Europe; (c) Cluster solutions (mean z-scores) of the four EBRB patterns in South Europe/Mediterranean
countries; (d) Cluster solutions (mean z-scores) of the four EBRB patterns in West-Central Asia.
Overweight/obesity prevalence (%) by cluster membership is shown above each cluster. IOTF,
International Obesity Task Force; WHO, World Health Organization.

Table 2 shows descriptive data for EBRB indicators and prevalence of overweight/obesity by
cluster membership. Cluster 1 (C1, ‘Physically active and healthy diet’) was characterized by high
PA levels and high F&V intake coupled with low screen time use and low intake of SSD. Cluster 2
(C2, ‘Healthy diet’) comprised children with high F&V intake and low SSD intake. C1 and C2 were
observed in all four groups. Cluster 3 (C3, ‘Physically active’) was observed in East Europe, South
Europe/Mediterranean countries and West-Central Asia and was described by high levels of PA.
The main features of Cluster 4 (C4, ‘Physically active and sedentary’), which only emerged in the
North European countries, were high PA levels together with high levels of screen time use. Cluster 5
(C5, ‘Sedentary and physically inactive’), with high levels of screen time and low levels of PA, was
observed in three groups of countries (North Europe, South Europe/Mediterranean countries and
West-Central Asia). Cluster 6 (C6, ‘Low beverage intake, low sedentary and physically inactive’) was
characterized by low levels of all EBRB indicators, that is, low PA levels, low screen time, low F&V
intake and low SSD intake. C6 was present in all the groups except in North Europe. Cluster 7 (C7,
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‘High beverage intake and F&V intake’), described by high intakes of SSD and of F&V, emerged in
North Europe and in West-Central Asia.

Cluster 8 (C8, ‘Sedentary, physically inactive and healthy diet’), with high levels of screen time,
high F&V intake, low PA levels and low SSD intake, was specific to the North European countries.
Cluster 9 (C9, ‘High beverage intake, sedentary and physically inactive’) comprised those in the North
European and East European countries with high intake of SSD, high screen time use and low PA levels.
Cluster 10 (C10, ‘Sedentary and physically active’) was only observed in East Europe and was described
by high screen time and relatively high PA levels. The main features of Cluster 11 (C11, ‘High beverage
intake, sedentary and physically active’) were high intake of SSD and relatively high screen time and
PA levels and emerged in both East Europe and in South Europe/Mediterranean countries. Cluster
12 (C12, ‘Sedentary, physically active and healthy diet’), specific to South Europe/Mediterranean
countries, was characterized by high screen time use, high PA levels, high intake of F&V and low SSD
intake. Cluster 13 (C13, ‘Physically active, high beverage intake, sedentary and high F&V intake’) was
only observed in West-Central Asia and comprised children with high levels of all four EBRB.

In terms of prevalence of overweight/obesity, C9 (‘High beverage intake, sedentary and physically
inactive’) and C8 (‘Sedentary, physically inactive and healthy diet’) showed, respectively, the highest
prevalence with the WHO 2007 definition (22.9%) and with the IOTF definition (15.8%) in the
North European countries. The lowest prevalence was observed for C1 (‘Physically active and
healthy diet’, 12.9% WHO, 7.5% IOTF,) and for C7 (‘High beverage intake and F&V intake’, 11.7%
WHO, 8.3% IOTF). C1 also had the lowest overweight/obesity prevalence in East Europe and South
Europe/Mediterranean countries regardless of the obesity definition applied. C2 (‘Healthy diet’),
C9 (‘High beverage intake, sedentary and physically inactive’) and C10 (‘Sedentary and physically
active’) had very similar high prevalence of overweight/obesity. The highest overweight/obesity
prevalence in South Europe/Mediterranean countries was observed for C5 (‘Sedentary and physically
inactive’, 41.7% WHO, 33.8% IOTF). As in the North European countries, C7 (‘High beverage intake
and F&V intake’) in West-Central Asia had the lowest prevalence of overweight/obesity (13.5% WHO,
8.7% IOTF) whereas C3 (‘Physically active’) had the highest prevalence (19.7% WHO, 14.6% IOFT)
regardless of the obesity definition used.

3.3. Associations between Cluster Membership and Anthropometric Indicators

Results from the mixed-effects regression models are shown in Table 3, separately by groups
of countries. C1 (‘Physically active and healthy diet’) was chosen as the reference cluster in all
groups as it showed lower overweight/obesity prevalence in most of the groups and it can be
considered as the healthiest cluster. After adjusting for confounding factors, all the clusters in
South Europe/Mediterranean countries, except C3 (‘Physically active’) with the IOTF definition,
were significantly associated with higher BMI/A and higher odds of overweight/obesity, regardless
of the obesity definition applied. In East Europe, a positive significant association was observed
between C2 (‘Healthy diet’) (β = 0.17, 95% CI = 0.12–0.22), C6 (‘Low beverage intake, low sedentary
and physically inactive) (β = 0.13, 95% CI = 0.07–0.18), C9 (‘High beverage intake, sedentary and
physically inactive’) (β = 0.08, 95% CI = 0.01–0.15) and C10 (‘Sedentary and physically active’) (β = 0.16,
95% CI = 0.10–0.22) and BMI/A. Likewise, those children in these clusters (C2, C6, C9 and C10) were
at higher risk of overweight/obesity than their peers in C1. In the North European countries, BMI/A
was significantly associated with the ‘Sedentary, physically inactive and healthy diet’ cluster (C8)
(β = 0.25, 95% CI = 0.07–0.42). Children in C8 were also more likely to be overweight/obese (WHO:
OR = 1.92, 95% CI = 1.21–3.05; IOTF: OR = 2.15, 95% CI = 1.22–3.77) than those in the ‘Physically
active and healthy diet’ cluster (C1). Moreover, higher odds of being overweight/obese was observed
among those in C2 (‘Healhty diet’) (IOTF: OR = 1.85, 95% CI = 1.15–2.97), C4 (‘Physically active and
sedentary’) (WHO: OR = 1.68, 95% CI = 1.02–2.76), and C5 (‘Sedentary and physically inactive’) (WHO:
OR = 1.63, 95% CI = 1.04–2.54). No significant associations were observed in the West-Central Asian
countries between the clusters and BMI/A and the prevalence of overweight/obesity.
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4. Discussion

This study investigated the clustering of F&V and SSD intake patterns, physical activity and
sedentary behavior and their cross-sectional associations with anthropometric indicators in a large
sample of children in the WHO European region. Our findings showed that (1) some behaviors cluster
in the same manner and are common across groups whereas others are specific to the geographical
area, and (2) the associations of the clustering of the EBRB and the obesity indicators depend on the
group of countries. To the best of our knowledge, this is the first study to examine the clustering of
these EBRB and its association with obesity indicators in a large and geographically spread sample of
school-aged children.

4.1. Clusters Characteristics

A 7-cluster solution was retained as the best solution within the four groups. While the clustering
of some behaviors was common across groups, other behaviors clustered in a unique manner specific
to each country grouping. This highlights the complexity of diet, PA and sedentary behavior and
their relationships. The current globalization of EBRB [33] could explain the similarity of clusters
across groups. On the other hand, group differences in the clustering of these behaviors seem to reflect
group-specific EBRB patterns that persist regardless of such globalization, although to a lesser extent
as these clusters tended to be less prevalent than the common ones.

4.2. Healthy and Unhealthy Energy Balance-Related Behaviors (EBRB) Clustering

C1 ‘Physically active and healthy diet’ and C2 ‘Healthy diet’, the clusters that represent healthier
EBRB, were common across all groups. C3, the ‘Physically active’ cluster, was common in three groups
however (East Europe, South Europe/Mediterranean countries, West-Central Asia). C1, considered
as the ‘healthy’ cluster was characterized by high PA levels and high F&V intake and low levels
of screen time and SSD intake. This cluster comprised most of the children in East Europe (23.4%)
and was the second most prevalent cluster in North Europe (21.3%). C2 ‘Healthy diet’, with high
levels of F&V intake and low SSD intake, was the most prevalent cluster in North Europe (29.7%),
South Europe/Mediterranean countries (24.9%) and West-Central Asia (17.6%), and the second that
comprised most children in East Europe (17.1%). The healthy clustering of diet and PA in school-aged
children has not consistently been observed in the literature. While some studies failed to observe
a distinct healthy cluster among children [11,13,34], others reported one cluster in which healthy
behaviors co-existed, in line with our results. Sánchez-Oliva et al. [14] identified a ‘Healthy Lifestyle’
cluster among children aged 8–11 years that was characterized by low levels of screen time and
of total sedentary time, high levels of moderate-to-vigorous PA, and average levels of adherence
to the Mediterranean diet. Likewise, a ‘Healthier lifestyle’ cluster with high PA, low sedentary
behavior, longer sleep duration and healthier diet was reported in a sample of 9- to 12-year-old Spanish
children [16]. In contrast to our findings, this cluster was not the most prevalent in neither of the
studies. Another matter is whether children in these healthy clusters met the recommendations for
these behaviors. An ‘all-round healthy behavior’ cluster was observed by Cameron et al. [35] in which
children aged 5–12 years met the daily recommendations for moderate-to-vigorous PA, screen time,
F&V intake and energy-dense food intake. Our results showed that children in C1 achieved >1 h/day
of PA [36], screen time use was below the recommended 2 h/day [37] and SSD consumption was very
low (≤once a week). F&V intake was also high; however, due to the nature of the questionnaire, it is
very likely that the intake of F&V was underestimated as daily intakes were not available; therefore,
it is unknown whether children met the guidelines in this regard.

Consistent with previous literature [14,16–18,34,35], we found clustering of unhealthy behaviors
which comprised children with high levels of screen use and high SSD intake. In a review of
cross-sectional and longitudinal studies, Pearson and Biddle [38] already reported a positive association
between sedentary behaviors and elements of a less healthy diet in children such as energy-dense
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drinks, snacks and fast food. Nevertheless, this clustering of unhealthy behaviors was the least
prevalent in the two groups of countries where it was observed (3.2% North Europe, 6.4% East Europe).

4.3. Co-Occurrence of Healthy and Unhealthy EBRB

As already highlighted by previous studies [11,13,18,34,35], healthy and unhealthy levels of EBRB
co-occurred in some regions in all groups, but not in others. Most of these clusters were characterized
by high levels of screen time coupled with high levels of PA (C4, C10) and/or high F&V intake
(C8, C12). A cluster (C7) combining high F&V intake with high SSD intake was observed in North
Europe and West-Central Asia. It is noteworthy that a cluster with high levels of all four behaviors
(C13) emerged in West-Central Asia. We found no studies that had already reported such a clustering
of EBRB in which individuals had high levels of all healthy and unhealthy behaviors simultaneously.
We hypothesized that the co-existence of healthy and unhealthy behaviors in the same cluster could
suggest a conscious compensation, by the parents, of the unhealthy behavior by adhering to a healthy
one. Parents could engage their children in a particular healthy behavior such as PA performance
and/or healthy eating to compensate for engaging in other practices such as high screen time use
and/or unhealthier dietary patterns. Although this behavior has only been investigated in adults [39],
it may be plausible in our study as data were reported by the parents.

It should be noted that several clusters were characterized by high levels of screen time. In three
groups, a sedentary cluster (C5) coupled with low levels of PA emerged comprising children with
high screen time use above the recommendations, especially in West-Central Asia (3.4 h/day).
Leech et al. [10] already reported in their review a common pattern among several studies in which
many clusters were defined by high levels of sedentary behaviors. These findings seem to reflect the
current high levels of screen time associated with the use of new technologies and the negative impact
that they can already have on the lifestyle of those at still early ages.

4.4. Low EBRB Levels

By contrast, all groups except North Europe had a cluster characterized by low levels of PA, screen
time, F&V intake and SSD intake. Likewise, three studies conducted in European children aged 2–9
years [11,13] and 10–12 years [17] found a clustering of low levels on all behaviors. Co-occurrence
of low consumption of SSD and low screen time use levels, despite the low PA levels and low F&V
intake, could be regarded as positive in terms of health promotion and disease prevention. In fact,
the findings in the study from Bel-Serrat et al. [11] suggested that the cardiovascular profile of children
with low levels of TV/video/DVD viewing together with low SSD intake was healthier than for those
physically active or with high F&V intake. This cluster was considered by the authors as the healthiest
cluster solution given that they failed to find a ´healthy´ cluster, which could have been associated
with an even healthier cardiovascular profile.

Future research should focus on investigating how clusters track over time in this age group.
The longitudinal stability of cluster membership was examined among Australian 10–12-year-old
children over a 3-year period and was observed to be moderate [12]. While the ‘most healthy’ clusters
showed the lowest stability over time, tracking was highest for the ‘high sedentary behavior/low
moderate and vigorous PA’. According to the authors, further investigation is still needed to figure out
the reason why some clusters tracked better than others [12].

4.5. Associations between Cluster Membership and Anthropometric Indicators

4.5.1. Differences across Groups of Countries

Associations between the clustering of EBRB and anthropometric indicators notably varied per
group of countries. All clusters except two were associated with higher BMI/A z-score and higher
risk of overweight/obesity regardless of the obesity definition used in South Europe/Mediterranean
countries and in East Europe, respectively. Only a small number of associations was observed in
North Europe and no associations were observed in West-Central Asia. Although we cannot compare
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group-specific clusters because they are unique to each area, common clusters were not associated
with obesity indicators in the same manner across groups. These differences may represent different
stages of evolution of the obesity epidemic in different countries and populations groups, with
variable responses in terms of behaviors, norms, and different physical, social, cultural and economic
environments. We also hypothesized that countries could be at a different stage of the diffusion of
innovation theory from Rogers [40] in terms of obesity prevention strategies and their adoption by
the population. Briefly, the diffusion of innovation theory explains how, an idea, behavior or product
spreads through a specific population and it is adopted by this population. Adoption, however, does
not occur simultaneously within the target population and, there are, indeed, five adopter categories:
innovators, early adopters, early majority, late majority and laggards [40]. While in North Europe most
of the population may have adopted these strategies in terms of EBRB, in South Europe/Mediterranean
countries and in East Europe, the adoption of EBRB strategies is still at earlier stages, which is also reflected
by the remarkably higher mean BMI/A and overweight/obesity prevalence observed in these countries.

Nevertheless, it should be kept in mind that the education level in the North European countries
was higher than in the other three groups, which could also have an impact on the observed findings as
it could imply a healthier cohort of children. In West-Central Asia, however, children could still follow
a quite traditional behavior pattern that prevents them from being overweight/obese, even considering
that obesity prevention strategies focusing on EBRB in these countries may not be as developed as
in Europe given their relatively low overweight/obesity rates as compared with the other countries.
Examining the associations between cluster membership and sociodemographic factors in this specific
age group deserves more attention and future research. Fernández-Alvira et al. [17] observed that
children from seven European countries aged 10–12 years old with lower educated parents were more
likely to have unhealthier clustering of EBRB, i.e., low activity/sedentary pattern and sedentary and
sugared drinks consumers. Likewise, the ‘energy-dense consumers who watch TV’ cluster comprised
more children with lower educated mothers among Australian 5–6- and 10–12-year-old children [34].

Differences in the observed associations between the clustering of EBRB and overweight/obesity
across regions could also be explained by other factors not examined in this study and that have also
been shown to play a role in the development of overweight/obesity such as sleep duration, well-being
and/or genetic variations, amongst others. Findings from a meta-analysis reported that short sleep
duration increased the risk of childhood obesity [41]; however, we did not observe much variation on
average sleep time among regions: 11 h/day in the North European countries and 10 h/day in the
other three groups of countries. Moreover, obesity has a pronounced genetic component as genetic
factors account for between 30–70% of variation in BMI between individuals [42]. The prevalence of
obesity also differs between ethnic groups [42]. This could partially explain the low prevalence of
overweight/obesity observed in the West-Central Asian countries as opposed to the higher prevalence
in the South Europe/Mediterranean countries. On the other hand, the nature of the methodology
applied may have a role in explaining the lack of consistent results across regions. A key limitation of
self-reported measures is their validity. For that reason, the presence of misclassification bias needs
to be considered given that parentally reported measures are subject to possible misreporting of PA,
sedentary behaviors and diet.

4.5.2. Synergies among Multiple EBRB and Overweight/Obesity

The synergistic effect of having high levels of PA and high intake of F&V combined with low screen
time use and low SSD intake was associated with children being less likely to be overweight/obese.
Having only a diet rich in F&V or being physically active did not seem to be associated with
children being less overweight/obese as compared with their peers who were engaged in both
EBRB simultaneously, even when screen time use and SSD intake were low. The fact that C6
(‘Low beverage intake, low sedentary and physically inactive’) was also associated with higher
odds of overweight/obesity supports this hypothesis. Unlike our findings, Bel-Serrat et al. [11] and
Santaliestra-Pasías et al. [13] found that the clustering of low levels of all EBRB was associated with
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reduced levels of body fat. However, both studies failed to observe a healthy cluster to compare
this cluster with. Nevertheless, the evidence on the potential cumulative effect of these behaviors in
children is still inconsistent. In the review by Leech et al. [10], five studies found evidence of a possible
synergistic effect of multiple EBRB on overweight/obesity whereas seven studies found no association.
Differences in the EBRB indicators used, the statistical methods applied to compute the clusters, the
culture and/or the specific population studied, amongst others, limit the comparability among studies
and could partially explain the lack of agreement.

4.5.3. Measures of EBRB

The low z-scores observed in C6 for all the EBRB could suggest that there might be other
underlying factors associated with overweight/obesity that were not captured by either these EBRB
measures, i.e., engagement in other eating and/or movement behaviors like light PA, or beyond
these EBRB, as mentioned earlier. Therefore, future studies in children may need to target more
comprehensive measures of EBRB. In terms of PA, this could include light PA in addition to moderate
and vigorous PA, structured and unstructured PA, and PA performance during school time and outside
school hours. Assessment of both multiple sedentary behaviors (e.g., screen use (TV, videos, computer,
table, smartphone, etc.), reading, socializing) and of domain-specific behaviors (e.g., sitting at school
or at home, motorized travel) should be considered [43] in future research. Furthermore, the dietary
assessment methodologies applied should provide information not only on the individual foods
consumed but on the overall diet to obtain a better understanding of the dietary factors that are related
to health outcomes. The combination of several dietary assessment methods, such as food frequency
questionnaires and 24-h dietary recalls, is frequently used to fulfill this need. However, the nature of
information to be collected and the methodology should be specified by the survey itself. For instance,
while accelerometry offers a convenient and accurate measurement of PA, it should be kept in mind
that questionnaires are cost-effective, readily accessible to most of the population and have a relatively
low participant burden [43]. These aspects are crucial in surveillance where data are collected in an
ongoing and systematic basis.

4.5.4. Role of Sedentary Behaviors

Our findings showed that most of the clusters that were associated with an increased risk of
overweight/obesity were characterized by high levels of screen time use, regardless of being combined
with other healthy/unhealthy behaviors or not. This suggests that high screen time use could mask the
potential positive role of PA and of a healthy diet on reducing the obesogenic risk. This ‘outweighing’
effect of one particular behavior over another has been reported previously [10,18]. In agreement
with our results, four studies in the review by Leech et al. [10] found a positive association between
overweight and high sedentary behavior. Similarly, Dumuid et al. [18] and Sánchez-Oliva [14] observed
that membership of the high sedentary time cluster was associated with higher BMI and higher risk of
overweight/obesity and with higher body fat percentage, respectively.

4.5.5. Role of Sedentary Behaviors and Sugared Soft Drinks (SSD) Consumption

It deserves attention the fact that clusters that combined both high levels of screen time use
and high consumption of SSD comprised children who were more likely to be overweight/obese.
Leech et al. [12] already showed that TV viewing in combination with energy-dense food and
drinks consumption predicted overweight and obesity among Australian children. Evidence form
cross-sectional, longitudinal, interventional studies carried out in children supports the link between
SSD intake and not only unhealthy weight gain, but other adverse health outcomes such as dental
caries, high blood pressure, earlier timing of puberty, poor sleep and hyperactivity/inattention [44].
This is a matter of concern given that children in these clusters are simultaneously engaged in two
unhealthy behaviors and, therefore, could be at an increased risk of developing health issues linked to
these behaviors not only during childhood, but also during adolescence and adulthood.
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4.6. Strengths

The main strengths of this study include the application of standardized data collection procedures
across countries, the large sample size of more than 60,000 children from diverse geographical areas of
Europe and Asia, and the country-based sampling strategies designed to yield nationally representative
samples. The inclusion of important obesity-related EBRB, the use of objectively measured height and
weight, and the adjustment of regression models for important confounders can also be regarded as
study strengths. Furthermore, cluster analysis, a data-driven approach, is able to identify clusters of
EBRB patterns, which offers certain superiority as opposed to a priori methods such as indexes [34].

4.7. Limitations

These findings should be interpreted in the context of several limitations. The cross-sectional
design of this study does not allow us to make any causal inferences. Differences in sampling methods
and target age group(s) across countries should be regarded as a study limitation. Despite the large
sample size and the fact that countries selected nationally representative samples, the survey nature of
the data and the differences in each country contribution to both the groups sample and population
were not considered in the analyses. Therefore, it should be kept in mind when interpreting these
findings that they refer to the study sample rather than to any population. Moreover, some degree of
selection bias cannot be precluded given the low levels of participation observed in some countries.

Further limitations include the parentally reported EBRB variables which are subject to
measurement error, recall bias and socially desirable answers. Therefore, a certain degree of differential
misreporting, i.e., over-reporting of healthier behaviors and under-reporting of those regarded as less
healthy, cannot be precluded. Also, the parental estimates of their children’s behavior patterns may
be error-prone, especially when these behaviors took place out of home or in the child’s bedroom.
School-based PA was not captured by the questionnaire and, therefore, estimates rely only on PA
during free time. One of the major challenges in nutritional epidemiology is the measurement error
in dietary intake data and, therefore, misreporting cannot be ruled out, especially among parents
with overweight/obese children [45]. Furthermore, the nature of the questionnaire could lead to an
underestimation of those food items that were consumed several times a day such as F&V intake.
Therefore, intakes of F&V in this sample could be higher than those observed in these analyses. The fact
that the reliability of the questionnaire has not been examined yet should be regarded as another
study limitation. Nevertheless, the COSI food frequency consumption list was designed as an easily
applicable monitoring tool to get an overall indication of the children’s usual consumption frequencies
of a food group, but it did not include portion sizes. Besides, the low cost and ease of administration of
the questionnaires makes them the most common tool used in large epidemiological and surveillance
studies, despite their methodological limitations.

It should be acknowledged that the grouping of the countries was not perfect and that the use of
another grouping system could have resulted in a more accurate grouping. For example, Georgia is not
an Asian country as it is located between Western Asia and Eastern Europe. However, the grouping of
the countries was limited by the number of countries with available data. Furthermore, the clustering
of EBRB and the prevalence of overweight and obesity observed within each group do not represent
the current picture of the entire region as many countries were not included in the analyses. Therefore,
no attempts should be made to compare data across regions/groups of countries. Nevertheless,
it was preferred to group the countries rather than following a country by country approach given
the advantages of the former approach in terms of data analysis and reporting and interpretation of
the results.

The data-driven and person-centered nature of the cluster analysis approach is also subject to
several limitations such as a high degree of subjectivity and lack of generalization of findings to
other populations. This implies the need for caution when comparing our results with other studies.
Furthermore, there is no agreement on how to best minimize subjectivity when determining the optimal
number of clusters [46]. Several clusters were common across groups with similar characteristics;

51



Nutrients 2019, 11, 511

however, they did not necessarily have the same exact characteristics such as identical levels of a
given EBRB indicator. Furthermore, data was collected across all four seasons and, therefore, cluster
membership could be different between seasons.

5. Conclusions

Our study identified clustering patterns of diet, PA and screen time in children, and across
European and Asian countries. These findings showed the importance of following a healthy lifestyle
to prevent overweight/obesity and support the hypothesis that unfavorable weight status is associated
with a particular combination of EBRB patterns. However, associations differed by group of countries
and cluster characteristics. These discrepancies might suggest that more behaviors beyond these four
may need to be targeted. Obesity prevention strategies need to consider the synergistic effect of these
behaviors, and future public health initiatives should target a reduction in screen time use and SSD
intake coupled with increased levels of PA and F&V intake. Examining the stability or evolution
of the clusters over time in this age group and the associations between cluster membership and
sociodemographic factors are potential areas of further research.
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Abstract: Eating in response to negative emotions (emotional eating, EE) may predispose an
individual to obesity. Yet, it is not well known how EE in children is associated with body mass index
(BMI) and health behaviours (i.e., diet, physical activity, sleep, and TV-viewing). In the present study,
we examined these associations in a cross-sectional sample of 5426 (54% girls) 9–11-year-old children
from 12 countries and five continents. EE, food consumption, and TV-viewing were measured
using self-administered questionnaires, and physical activity and nocturnal sleep duration were
measured with accelerometers. BMI was calculated using measured weights and heights. EE factor
scores were computed using confirmatory factor analysis, and dietary patterns were identified
using principal components analysis. The associations of EE with health behaviours and BMI
z-scores were analyzed using multilevel models including age, gender, and household income as
covariates. EE was positively and consistently (across 12 study sites) associated with an unhealthy
dietary pattern (β = 0.29, SE = 0.02, p < 0.0001), suggesting that the association is not restricted to
Western countries. Positive associations between EE and physical activity and TV viewing were not
consistent across sites. Results tended to be similar in boys and girls. EE was unrelated to BMI in this
sample, but prospective studies are needed to determine whether higher EE in children predicts the
development of undesirable dietary patterns and obesity over time.

Keywords: eating behaviour; psychological eating style; negative emotions; Emotion-Induced Eating
Scale; health behaviour; BMI

1. Introduction

Childhood obesity rates are high in both developed and developing countries [1]. It is likely that
the most important contributors are the increased availability of energy-dense foods and a reduced
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need for physical activity—the current obesogenic environment. Many individual characteristics
could be relevant for explaining the differential susceptibility to the development of obesity among
individuals in the same environment. One example is emotional eating (EE), which refers to a tendency
to eat more in response to negative emotions [2,3]. According to the EE theory (also called the
psychosomatic theory), individuals with EE use eating to reduce the intensity of negative emotions [2].
This is considered a poor coping strategy, and such difficulties in emotion regulation may be one
possible mechanism underlying EE [4]. Foods consumed in response to negative emotions are usually
high in sugar and/or fat [3]. These palatable foods provide hedonic pleasure and instant reward, which
may distract from the experience of negative emotions [3]. Because an expected normal physiological
reaction to negative emotions is a suppressed appetite [3,5], EE may interfere with physiological
regulation. It may therefore represent a risk factor for becoming overweight and obese. Several studies
have indeed suggested this might be the case in adults, since EE has been found to correlate positively
with body mass index (BMI) [6–9] and to predict weight gain [10,11].

However, in children, empirical evidence regarding the association between EE and obesity is far
from conclusive. Cross-sectional studies conducted with children (mean age between 7 and 13 years)
have reported a positive association [12–18], no association [19,20], or even an inverse association [21–23]
between EE and BMI/being overweight. It is possible that some of these inconsistencies are related
to the use of different approaches to measure EE in previous work. Even though it has been shown
that there is a good agreement between self-reported and parent-reported EE [13], the majority of the
studies reporting positive associations with BMI/being overweight have employed parent-reported
EE [12,14–18]. In contrast, self-reported EE has been employed in studies reporting an inverse association
with BMI/being overweight [21–23]. Regardless, broader measures of emotion dysregulation have also
been associated with obesity in children. For example, emotion-driven impulsiveness was associated
with increased BMI z-scores in a large sample of 12–18-year-old children [24]. In longitudinal studies,
parent-reported EE at the age of 5 to 6 years predicted higher BMI in 7–8-year-old children [25],
but parent-reported EE at the age of 6 years was not associated with changes in BMI standard deviation
scores in children aged 6 to 8 years [26].

Health behaviours, such as adhering to a healthy diet and getting adequate physical activity
and sleep, are potentially important in prevention of childhood obesity [27–29]. As in adults, EE has
been associated with a higher consumption of salty and sweet energy-dense foods and soft drinks
in 12–15-year-old children [30] and a higher consumption of sweets and soft drinks in 12-year-old
girls [31]. In contrast, in children aged between 5 and 12 years, no association between EE and the
consumption of snacks [20,32], sweet foods [32], or fatty foods [32] has been reported. Even though
these contradictory findings may be due to methodological issues (e.g., crude measure for snacking,
and parent- vs. self-reported food consumption data), it is currently unclear whether EE is associated
with diet in children under the age of 12 years. The clustering of health behaviours in children [33,34]
raises the question of whether EE is also related to physical activity, sedentary behaviour (such as TV
viewing), and/or sleep duration. Given that these behaviours do not occur in isolation, it is important
to study them simultaneously.

The aim of this study was to examine the associations between self-reported EE, health behaviours
(i.e., dietary patterns, physical activity, sleep duration, and TV viewing), and BMI in 9–11-year-old
children. Because of inconsistent evidence and the limited number of previous studies, the analyses
were exploratory, and we did not have specific hypotheses regarding the directions of these associations.
Previous studies on EE in children have been mainly conducted in Western countries (in Europe
and North America). In this work, we used a large sample from 12 countries and five continents,
which gave us a unique opportunity to examine whether EE is consistently linked to behaviours that
predispose individuals to obesity across countries representing diversity in terms of development,
culture, socioeconomic status, and ethnic backgrounds.
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2. Materials and Methods

2.1. Study Setting and Participants

The present study is a secondary analysis of the International Study of Childhood Obesity,
Lifestyle and the Environment (ISCOLE), which aimed to determine the relationships between
lifestyle behaviours and obesity in children. The details of the ISCOLE protocol have been reported
previously [35]. The cross-sectional sample consisted of 9–11-year-old children from study sites located
in urban and semi-urban areas in 12 different countries from all parts of the world (Australia, Brazil,
Canada, China, Colombia, Finland, India, Kenya, Portugal, South Africa, the United Kingdom, and the
United States). Rural areas were excluded due to logistical concerns. Each study site identified one or
more school districts with a sufficient population to provide a sample of 500 children. The primary
sampling unit within sites was schools, and the secondary sampling unit was classes within the schools.
Schools were stratified by socio-economic status before sampling in order to maximize variability
within sites see [35]. The Institutional Review Board at the Pennington Biomedical Research Center
(coordinating center) approved the overarching ISCOLE protocol, and the Institutional/Ethical Review
Boards at each participating institution approved the local protocols. Parents or legal guardians
provided written informed consent, and children provided their written assent before participation,
as required by local ethics boards. Data were collected from September 2011 through December 2013.

In total, 7372 children participated in ISCOLE [36], of which 5426 (74%) were included in the
present analytical sample. Children who were missing data on one or several of the following variables
were excluded: emotional eating (0.7% were excluded due to lacking data on this variable), dietary
patterns (2.3%), accelerometry (moderate to vigorous physical activity (MVPA) and/or sleep, 16.5%),
TV viewing (0.6%), BMI (0.4%), and household income (11.1%).

2.2. Emotional Eating

EE was measured via the Emotion-Induced Eating Scale (EIES), which was developed using
a sample of over 2000 girls aged 9 to 10 years from the United States by Striegel-Moore et al. [21].
Children completed the EIES as part of a six-page questionnaire. The original EIES consists of seven
items pertaining to emotionally-induced eating, as follows: eating in response to feeling sad, worried,
mad, bored, or happy (e.g., “I eat more when I’m sad”), eating when not hungry, and using food
as a reward. Responses were recorded on a 3-point scale (1 = never or almost never, 2 = sometimes,
3 = usually or always). See Supplementary Materials, Figure S1 for item level frequencies of the
original EIES. However, taking a closer look at the wordings of the original EIES items reveals that two
items out of the seven do not describe eating in response to emotions (“I eat between meals even if I’m
not hungry” and “When I do something well I give myself a food treat”), and one item describes eating
in response to a positive affective state (“I eat more when I’m happy”). EE is traditionally defined as
“eating induced by negative emotions” [2], and it is also suggested that the desire to eat in response to
negative emotions vs. positive emotions are two different constructs [5]. We wanted to adhere to this
definition, and therefore used only the four items describing eating in response to negative emotions
(sad, mad, worried, and bored) to assess EE in this study.

A confirmatory factor analysis (CFA) using a weighted least squares estimation with robust
standard errors and a mean and variance adjusted test statistic (Lavaan package version 0.5.-23.1097 in
the R system of statistical computing) was applied to test whether the four items describing eating
in response to negative emotions loaded onto a one-factor latent construct. The items were used as
ordinal variables in the analysis. The CFA was first conducted for the pooled data and then repeated
for each study site and both genders separately. When evaluating the model fit, Comparative Fit Index
(CFI) and Tucker–Lewis Index (TLI) values ≥0.95, a Root Mean Square Error of the Approximation
(RMSEA) value ≤0.06, and a Standardized Root Square Mean Residuals (SRMR) value ≤0.08 were
considered to indicate a good fit between the model and data [37]. Based on these criteria, the model
showed an excellent fit for the pooled data (χ2(df) = 2.660(2), p for χ2 = 0.264, CFI = 1.000, TLI = 1.000,
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RMSEA = 0.007 and SRMR = 0.006, Table 1). The Cronbach’s alpha value for the four EE items was 0.60.
For comparison, we tested also the original 7-item scale. CFA indicated a poorer fit compared to 4-item
model (χ2(df) = 364.68(14), p for χ2 < 0.001, CFI = 0.96, TLI = 0.94, RMSEA = 0.06, and SRMR = 0.04).
Furthermore, the Cronbach’s alpha value for the 7-item scale (0.65) was not substantially higher than
the respective value for the 4-item scale, especially because alpha always increases when more items
are added [38]. These results further supported our initial decision to include only the four items
measuring eating in response to negative emotions.

In the gender-stratified analysis, standardized factor loadings were highly comparable between
boys and girls (Table 1). The test of the measurement invariance also indicated strong invariance, since
CFI values changed less than 0.01 [39] when loadings (ΔCFI = 0.001, p for Δχ2 = 0.416), thresholds
(ΔCFI < 0.001, p for Δχ2 = 0.874), and residual variances (ΔCFI = 0.001, p for Δχ2 = 0.182) were
forced equal across the genders in a stepwise manner. There were some differences in factor loadings
between the study sites in the site-stratified analysis, especially regarding the item about eating in
response to boredom (factor loadings ranged from 0.31 to 0.87 between the sites). The test of the
measurement invariance also indicated that loadings were not equal across the study sites (ΔCFI = 0.03,
p for Δχ2 < 0.001). Yet, since partial metric invariance (equality of factor structure and factor loadings)
was achieved after releasing an equality constraint only for one factor loading (the “bored” item,
ΔCFI=0.008, p for Δχ2 = 0.064), we decided to use the EE factor scores from the pooled data in the
present analyses. However, we also repeated all analyses by using the site-specific EE factor scores
and found that the results remained highly similar (data not shown). EE factor scores were computed
using the Empirical Bayes approach.

Table 1. Confirmatory factor analysis a for Emotion-Induced Eating Scale (EIES) negative emotion items.

n χ2 (df) p-Value CFI TLI RMSEA SRMR

Standardized Factor Loadings
for EIES Items b

Sad Worried Mad Bored

All 7319 2.66 (2) 0.264 1.00 1.00 0.01 0.01 0.79 0.69 0.62 0.46

Gender
Boys 3393 0.32 (2) 0.854 1.00 1.00 <0.01 <0.01 0.79 0.70 0.61 0.44
Girls 3926 6.53 (2) 0.038 1.00 0.99 0.02 0.013 0.78 0.69 0.63 0.49

Country (city/cities)
Australia (Adelaide) 526 0.89 (2) 0.642 1.00 1.01 <0.01 0.01 0.82 0.69 0.65 0.52
Brazil (Sao Paulo) 569 0.26 (2) 0.878 1.00 1.01 <0.01 0.01 0.75 0.70 0.43 0.85
Canada (Ottawa) 566 0.14 (2) 0.932 1.00 1.02 <0.01 0.01 0.94 0.66 0.66 0.41
China (Tianjin) 549 3.27 (2) 0.195 1.00 0.99 0.03 0.03 0.75 0.61 0.83 0.37
Colombia (Bogota) 919 4.20 (2) 0.123 0.99 0.96 0.04 0.03 0.61 0.55 0.53 0.36
Finland (Helsinki, Espoo, Vantaa) 535 1.29 (2) 0.524 1.00 1.01 <0.01 0.02 0.72 0.79 0.58 0.59
India (Bangalore) 620 0.79 (2) 0.675 1.00 1.03 <0.01 0.02 0.62 0.60 0.48 0.44
Kenya (Nairobi) 559 5.11 (2) 0.078 0.99 0.95 0.05 0.03 0.85 0.58 0.47 0.31
Portugal (Porto) 777 3.42 (2) 0.181 1.00 1.00 0.03 0.02 0.74 0.81 0.79 0.87
South Africa (Cape Town) 541 7.31 (2) 0.026 0.98 0.95 0.07 0.04 0.81 0.62 0.62 0.38
United Kingdom (Bath and Somerset) 525 1.08 (2) 0.583 1.00 1.01 <0.01 0.01 0.85 0.69 0.63 0.52
Unites States of America (Baton Rouge) 633 2.02 (2) 0.365 1.00 1.00 <0.01 0.02 0.84 0.76 0.76 0.60

(a) The weighted least squares estimation with robust standard errors and a mean and variance adjusted test statics
was used, and items were used as ordinal variables. The model fit was evaluated with several types of fit indices
including Chi-Square statistics, the Comparative Fit Index (CFI), the Tucker–Lewis Index (TLI), the Root Mean
Square Error of Approximation (RMSEA), the and Standardized Root Mean Square Residual (SRMR). As suggested
by Hu and Bentler [37], CFI and TLI values ≥0.95, RMSEA values ≤0.06, and SRMR values ≤0.08 were considered
to indicate a good fit for the data. Results are presented for pooled data and separately for each gender and country
(city/cities). (b) Sad = “I eat more when I’m sad”, worried = “I eat more, when I’m worried”, mad = “I eat when I’m
mad”, bored = “I eat more, when I’m bored”.

2.3. Dietary patterns

Dietary patterns were defined using data from a self-administered food frequency questionnaire
(FFQ), in which children reported their usual consumption frequency of 23 different food groups,
according to seven response categories ranging from “never” to “more than once a day”. The FFQ
was validated within ISCOLE against 3-day pre-coded food diaries [40]. The identification of the two
dietary patterns has been reported in detail elsewhere [41]. In short, principal components analysis
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(PCA) with an orthogonal Varimax transformation was carried out using weekly portions of the FFQ
food groups as input variables. From the 23 FFQ food groups, fruit juices were excluded from PCA due
to low validity of reporting [40]. Two components were identified and named: (1) an unhealthy diet
pattern, with high loadings for fast foods, ice cream, fried food, French fries, potato chips, cakes and
sugar-sweetened sodas, and (2) a healthy diet pattern, with high loadings for dark-green vegetables,
orange vegetables, vegetables in general, and fruits and berries. The naming was based on previous
knowledge of associations between health and food items that loaded highly on the two dietary
patterns. In total, the two dietary patterns explained 36% of the total variance in reported food
consumption. The unhealthy diet pattern was stronger with an eigenvalue of 4.8 (22% of variance
explained), and the healthy diet pattern was slightly weaker with an eigenvalue of 3.1 (14% of variance
explained). The PCA was also repeated for each site separately, and the resulting site-specific diet
patterns were very similar to the patterns that emerged with the pooled data. In the present paper,
we used the pattern scores from the pooled data in accordance with the EE factor scores.

2.4. Physical Activity and Sleep

The average daily time spent in MVPA and average nocturnal sleep duration were assessed using
the Actigraph GT3X+ accelerometer (Pensacola, FL, USA). The device was worn at the waist on an
elastic belt for 24 hours per day (removing only for water-related activities, such as swimming or
taking a shower) for at least seven days. The minimal amount of data considered adequate to calculate
the average daily MVPA was at least four days with 10 or more hours of daily awake wear time,
including at least one weekend day. MVPA was defined as ≥574 counts per 15 s [42]. Nocturnal sleep
duration was estimated using an algorithm for 24-h accelerometers that was previously validated for
the ISCOLE [43]. This algorithm captures the total nocturnal sleep time from sleep onset to the end of
sleep and distinguishes it from daytime sleep episodes, and its accuracy was shown to be acceptable
when compared to sleep logs [43]. Only nights with valid sleep (total sleep time ≥160 min) were used to
calculate the mean nocturnal sleep duration of the week and adequate data for calculating the average
value was considered at least 3 valid nights, including one weekend night (Friday or Saturday).

2.5. TV Viewing

TV viewing time was determined with a self-administered questionnaire, which was adapted from
the U.S. Youth Risk Behaviour Surveillance system [44]. Children were asked how many hours they
typically watched TV for weekdays and weekend days separately. The response categories (respective
scores) were “I did not watch TV” (0), less than 1 h (0.5), 1 h (1), 2 h (2), 3 h (3), 4 h (4), and 5 or more h
(5). The total score was calculated by weighing the responses for weekdays by 5/7 and weekend days
by 2/7. The TV viewing questions were shown to have adequate reliability (r = 0.55–0.68) and validity
(r = 0.47) in a sample of 11–15-year-old U.S. children [45].

2.6. BMI

Anthropometric measurements were conducted during the school day by trained study assistants.
Height was measured without shoes using a Seca 213 portable stadiometer (Hamburg, Germany) and
weight was measured when participants were barefoot, in light indoor clothing, and without any
pocket items, using a portable Tanita SC-240 Body Composition Analyzer (Arlington Heights, IL).
Two measurements were obtained, and the average was used for analysis. If the first two measurements
were more than 0.5 cm or 0.5 kg apart for height and weight, respectively, a third measurement was
done, and the closest two measurements were averaged for analysis. BMI was calculated dividing the
weight by the height squared (kg/m2). Age- and gender-specific reference data from the World Health
Organization were used to compute the BMI z-scores [46].
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2.7. Covariates

Age, gender, and household income were used as covariates. Parents reported the annual household
income using eight to ten predefined categories designed for each study site. Country-specific income
categories were merged into four levels. It was not possible to achieve exact quartiles, but the aim of the
merging was to ensure the distribution of income was as balanced as possible.

2.8. Statistical analyses

The descriptive results were calculated using IBM SPSS Statistics 24 (IBM SPSS, Chicago, IL,
USA). An independent samples t-test and a χ2 test were used to compare the analytical sample with
excluded children. Since the sample was clustered at three levels (students nested within schools
nested within study sites), the associations between the EE factor scores and dependent variables were
assessed using multilevel linear regression models (PROC MIXED of SAS statistical package version
9.4; SAS Institute Inc., Cary; NC, USA). Study sites and schools nested within study sites were both
considered to have random effects. The denominator degrees of freedom for statistical tests pertaining
to fixed effects were calculated using the Kenward and Roger approximation [47]. The first adjusted
models included age, gender, and household income as covariates. In addition to that, second fully
adjusted models included other health behaviours and BMI z-scores. Since a few earlier studies found
a gender difference in the association between EE and BMI [22,23], we tested the interaction between
the EE factor scores and gender in the fully adjusted models. Multilevel linear regression models were
repeated for each site separately, and in these analyses, schools were considered as having random
effects. Due to the skewness of the EE factor score variable, it was also studied as a categorical variable
with five categories. This variable was formed with two steps: first, children who answered “never” for
all four EE items were categorized into one group, and second, remaining children were categorized
into quarters based on the EE factor scores.

3. Results

3.1. Descriptive Results

The analytical sample of the present study comprised 5426 children (74% of the overall study
sample). Children who were excluded because of missing data showed more tendency towards
EE than the included children (mean (SD) score 0.09 (0.58) vs. 0.03 (0.56), p < 0.001). In addition,
as compared with the analytical sample, they had higher scores for the unhealthy diet pattern (0.22
(1.18) vs. −0.07 (0.93), p < 0.001), watched more TV (TV viewing score 1.8 (1.3) vs. 1.7 (1.2), p = 0.001),
and had higher BMI z scores (0.61 (1.28) vs. 0.44 (1.25), p < 0.001). Also, more boys were excluded from
the analytical sample than girls (28% vs. 25%, p = 0.002). Parents of the excluded children belonged
more frequently to the lowest income group compared with those in the analytical sample (30% vs.
25%, p < 0.001). There were no differences in the scores for the healthy diet pattern, the amount of
MVPA, sleep duration, or age between the excluded and included children.

Out of the analytical sample, 32% of the children answered “never or almost never” to all four EE
items, and 25% answered “never or almost never” to three items and “sometimes” to one item. Only 18
(0.3%) children answered “usually or always” to all four EE items. Descriptive results stratified by
gender and study site including the EE factor scores are presented in Table 2. There were no significant
differences in the EE factor scores between boys and girls (data not shown), except in the United
Kingdom, where girls showed a higher tendency towards EE compared with boys (mean (SD) score
0.10 (0.55) in girls vs. −0.04 (0.50) in boys, t-test = −2.37, p = 0.018).
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3.2. Associations between Emotional Eating, Health Behaviours and BMI

The results from the multilevel linear regression models using the EE score as an independent
variable are presented in Table 3. In the unadjusted models, EE was positively associated with the
unhealthy diet pattern, MVPA, and TV viewing, and inversely associated with the BMI z-score.
No associations were observed between the EE and the healthy diet pattern or sleep duration.
The associations with the unhealthy diet pattern, MVPA, and TV viewing remained significant
after adjusting for covariates (age, gender, and income), other health behaviours, and BMI z-scores.
There was an interaction between the EE score and gender only in association with MVPA (p = 0.02).
The association between EE and MVPA was positive for both genders, but it was stronger in boys
(β = 3.31, SE = 0.86, p = 0.0001) than in girls (β = 1.28, SE = 0.60, p = 0.035, Table 4).

The adjusted multilevel linear regression models were repeated for each site separately (Table 4).
The positive association observed between the EE score and the unhealthy diet pattern was consistent
across the study sites, but the significant positive association between EE and MVPA was observed only
in Colombia and South Africa, and the significant positive association between EE and TV viewing
was observed only in Canada and China.

When EE was included in the adjusted multilevel linear regression models as a categorical variable
to account for the skewness of the original continuous variable, the results remained highly similar
(Table 5). Compared to children with no EE, children in all EE quarters had higher unhealthy diet
pattern scores, and this association followed a linear pattern according to the EE score quarters. A linear
positive association was also found between the categorical EE variable and MVPA, and there was
a significant, but not very strong, interaction with gender (p = 0.04). The association was significant
for both genders, but it was stronger for boys. The categorical EE variable was also associated with
TV viewing, but the association was not linear. Similar to the continuous EE score, the categorical EE
variable was not associated with the healthy diet pattern, sleep duration, or BMI z-score.
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4. Discussion

In this large, international sample of 9–11-year-old children, we found a positive association
between EE and an unhealthy diet pattern. The novel finding of this study was that this positive
association appeared to be consistent across the 12 study sites representing very different cultural and
environmental settings. This is an important contribution to the current literature which has been
almost completely focused on Western countries. We also found that EE was positively associated with
both MVPA and TV viewing, yet these patterns were not consistent across all study sites. There were
no associations between EE and healthy diet pattern, nocturnal sleep duration, or BMI z-score.

Our findings regarding the positive association between EE and the unhealthy diet pattern and
the lack of association between EE and the healthy diet pattern support the earlier findings mainly in
adults [3] that EE is especially associated with increased consumption of sweet and high-fat foods,
which are generally considered to be highly palatable. Previous studies in 12–15-year-old children have
also indicated that EE is associated with higher consumption of energy-dense foods and soft drinks,
but it is not associated with the consumption of fruits and vegetables [30,31]. It must be noted that in
addition to the palatability and nutrient composition of foods, food choice in response to emotional
state might also reflect the availability and accessibility of foods. Many foods included in the unhealthy
diet pattern (i.e., fast foods, ice cream, fried food, French fries, potato chips, cakes, and sugar-sweetened
sodas) are ready to eat and are easily obtainable, even for 9–11-year-olds. However, one cause of EE
may be poor emotion regulation in general [4], and it has been shown that adolescents (mean age
13.6 years) who are having difficulties with adequately regulating their negative emotions consume
snacks, especially energy-dense snacks, more frequently [48]. Yet, because our study, as well as most of
the earlier research regarding the association between emotional eating and diet, was cross-sectional,
we cannot rule out the possibility of a reverse relationship. That might be the case if an unhealthier
diet is associated with a decreased mood, or impaired hunger control, making it easier to eat in
emotional states.

Interestingly, in 5–12-year-old children, an age group closer to the present sample age range, no
association between self-reported EE and food consumption has been reported previously [20,32].
One explanation for these contradictory findings may be differences in how diet was measured.
Van Strien and Oosterveld [20] asked one simple question about the weekly frequency of consumption
of sweet and/or savoury snacks with four answer options (never/sometimes/often/everyday),
which might not have allowed enough variance to detect a possible association. In the study by
Michels et al. [32], food consumption was reported by the parents, and it is possible that foods eaten in
response to emotions are eaten without the knowledge of the parents. It has also been suggested that in
children aged 6 to 18 years, self-reporting of dietary intake is more valid than parental reports [49,50].

As mentioned above, the positive association between EE and the unhealthy diet pattern appeared
to be similar in all 12 countries. All beta estimates were positive, but there were some differences in
the sizes of the estimates. The significance of these differences was not tested, because comparing each
country against all of the remaining countries was outside of the scope of this study. Yet, similar findings
across different countries suggest that the association between EE and the unhealthy diet pattern is
not restricted to Western countries and their cultural and food environments. A normal physiological
reaction to negative emotions is expected to be a suppressed appetite [5]. So, rather than being an
innate characteristic, EE is most likely learned [51], and, for example, the home environment [52] and
parenting [53] may affect this process. Our results suggest that the association between EE and unhealthy
food consumption in children is independent, or at least not fully dependent, on the culture and culturally
learned behavioural patterns.

We found a small but significant positive association between EE and the amount of both daily
MVPA and TV viewing. However, in contrast to the association with the unhealthy diet pattern,
these associations were not consistent between all study sites. The significant positive associations
between EE and these outcomes were observed only in two out of 12 sites (Colombia and South
Africa for of MVPA and Canada and China for TV viewing). These findings need further clarification
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and replication in other study samples, because unassessed local factors may influence the observed
relationships. For example, children undertake MVPA under a variety of contexts, and given that
accelerometry was used to measure MVPA, we have detailed information on the level and pattern of
MVPA but not the cultural, social or environmental context under which MVPA was performed.

We hypothesized that EE might be related to MVPA and TV-viewing, because unhealthy behaviours
tend to cluster in children [33,34]. The observed positive association between EE and MVPA was in
contrast to that hypothesis. To our knowledge, only one study has previously examined the association
between EE and physical activity in children, with no association between EE and weekly frequency of
doing sports reported [20]. However, in that study, the amount of physical activity was measured with
one simple question, whereas in the present study, MVPA was measured objectively using accelerometers.
A few earlier studies support our finding regarding a positive association between EE and TV viewing.
Ouwens et al. [54] reported a small but significant positive correlation between EE and TV viewing,
and in another study, a significant positive correlation was found, but only in girls [20].

As the present study was cross-sectional, future studies are needed to determine the causal
relationship and possible mechanisms for the association between EE and both MVPA and TV viewing.
One might only speculate that children with high EE could compensate for this behaviour with a higher
amount of MVPA. On the other hand, it may be that children with high MVPA eat more overall as well
as during emotional situations. There is also a possibility that children with high MVPA have more
hobbies, including those involving physical activity in competing environments, which might lead
to more stress and subsequently EE. TV viewing is associated with higher intakes of sweet and salty
snacks and carbonated beverages [55], and Ouwens et al. [54] found that the association between TV
viewing and snacking was stronger in children with high EE. Distraction caused by the television can
lead to diminished awareness of hunger and satiety, and eating in front of television can be considered
“mindless eating”, which has been shown to be closely related to EE in children [56]. It is also possible
that there is a third unmeasured variable explaining the association. For example, children with high
negative affectivity could watch more TV as well as display more EE.

We did not find an association between EE and BMI z-scores in the fully adjusted model. In line with
our findings, other studies have also reported no difference in self-reported [20] and parent-reported [19]
EE between normal weight and overweight 7 to 15-year-old children. However, several studies have
also found a positive association [12–18]. In children, EE has been measured using self-reported or
parent-reported questionnaires, and it has been shown that there is good concordance between these two
approaches [13]. However, it seems that the majority of the studies reporting positive associations with
BMI/being overweight have used parent-reported EE [12,14–18], and some studies using self-reported
EE have even found an inverse association with BMI/being overweight [21–23]. It remains an interesting
question for future studies as to whether inconsistent findings could be partially explained by the
different reporting methods for EE.

We found a weak but significant negative association between self-reported EE and BMI z-scores
in the unadjusted model, but after adjusting for other health behaviours (including MVPA), it was no
longer significant. This result is probably due to including MVPA in the model, since EE was positively
associated with MVPA in our sample, and MVPA was the strongest significant predictor of a lower
BMI [36]. In earlier studies that reported a negative association [21–23], physical activity was not taken
into account. Altogether, our results strengthen the existing literature that, in children, EE does not
seem to be as clearly associated with obesity as in adults.

It is interesting and somewhat controversial that EE was associated with the unhealthy diet pattern
but not with BMI. However, in the ISCOLE sample, the unhealthy diet pattern was not associated with
BMI [36]. It should be noted that the diet pattern scores describe dietary quality instead of energy
intake per se, which may be more closely related to BMI. Nevertheless, it has been shown that food
choices determined by dietary patterns track into adulthood [57]. It might be that EE already leads
to the unhealthy diet pattern during childhood, but its consequences, such as excess weight gain,
are visible only later in life. To our knowledge, there are no prospective studies examining these
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associations from childhood to adolescence or adulthood, but in one previous study, parent-reported
EE of 5 to 6-year-old children predicted a higher BMI in 7 to 8-year-old children [25]. In adults, EE has
also been shown to predict weight gain [10,11].

We did not find any interactions between EE and gender in association with dietary patterns,
TV viewing, sleep duration, or BMI z-scores. Yet, the positive association between EE and MVPA was
significantly stronger in boys. Further studies are needed to clarify and explain this observed interaction.
In our study, there was no difference in reported EE between boys and girls, which is consistent with
some previous findings [12,23], but not all, since Snoek et al. [22] found that 11–16-year-old girls reported
more EE than boys. In site-specific analyses, we found that in the United Kingdom, higher amounts of
EE were reported among girls than boys. The difference between mean EE scores was small (0.10 (0.55)
in girls vs. −0.04 (0.50) in boys), and it is possible that the significant difference emerged by chance due
to multiple testing (type I error).

A potential limitation of the present study was that EE was self-reported. However, Braet et al. [13]
compared children’s self-reported EE vs. parent-reported EE and found that the agreement between
reporting was good enough to conclude that it is possible to rely on either of the informants, especially
for children aged 10 years and older. We measured EE using the EIES, which was developed in a similar
age group as our sample. Even though the internal consistency was less than optimal for the four EIES
items (Cronbach’s alpha value 0.6), the excellent fit of the one-factor CFA model and high factor loadings
supported the unidimensionality of the scale. In addition, the percentage of children reporting no EE in
our study was 32%. Similar percentages have been reported previously, regardless of the questionnaire
or the reporter. In one study using the child-version of the Dutch Eating Behaviour Questionnaire
to measure self-reported EE, 45% of the children reported that they never expressed EE [54], and in
the other study, approximately 35% of the parents reported that their child never displays EE using
the Children’s Eating Behavior Questionnaire [18]. As well as EE, diet was also self-reported. It has
been suggested that in children aged 6 to 18 years, self-reporting of dietary intake is more valid than
parental reporting [49,50]. Furthermore, in that age group, a relatively short (20–60 items) FFQ without
requirement for portion size estimation, as used in the present study, has been suggested to be a valid
method for measuring self-reported diet [49].

A further limitation was that the excluded children reported more EE, had higher scores on
the unhealthy dietary pattern, watched more TV, and had higher BMI z-scores. This finding fits
well with the hypothesis that unhealthy behaviours tend to cluster [33,34]. It is possible that this
selection effect has attenuated the observed associations, and it may affect the generalizability of the
results, although the observed differences between two groups were quite small, albeit statistically
significant. Furthermore, it should also be mentioned that children’s opportunities to eat in response to
negative emotions depend on how often they experience these emotions. Unfortunately, no measures
of emotions, mood, or stress were included in the present study, because it was a secondary analysis of
existing ISCOLE, and the questionnaire was originally designed to address the main research questions.
Finally, the cross-sectional nature of the data does not allow any conclusions about the causality of the
observed associations or their direction to be formed. However, a particular strength and novel aspect
of this study is that the same EE questionnaire and outcome measures were used in a large and truly
international study sample. We were also able to study multiple health behaviours simultaneously,
and MVPA, sleep duration, and BMI were measured objectively.

5. Conclusions

In conclusion, we found a significant positive association between EE and an unhealthy diet
pattern, which was consistent across the 12 different study sites. As previous studies have been almost
completely focused on Western countries, this extends the present knowledge by suggesting that
the association between EE and unhealthy diet pattern is not restricted to Western countries and
their cultural and food environments. It is possible that EE can already lead to an unhealthy diet
pattern during childhood, but its consequences, such as excess weight gain, are visible only later in life.
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The associations between EE and other health behaviours were either inconsistent between sites or not
significant. We observed no association between EE and BMI z-scores. Prospective studies in different
cultural contexts are needed to determine whether higher EE in children leads to an undesirable diet
and subsequent obesity over time.
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Abstract: Lifestyle behavioral habits such as excess screen time (ST), a lack of physical activity
(PA), and high energy-dense food consumption are associated with an increased risk of children
being overweight or obese. This study aimed to (1) track longitudinal adherence to PA and ST
recommendations at baseline (T0) and follow-up (T1) and (2) assess the association between changes
in adherence to PA and ST recommendations and food and beverage consumption at follow-up. The
present study included 2321 preschool children (3.5 to 6) participating in the multicenter ToyBox-study.
A lineal mixed effects model was used to examine the association between different types of food
and beverages and their relationship with changes in adherence to PA and ST recommendations.
Approximately half of the children (50.4%) did not meet the PA and ST recommendations at both
baseline and follow-up. However, only 0.6% of the sample met both PA and ST recommendations.
Preschool children who met both recommendations consumed fewer fizzy drinks, juices, sweets,
desserts, and salty snacks and consumed more water, fruits and vegetables, and dairy products than
did those not meeting both recommendations. In conclusion, the proportion of European preschool
children adhering to both PA and ST recommendations was very low and was associated with a low
consumption of energy-dense foods.

Keywords: screen time; physical activity; preschool children; food and beverage consumption
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1. Introduction

Being overweight or obese during childhood and adolescence is a major public health challenge [1].
Excess weight gain during childhood is associated with long-term health risks and adult diseases such
as cardiovascular disease, type 2 diabetes, and hypertension [2]. Behaviors such as excessive screen
time (ST), a lack of physical activity (PA), and high consumption of energy-dense foods have been
shown to be independently associated with increased risks of being overweight or obese in children,
adolescents, and adults [3]. Individually and combined, high sugar-sweetened beverage and low fruit
and vegetable consumption are associated with an increased obesity risk [4,5], while behaviors such as
PA appear to be protective [6,7]. Hence, it is crucial that interventions during childhood target lifestyle
behaviors such as diet, physical activity, and sedentary behavior, which are established in early years
and track into adulthood [8].

PA guidelines for preschool children recommend that preschool children should spend at least
180 min per day doing PA [9]. Limited evidence suggests that a total daily physical activity volume
of 10,000–14,000 steps per day is associated with 60–100 min of moderate vigorous PA in preschool
children [10]. De Craemer et al. [11] proposed using 11,500 steps per day as an attainable and realistic
cut-off for PA recommendations, helping to promote PA among preschool children. Regarding ST,
established guidelines for preschool children (one- to five-year-olds) state that they should limit TV
viewing and use of other electronic media such as computers, DVDs, and other electronic games to less
than one hour per day [9].

ST has been shown to be associated with increased energy-dense food and beverage consumption
and decreased fruit and vegetable (F & V) consumption in preschool children [12]. In European children
participating in the IDEFICS study, low time spent on moderate to vigorous physical activity (MVPA)
was associated with a low consumption of vegetables and yogurt and high fast food consumption [13].
A low socioeconomic status was also associated with consumption of high energy-dense foods,
increased ST, and low levels of PA [14,15].

To the authors’ knowledge, there are no studies that have investigated the individual and combined
effects of PA and ST on food consumption in preschool children. For this reason, the current study
aimed to (1) track longitudinal adherence to PA and ST recommendations at baseline (T0) and follow-up
(T1) and (2) assess the association between changes in the adherence to PA and ST recommendations
and food and beverage consumption at follow-up (T1).

2. Methods

2.1. Study Design

The ToyBox-study (www.toybox-study.eu) was were a cluster-randomized clinical trial aiming to
prevent obesity in preschool children. It was conducted in six European countries, namely Belgium,
Bulgaria, Germany, Greece, Poland, and Spain. The detailed protocol is described elsewhere [16,17].
In total, 309 kindergarteners and 7056 children aged 3.5–6 years were recruited at baseline (T0), and
5529 children continued at follow-up (T1) [18]. The ToyBox intervention aimed to promote preschool
children’s water consumption, healthy snacking, and PA and limit/interrupt their sedentary time by
improving the children’s physical and social environment both in kindergarten and at home. In this
study, 2321 (33% of the baseline sample) preschool children were included with complete information
from a parental questionnaire and also pedometer information at baseline (T0) and follow-up (T1). Data
collection was carried out in May–June 2012 (T0) and May–June 2013 (T1). The ToyBox-study adhered
to the Declaration of Helsinki and the conventions of the Council of Europe on human rights and
biomedicine. In all countries, ethical approval was obtained from their respective ethical committees
and local authorities.
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2.2. Socioeconomic Variables

Maternal education level (years of education) was recorded in five categories: less than 7 years,
7–12 years, 13–14 years, 15–16 years, and more than 16 years of education. For the purposes of the
analysis, this was then recategorized into three categories: less than 7 years to 12 years, between 13
and 16 years, and more than 16 years of education. The selection of this indicator was based on its
identification as the best proxy indicator of socioeconomic status [19].

2.3. Anthropometric Measures

Body weight was measured in underwear and without shoes using an electronic scale (Type
SECA 861 or SECA 813) to the nearest 0.1 kg, and body height was measured with a telescopic height
instrument (Type SECA 225 or SECA 214) to the nearest 0.1 cm. Body mass index (BMI) was calculated
as weight (kg) divided by squared height (m2). BMI z-scores (zBMI) were computed to classify children
as being of a normal weight, being overweight, or being obese, for which the Cole et al. criteria were
considered [20]. The intra- and interobserver reliability for weight and height was excellent (greater
than 99% and 98%) in all participating countries [21].

2.4. Diet Assessment

Food and beverage consumption was assessed via a parentally reported semiquantitative food
frequency questionnaire (FFQ) [22]. Low to moderate relative validity was observed, which varied by
food and beverage group [23]. Estimated correlations ranged from 0.52 to 0.79. Food and beverage
consumption was expressed as the number of portions per week. In the FFQ, 37 items were included,
and in the current analysis they were merged into 21 groups according to their nutritional content
(the main nutrient being proteins, carbohydrates, or fats). Of those 21, 10 were chosen and entered
into the current analysis because they were considered to be associated with obesity development [24]:
(1) water; (2) fizzy drinks (soft drinks and light drinks); (3) fresh fruit juices and packed juices; (4)
dried, canned, and fresh fruits; (5) dairy products (milk, yogurt, and cheese); (6) sweets (chocolate
and chocolate spreads, cakes, biscuits, and pastries); (7) desserts (smoothies, milk-based desserts, and
sugar desserts); (8) meat and processed meat; (9) salty snacks; and (10) pasta and rice.

2.5. Physical Activity

In all of the countries except Belgium, PA was assessed by means of pedometers (Omron Walking
Style Pro pedometers (HJ-720IT-E2)) assessing the number of steps per day. In Belgium, steps were
measured using ActiGraph (Pensacola, FL, USA) accelerometers. Step counts from the accelerometers
and pedometers were comparable. Evidence of their validity in preschool children indicated high
correlations (daily, r = 0.89). In addition, evidence has suggested that the Omron Walking Style Pro
pedometer is a valid and accurate measure to assess preschoolers’ steps per hour [25]. The devices
were worn on the right hip (secured by an elastic waistband) for six consecutive days, including two
weekend days [22]. The steps were further categorized into two categories, including ≥11,500 steps
per day (if children followed the PA recommendations) and <11,500 steps per day (if children did not
follow the PA recommendations). The selected step count cut-offwas based on Reilly et al. [26] and De
Craemer et al. [11].

2.6. Screen Time

Data on children’s screen time was collected via a standardized proxy-administered parental
questionnaire (i.e., the Primary Caregivers’ Questionnaire). Screen time was used as a proxy indicator
of sedentary behavior. The behaviors assessed included watching TV and DVDs and playing
computer/video games. Parents/caregivers reported frequency for both weekdays and weekend days.
The frequency categories included “never”, “less than 30 min/day”, “30 min to 1 h/day”, “1–2 h/day”,
“3–4 h/day”, “5–6 h/day”, “7–8 h/day”, “8 h/day”, and “more than 8 h/day”. Average hours per day
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of TV/video viewing and personal computer use (separately for weekdays and weekend days) were
summed up to obtain the screen time. To obtain the daily screen time, the average minutes per day,
both for week- and weekend days, were summed up and divided by 7 days. The answers were further
aggregated into two categories, including ≤1 h per day (if children followed the recommendations)
and >1 h per day (if children did not follow the recommendations). These categories were based on the
Australian and Canadian sedentary behavior recommendations, which state that preschool children
should limit their screen time to a maximum of 1 h per day [9,27,28].

2.7. Statistical Analysis

Statistical analyses were performed using Statistical Package for the Social Sciences (version 21.0;
SPSS, Inc., Chicago, IL, USA). Analysis was done for the whole sample, as there were no differences by
sex in all of the included variables as tested using a t-test for continuous variables and a chi-squared
test for categorical variables. In order to evaluate possible changes in the adherence to both behaviors
(ST and PA) between T0 and T1, seven groups were established, reflecting differential combinations
of meeting or not meeting the ST and/or PA recommendations. Figure 1 shows the seven groups
derived from possible combinations of ST and/or PA recommendations. Two of them included children
who got worse in their behaviors from T0 to T1 (meeting both recommendations at T0 and meeting
one of the recommendations at T1; meeting one of the recommendations at T0 and not meeting any
recommendations at T1). Two groups included children who improved in their behaviors from T0 to
T1 (not meeting any recommendations at T0 and meeting one of the recommendations at T1; meeting
one of the recommendations at T0 and meeting both recommendations at T1). The last three groups
included children who maintained their behaviors from T0 to T1 (meeting both recommendations at T0
and T1; meeting one of the recommendations at T0 and T1; and not meeting any recommendations at T0
and T1). After establishing the potential combinations of ST and PA recommendations, a lineal mixed
effects model with random effects for country and food consumption at T1 as predictor variables and
z-BMI, maternal education, and intervention versus control region at T1 as covariates were analyzed.
Marginal means and standard deviations (SE) were used to show differences in food and beverage
consumption by PA and ST recommendation combinations. All statistical tests and corresponding
p-values lower than 0.05 were considered statistically significant.

Figure 1. Proportion of European preschool children in each group. Groups are according to whether
they met physical activity (PA) and/or screen time (ST) recommendations.
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3. Results

Table 1 presents descriptive information on age, gender, BMI categories, z-BMI scores, maternal
education, and country for the total sample, both at the T0 and T1 periods. According to BMI, 2.8% of
the sample at T0 was obese and 10.6% was overweight, while 3.2% of the sample at T1 was obese and
10.3% was overweight.

Table 1. Descriptive characteristics of European preschool children participating in the ToyBox-study.

T0 T1 P-Figvalue

Mean (SE) Mean (SE)

Age (years) 4.74 (0.4) 5.72 (0.4) <0.001
Sex Boys 1209 (52.1) 1210 (52.1) 0.152

Girls 1111 (47.9) 1111 (47.9)
BMI status * Normal weight 1988 (85.7) 1980 (85.3)

Overweight 245 (10.6) 240 (10.3) <0.001
Obese 64 (2.8) 75 (3.2)

zBMI 0.20 (1.0) 0.27 (1.0) <0.001
n (%)

Maternal education <7–12 337 (14.5)
(years) 13–16 947 (40.8) 0.104

>16 965 (41.6)
Center Belgium 522 (22.5)

Bulgaria 74 (3.2)
Germany 284 (12.2) 0.645

Greece 317 (13.7)
Poland 688 (29.6)
Spain 435 (18.7)

Abbreviations: BMI, body mass index; zBMI, body mass index z-score; T0, baseline period; T1, follow-up period; *
BMI according to Cole’s cut-off [20].

Table 2 presents the proportion of the sample adhering to PA and ST recommendations for
preschool children at both time points. Only 12.4% of children at T0 and 8.8% at T1 met the PA
recommendation. In terms of ST, 30.2% of children at T0 and 27.7% at T1 met the recommendations.

Table 2. Number (%) of European preschool children participating in the ToyBox study that met or
did not meet the physical activity and screen time recommendations at baseline (T0) and follow-up
(T1) (n = 2321).

T0
n (%)

T1
n (%)

Physical activity
recommendations *

<11,500 steps/day 2033 (87.6) 2117 (91.2)
≥11,500 steps/day 288 (12.4) 204 (8.8)

Screen time
recommendations **

≤1 h/day 701 (30.2) 644 (27.7)
>1 h/day 1620 (69.8) 1670 (72.3)

* Recommendations according to Reilly et al. [26] and De Craemer et al. [11] ** Recommendations on healthy eating
and physical activity guidelines for early childhood settings in Australia [9,27,28].

Derived from the general linear model, Figure 2 presents the marginal means and SDs of eight
food and beverage groups (F & V, dairy products, desserts, sweets, water, salty snacks, juices, and
fizzy drinks), according to several grouping combinations for meeting or not meeting PA and ST
recommendations at baseline (T0) and follow-up (T1). In general, preschool children who met
both recommendations (PA and ST) consumed less dessert (Figure 2c), sweets (Figure 2d), salty
snacks (Figure 2f), juices (Figure 2g), and fizzy drinks (Figure 2h) and more F & V (Figure 2a), dairy
products (Figure 2b), and water (Figure 2e). In contrast, preschool children who failed to meet the
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recommendations over time had a higher consumption of desserts (Figure 2c), sweets (Figure 2d),
juices (Figure 2g), and fizzy drinks (Figure 2h), and lower consumption of F & V (Figure 2a) and water
(Figure 2e).

Figure 2. Marginal means and SD of food and beverage consumption (number of portions per week)
according to PA and ST recommendations. G1: met both recommendations at T0 and met both
recommendations at T1; G2: met both recommendations at T0 and met one of the recommendations at
T1; G3: met one of the recommendations at T0 and met both recommendations at T1; G4: met one of the
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recommendations at T0 and met one of the recommendations at T1; G5: met one of the recommendations
at T0 and did not meet any recommendations at T1; G6: did not meet any recommendations at T0 and
met one of the recommendations at T1; G7: did not meet any recommendations at T0 and did not meet
any recommendations at T1. Adjusted for maternal education, body mass index z-score at T1, sex,
and center. Abbreviations: PA, physical activity; ST, screen time; SD, standard deviation; T0, baseline
period; T1, follow-up period; F & V, fruits and vegetables; dairy products (milk, yogurt and cheese);
desserts (smoothies, milk-based desserts and sugar desserts); sweets (chocolate and chocolate spreads,
cakes, biscuits and pastries); juices (fresh fruit juices and packed juices); fizzy drinks (soft drinks and
light drinks). (a) F & V, (b) dairy products, (c) dessert, (d) sweets, (e) water, (f) salty snacks, (g) juices,
(h) fizzy drinks.

Table 3 presents the associations between several grouping combinations of meeting or not meeting
the PA and ST recommendations at T0 and at follow-up T1 and food and beverage consumption
at follow up (T1). Seven possible combinations were identified. Approximately half of the sample
(50.4%) did not meet either the PA or the ST recommendations in either period. With the opposite,
only 0.6% of the sample met both PA and ST recommendations at both T0 and T1. Those who did not
meet either recommendation at either time point (T0 and T1) were used as the reference group for
analysis. Those children who met both recommendations at T0 and T1 consumed significantly fewer
milk-based desserts and salty snacks in comparison to those who did not meet either recommendation
at either time point. Those who met both recommendations at T0 and only one at T1 had a significantly
lower consumption of fizzy drinks and salty snacks and higher consumption of F & V in comparison
to the reference group. In addition, those children who met one of the recommendations at T0 and
T1 had a significantly lower consumption of fizzy drinks, sweets, desserts, and salty snacks, and
higher consumption of F & V. Those children who did not adhere to the recommendations at T0 and
met one of them at T1 had a lower consumption of fizzy drinks, juices, sweets, desserts, and salty
snacks in comparison to the reference group. At the same time, those children who met one of the
recommendations at T0 and both at T1 had a lower consumption of fizzy drinks, juices, and salty
snacks in comparison to not meeting either recommendation at either time point. Lastly, a significantly
low consumption of juices, sweets, and salty snacks was observed in those children who met one of
the recommendations at T0 and did not meet any recommendations at T1 in comparison to those who
did not meet the PA and ST recommendations over time.
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4. Discussion

In this study, associations between lifestyle behaviors, i.e., PA and ST and food and beverage
consumption in preschool children, were investigated. The novelty of this report included examining
adherence to both PA and ST recommendations across two time points and its relationship with food
and beverage consumption in a large sample of European preschool children. The main finding of
our study suggests that meeting both PA and ST recommendations at T0 and T1 was associated with
a high consumption of foods considered healthy (F & V and water) and a lower consumption of
energy-dense products (fizzy drinks, sweets, desserts, and salty snacks). In addition, we also observed
a low proportion of children adhering to both recommendations during the follow-up.

The high proportion of children who failed to meet individual PA and ST recommendations at
both periods agreed with results from other longitudinal studies, which observed similar trends. To
our knowledge, there is no study reporting the proportion of preschool children meeting both PA and
ST recommendations at the same time. Studies focusing on PA have reported that the percentage
compliance with MVPA recommendations for European children is generally low [29]. The Health
Behavior in School-Aged Children (HBSC) Study found that only 26% of its sample spent at least 1
h per day in MVPA [30]. Regarding ST, the HBSC study reported that 39% of the children complied
with screen time recommendations [31]. In European children, approximately one-third of the children
failed to meet current screen time recommendations [32]. An Australian study with a follow-up of
three years reported that less than 20% of the sample met the ST recommendations and that screen
time increased over the three-year follow-up. In addition, in an Australian study, participants were
less likely to meet ST recommended guidelines as they got older [33].

In our sample, we found low levels of PA and high levels of ST in preschool children. The
preschool age is an important period, as lifestyle behaviors such as PA and ST are established. However,
different studies have observed that PA decreases during early childhood and adolescence [34,35]
and even more so during the transition period from adolescence to adulthood [35,36]. Regarding ST,
studies have observed an increase in ST during early childhood and also during the transition from
primary to secondary school [37]. Both low PA and high ST have been associated with unfavorable
body composition indicators such as BMI and waist circumference [38–40], both being determinants
of obesity development in adulthood [33]. It has been suggested that ST, particularly TV, has an
important role in the etiology of obesity due to its relationship with other unhealthy behaviors and its
displacement of PA [41]. However, there is little evidence about the relationship between PA and ST
on the one hand and food and beverage consumption on the other hand.

Previously, several cross-sectional studies analyzed the effects of PA or ST (alone) on food and
beverage consumption. In European children (2–10 years old), boys and girls spending less time
doing MVPA were more likely to consume fast food and less likely to consume vegetables and
yogurt than those spending more time doing MVPA [13]. Similar associations were observed in
European adolescents [42]: Those adolescents with the lowest PA levels consumed fewer fruits and
dairy products compared to active adolescents. In a previous publication of the ToyBox study, those
exceeding baseline ST recommendations had a higher consumption of energy-dense foods (sugar-based
desserts, salty snacks, pastries, cakes, and biscuits) and beverages (fizzy drinks, sweet milk, and
juices) than those complying with ST recommendations [12]. Another study reported that high TV
viewing was related to less healthy food options (consumption of sweets and soft drinks) in children
from different countries [43]. A study carried out in Brazil [44] in children less than two years old
observed a positive association between time spent watching TV and the consumption of soft drinks.
Santaliestra-Pasias et al. [45] reported that increased TV viewing and computer and internet use
were associated with higher odds of sugar-sweetened beverage consumption and lower odds of fruit
consumption in European adolescents. In an Australian adolescent sample, TV viewing was positively
associated with energy-dense snack consumption and with higher availability of energy-dense snack
foods at home [46].
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There is consistent evidence to show that consumption of energy-dense foods is positively
associated with low PA and high ST levels. However, research assessing the relationship between
combinations of both PA and ST and food and beverage consumption is very scarce. Although
high levels of both PA and ST have been observed in children [5], no studies have observed the
combined effects of adherence to PA and ST recommendations on food and beverage consumption in
preschool children.

This study had limitations. First, the generalizability of the findings is limited to the specific age
group studied in the current study. The method used to assess PA was a pedometer, aside from Belgium.
However, pedometers are not the gold standard in measuring preschool child PA, and therefore our
results should be interpreted with caution. Nevertheless, the use of a pedometer provided objective
information on PA, specifically in this age group. Information on food and beverage consumption and
ST were collected via parental self-reported questionnaires, which are prone to over- or underreporting.
However, the questionnaires used were developed/adapted and validated for the purposes of the
study [22].

The main strengths of our study included the use of a large and culturally and socioeconomically
diverse sample of preschool children from six different countries across Europe and its longitudinal
design. Information through questionnaires was assessed via standardized and harmonized
procedures [22].

5. Conclusions

This study examined the relationship between adherence to PA and ST recommendations and
food and beverage consumption. In this sample of preschool children, we found that low PA levels and
high ST were associated with an unhealthy food and beverage consumption profile. Preschool children
and their parents should try to increase family time spent at activities promoting physical activity
and to minimize the time they spend on screen time or being sedentary. In addition, public health
interventions should focus on activities aimed at increasing movement in preschool children. Enabling
healthier food and physical activity environments, together with the promotion of positive parental role
modeling, should be prioritized to achieve higher rates of adherence to PA and ST recommendations.
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Iotova, V.; Koletzko, B.V.; Duvinage, K.; et al. Reliability of anthropometric measurements in European
preschool children: The ToyBox-study. Obes. Rev. 2014, 15, 67–73. [CrossRef]

22. Mouratidou, T.; Miguel, M.L.; Androutsos, O.; Manios, Y.; De Bourdeaudhuij, I.; Cardon, G.; Kulaga, Z.;
Socha, P.; Galcheva, S.; Iotova, V.; et al. Tools, harmonization and standardization procedures of the impact
and outcome evaluation indices obtained during a kindergarten-based, family-involved intervention to
prevent obesity in early childhood: The ToyBox-study. Obes. Rev. 2014, 15, 53–60. [CrossRef]

23. Mouratidou, T.; Graffe, M.I.M.; Huybrechts, I.; De Decker, E.; De Craemer, M.; Androutsos, O.; Manios, Y.;
Galcheva, S.; Lateva, M.; Gurzkowska, B.; et al. Reproducibility and relative validity of a semiquantitative
food frequency questionnaire in European preschoolers: The ToyBox study. Nutrition 2019, 65, 60–67.
[CrossRef] [PubMed]

24. Commission of the European Communities. Green Paper: Promoting Healthy Diets and Physical
Activity: A European Dimension for the Prevention of Overweight, Obesity, and Chronic Disease. 2005.
Available online: https://publications.europa.eu/en/publication-detail/-/publication/fb6264c8-c756-47c4-
944d-6d10bc9fce10/language-en (accessed on 9 May 2019).

25. De Craemer, M.; De Decker, E.; Santos-Lozano, A.; Verloigne, M.; De Bourdeaudhuij, I.; Deforche, B.;
Cardon, G. Validity of the Omron pedometer and the actigraph step count function in preschoolers. J. Sci.
Med. Sport 2015, 18, 289–293. [CrossRef] [PubMed]

26. Reilly, J.J.; Coyle, J.; Kelly, L.; Burke, G.; Grant, S.; Paton, J.Y. An Objective Method for Measurement of
Sedentary Behavior in 3- to 4-Year Olds. Obes. Res. 2003, 11, 1155–1158. [CrossRef] [PubMed]

27. Leblanc, A.G.; Choquette, L.; Dillman, C.; Duggan, M.; Gordon, M.J.; Hicks, A.; Kho, M.E.;
Latimer-Cheung, A.E.; Murumets, K.; Okely, A.D.; et al. Canadian Sedentary Behaviour Guidelines
for the Early Years (aged 0–4 years). Appl. Physiol. Nutr. Metab. 2012, 37, 370–380. [CrossRef] [PubMed]

28. Guidelines on Physical Activity, Sedentary Behaviour and Sleep for Children under 5 Years of Age; World Health
Organization: Geneva, Switzerland, 2019.

29. Konstabel, K.; on behalf of the IDEFICS consortium; Veidebaum, T.; Verbestel, V.; Moreno, L.A.; Bammann, K.;
Tornaritis, M.; Eiben, G.; Molnár, D.; Siani, A.; et al. Objectively measured physical activity in European
children: The IDEFICS study. Int. J. Obes. 2014, 38, S135–S143. [CrossRef] [PubMed]

30. Inequalities in Young People’s Health: Health Behaviour in School-Aged Children (HBSC) Study.
International Report from the 2005/2006 Survey. Available online: http://www.euro.who.int/__data/assets/
pdf_file/0005/53852/E91416.pdf (accessed on 9 May 2019).

31. Sigmundová, D.; Sigmund, E.; Bucksch, J.; Bad’ura, P.; Kalman, M.; Hamřík, Z. Trends in Screen Time
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Abstract: This cross-sectional study explores associations between mothers’ and fathers’ food
parenting practices and children’s nutrition risk, while examining whether family functioning
modifies or confounds the association. Home observations assessed parents’ food parenting practices
during dinnertime (n = 73 families with preschoolers). Children’s nutrition risk was calculated using
NutriSTEP®. Linear regression models examined associations between food parenting practices and
NutriSTEP® scores. An interaction term (family functioning × food parenting practice) explored
effect modification; models were adjusted for family functioning to explore confounding. Among
mothers, more frequent physical food restriction was associated with higher nutrition risk in their
children (β = 0.40 NutriSTEP® points, 95% Confidence Interval (CI) = 2.30, 7.58) and among both
mothers and fathers, positive comments about the target child’s food were associated with lower
nutrition risk (mothers: β = −0.31 NutriSTEP® points, 95% CI = −0.54, −0.08; fathers: β = −0.27
NutriSTEP® points, 95% CI = −0.75, −0.01) in models adjusted for parent education and child Body
Mass Index (BMI) z-score. Family functioning did not modify these associations and they remained
significant after adjustment for family functioning. Helping parents to use positive encouragement
rather than restriction may help to reduce their children’s nutrition risk.

Keywords: family meals; food parenting practices; preschoolers; nutrition risk; direct observation

1. Introduction

Nutrition plays a critical role in the growth, development, school readiness, subsequent academic
achievement, and overall health status of young children [1]. Eating preferences and patterns are
established early in life [2] and longitudinal research shows that food preferences and choices during
the preschool years are strongly associated with dietary patterns and food choices later in life [3].
This stability of eating habits from early childhood to adulthood [4,5] suggests that young children’s
eating habits have important implications not only for children’s current health, but also their risk of
future chronic disease [6–8]. Despite the evidence that the preschool age is a key time for establishing
healthy dietary patterns, few Canadian preschoolers are meeting dietary recommendations [9,10].
It is estimated that 11–30% have moderate risk for poor nutritional intake and 10–17% have high
risk, as assessed by the Nutrition Screening Tool for Every Preschooler (NutriSTEP®), a validated
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measure used to assess eating habits and identify nutrition problems in preschool-aged children [11–13].
Nutrition risk can range from under- to overnutrition and, among preschoolers, is defined as the
presence of characteristics that can lead to nutritional deficiencies including poor growth, under or
over consumption of certain food groups, and difficulties chewing or swallowing [11].

Parents are the primary influence in young children’s lives and there is evidence to suggest that
parents’ food parenting practices influence children’s dietary intake [2,14–16] and their resulting risk of
inadequate nutrition, i.e., their nutrition risk [13]. However, existing research exploring the influence
of food parenting practices has produced equivocal results. For example, although early research
demonstrated that restricting access to less healthful foods was associated with higher subsequent
intakes of these foods [17], results from more recent studies suggest that parental restriction may be
associated with healthier dietary intakes among young children [18].

Recent scientific reviews [19,20] have identified that these inconsistent findings may be due to
the methodological limitations of existing research, including a reliance on parental report to assess
food parenting. The validity of such reports is limited due to potential error through inaccurate recall
or bias due to social desirability. Recent research has found inverse associations between parental
report and observed feeding practices [21], as well as no associations at all [22–24]. Therefore, direct
observation is needed to more accurately explore associations between food parenting practices and
children’s nutrition risk.

In addition to a reliance on parental-report measures, the current literature does not account for
the feeding context, including the home environment, in which feeding interactions transpire and
the presence of mothers and fathers during mealtimes. Family systems theory posits that individual
or family behaviors must be understood within the global family context or system [25]. General
family factors, such as family functioning, may moderate the associations of food parenting practices
on children’s nutrition risk because they influence how the feeding practices are experienced by the
child [26]. Family functioning is defined by how family members manage daily routines, communicate
and connect emotionally with one another [26]. There is some evidence that family functioning is
associated with frequency of fast food consumption among adolescent females [27]; however, the
mechanisms by which family functioning influences dietary intake remain largely unknown, especially
among young children.

Although mothers have traditionally held the primary role in feeding children, fathers also play
an important and increasingly more prominent role during feeding interactions [28]. Unfortunately,
fathers have been underrepresented in existing feeding research [28,29]. Mothers and fathers have
been found to differ in the food parenting practices they use [13,30], highlighting the need to explore
the potentially differential relationship between their food parenting and their children’s nutrition risk.
Furthermore, the existing body of literature has been based on studies conducted outside of Canada
where feeding and parenting norms may differ. To date, only two studies exploring food parenting
practices among preschoolers have been conducted in Canada [13,31]; both used parental report of
food parenting practices.

The overall aim of this study is to address the limitations of existing research through a
cross-sectional study to examine the associations between mothers’ and fathers’ food parenting
practices, assessed via direct observation in the home, and children’s nutrition risk among a sample of
Canadian families with preschool-aged children. We hypothesized that: (1) the children of parents
who engage in controlling and pressuring food parenting would have higher NutriSTEP® nutrition
risk scores and therefore poorer nutritional status than those whose parents do not use these food
parenting practices; and (2) children whose parents use positive encouragement during meals would
have lower NutriSTEP® nutrition risk scores than those whose parents do not use these food parenting
practices. The second aim of this study was to examine whether family functioning modifies or
confounds the association of food parenting practices and children’s nutrition risk. We hypothesized
that family functioning would moderate the association between controlling food parenting practices
and children’s nutrition risk. Compared to children from families with high family functioning, the

87



Nutrients 2019, 11, 630

positive associations between controlling food parenting practices and nutrition risk would be stronger
among children from families with low family functioning.

2. Methods

2.1. Participants and Procedure

We recruited families to participate in the Family Mealtime Observation Study (FaMOS) through
a variety of methods including Facebook, posters in daycare centers, visits to library story times and
word of mouth. Families were eligible to participate if: (1) they had a child between the ages of
18 months and 5 years; (2) it was typical for the family to eat meals together; and (3) parent(s) were
able to speak and respond to surveys in English. In families with more than one child within our target
age range, the child with the closest birthday to the date of the first home visit was chosen to be the
target child; in the case of twins, a coin was flipped to randomly choose the target child.

Once families were confirmed as eligible to participate, a research assistant (RA) visited each
family in their home at a time that was convenient for the family. During this visit, parent(s) provided
consent on behalf of themselves and their child(ren) to participate. All children in the family provided
assent to be video-recorded and the target child provided additional assent to have their height and
weight measured. Where possible, in two-parent homes, both parents were asked to be home during
this initial visit. The parent(s) decided on which three mealtimes over the following days would be
recorded. All observations collected were of the evening meal. The evening meal was chosen as it
was identified by parents as the typical “family meal” and, in two-parent homes, the time when both
parents usually ate with the target child. Families were reminded that we wanted to see “typical”
family mealtime experiences and that there was no reason to do anything special on the nights they
recorded their meal. In cases where English was the family’s second language, families were reminded
to speak English during the recorded mealtimes. Each family was provided with a video camera and
tripod to record their meals and the RA assisted the parent(s) with the initial video camera set-up and
placement to ensure that all family members were in-view of the recording and that their faces could
be seen. The RA measured parents’ and target children’s heights using a calibrated stadiometer and
weights using a calibrated electronic scale. Following the home visit, we emailed parents a link to a
15-min online questionnaire, which asked them to report on their food parenting practices and aspects
of their home environment, and to complete a nutrition risk questionnaire for the target child. In two
parent families, each parent was sent an individual link to the questionnaire to complete.

On the evenings that a family was scheduled to record, an RA called or texted the family 15 min
prior to the scheduled start of their mealtime to remind them to turn on the camera. Families were
asked to record their entire meal. Study staff was not present during mealtime recordings. One hour
after the family meal, an RA called or texted the family to confirm that they were indeed able to record,
and to note any atypical events that may have occurred during the meal (i.e., target child had an
atypical temper tantrum during the meal, camera ran out of battery, etc.). If the family was unable to
record, another date was chosen for recording.

Following the recording of the three meals, an RA visited the family home again to pick up the
camera. During this second home visit, the RA confirmed that three observations were recorded on
the camera and that the parent questionnaires had been completed. Families were provided a $50
grocery gift card for participating. This study was approved by the University of Guelph Research
Ethics Board (REB#14OC033).

2.2. Measures

Observed food parenting practices: we used the Family Mealtime Coding System (FMCS) [23,32]
to measure mothers’ and fathers’ feeding practices. The FMCS was created to reflect the Child Feeding
Questionnaire [33] and seven of its subscales were used in the current study: pressure for target child
to eat (“eat three more bites”), physical prompts for target child to eat (spoon feeding child or putting
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food on the utensil for child to pick up), verbal restriction of target child’s food consumption (“you
can’t have any more”), physical restriction of target child’s food consumption (moving a specific food
away from child), food rewards to encourage target child to eat (“if you eat your peas, you can have
ice cream”), non-food rewards to encourage target child to eat (“if you finish your meal, you can
watch TV”), and positive comments about food (either comments about food in general, the parent’s
own food, or the target child’s food, explored separately) [23]. All instances of each food parenting
behavior were logged and frequencies of occurrence for each behavior were calculated for the mealtime
observation. The FMCS has been found to be a reliable measure of food parenting practices among
preschool aged children (inter-rater reliability >86.5%) [23,32].

Target Child’s Nutrition Risk: we measured the target child’s nutrition risk using the Nutrition
Screening Tool for Every Preschooler (NutriSTEP®) [11]. NutriSTEP® was developed by registered
dietitians and is a 17-item questionnaire used to assess eating habits and identify nutrition problems in
preschool aged children (3–5 years) across five subscales: eating behaviours, dietary intake, parental
concerns about food and activity, screen time duration, and the use of supplements [11]. The primary
parent (parent who completed the questionnaire first) completed the NutriSTEP® questionnaire
for the target child. NutriSTEP® has been validated against registered dietitians’ assessment of
children’s nutritional status (based on medical and nutritional history, three-day food records and
anthropometric measurements) among a large sample of ethnically and geographically diverse families
in Canada [11]. Scores on NutriSTEP® and registered dietitians’ ratings were correlated (r = 0.48,
p = 0.01) and the questionnaire was found to be reliable when completed by parents on two separate
occasions, 2–4 weeks apart (kappa >0.75) [11]. Individual questions are answered using a tailored
Likert scale, which are then coded into a numerical score through the use of the designated NutriSTEP®

coding system. These scores are then summed to generate a nutrition risk score for the target child
(ranging from 0 to 68), with higher scores representing greater nutrition risk. For descriptive purposes,
scores were tabulated to determine three levels of risk of poor nutrition based on the standardized
NutriSTEP® cut-offs: low (scores ≤20), medium (scores 21–25), and high (scores >25) [11]. A medium
score identifies a level of risk that can be managed by public health services and a high score indicates
risk requiring further assessment by a registered dietitian. For regression analyses, NutriSTEP® scores
were explored as a continuous variable.

2.3. Covariates and Moderating Variables

Parental Educational Attainment: as an indicator of socio-economic status, mothers and fathers
reported their educational attainment individually on an eight-point Likert Scale ranging from eighth
grade or less to Postgraduate Training or Degree. Responses were dichotomized to graduated
college/university and less than a college/university education.

Child Body Mass Index (BMI): trained research assistants measured children’s heights and
weights during home visit 1, as described above. Based on the World Health Organization (WHO)
growth charts, we calculated BMI z-scores using WHO Anthro Software (version 3.2.2, WHO, Geneva,
Switzerland) to assess child weight adjusted for age and gender.

Family Functioning: we measured family functioning using the “general functioning” subscale
of the McMaster Family Assessment Device (FAD) [34]. Because family functioning is a family-level
variable, we used the primary parent’s report of family functioning. The scale consists of statements
about families to which participants indicated the degree to which they agreed on a four-point scale
(strongly disagree to strongly agree) and includes items that measure the overall health/pathology of
the family relating to six dimensions of family functioning: (a) problem solving; (b) communication;
(c) roles; (d) affective responsiveness; (e) affective involvement; and (f) behavioral control. The FAD
has been validated against experienced family therapists’ clinical ratings and found to correspond
with clinicians’ ratings of healthy and unhealthy families; ‘general functioning’ subscale (t (39) = 2.49,
p < 0.05) [35]. Test-retest reliability has also been reported for the ‘general functioning’ subscale
when completed by participants one week later (r = 0.71) [35]. We averaged responses to each of the
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12 items comprising the ‘general functioning’ subscale to create an overall score; higher scores indicate
lower levels of family functioning [34]. In our sample, the Cronbach’s alpha for this subscale was
0.86, indicating strong internal consistency. For descriptive purposes, a cut-off of 2.17 was used to
distinguish high and low functioning families (<2.17 = high functioning, ≥2.17 = low functioning) [35].
For regression analyses, family functioning was explored as a continuous variable.

2.4. Data Analysis

Videos of the mealtime observations were coded using Noldus Observer XT 12.5 (Noldus
Information Technology, Wageningen, The Netherlands). To reduce camera reactivity, only mealtimes
two and three were coded; video one was used as a warm-up for families [23]. Videos were coded
by two independent coders who received a standardized training (4 h in length) outlining use
of the Observer XT software and the behaviors to code using the FMCS [23,32]. Prior to coding
videos for the current study, coders were provided with five sample videos and were required to
demonstrate reliability (kappa >0.8) in comparison to pre-determined codes. During analysis, coders
met bi-weekly to discuss coding challenges and to code a video together to ensure adherence to the
coding scheme. Detailed notes from these meetings were kept to document decisions. Both coders
also conducted regular reviews of their own coding to ensure intra-rater reliability during the coding
of the full sample. A random sample of 20% of the videos were coded by both coders to ensure
reliability [36]. We calculated intra-rater and inter-rater reliability using Observer XT’s reliability
function. Our inter-rater reliability (kappa = 0.8) and intra-rater reliability (kappa = 0.82) were both
excellent [37].

Analyses were run separately for mothers and fathers, as previous research has suggested
differences in mothers’ and fathers’ food parenting practices [28]. For both the mothers and fathers,
there were no statistically significant differences in food parenting practices used in videos 2 and
3; thus, scores for parenting practices were averaged across the two observations. We calculated
descriptive and frequency statistics for each food parenting practice to understand the practices used
during mealtimes, as well as Mann-Whitney U-tests of difference between mothers’ and fathers’ food
parenting practices. We ran linear regression models to examine the association between food parenting
practices and children’s NutriSTEP® risk scores. To examine whether family functioning modifies the
association between food parenting practices and NutriSTEP® risk scores, we ran linear regression
models including an interaction term, created using centered variables (family functioning × food
parenting practice). There was no evidence of modification by family functioning (p > 0.05 for the
interaction terms; results not shown); thus, we then included family functioning in the model as a
covariate to examine whether family functioning confounds the association between food parenting
practices and NutriSTEP® risk scores. Based on previous research, all models were adjusted for parent
educational attainment and child BMI z-score [38,39]. Additionally, we explored whether associations
between food parenting practices and child nutrition risk score differed by child gender; results from
stratified models showed no difference by child gender (results not shown). Statistical analyses were
conducted using SPSS version 25 for Mac (PASW, IBM, New York, NY, USA).

3. Results

3.1. Participant and Family-Level Characteristics

Of the families who expressed interest in our study by completing our eligibility screener (n = 112),
two were ineligible because they did not have a child within our target age range, three lived too far
away for RAs to conduct home visits, one indicated that they did not speak English during mealtimes
and 29 of the families did not follow-up to schedule a home visit. We scheduled and completed home
visits with 77 families. We were unable to obtain video data from four families; one family found that
the camera was too distracting for the target child, and three families spoke languages other than
English during their meal recordings.
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Thus, our final sample for analysis consisted of 73 families (137 parents; 74 mothers, 63 fathers).
Most of the parents (n = 73) identified as the “primary parent” (by completing the questionnaire
first) were mothers. The majority of parents in this study were married or living with a partner
(94.5%; Table 1), 85.3% of parents reported having graduated from College or University or more
(i.e., post-graduate degree), and 86.1% of families reported a total household income of ≥$50,000/year.
Moreover, the majority of parents identified as “white” (84.6%). Most of the families in this study
participated in family dinners seven days a week (83.6%) and 90.4% were considered to have high
family functioning (scores <2.17).

Table 1. Parent and family-level characteristics of participants in the Family Mealtime Observation
Study (FaMOS) (n = 73 Families; 137 Parents).

Parental Characteristics (n = 137)

n (%)

Relation to Child

Mother i 74 (54.0)
Father 63 (46.0)

Parental Age in years, mean (SD) 36.1 (9.5)
Parental Educational Attainment

High School Education or Less 5 (3.7)
Some College or University 15 (11.0)
College Graduate 18 (13.2)
University Graduate 50 (36.8)
Post Graduate Training or Degree 48 (35.3)

Parent Race/Ethnicity
White 115 (84.6)
Chinese 5 (3.7)
Latin American 6 (4.4)
Other (South Asian, Southeast Asian, West Indian, Black,

Aboriginal/Indigenous) 10 (7.3)

Parent Birth Country
Outside of Canada 18 (14.9)

Parental Weight Status (BMI, kg/m2) ii, mean (SD) 26.9 (6.5)

Underweight (BMI <18.5) 1 (0.7)
Normal Weight (BMI 18.5–24.9) 56 (43.8)
Overweight/Obese (BMI ≥25) 71 (55.5)

Family-Level Characteristics (n = 73)

n (%)
Family Structure

Married or living with a partner 69 (94.5)
Total Household Income

<$49,999/year 10 (13.9)
$50,000–$99,999/year 25 (34.7)
≥$100,000/year 37 (51.4)

Family Functioning, mean SD 1.62 (0.39)
High (<2.17) 66 (90.4)
Low (≥2.17) 7 (9.6)

Family Dinners (days/week)
Every day (7 days/week) 61 (83.6)
Most days (4–6 days/week) 9 (12.3)
Rarely (<3 days/week) 3 (4.1)

i One same-sex couple. ii Parent weight missing for pregnant mothers (n = 9). SD standard deviation; BMI: Body
Mass Index.

The average age of the target child was 3.3 ± 1.1 years and 56.2% were female (Table 2).
The majority of children (65.3%) were considered to have a healthy weight status and low nutrition
risk (89.0%).
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Table 2. Characteristics of children participating in the Family Mealtime Observation Study (FaMOS)
(n = 73).

n (%)

Child Age mean (SD) 3.3 years (1.1)

Child Gender
Female 41 (56.2)

Child Race/Ethnicity
White 57 (78.1)
Other (including Latin American, Southeast Asian, Chinese, Black and West Indian) 16 (21.9)

Child Weight Status (BMI z-score) i mean (SD) 0.9 (1.9)
Healthy Weight 47 (65.3)
At risk of Overweight 19 (26.4)
Overweight/Obese 6 (8.3)

NutriSTEP® Score mean (SD) 13.3 (5.2)
Low risk (≤20) 65 (89.0)
Medium risk (21–25) 6 (8.2)
High risk (>25) 2 (2.7)

i Child weight missing for one child who declined measurement. SD: standard deviation; BMI: Body Mass Index.

3.2. Exploration of Mealtime Videos and Food Parenting Practices

The average meal length was 24.5 min. Our results suggest that, overall, mothers were more
engaged in food parenting than fathers (Table 3). Mothers used significantly more controlling feeding
practices (described as mean frequency of occurrence, times/meal); specifically, more verbal restriction
(mothers: 1.31 times/meal ± 1.59; fathers: 0.63 times/meal ± 0.88; p < 0.05), food rewards (mothers:
0.75 times/meal ± 1.79; fathers: 0.49 ± 1.13, p < 0.05), and non-food rewards (mothers: 0.31 times/meal
± 0.57; fathers: 0.14 times/meal ± 0.36, p < 0.05) than fathers. Additionally, mothers used more positive
encouragement, specifically towards the target child’s food during meals, than fathers (mothers:
7.12 times/meal ± 5.31; fathers: 4.26 times/meal ± 3.45, p < 0.05).

Table 3. Descriptive and frequency statistics for mothers’ and fathers’ observed food parenting
practices a with target child and Mann-Whitney U-tests of difference between mothers’ and fathers’
observed food parenting.

Mothers (n = 74) Fathers (n = 63) Mann-Whitney
U-Test

z-Scores
Mean
(SD)

Minimum Maximum
Mean
(SD)

Minimum Maximum

Verbal Pressure to eat 4.37 (5.22) 0 37.5 3.03 (3.06) 0 11.5 −1.7
Physical Pressure to eat 2.31 (4.22) 0 21 1.63 (2.80) 0 13 −0.67
Verbal Restriction 1.31 (1.59) 0 9.5 0.63 (0.88) 0 4 −3.13
Physical Restriction 0.21 (0.43) 0 2 0.12 (0.35) 0 2 −1.29
Use of Food as Reward 0.75 (1.79) 0 14.5 0.49 (1.13) 0 6.5 −2.00
Use of Non-Food Rewards 0.31 (0.57) 0 2.5 0.14 (0.36) 0 2 −2.02
Positive comments about
food in general 3.91 (3.29) 0 14 3.11 (2.96) 0 16 −1.42

Positive comments about
own food 1.83 (1.47) 0 7.5 1.78 (1.54) 0 5.5 −0.42

Positive comments about
target child’s food 7.12 (5.31) 0 25 4.26 (3.45) 0 14.5 −3.52

a Measured by the Family Mealtime Coding System. Significant differences at p < 0.05 level are bolded. SD
standard deviation.

3.3. Exploration of Food Parenting Practices and Target Child’s NutriSTEP® Risk Scores

3.3.1. Mothers

Among mothers, more frequent physical restriction of food was associated with higher
NutriSTEP® nutrition risk scores in their children (β = 0.40 NutriSTEP® points, 95% CI = 2.30, 7.58) and
more frequent positive comments about the target children’s food were associated with lower nutrition
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risk (β = −0.31 NutriSTEP® points, 95% CI = −0.54, −0.08) in models adjusted for parent educational
attainment and child BMI z-score (Model 1; Table 4). These associations remained significant after
adjustment for family functioning (Model 2; Table 4). No other significant associations between
mothers’ food parenting practices and the target child’s nutrition risk scores were found.

Table 4. Linear Regression models examining associations of Observed Food Parenting Practices with
NutriSTEP® Scores.

Observed Food
Parenting Practice

Mothers (n = 74) Fathers (n = 63)

Model 1 Model 2 Model 1 Model 2

Effect Estimate (95% CI) Effect Estimate (95% CI)

Verbal Pressure to eat −0.01
(−0.25, 0.22)

−0.01
(−0.24, 0.23)

0.03
(−0.37, 0.46)

0.04
(−0.36, 0.50)

Physical Pressure to eat −0.05
(−0.36, 0.23)

−0.05
(−0.35, 0.24)

0.20
(−0.09, 0.80)

0.21
(−0.10, 0.80)

Verbal Restriction 0.28
(−0.68, 0.88)

0.30
(−0.68, 0.89)

0.13
(−0.73, 2.17)

0.15
(−0.67, 2.29)

Physical Restriction 0.40
(2.30, 7.58)

0.41
(2.39, 7.72)

0.03
(−3.00, 3.99)

0.06
(−2.88, 4.52)

Use of Food as Reward −0.14
(−1.10, 0.26)

−0.14
(−1.10, 0.27)

−0.08
(−1.44, 0.79)

−0.08
(−1.45, 0.80)

Use of Non-Food
Rewards

−0.16
(−3.59, 0.69)

−0.16
(−3.65, 0.67)

0.01
(−3.43, 3.64)

0.02
(−3.36, 3.79)

Positive comments about
food in general

−0.16
(−0.63, 0.11)

−0.16
(−0.63, 0.11)

0.15
(−0.18, 0.67)

0.18
(−0.15, 0.73)

Positive comments about
own food

−0.15
(−1.40, 0.29)

−0.15
(−1.40, 0.31)

−0.13
(−1.19, 0.42)

−0.14
(−1.24, 0.40)

Positive comments about
target child’s food

−0.31
(−0.54, −0.08)

−0.31
(−0.54, −0.08)

−0.27
(−0.75, −0.01)

−0.27
(−0.76, 0.00)

Dependent Variable: NutriSTEP® Risk Score, continuous Model 1. Adjusted for parent educational attainment,
dichotomous and child BMI-z score, continuous Model 2. Adjusted for model 1 covariates and family functioning,
continuous Estimates where the 95% Confidence Interval (CI) does not include 0.0 are bolded.

3.3.2. Fathers

Among fathers, more frequent positive comments about the target children’s food were associated
with lower nutrition risk (β = −0.27 NutriSTEP® points, 95% CI = −0.75, −0.01) in models adjusted
for parent educational attainment and child BMI z-score (Mode 1; Table 4). The association remained
similar, but not significant (CIs just overlapping 0) after adjustment for family functioning (Model 2;
Table 4). Similar to our results with mothers, adjustment for family functioning did not otherwise
change our results, and no other significant associations between fathers’ food parenting practices and
the target child’s nutrition risk scores were found (Model 2; Table 4).

4. Discussion

In this sample of Canadian parents of preschool aged children, we observed that mothers’ use of
physical restriction was associated with higher nutrition risk for their child and both mothers’ and
fathers’ use of positive comments towards the target child’s food was associated with lower nutrition
risk. Family functioning did not modify or confound these associations. To our knowledge, this is the
first study to explore the associations of observed food parenting practices with preschool children’s
nutrition risk while considering the potential influence of family functioning on these associations.

Our finding that maternal use of physical restriction of food was associated with greater risk
of nutritional inadequacy supports our hypothesis that controlling food parenting practices would
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be associated with increased nutrition risk. This finding is consistent with previous longitudinal
research that suggests restriction undermines a child’s ability to recognize their own hunger and
satiety cues [40] and increases eating in the absence of hunger [14], thereby increasing the child’s risk
for overeating and potential for increased nutrition risk. Similar to previous observational studies,
we observed fairly low levels of parental restriction [22,23,30,41,42]. It has been suggested that overt
restriction (i.e., taking food away from a child or telling them to stop eating a certain food) may occur
more often during less structured eating occasions such as snack time and that covert restriction may
occur more during structured mealtimes (i.e., not bringing certain foods into the home or offering
them at mealtimes) [43]. Future research should explore the association of restriction and children’s
dietary intake and eating behaviors throughout the day using a longitudinal study design to help tease
out the directionality of the association. It is possible that the mothers in this sample were concerned
about their child’s nutritional intake and thus used more physical restriction during mealtimes.

Our finding that mothers’ and fathers’ positive comments about the target child’s food were
associated with lower nutrition risk among children also supports our initial hypotheses. Research
by Holley and colleagues [44] found parental modeling and positive comments to be helpful in
increasing children’s consumption of disliked vegetables. Positive encouragement, without pressure,
has also been related to lower reported levels of fussy eating and greater reports of food enjoyment
in preschoolers [45]. Taken together, these results suggest that positive parental comments may be
an effective method of both increasing intake of healthful foods and decreasing nutrition risk scores
among preschool aged children. Future research should test the ability of interventions to teach parents
to use positive encouragement rather than controlling feeding practices to improve dietary intake and
reduce nutrition risk among preschoolers.

It has been argued that family dysfunction may diminish the impact of positive role modeling
and intensify adverse impacts of controlling feeding practices during mealtimes [46]. However, our
results suggest family functioning does not modify or confound the association between parents’ food
parenting practices and preschoolers’ nutrition risk. Contrary to our hypotheses, the associations
between controlling food parenting practices and greater nutrition risk were not stronger among
children from families with low family functioning. Similarly, effect estimates did not change when
family functioning was added to the analytic models. When it comes to reducing children’s nutrition
risk, our findings suggest that food parenting practices are an important avenue of intervention,
regardless of level of family functioning. However, future research should seek to replicate our findings
in populations with diverse levels of family functioning; it is possible that the limited variability of
family functioning in our sample may have contributed to the null effects of family functioning on the
associations explored.

Mothers’, but not fathers’, use of physical restriction was associated with children’s nutrition
risk. However, this finding is contrary to previous research using mother and father reports of food
parenting. Among a sample of Canadian parents, Watterworth et al. [13] found that fathers, but not
mothers, reported ‘restriction for health’ was associated with higher nutrition risk among children.
Comparisons between the two studies are difficult due to Watterworth and colleagues’ [13] use of
parental report of food parenting practices, as previous research has found little association between
observed and reported food parenting practices [21–24]. Mealtime observations only capture overt
restriction and parents may use covert restriction, which would not be observed during mealtime
videos, but can be captured in food parenting questionnaires. Future research should explore the
use of mixed observational and parent-report methods in an attempt to more accurately capture both
overt and covert restriction as well as the meaning behind the restriction (e.g., for health or weight
control) [47].

We found that mothers used significantly more verbal restriction and food and non-food rewards
than fathers during meals. Overall, we found that positive comments about the target child’s food
(e.g., “your broccoli looks delicious”) was the most commonly used food parenting practice among
both mothers and fathers, followed by verbal pressure to get the child to eat (e.g., “eat three more bites”)
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for mothers and positive comments about food in general (e.g., “milk helps us grow strong bones
and teeth”) for fathers, which is similar to previous observational research [30]. Our findings suggest
that mothers and fathers differ in the food parenting practices they use. While observational studies
including fathers have been limited [28], the research exploring differences in mothers’ and fathers’
observed food parenting practices has produced conflicting results [23,30]. One U.K.- based study
that used the FMCS [23] reported no significant differences in the frequency of mothers’ and fathers’
food parenting practices. However, similar to our findings, an American study by Orrell-Valente and
colleagues [30] found that, overall, mothers used significantly more food parenting practices than
fathers and they also tended to use praise more frequently. Interestingly, the study that showed no
difference between mothers’ and fathers food parenting [23] was conducted in the U.K., suggesting
that food parenting practices could be regionally and culturally defined. These inconsistent results
highlight the importance of exploring both mothers’ and fathers’ food parenting practices to further
understand how parents may influence each other’s food parenting practices and how this interaction
between mothers and fathers may impact children’s dietary intake. Harris et al., have pioneered work
in this area and found that, compared to discordant mother-father pairs, Australian mother-father pairs
who concordantly report low levels of pressure to eat had children with lower levels of pickiness [48].
Additional research is needed to understand the impact of concordance/discordance between mothers’
and fathers’ food parenting practices in Canada.

Our study had a number of key strengths. First, the inclusion of fathers in this study is fairly
unique within studies exploring food parenting practices [13,28], or children’s health in general [29].
This allowed for a more accurate analysis of the context in which preschoolers from primarily
two-parent families are fed. Second, the use of direct observation allowed us to more accurately
explore associations between food parenting practices and children’s nutrition risk. Furthermore,
these observations were conducted in the home, without the presence of an RA, to allow for typical
mealtime interactions to occur. Many studies exploring food parenting practices have either been
conducted in lab settings or in the home in the presence of an RA where interactions are more likely
to be atypical. Third, the use of a validated nutrition risk screening tool also adds to the strength of
our study, ensuring an accurate measure of nutrition risk. Finally, this study is the first to observe
food parenting practices in a Canadian context, which allows us to better understand the mealtime
environments in which Canadian preschoolers are fed.

Despite the many strengths, there are limitations that should be noted when interpreting our
results. This study was cross-sectional, and thus, the bi-directional nature of parent-child feeding
interactions could not be determined. For example, it is possible that more controlling feeding practices
are used with picky eaters; parents may use these practices in an attempt to improve their child’s
nutritional intake. Prospective research is needed to understand the temporal order of the association
between food parenting practices and children’s dietary intake as well as the bi-directional nature of
these feeding interactions. While families recorded three mealtimes, we only observed food parenting
practices during the evening meal. It is possible that food parenting practices differ during less
structured eating occasions such as snack time. The level of nutrition risk reported in this study was
much lower than previous studies exploring NutriSTEP® risk scores in Canada. Results may differ
among families with children who have higher nutrition risk. Similarly, the families in this study also
had high levels of family functioning. Results may also differ among families with lower functioning.
While we found a significant association between mothers’ use of physical restriction and mothers’
and fathers’ positive comments about the target child’s food with NutriSTEP® risk scores, it should be
noted that the effect sizes of the associations were relatively small. We have NutriSTEP® data from
just one parent (primarily mothers) which may impact our findings and explain the few associations
between fathers’ food parenting practices and NutriSTEP® scores. Parents may perceive their child’s
nutrition risk differently; future research should seek to understand differences in how mothers’ and
fathers’ report their child’s nutrition risk. We calculated 36 tests (Table 4) and did not account for
multiple comparisons. However, of these tests, five were statistically significant at the p < 0.05 level,
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which is larger than the one test we would expect by chance. Finally, the families in this study were
highly educated and the majority identified as “white”; our results may not be generalizable to more
diverse populations.

5. Conclusions

Mothers’ observed use of physical restriction was associated with increased nutrition risk and
mothers’ and fathers’ use of positive comments about the target child’s food was associated with lower
nutrition risk among preschool aged children. Family functioning did not moderate or confound the
associations between parental food parenting practices and children’s nutrition risk. Results suggest
that supporting parents to use more positive encouragement rather than restriction may help to
reduce preschoolers’ nutrition risk. Future research should test interventions aimed at changing food
parenting practices among families with preschoolers at medium-high nutrition risk. While we found
few associations between fathers’ food parenting practices and preschoolers’ nutrition risk, we found
differences among the types and frequency of food parenting practices employed by mothers and
fathers. This underscores the importance of including fathers in food parenting research. As this was
the first Canadian study to observe food parenting practices, future research is needed among more
diverse populations, including those with more socio-economic diversity, higher levels of nutrition
risk, and lower levels of family functioning, to further elucidate the association between food parenting
practices and children’s nutrition risk in Canada.
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Abstract: Increasing the insufficient intake of vegetables in children may be difficult, due to the
influence of parents and at-home accessibility. The aim of this study was to analyze the association
between self-reported vegetable consumption behaviors and preferences of mothers and the behaviors
and preferences of their children, as declared by them. The nationally representative Polish (n = 1200)
and Romanian (n = 1157) samples of mothers of children aged 3–10 were obtained using the
random quota sampling method, and interviewed for their and their children’s general frequency of
consumption and preferences of vegetables in years 2012–2014. A 24 h dietary recall of vegetable
consumption was conducted for mothers and their children. Associations were observed for general
number of servings consumed per day by mother–child pairs (p < 0.0001; R = 0.6522, R = 0.6573 for
Polish and Romanian samples, respectively) and number of types indicated as preferred (p < 0.0001;
R = 0.5418, R = 0.5433). The share of children consuming specific vegetables was 33.1–75.3% and
42.6–75.7% while their mothers also consumed, but 0.1–43.2% and 1.2–22.9% while their mothers
did not. The share of children preferring specific vegetables was 16.7–74.1% and 15.2–100% when
their mother shared the preference, but 1.3–46.9% and 0–38.3% when their mother did not. The
mothers’ vegetable consumption behaviors and preferences may be a factor limiting the possibility of
increasing vegetable consumption in their children.

Keywords: children; mothers; vegetable intake; consumption behaviors; choice; preferences

1. Introduction

The World Health Organization (WHO) advocates regular consumption of vegetables and fruits
as an important element of a child’s diet, not only in order to prevent non-communicable diet-related
diseases, but also to create beneficial dietary patterns that are commonly predictive of their adolescence
and adulthood patterns [1]. It is especially stated that vegetable intake patterns and preferences remain
stable during childhood and adolescence [2].

Insufficient intake of vegetables and fruits is common worldwide, and the WHO has flagged it as
being among the top ten determinants of global mortality [3]. At the same time, in the systematic review
and meta-analysis of Touyz et al. [4], it was indicated that children more often meet the nutritional
recommendations for fruits than for vegetables, so it is especially important to conduct interventions
targeted at vegetables in order to increase their intake.
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The ‘5-a-day’ campaign has been carried out in a number of countries in order to increase the
vegetable and fruit intake of children and adults, however, both the quantity and the variety consumed
are still not adequate [5]. Also, the Cochrane systematic review by Hodder et al. [6] indicated that some
interventions may increase the intake of vegetables and fruits by children. However, the observed
evidence was stated to be low-quality and the observed increase was stated to be minor, so future
research is required [6]. Based on the analysis of consumption trends in 33 countries, it has been
observed that the intake of vegetables and fruits is increasing in many countries [7]. However, the
trend is not stable, as the Health Survey for England indicated an important decrease in the frequency
of meeting the ‘5-a-day’ recommendation for children, from 20% to 17% between 2011 and 2013, even
though an increase had been noted earlier [8].

Increasing the intake of vegetables in children may be hindered by a number of barriers associated
with both internal and external factors [9,10] associated with sensory attributes, perception, preferences,
knowledge, price, convenience, availability and accessibility, and parental, peer, and media influence.
One of the most important barriers is low accessibility, which may result from seasonality [11], place of
residence [12], and relatively high prices compared to other food products [13]. The other group of
barriers results from preferences associated with the sensory attributes of vegetables [14], parental
food consumption patterns [15], and food neophobia [16].

In general, a child is dependent on a diet that is prepared at home, being an element of the family
environment and under general parental influence, until other influencing factors, such as peers and
media, become more prominent [17]. As a result, the diets of children and parents are similar, as was
observed in the systematic review and meta-analysis of Yee et al. [18], who concluded that a number of
consumption behaviors of parents and their children were correlated.

For a number of the indicated barriers, the influence of parents and at-home accessibility
may be crucial to reducing the children’s intake of vegetables. Such reduction of intake may be
observed in spite of the fact that, in general, parents know that intake of vegetables is important
for their children and believe that it will influence their health and vitality [19]. It has already been
observed that in order to increase the intake of fruits by children, it is necessary to influence the fruit
consumption preferences and behaviors of their mothers [20], but this has not been analyzed for
vegetables so far. Taking this into account, the aim of the present study was to analyze the association
between self-reported vegetable consumption behaviors and preferences of mothers and the vegetable
consumption behaviors and preferences of their children, as reported by them in national samples of
Polish and Romanian respondents.

2. Materials and Methods

2.1. Ethical Statement

The study was conducted on a national sample of Polish and Romanian respondents according to
the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects
were approved by the Ethics Committee of the Faculty of Human Nutrition and Consumer Sciences of
the Warsaw University of Life Sciences. All participants provided informed consent.

2.2. Studied Sample

The study was conducted on Polish and Romanian subjects, who were recruited using the same
procedure and inclusion/exclusion criteria as previously described [20]. The study itself was conducted
in Poland and Romania according to the same methodology, with identical questions being asked in
the respondent’s native language. The data gathering was financed by the National Polish Promotion
Fund for Fruits and Vegetables Consumption and Polish Association of Juices Producers within funds
of the 5xVFJ (5 Portions of Vegetables, Fruit or Juice) national campaign, as an element of policy
development in order to obtain the aim of increasing vegetables and fruits consumption in children.
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One thousand and two hundred Polish and 1200 Romanian mothers of children aged 3–10 were
planned to be recruited as respondents. The random quota sampling procedure was applied and
informed consent was obtained from each respondent. Due to some missing data in the questionnaires
obtained in the Romanian sample, 43 recruited respondents (3.6%), who were included in interviewing
but did not complete it, were excluded. Finally, 1200 representative Polish respondents and 1157
Romanian respondents were included in years 2012–2014.

Recruitment was done in cooperation with a professional international agency that assesses public
opinion and perception, and the agency was responsible for carrying out the random quota sampling.
The planned quotas were determined for age, education, and residence (region and size of the city) in
order to obtain representative Polish and Romanian samples of mothers of children aged 3–10.

The applied inclusion criteria were as follows: women, mother of child/children aged 3–10,
inhabitant of Poland/Romania, aged 25–45. The applied exclusion criteria were as follows: lack of
informed consent to participate, any missing data in the questionnaire.

2.3. Methods

The Computer-Assisted Telephone Interviewing (CATI) was done in cooperation with a
professional international agency that assesses public opinion and perception, and the agency was hired
as a partner responsible for data gathering, as in the previously described study [20]. Women aged
25–45 were randomly recruited while using the national database—they were invited to participate in
the study during a telephone call and, if agreeing, they were verified for inclusion/exclusion criteria, as
well as quota sampling being applied. The participation was compensated by a low value digital gift
voucher code, according to commonly applied standards [21].

The assessment of vegetable consumption behaviors and preferences was conducted using
questions that were asked about the mother’s own behaviors and preferences (self-reported) and,
in separate questions, about the behaviors and preferences of her child (as reported by the mother).
A mother who declared she had more than one child aged 3–10 was asked to choose one of them
arbitrarily and, afterwards, to inform about vegetable consumption behaviors and preferences of only
this child during the whole interview.

In spite of the fact that while parents report the intake of their children, there may be important
bias associated with proxy-reporting, there is also a bias associated with self-reporting by children, as it
is indicated that they are able to self-report their intake from the age of 8 [22]. As a result, it would not
be effective to assess the intake self-reported by children, as in the present study, the nutritional habits
of children aged 3–10 were to be assessed. In general, for younger children mothers commonly report
their intake [23]. In order to not apply various methodology (proxy-reporting for younger children
and self-reporting for older ones), it was decided to assess the behaviors and preferences of children as
reported by mothers in all cases, as for mothers.

In addition to the questions that were planned to be analyzed, respondents were also asked
additional ‘dummy questions’. They were associated with consumed vegetables, but not directly
with behaviors and preferences of mothers and their children, as they were related to issues such as
the place where vegetables are consumed, applied techniques of preparation of vegetables, known
campaigns that promote vegetables consumption, and advantages and disadvantages of increased
vegetable consumption. They were applied between main questions, in order to avoid interruptions of
answers by the previous questions and answers. Respondents were also informed about the typical
serving size (80 g, as defined by Food and Agriculture Organization of the United Nations (FAO)
and WHO [24]) that was defined using a few examples of typical household measures for fresh and
processed vegetables.

The vegetable consumption behaviors and preferences of mothers were assessed as follows:

• The general frequency of consumption of vegetables—based on the answer to the open-ended
question about the number of servings of raw and processed vegetables consumed by them per
day (self-reported);
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• The previous day’s frequency of consumption of vegetables—based on the 24 h dietary recall of
the mothers’ vegetable intake (self-reported);

• Preferred vegetables—based on the answer to the open-ended question to list the vegetables most
preferred by them (self-reported);

• Consumed vegetables—based on the 24 h dietary recall of the mothers’ vegetable intake (self-reported).

The vegetable consumption behaviors and preferences of children were assessed as follows:

• The general frequency of consumption of vegetables—based on the answer to the open-ended
question about the number of servings of raw and processed vegetables consumed per day by
their children (reported by the mothers);

• The previous day’s frequency of consumption of vegetables—based on the 24 h dietary recall of
the vegetable intake of the children (reported by the mothers);

• Preferred vegetables—based on the answer to the open-ended question to list the vegetables most
preferred by their children (reported by the mothers);

• Consumed vegetables—based on the 24 h dietary recall of vegetable intake by children (reported
by the mothers).

During the interview, the respondents were instructed to exclude potatoes and dry pulses from
the declared number of servings of consumed vegetables. In the case of the 24 h dietary recall of
vegetable intake and the list of most preferred vegetables, potatoes, dry pulses, and corn were excluded
during analysis if they had been included.

2.4. Statistical Analysis

The normality of the distribution was verified using the Kolmogorov–Smirnov test and, afterwards,
an analysis of correlation was carried out using Spearman’s rank correlation coefficient due to the
non-parametric distribution. The shares of the groups were compared using the chi2 test and
afterwards the obtained results were controlled for the false discovery results (FDR) using the
Benjamini–Hochberg procedure.

P ≤ 0.05 was considered significant. Statistical analysis was conducted using the following
software packages: Statgraphics Plus for Windows 5.1 (Statgraphics Technologies Inc., The Plains, VA,
USA), Statistica software version 8.0 (StatSoft Inc., Tulsa, OK, USA), and the Benjamini–Hochberg
procedure spreadsheet by McDonalds [25].

3. Results

3.1. Analysis of the Association between the Quantity of Vegetables Consumed and Preferred by Mothers and
Their Children

An analysis of the correlation between the daily frequency of vegetable consumption of the
mothers and their children in nationally representative samples of Polish and Romanian mother–child
pairs is presented in Table 1.

Table 1. Analysis of the correlation between the daily frequency of vegetables consumption of mothers
and of their children in nationally representative samples of Polish (n = 1200) and Romanian (n = 1157)
mother–child pairs.

Analyzed Correlation p-Value a R

Polish mother–child pairs (n = 1200) general daily frequency <0.0001 0.6522
previous day frequency <0.0001 0.4172

Romanian mother–child pairs (n = 1157) general daily frequency <0.0001 0.6573
previous day frequency <0.0001 0.3897

a Spearman’s rank correlation coefficient.
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The median for the open-ended question about general number of servings of vegetables consumed
by mothers in both Polish and Romanian samples was two servings a day, and it ranged from not
consuming at all to five servings a day. Similarly, for their children it was also two servings a day, and
it ranged from not consuming at all (for the Polish sample) or consuming less than once a week (for the
Romanian sample) to five servings a day. For both the Polish and Romanian samples, a significant
correlation was observed between the number of servings consumed in general by the mothers and
their children (p < 0.0001; R = 0.6522 for the Polish sample, R = 0.6573 for the Romanian sample).

In order to verify the association, the number of servings of vegetables consumed the previous
day was analyzed, based on a 24 h dietary recall of vegetable consumption. The median for the number
of servings of vegetables consumed the previous day for both mothers and their children in both
Polish and Romanian samples was four servings a day, and it varied from not consuming at all to five
servings a day. For both Polish and Romanian samples, a significant correlation was observed between
the number of servings consumed the previous day by the mothers and their children (p < 0.0001;
R = 0.4172 for the Polish sample, R = 0.3897 for the Romanian sample).

An analysis of the correlation between the number of types of vegetables indicated as consumed
and preferred by mothers and their children in nationally representative samples of Polish and
Romanian mother–child pairs is presented in Table 2.

Table 2. Analysis of the correlation between the number of types of vegetables indicated as consumed
and preferred by mothers and by their children in nationally representative samples of Polish (n = 1200)
and Romanian (n = 1157) mother–child pairs.

Analyzed Correlation p-Value a R

Polish mother–child pairs (n = 1200) number of vegetables indicated as consumed <0.0001 0.5418
number of vegetables indicated as preferred <0.0001 0.2872

Romanian mother–child pairs (n = 1157) number of vegetables indicated as consumed <0.0001 0.5433
number of vegetables indicated as preferred <0.0001 0.3878

a Spearman’s rank correlation coefficient.

The median for the general number of types of vegetables indicated as consumed by the mothers
in both Polish and Romanian samples was two, and it varied from a lack of types consumed to nine
types. Similarly, for the children it was also two types, and it varied from a lack of types consumed to
seven types (for the Polish sample) or nine types (for the Romanian sample). For both the Polish and
Romanian samples, a significant correlation was observed between the number of types of vegetables
indicated as consumed by mothers and their children (p < 0.0001; R = 0.5418 for the Polish sample,
R = 0.5433 for the Romanian sample).

The median for the general number of types of vegetables indicated as preferred for both mothers
and children in the Polish sample was three, and it ranged from a lack of types preferred to 19 types (for
mothers) or 17 types (for children). The median for the general number of types of vegetables indicated
as preferred for both mothers and children in the Romanian sample was two, and it ranged from a
lack of types preferred to 17 types (for mothers) or 15 types (for children). For both the Polish and
Romanian samples, a significant correlation was observed between the number of types of vegetables
indicated as preferred by mothers and children (p < 0.0001; R = 0.2772 for the Polish sample, R = 0.3878
for the Romanian sample).

3.2. Analysis of the Association between the Variety of Vegetables Consumed and Preferred by Mothers and
Their Children

An analysis of the association between the vegetable consumption behaviors self-reported by
mothers and reported by them for their children in a nationally representative sample of Polish
mother–child pairs is presented in Table 3. For all the vegetables that were declared by the mothers
as consumed, there was a statistically significant association (p < 0.0001 for chi2 test; p < 0.0001 after
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controlling for the FDR using a Benjamini–Hochberg procedure)—types consumed by the mothers
were also consumed by their children, as compared to types not consumed by the mothers. For the
specific types consumed by the mothers, the consumption by the children ranged from 33.1% (for
peppers) to 75.3% (for carrots), while for types not consumed by the mothers, the consumption by the
children ranged from 0.1% (for eggplant) to 43.2% (for tomatoes).

Table 3. Analysis of the association between the vegetable consumption behaviors self-reported by
the mothers and reported by them for their children in a nationally representative sample of Polish
mother–child pairs (n = 1200).

Vegetable a

Mothers Consuming the Specified
Vegetable b

Mothers not Consuming the Specified
Vegetable b

p-Value c
Reporting their
Children as also

Consuming

Reporting their
Children as not

Consuming

Reporting their
Children as
Consuming

Reporting their
Children as also
not Consuming

Carrot
(n = 592; n = 608) 446 (75.3%) 146 (24.7%) 141 (23.2%) 467 (76.8%) <0.0001

Tomato
(n = 393; n = 807) 231 (58.8%) 162 (41.2%) 349 (43.2%) 458 (56.8%) <0.0001

Cucumber
(n = 325; n = 875) 196 (60.3%) 129 (39.7%) 330 (37.7%) 545 (62.3%) <0.0001

Cabbage
(n = 167; n = 1033) 90 (53.9%) 77 (46.1%) 64 (6.2%) 969 (93.8%) <0.0001

Pepper
(n = 133; n = 1067) 44 (33.1%) 89 (66.9%) 32 (3.0%) 1035 (97.0%) <0.0001

Lettuce
(n = 120; n = 1080) 48 (40.0%) 72 (60.0%) 48 (4.4%) 1032 (95.6%) <0.0001

Celery
(n = 103; n = 1097) 40 (38.8%) 63 (61.2%) 25 (2.3%) 1072 (97.7%) <0.0001

Beetroot
(n = 103; n = 1097) 73 (70.9%) 30 (29.1%) 52 (4.7%) 1045 (95.3%) <0.0001

Onion
(n = 97; n = 1103) 47 (48.5%) 50 (51.5%) 34 (3.1%) 1069 (96.9%) <0.0001

Broccoli
(n = 88; n = 1112) 38 (43.2%) 50 (56.8%) 16 (1.4%) 1096 (98.6%) <0.0001

Cauliflower
(n = 66; n = 1134) 34 (51.5%) 32 (48.5%) 32 (2.8%) 1102 (97.2%) <0.0001

Chinese cabbage
(n = 45; n = 1155) 20 (44.4%) 25 (55.6%) 15 (1.3%) 1140 (98.7%) <0.0001

Green peas
(n = 38; n = 1162) 18 (47.4%) 20 (52.6%) 19 (1.6%) 1143 (98.4%) <0.0001

Beans
(n = 27; n = 1173) 11 (40.7%) 16 (59.3%) 12 (1%) 1161 (99%) <0.0001

Zucchini
(n = 23; n = 1177) 13 (56.5%) 10 (43.5%) 2 (0.2%) 1175 (99.8%) <0.0001

Eggplant
(n = 5; n = 1195) 3 (60.0%) 2 (40.0%) 1 (0.1%) 1194 (99.9%) <0.0001

a the number of mothers consuming the specific vegetable, followed by the number of mothers non-consuming the
specific vegetable; b assessed based on the previous day’s vegetable consumption behaviors; c chi2 test.

An analysis of the association between the vegetable consumption behaviors self-reported by the
mothers and reported by them for their children in a nationally representative sample of Romanian
mother–child pairs is presented in Table 4. There was a statistically significant association (p < 0.0001
for chi2 test; p < 0.0001 after controlling for the FDR using a Benjamini–Hochberg procedure) for all
vegetables that were declared by the mothers as consumed—types consumed by the mothers were
also consumed by their children, as compared to types not consumed by the mothers. For the types
consumed by the mothers, the consumption by the children ranged from 42.6% (for eggplant) to 75.7%
(for carrots), while for types not consumed by the mothers, the consumption by the children ranged
from 1.2% (for broccoli) to 22.9% (for carrots).
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Table 4. Analysis of the association between the vegetable consumption behaviors self-reported by the
mothers and reported by them for their children, in a nationally representative sample of Romanian
mother–child pairs (n = 1157).

Vegetable a

Mothers Consuming the Specified
Vegetable b

Mothers not Consuming the Specified
Vegetable b

p-Value c
Reporting their
Children as also

Consuming

Reporting their
Children as not

Consuming

Reporting their
Children as
Consuming

Reporting their
Children as also
not Consuming

Carrot
(n = 568; n = 589) 430 (75.7%) 138 (24.3%) 135 (22.9%) 454 (77.1%) <0.0001

Pepper
(n = 429; n = 728) 254 (59.2%) 175 (40.8%) 102 (14.0%) 626 (86.0%) <0.0001

Tomato
(n = 406; n = 751) 243 (59.9%) 163 (40.1%) 93 (12.4%) 658 (87.6%) <0.0001

Onion
(n = 324; n = 833) 177 (54.6%) 147 (45.4%) 73 (8.8%) 760 (91.2%) <0.0001

Cucumber
(n = 200; n = 957) 116 (58.0%) 84 (42.0%) 81 (8.5%) 876 (91.5%) <0.0001

Celery
(n = 191; n = 966) 104 (54.5%) 87 (45.5%) 60 (6.2%) 906 (93.8%) <0.0001

Cabbage
(n = 103; n = 1054) 56 (54.4%) 47 (45.6%) 44 (4.2%) 1010 (95.8%) <0.0001

Beans
(n = 91; n = 1066) 44 (48.4%) 47 (51.6%) 26 (2.4%) 1040 (97.6%) <0.0001

Green peas
(n = 63; n = 1094) 42 (66.7%) 21 (33.3%) 27 (2.5%) 1067 (97.5%) <0.0001

Eggplant
(n = 61; n = 1096) 26 (42.6%) 35 (57.4%) 17 (1.6%) 1079 (98.4%) <0.0001

Zucchini
(n = 49; n = 1108) 23 (46.9%) 26 (53.1%) 27 (2.4%) 1081 (97.6%) <0.0001

Lettuce
(n = 51; n = 1106) 18 (35.3%) 33 (64.7%) 20 (1.8%) 1086 (98.2%) <0.0001

Cauliflower
(n = 35; n = 1122) 16 (45.7%) 19 (54.3%) 16 (1.4%) 1106 (98.6%) <0.0001

Broccoli
(n = 27; n = 1130) 17 (63.0%) 10 (37.0%) 13 (1.2%) 1117 (98.8%) <0.0001

Beetroot
(n = 22; n = 1135) 15 (68.2%) 7 (31.8%) 17 (1.5%) 1118 (98.5%) <0.0001

a the number of mothers consuming the specific vegetable followed by the number of mothers non-consuming the
specific vegetable; b assessed based on the previous day’s vegetable consumption behaviors; c chi2 test.

An analysis of the association between the vegetable preferences self-reported by the mothers
and reported by them for their children in a nationally representative sample of Polish mother-child
pairs is presented in Table 5. There was a statistically significant association (p < 0.002 for chi2 test;
p < 0.002 after controlling for the FDR using a Benjamini-Hochberg procedure) for all vegetables that
were declared by the mothers as preferred—types preferred by the mothers were also preferred by
their children, as compared to types not preferred by the mothers. For specific types preferred by the
mothers, children’s preferences varied from 16.7% (for eggplant) to 74.1% (for carrots), while for types
not preferred by the mothers, children’s preferences ranged from 1.3% (for eggplant) to 46.9% (for
carrots).
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Table 5. Analysis of the association between the vegetable preferences self-reported by the mothers
and reported by them for their children in a national representative sample of Polish mother–child
pairs (n = 1200).

Vegetable a

Mothers Indicating the Specified
Vegetable as the Most Preferred

Mothers not Indicating the Specified
Vegetable as the Most Preferred

p-Value b
Reporting their
Children as also

Preferring

Reporting their
Children as not

Preferring

Reporting their
Children as
Preferring

Reporting their
Children as also
not Preferring

Carrot
(n = 665; n = 535) 493 (74.1%) 172 (25.9%) 251 (46.9%) 284 (53.1%) <0.0001

Tomato
(n = 576; n = 624) 342 (59.4%) 234 (40.6%) 222 (35.6%) 402 (64.4%) <0.0001

Cucumber
(n = 433; n = 767) 313 (72.3%) 120 (27.7%) 345 (45.0%) 422 (55.0%) <0.0001

Broccoli
(n = 279; n = 921) 97 (34.8%) 182 (65.2%) 112 (12.2%) 809 (87.8%) <0.0001

Cauliflower
(n = 269; n = 931) 123 (45.7%) 146 (54.3%) 192 (20.6%) 739 (79.4%) <0.0001

Beetroot
(n = 205; n = 995) 88 (42.9%) 117 (57.1%) 236 (23.7%) 759 (76.3%) <0.0001

Cabbage
(n = 191; n = 1009) 71 (37.2%) 120 (62.8%) 154 (15.3%) 855 (84.7%) <0.0001

Lettuce
(n = 181; n = 1010) 58 (32.0%) 123 (68%) 166 (16.3%) 853 (83.7%) <0.0001

Pepper
(n = 153; n = 1047) 56 (36.6%) 97 (63.4%) 143 (13.7%) 904 (86.3%) <0.0001

Beans
(n = 92; n = 1108) 41 (44.6%) 51 (55.4%) 133 (12.0%) 975 (88.0%) <0.0001

Chinese cabbage
(n = 77; n = 1123) 21 (27.3%) 56 (72.7%) 147 (13.1%) 976 (86.9%) 0.0010

Celery
(n = 77; n = 1123) 15 (19.5%) 62 (80.5%) 48 (4.3%) 1075 (95.7%) <0.0001

Onion
(n = 71; n = 1129) 14 (19.7%) 57 (80.3%) 79 (7.0%) 1050 (93.0%) 0.0003

Zucchini
(n = 62; n = 1138) 12 (19.4%) 50 (80.6%) 86 (7.6%) 1052 (92.4%) 0.0022

Green peas
(n = 48; n = 1152) 21 (43.8%) 27 (56.3%) 146 (12.7%) 1006 (87.3%) <0.0001

Eggplant
(n = 24; n = 1176) 4 (16.7%) 20 (83.3%) 15 (1.3%) 1161 (98.7%) <0.0001

a the number of mothers preferring the specific vegetable followed by the number of mothers non-preferring the
specific vegetable; b chi2 test.

An analysis of the association between vegetable preferences self-reported by the mothers and
reported by them for their children in a nationally representative sample of Romanian mother–child
pairs is presented in Table 6. There was a statistically significant association (p < 0.0001 for chi2 test;
p < 0.0001 after controlling for the FDR using a Benjamini–Hochberg procedure) for all vegetables that
were declared by the mothers as preferred—types preferred by the mothers were also preferred by
their children as compared to types not preferred by the mothers. For specific types preferred by the
mothers, children’s preferences varied from 15.2% (for cauliflower) to 100.0% (for Chinese cabbage),
while for types not preferred by the mothers, children’s preferences ranged from 0.0% (for Chinese
cabbage) to 38.3% (for carrot).
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Table 6. Analysis of the association between the vegetable preferences self-reported by the mothers and
reported by them for their children in a nationally representative sample of Romanian mother–child
pairs (n = 1157).

Vegetable a

Mothers Indicating the Specified
Vegetable as the Most Preferred

Mothers not Indicating the Specified
Vegetable as the Most Preferred

p-Value b
Reporting their
Children as also

Preferring

Reporting their
Children as not

Preferring

Reporting their
Children as
Preferring

Reporting their
Children as also
not Preferring

Tomato
(n = 571; n = 586) 289 (50.6%) 282 (49.4%) 108 (18.4%) 478 (81.6%) <0.0001

Carrot
(n = 447; n = 710) 328 (73.4%) 119 (26.6%) 272 (38.3%) 438 (61.7%) <0.0001

Pepper
(n = 378; n = 779) 136 (36.0%) 242 (64.0%) 111 (14.2%) 668 (85.8%) <0.0001

Cucumber
(n = 341; n = 816) 191 (56.0%) 150 (44.0%) 184 (22.5%) 632 (77.5%) <0.0001

Cabbage
(n = 157; n = 1000) 60 (38.2%) 97 (61.8%) 81 (8.1%) 919 (91.9%) <0.0001

Eggplant
(n = 140; n = 1017) 32 (22.9%) 108 (77.1%) 34 (3.3%) 983 (96.7%) <0.0001

Onion
(n = 130; n = 1027) 30 (23.1%) 100 (76.9%) 43 (4.2%) 984 (95.8%) <0.0001

Cauliflower
(n = 105; n = 1052) 16 (15.2%) 89 (84.8%) 29 (2.8%) 1023 (97.2%) <0.0001

Beans
(n = 91; n = 1066) 24 (26.4%) 67 (73.6%) 32 (3%) 1034 (97%) <0.0001

Lettuce
(n = 87; n = 1070) 17 (19.5%) 70 (80.5%) 25 (2.3%) 1045 (97.7%) <0.0001

Celery
(n = 87; n = 1070) 14 (16.1%) 73 (83.9%) 14 (1.3%) 1056 (98.7%) <0.0001

Green peas
(n = 69; n = 1088) 24 (34.8%) 45 (65.2%) 33 (3%) 1055 (97%) <0.0001

Zucchini
(n = 64; n = 1093) 20 (31.3%) 44 (68.8%) 23 (2.1%) 1070 (97.9%) <0.0001

Broccoli
(n = 63; n = 1094) 20 (31.7%) 43 (68.3%) 14 (1.3%) 1080 (98.7%) <0.0001

Beetroot
(n = 35; n = 1122) 7 (20.0%) 28 (80.0%) 16 (1.4%) 1106 (98.6%) <0.0001

Chinese cabbage
(n = 1; n = 1156) 1 (100.0%) 0 (0.0%) 0 (0.0%) 1156 (100.0%) <0.0001

a the number of mothers preferring the specific vegetable followed by the number of mothers non-preferring the
specific vegetable; b chi2 test.

4. Discussion

The strong associations between vegetable consumption preferences and behaviors of mothers and
their children were observed both for Polish and Romanian samples. Moreover, they were observed
both for assessed quantity and variety of vegetables consumed. This corresponds with the previously
observed associations for fruit consumption preferences and behaviors [20], in spite of the fact that
for children, fruit and vegetable preferences and exposure commonly differ [26]. As indicated by
Korinek et al. [26], this is associated with children’s preference for the sweet taste and pleasant texture
of fruits, and because of this, parents offer them fruits rather than vegetables, resulting in not only a
higher amount, but also in a wider variety of consumed fruits as compared to vegetables.

It is stated that repeated exposure may change the preferences, but this is more effective for fruits
than vegetables [27]. Moreover, other stimuli are also more effective in increasing the intake of fruits
than vegetables [28]. As a result, when comparing vegetables and fruits it may be said that, for children,
fruits are not only more preferred over vegetables and a higher amount and variety is consumed, but
they are also more frequently offered by parents and their intake is also easier to adopt. So, in order to
assess the intake of vegetables, two domains must be analyzed—not only the consumption behaviors,
but also consumption preferences, as they may be crucial for correcting nutritional behaviors.

Despite the fact that changing the preferences of vegetables may be more difficult than for fruits,
it is still possible, as was proven in a number of intervention studies [29–32]. All the indicated above
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studies [29–32] allow us to conclude that, for children, it is possible to increase not only vegetable
consumption but also preferences for the disliked ones when the exposure is applied at home. This is
also confirmed by Cooke’s [33] review, which showed that both laboratory studies and interventions
conducted so far for assessing the efficacy of exposure confirmed that opportunities to taste unfamiliar
food products results in increased consumption and preferences. However, no national-scale studies
have been conducted so far, in Poland or Romania, to analyze the association between vegetable
consumption behaviors and preferences of mothers and of their children. Such observations would
give broader perspective, not only to make a conclusion based on small studies of various stimuli to
increase vegetable intake, but also to observe associations in real conditions.

The results of our own study indicate a significant barrier for increasing vegetable exposure at
home, as the vegetable consumption behaviors of mothers determine the consumption behaviors of
their children. A similar association was observed for vegetable preferences. It may be concluded
that, in spite of a number of studies having proven the possibility of increasing the consumption of
vegetables, our own study indicates that if mother does not like a vegetable and does not consume
it, the exposure of her child to this vegetable does not exist, and this, consequently, results in lack of
preference in her child.

Johnson et al. [34] classified the determinants of the size of the serving consumed by a child into
child-centered (including individual preferences and general consumption behaviors of the child as
well as the previous meals) and mother-centered (including their opinions about the nutritional value
of products and the need to avoid wastage of money and time). Such mother-centered determinants are
associated not only with child’s feeding and cooking for family members but also with her individual
diet, and are observed by the child during the process of learning preferences at home [35]. However,
for feeding a child there are additional factors, such as maternal feeding self-efficacy, that influence the
kind and amount of products offered to the child and the child’s final eating behaviors [36].

The association between eating behaviors of mothers and their children that was observed in the
conducted study is confirmed by the results of another Polish study, as a similar strong association
between eating behaviors of mothers and their adolescent daughters was observed [37], and it
also contributed to similar excessive body mass risk [38] and similarities in other health-related
consequences [39]. This may be important, as an excessive body mass of children was commonly
observed in a recent study of Polish adolescents [40]. However, a mother may also transfer her dislikes
to her child and create their preferences similar to her own [41]. This may be associated with the fact
that children mimic their parents in a number of behaviors, including nutritional ones [42].

Parents commonly declare that food product preferences of their children are influenced by the
marketing of food, and some of them state that they make choices of food products available at home
based on those preferences [43]. However, the availability of unhealthy food products at home is
associated with the children’s choice of such products and the consumption of such products [44],
and so if a child prefers unhealthy food products and the mother provides it, the child will consume
it. At the same time, a number of parents believe that they provide such products to overcome
the negative food product preferences of their children and promote a healthy diet [45]. But the
question is, are they really are able to do it if their own preferences set in. A systematic review by
Pearson et al. [46] indicated that vegetable and fruit consumption of children is associated not only
with at home accessibility, family rules, and parental encouragement, but also with parental intake,
and so parents may promote a healthy diet not by just providing it to their children but only if they
also have such a diet.

The choice of food products and purchase decisions are influenced by a number of factors,
including those related to health [47], nutritional knowledge [48], and the place where the product is
purchased [49], but convenience and preferences may be the crucial ones [50]. This was confirmed
by the results of a study by Horning et al. [51], where it was observed that the common reasons for
choosing pre-packed processed meals instead of non-processed ones are preferences and time. So,
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even if parents declare that they want to promote healthy food decisions by their children through
their own choices, other factors may interfere.

In general, when a child asks the parent for a specific vegetable or fruit, they tend to comply with
this request [52]. But for children aged 2–5 years, it was observed that food product choices based on
their desire may decrease their preference for healthy food products, including vegetables, as they
would rather ask about products other than vegetables [53]. As a result, parents cannot wait for their
child to ask for a specific product but should provide at home accessibility. Moreover, in order to
provide effective exposure, parents should not only purchase vegetables but also include them in their
own diet, in order to influence their child through the role-modeling mechanism, in addition to healthy
products being provided in schools and childcare institutions.

In spite of the fact that the presented study was conducted in the nationally representative samples
of Polish and Romanian respondents, some limitations must be indicated. The main limitations are
associated with the proxy-reporting, due to the fact that the consumption preferences and behaviors
of children were declared by their mothers. Moreover, there were the different participation rates in
the Polish and Romanian samples, with some missing data in the Romanian sample. It must also be
indicated that the mother was able to arbitrarily choose which of her children to discuss, with no
randomization. Moreover, the 24 h dietary recall of vegetable consumption turned out to be a tool that
over reported the intake, so results of general declared intake rather than the previous day’s intake
should be taken into account. All the indicated issues may result in some bias and must be taken into
account in the further studies.

5. Conclusions

In Polish and Romanian representative samples of mother–child pairs, it was observed that
vegetable consumption preferences and behaviors of mothers and their children were associated,
both for the quantity and variety of consumed vegetables. A mother’s lack of preference for specific
vegetables may cause a lack of at-home accessibility (namely, lack of exposure for their children) and
a resultant lack of preference of their children. In order to increase the vegetable intake in a child’s
diet, effective exposure should be provided, not only by purchasing the products and by at home
accessibility (exposure), but also by including them in the diet of parents (role-modeling).
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Abstract: Summary scores provide an alternative approach to measuring dietary quality.
The Growing Up Milk-Lite (GUMLi) Trial was a multi-centre, double-blinded, randomised controlled
trial of children randomised to receive a reduced protein GUM (GUMLi) or unfortified cow’s milk
(CM). In a secondary analysis of the GUMLi Trial, we used the Probability of Adequate Nutrient
Intake (PANDiet) to determine the nutritional adequacy of the diets of participating children living
in Auckland. The PANDiet was adapted to the New Zealand Nutrient Reference Values and data
from four 24 h Recalls (24HR) collected at months 7, 8, 10, and 11 post-randomisation were used.
Differences between randomised groups (GUMLi vs. CM) of the PANDiet and its components
were made. Eighty-three Auckland participants were included in the study (GUMLi n = 41 vs.
CM n = 42). Total PANDiet scores were significantly higher in the GUMLi group (p < 0.001),
indicating better overall nutrient adequacy and diet quality. Dietary intakes of children in both
groups met the recommendations for fat, total carbohydrates and most micronutrients; however,
protein intakes exceeded recommendations. Consumption of GUMLi was associated with higher
nutritional adequacy, with an increased likelihood of meeting nutrient requirements; however,
the impact of the family diet and GUMLi on dietary diversity requires further evaluation.

Keywords: diet quality; PANDiet index; early childhood; nutritional adequacy; nutrient intake
quality; growing up milk

1. Introduction

Early food habits, practices, and dietary patterns develop rapidly within the first two years of
life [1,2]; with evidence that diet quality may decline as children age [3]. Evaluating diet quality
in paediatric populations is of increasing interest, however, due to a paucity of evidence-based
dietary guidelines for children under two, combining these multidimensional behaviours into a single
meaningful measure remains a challenge [4].
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Diet quality can be determined using nutrient, food, or food and nutrient-based indices [5]. Index
scores are determined ‘a priori’, using dietary guidelines, recommended nutrient intakes, or current
nutrition knowledge of optimal dietary patterns [6–9]. The resulting numeric representation of dietary
quality or nutrient adequacy can be used as a nutritional benchmark in identifying relationships
between the whole-of-diet and later health [6,7,10,11]. Nutrient-based measures of diet quality reflect
adequacy of nutrient intake, however, require detailed dietary assessment, additional analyses and
statistical modelling before a final score is calculated [5,6]. In contrast, food-based indices provide an
indirect measure of nutrient and non-nutrient interactions, where a score is easily calculated based
on awarding points for fulfilling certain criteria [5,6]. The Probability of Adequate Nutrient Intake
(PANDiet) score is a complete, nutrient-based diet quality index, employing probabilistic calculations
of nutrient adequacy [12]. The index has been evaluated in French [12], US [12] adult populations
and a UK [13] paediatric population and has shown to be a useful tool in assessing diet quality at the
population level [12].

There is limited research on the contribution of milk to the diets of children under two [14–16],
specifically, whether Growing Up Milks (GUM) provide a nutritional advantage compared to standard
cow’s milk (CM) [17]. Simulation data have shown that replacing CM with GUM resulted in protein
intakes more in line with recommendations, reduced saturated fatty acid (SFA) intake and increased
likelihood of adequate intakes of vitamin D and iron [17,18]. We aimed to evaluate the dietary quality
of the Auckland children participating in the GUMLi Trial aged 18- to 23-months, using an adapted
PANDiet index and determine nutritional adequacy according to intervention allocation.

2. Materials and Methods

2.1. Study Design and Participants

This is a secondary analysis of data collected as part of the GUMLi trial. Briefly, the GUMLi trial
was a multi-centre, double blinded, randomised controlled trial performed in Auckland, New Zealand
(n = 108) and Brisbane, Australia (n = 52) from 2015 to 2017. One hundred and sixty healthy children
aged one were randomised 1:1 to receive unfortified cow’s milk (CM) or a reduced protein GUM
(GUMLi), fortified with iron, vitamin D, pre- and probiotics (Danone Pty Ltd., Auckland, New Zealand)
until the age of two. GUMLi had a reduced energy and protein content compared to commercial
GUM on the market, 60 kcal/100 mL vs. 71 kcal/100 mL and 1.7 g/100 mL protein vs. 2.2 g/100 mL.
An energy-matched, non-fortified cow’s milk was used as an active control, with a protein content of
3.1 g/100 mL. The primary trial outcome evaluated the effect of consuming GUMLi versus unfortified
CM as part of a whole diet for 12-months on body composition at two years of age [19]. Secondary
outcomes included dietary intake (food frequency questionnaire or 24 h), micronutrient status, and
cognitive development.

The study received ethical approval from the Health and Disability Ethics Committee of the
Ministry of Health, New Zealand (14/NTB/152), and the University of Queensland Medical Research
Ethics Committee, Brisbane, Australia (2014001318). The GUMLi Trial was registered with the
Australian New Zealand Clinical Trials Registry, reference number: ACTRN12614000918628. Written
informed consent was obtained from all participants. At month six post-randomisation, primary
caregivers were invited to complete four record-assisted twenty-four-hour recalls (24 h). Of the
108 Auckland participants, 83 (77%) completed four 24 h. Four (4%) opted out of the study (but
continued with the main trial), eleven (10 %) withdrew from the main trial and nine (8%) took part,
but did not complete four 24 h. Only 14 (27%) participants from Brisbane completed four 24 h, therefore,
the decision was made not to include them in the analysis.

2.2. Dietary Intakes

A dietitian collected dietary data over the phone using record-assisted 24HRs between months 6
to 11 post-randomisation, according to a standardised procedure [20]. Four 24 h were collected per
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participant on randomly allocated days (three weekdays and one weekend day). The record-assisted
24HR differed from standard 24HRs, as caregivers recoded their child’s intake over the pre-defined
24-h period preceding the phone call. This methodology was used in a pilot validation study for the
New Zealand Children’s Nutrition Survey [21] and the Australian Children’s Nutrition and Physical
Activity Survey (CNPAS) [22,23]. A ‘Foods fed by other adults’ form, adapted from the Feeding Infants
and Toddlers study (FITS) [24,25] was used to record intake if the child was in the care of another adult
i.e., day-care. Use of dietary supplements, homemade recipes, and portion sizes (household measures
or gram weight) were recorded. A food model booklet, reproduced with permission from CNPAS
was used to assist with describing serving sizes [22,23]. Breastfeeding was recorded as time (minutes)
and quantity estimated using a conversion factor of 10 mL/min, max 10 min [26,27]. All 24HR were
double-checked to identify mistakes, missing foods, or clarify recipes. A dietetics student entered the
data into Foodworks® (version 9, Xyris Software, Pty Ltd., Australia) and checked for completeness.
Nutritional data were derived from the FOODfiles 2016 database [28] and nutritional profiles of
commercial toddler foods sourced from companies or nutrient information panels.

2.3. Assessment of Nutrient Intakes with Nutrient Reference Values

Nutrient intakes were compared to the Australian and New Zealand Nutrient Reference Values
(NRVs) [29]. Prevalence of inadequate intakes were assessed using the cut-off point method for
nutrients with an Estimated Average Requirement (EAR) value [30]. This method has previously been
shown to produce realistic estimates of the prevalence of inadequate dietary intakes [30]. The EAR,
derived by the Institute of Medicine (IoM) was used for vitamin D (10 μg/day) [31].

2.4. Assessment of Diet Quality Using the PANDiet Score

The development and design of the PANDiet score has been reported in detail elsewhere [12,32].
Briefly, the PANDiet provides a measure of diet quality through the probability of having adequate
nutrient intake, ranging from 0–100, where the higher the score, the better the diet quality and nutrient
adequacy [12,32]. The PANDiet is an average of the Adequacy and Moderation sub-scores, which
rely on the calculation of probability of adequacy for 25 nutrients and consider duration of dietary
assessment, day-to-day variability, nutrient reference values, inter-variability of intake, and mean
nutrient intakes [12,32]. The Adequacy sub-score calculates the probability that usual nutrient intake
is above a reference value and the Moderation sub-score calculates the probability that the usual
nutrient intake meets requirements and does not exceed a reference value [12,33]. Using the original
methods [12], the PANDiet score calculation for protein and micronutrients was adjusted using the
Australian and New Zealand NRVs and inter-variability for children one- to three years of age [29].
There are no recommendations for total fat, poly-unsaturated fatty acids (PUFA) and carbohydrate
in children under two. Therefore, as seen in Verger et al. [32], we used the reference values set by
the European Food Safety Authority (EFSA) [34], Nordic recommendations for SFA and non-milk
extrinsic sugars (NMES) [35] and the IoM upper limit for protein [36]. The risk of excessive intakes
were assessed using a penalty value system [12], using the upper limit as a reference [29] (Table S1).

Participants were classified according to their randomisation into the trial and allocation to receive
GUMLi or CM. The trial analysis was conducted based on the assumption that the PANDiet index was
suitable to use as an outcome measure and the difference between randomised groups, if observed,
would indicate an effect of the intervention.

2.5. Statistical Analysis

A sample size of 64 participants in each arm is required to have 80% power at 5% significant
level (two-sided) to detect a 0.5 SD difference in body fat percent (primary outcome) between the
two arms at the end of the 12-month intervention. Statistical analyses were performed using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA). Baseline characteristics were summarised by treatment
group (GUMLi vs. CM) using descriptive statistics. Continuous variables were reported as mean
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and standard deviation (SD) and categorical variables described as frequencies and percentages.
The characteristics of the Auckland sub-group included in this study (N = 83) were compared to those
in the Auckland cohort who did not participate (N = 25). Chi-Square test or Fisher’s Exact test were
used for categorical variables, and the Kruskal-Wallis test or two-sample t-test was used for continuous
variables. The impact of the intervention on energy and nutrient intakes were evaluated at each 24HR
time point (month 7, 8, 10, and 11 post-randomisation), using random effect mixed models with an
autoregressive covariance structure on repeated measures. The fixed effects model included participant
sex, treatment group, time point and its interaction with the treatment group. Model-adjusted mean
differences between nutrient intakes of both groups and 95% confidence intervals (95% CI) were
reported at each time point, with associated p-values. The impact of the intervention on the overall
PANDiet score, sub-scores and components using all 24 h data were evaluated using linear regression
models adjusting for sex. Model-adjusted mean differences between two groups were estimated and
tested. All statistical tests were two-sided with a statistical significance of p < 0.05. As a secondary
analysis, missing data was not imputed and no adjustment for multiple comparisons were considered.

3. Results

One hundred and eight Auckland children participated in the main GUMLi trial. Of these,
83 (77%) were included in this sub-study, with no significant differences between GUMLi and CM
groups for any baseline characteristics (Table 1), therefore, it was assumed that any differences in
PANDiet scores would be attributed to the intervention milk. No statistical differences were observed
between the Auckland participants included in the analysis (N = 83) and those excluded (N = 25), except
for maternal educational attainment (80% vs. 60%; p = 0.047) (Table S2). GUMLi and CM composition
are presented in Table S3. Both milks were energy-matched per 100 mL, however compared to CM,
GUMLi was lower in SFA and protein, with higher carbohydrate and dietary fibre, and nutritionally
significant amounts of iron and vitamin D (cholecalciferol).

Table 1. Child and maternal characteristics of the Auckland cohort (N = 83) included in the
PANDiet cohort.

Baseline Demographics
Study Group p-Value *

Intervention (N = 41) n (%) Control (N = 42) n (%)

Child’s sex 0.062
Boy 19 (46) 28 (67)
Girl 22 (54) 14 (33)

Other children in the family 0.222
No 16 (39) 22 (52)
Yes 25 (61) 20 (48)

Day care attendance 0.893
No 25 (61) 25 (60)
Yes 16 (39) 17 (40)

Breastfed at baseline 0.415
No 27 (66) 24 (57)
Yes 14 (34) 18 (43)

Mother’s Ethnicity 0.903
Māori 8 (20) 6 (14)
Pacific 0 (0) 1 (2)
Asian 3 (7) 2 (5)

European 23 (56) 26 (62)
Other 7 (17) 7 (17)

Mother’s Age, years (mean ± SD) 32 ± 5 32 ± 4 0.874
Mother’s BMI, kgm2 (mean ± SD) 26 ± 5 27 ± 6 0.916
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Table 1. Cont.

Baseline Demographics
Study Group p-Value *

Intervention (N = 41) n (%) Control (N = 42) n (%)

Mother’s Highest Level of Education 0.589
No school qualifications 0(0) 0(0)

Primary 2 (5) 0 (0)
Secondary 5 (12) 7 (17)

Tertiary 33 (80) 33 (79)
Other 1 (2) 2 (5)

Mother’s Employment Status 0.082
Full-time caregiver 14 (34) 15 (36)

Full-time paid employment 5 (12) 13 (31)
Part-time paid employment 14 (34) 13 (31)

Receiving a benefit 1 (2) 0 (0)
Unemployed, no benefit 3 (7) 0 (0)

Other 4 (10) 1 (2)
Smoking

Current smoking 1 (2) 1 (2) 1.000
Smoking before pregnancy 5 (12) 2 (5) 0.432
Smoking during pregnancy 1 (2) 0 (0) 0.494

* Unadjusted p-values, Chi-square test or Fisher’s Exact test is used to test the difference between groups for
categorical variables; the Kruskal-Wallis test or two-sample t-test is used to compare the medians/means between
groups for continuous variables.

3.1. Evaluation of Nutrient Intakes

Mean (SD) daily nutrient intakes at the four 24HR time points are displayed in Table 2, according
to GUMLi or CM group. For the purpose of table length, only nutrients with significant relationships at
any time point are displayed. A full table is presented in Table S4. There were no differences between
groups at any time point for energy, sodium, PUFA, vitamin A, vitamin B-6, folate, magnesium,
and selenium. Children in the GUMLi group had significantly higher intakes of vitamin C and iron
across all time points, and children in the CM group had significant higher intakes of riboflavin
and potassium.

Table 2. Nutrient intake among Auckland children (N = 83) from 18 and 23 months of age (month 7–11
post randomisation) 1,2.

Usual Intake Values
Adjusted Difference

(95%CI)
p *

Nutrients Intervention (N = 41) Mean (SD) Control (N = 42) Mean (SD)

Energy (kcal)
Month 07 1135.92 (294.19) 1122.34 (187.51) 36.61 (−93.18, 166.41) 0.579
Month 08 1114.07 (277.52) 1246.07 (378.83) −108.96 (−238.76, 20.84) 0.100
Month 10 1128.31 (383.78) 1068.61 (291.44) 82.74 (−47.05, 212.54) 0.210
Month 11 1190.24 (288.14) 1118.93 (283.21) 94.34 (−35.45, 224.14) 0.154

Carbohydrate (g)
Month 07 142.45 (40.53) 127.44 (36.36) 18.26 (−0.25, 36.76) 0.053
Month 08 138.50 (38.12) 144.65 (56.59) −2.90 (−21.41, 15.61) 0.758
Month 10 138.25 (45.72) 123.41 (41.01) 18.09 (−0.42, 36.59) 0.055
Month 11 145.81 (41.01) 126.61 (43.06) 22.45 (3.94, 40.96) 0.018 *

Total fat (g)
Month 07 38.49 (13.70) 43.91 (11.34) −4.69 (−11.04, 1.65) 0.146
Month 08 37.76 (14.79) 46.21 (16.22) −7.72 (−14.07, −1.37) 0.017 *
Month 10 39.53 (17.61) 40.34 (13.50) −0.08 (−6.42, 6.27) 0.981
Month 11 43.99 (15.81) 43.75 (13.59) 0.97 (−5.38, 7.32) 0.764

Saturated fat (g)
Month 07 18.98 (7.37) 21.16 (5.98) −1.96 (−5.27, 1.34) 0.243
Month 08 18.11 (7.41) 22.16 (8.16) −3.83 (−7.14, −0.53) 0.023 *
Month 10 19.46 (8.88) 19.73 (7.77) −0.05 (−3.35, 3.26) 0.977
Month 11 20.93 (8.11) 21.00 (6.84) 0.15 (−3.16, 3.45) 0.930
NMES (g)
Month 07 45.46 (18.22) 42.02 (17.88) 4.33 (−5.27, 13.93) 0.375
Month 08 45.90 (19.00) 49.01 (30.16) −2.22 (−11.83, 7.38) 0.649
Month 10 40.13 (23.17) 39.00 (19.24) 2.03 (−7.58, 11.63) 0.678
Month 11 48.53 (25.02) 39.29 (21.47) 10.14 (0.54, 19.74) 0.039 *
Protein (g)
Month 07 46.07 (17.15) 50.13 (10.13) −3.26 (−9.65, 3.13) 0.316
Month 08 46.09 (14.01) 56.47 (17.08) −9.58 (−15.97, −3.19) 0.004 *
Month 10 46.45 (18.34) 44.33 (12.51) 2.92 (−3.47, 9.31) 0.369
Month 11 44.59 (14.36) 47.48 (13.13) −2.09 (−8.48, 4.30) 0.520
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Table 2. Cont.

Usual Intake Values
Adjusted Difference

(95%CI)
p *

Nutrients Intervention (N = 41) Mean (SD) Control (N = 42) Mean (SD)

Thiamin (mg)
Month 07 1.50 (0.63) 1.19 (0.84) 0.34 (0.03, 0.64) 0.030 *
Month 08 1.54 (0.56) 1.29 (0.72) 0.28 (−0.02, 0.59) 0.069
Month 10 1.35 (0.70) 1.03 (0.82) 0.36 (0.05, 0.66) 0.022 *
Month 11 1.36 (0.68) 0.99 (0.64) 0.40 (0.10, 0.71) 0.010 *

Riboflavin (mg)
Month 07 1.82 (0.64) 2.12 (0.64) −0.29 (−0.56, −0.02) 0.037 *
Month 08 1.71 (0.54) 2.30 (0.77) −0.58 (−0.85, −0.30) <0.0001 *
Month 10 1.66 (0.50) 2.07 (0.67) −0.39 (−0.66, −0.11) 0.006 *
Month 11 1.63 (0.61) 2.11 (0.57) −0.47 (−0.74, −0.20) 0.001 *

Niacin (mg)
Month 07 19.97 (7.25) 17.79 (4.64) 2.49 (−0.12, 5.09) 0.061
Month 08 20.63 (5.18) 20.09 (7.30) 0.85 (−1.75, 3.45) 0.521
Month 10 19.34 (6.64) 15.80 (5.87) 3.84 (1.24, 6.45) 0.004 *
Month 11 19.09 (5.31) 17.28 (5.39) 2.11 (−0.49, 4.71) 0.112

Vitamin B12 (μg)
Month 07 2.36 (1.12) 2.78 (1.09) −0.41 (−0.91, 0.09) 0.108
Month 08 2.25 (1.30) 3.17 (1.55) −0.91 (−1.41, −0.41) 0.0004 *
Month 10 2.14 (0.94) 2.57 (0.93) −0.42 (−0.92, 0.07) 0.095
Month 11 2.03 (0.91) 2.58 (1.15) −0.55 (−1.05, −0.05) 0.031 *

Vitamin C (mg)
Month 07 104.00 (44.39) 45.38 (37.36) 57.38 (35.76, 79.01) <0.0001 *
Month 08 99.95 (39.44) 50.22 (54.71) 48.48 (26.86, 70.11) <0.0001 *
Month 10 92.84 (34.62) 50.54 (65.97) 41.05 (19.43, 62.68) 0.0002 *
Month 11 92.51 (48.54) 58.80 (61.49) 32.47 (10.85, 54.10) 0.003 *

Vitamin D (μg)
Month 07 6.02 (6.57) 3.23 (3.18) 2.80 (1.07, 4.53) 0.002 *
Month 08 4.73 (2.70) 3.59 (4.00) 1.16 (−0.57, 2.89) 0.188
Month 10 5.17 (2.76) 2.92 (2.49) 2.27 (0.54, 4.00) 0.011 *
Month 11 4.86 (3.44) 3.73 (4.75) 1.15 (−0.58, 2.88) 0.194

Calcium (mg)
Month 07 901.26 (268.15) 898.06 (287.37) 8.15 (−113.76, 130.06) 0.895
Month 08 808.31 (257.94) 943.49 (314.09) −130.24 (−252.15, −8.33) 0.036 *
Month 10 899.34 (284.54) 836.03 (251.58) 68.25 (−53.65, 190.16) 0.271
Month 11 830.41 (284.29) 891.05 (280.79) −55.70 (−177.60, 66.21) 0.369
Zinc (mg)
Month 07 6.75 (2.76) 6.11 (1.51) 0.71 (−0.22, 1.64) 0.133
Month 08 6.64 (2.24) 6.85 (2.65) −0.13 (−1.07, 0.80) 0.776
Month 10 6.44 (2.45) 5.37 (1.74) 1.14 (0.21, 2.07) 0.017 *
Month 11 6.42 (1.77) 5.45 (1.69) 1.04 (0.11, 1.97) 0.029 *

Phosphorus (mg)
Month 07 1023.06 (284.32) 1004.05 (202.02) 33.99 (−83.88, 151.87) 0.571
Month 08 966.96 (257.85) 1106.43 (293.65) −124.49 (−242.36, −6.62) 0.039 *
Month 10 984.67 (335.64) 930.98 (252.54) 68.68 (−49.20, 186.55) 0.252
Month 11 989.53 (278.71) 988.18 (262.19) 16.33 (−101.54, 134.20) 0.785

Potassium (mg)
Month 07 1666.69 (703.04) 1962.08 (433.28) −283.10 (−528.37, −37.83) 0.024 *
Month 08 1537.51 (481.42) 2232.75 (761.17) −682.95 (−928.21, −437.68) <0.0001 *
Month 10 1406.79 (493.64) 1861.05 (503.26) −441.97 (−687.24, −196.70) 0.001 *
Month 11 1512.12 (526.22) 1987.09 (511.40) −462.67 (−707.94, −217.40) 0.000 *
Iron (mg)
Month 07 10.62 (3.36) 6.23 (2.82) 4.58 (3.31, 5.85) <0.0001 *
Month 08 10.80 (2.96) 6.90 (2.75) 4.10 (2.83, 5.37) <0.0001 *
Month 10 9.83 (2.89) 5.64 (3.07) 4.38 (3.11, 5.65) <0.0001 *
Month 11 10.26 (3.24) 5.24 (2.35) 5.21 (3.93, 6.48) <0.0001 *

Copper (mg)
Month 07 0.62 (0.32) 0.6 (0.24) 0.04 (−0.08, 0.15) 0.524
Month 08 0.6 (0.26) 0.68 (0.35) −0.06 (−0.18, 0.05) 0.255
Month 10 0.63 (0.28) 0.5 (0.21) 0.15 (0.04, 0.26) 0.010 *
Month 11 0.6 (0.18) 0.53 (0.18) 0.09 (−0.02, 0.2) 0.115

Iodine (μg)
Month 07 64.08 (23.15) 52.65 (24.78) 11.80 (0.49, 23.11) 0.041 *
Month 08 63.58 (29.84) 55.72 (21.88) 8.22 (−3.09, 19.54) 0.154
Month 10 60.53 (27.92) 53.13 (26.95) 7.77 (−3.55, 19.08) 0.178
Month 11 65.92 (30.56) 53.53 (21.06) 12.76 (1.45, 24.07) 0.027

* p < 0.05. 1 Repeated measures mixed model with an autoregressive covariance structure, adjusting for sex.
2 Only nutrients with significant relationships at any of the four time points are displayed.

Compared with New Zealand NRVs [29], intakes of most nutrients were adequate, i.e., median
intake (average all four 24 h) ≥ nutrient reference value across both groups Figure 1. Nutrients with
median intakes below reference values in both groups were vitamin D, potassium, copper, and iodine.
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Figure 1. Intake of energy and nutrients as a percentage of New Zealand reference values (28) in 18-
to 23-month-old children from the Auckland cohort participating in the GUMLi trial (median (—),
interquartile range (box; 25th and 75th percentiles), minimum and maximum value). GUMLi = Growing
Up Milk—Lite.

3.2. PANDiet Scores According to Intake of GUMLi or CM

Mean PANDiet score, sub-scores and individual components are displayed in Table 3.
After adjusting for sex, children in the GUMLi group had significantly higher PANDiet scores and
Adequacy scores compared to the CM group (adjusted mean difference +3.11 and +4.17, respectively).
There was no difference in the Moderation sub score and energy intake between groups. Of note, the
Adequacy sub-score was 2.5 and 2.6 times greater than the Moderation sub-score in the GUMLi and
CM group, respectively, indicating poor adherence to the recommendations for avoiding excessive
nutrient intakes.

There were no differences in component of the Moderation sub-score, except for total fat and
total carbohydrates, where the CM group had a higher probability of avoiding excessive total fat
intake and the GUMLi group had a higher probability of avoiding excessive total carbohydrate
intake. The GUMLi group tended to have higher probability of avoiding excessive protein intake
(not significant). The mean probabilities for avoiding excessive intakes were low for sodium (≤0.03),
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SFA (≤0.10) and NMES (≤0.23) in this population. There were no differences between groups in
components of the Adequacy sub-score, except for total fat, thiamin, vitamin C, vitamin D, iron, and
iodine where the GUMLi group had a higher probability of having adequate intakes for these nutrients,
and vitamin B12 where the CM group had a higher probability of having an adequate intake.

Table 3. PANDiet scores, sub-scores, and individual components, among Auckland children (N = 83)
from 18 and 23 months of age (month 7–11 post randomisation) 1,2.

Score
Intervention (N = 41) Control (N = 42) Adjusted Difference

(95% CI)
p-Value *

Mean (SD) Mean (SD)

PANDiet 3 52.9 (3.07) 50.12 (3.97) 3.11 (1.56, 4.67) 0.0001 *
Moderation sub-score 29.82 (6.47) 27.77 (6.58) 2.06 (−0.87, 4.99) 0.1660

Protein 0.41 (0.50) 0.33 (0.48) 0.08 (−0.14, 0.30) 0.4747
Total Fat 0.10 (0.30) 0.48 (0.51) −0.40 (−0.59, −0.22) <0001 *

Total Carbohydrate 0.85 (0.36) 0.55 (0.50) 0.33 (0.14, 0.53) 0.0011 *
SFA 0.10 (0.16) 0.06 (0.12) 0.05 (−0.01, 0.11) 0.1231

NMES 0.16 (0.22) 0.23 (0.28) −0.08 (−0.19, 0.03) 0.1699
Sodium 0.03 (0.14) 0.02 (0.04) 0.01 (−0.03, 0.06) 0.5832

Adequacy sub-score 75.98 (4.98) 72.46 (5.88) 4.17 (1.82, 6.51) 0.0007 *
Protein 0.99 (0.03) 1.00 (0.001) −0.01 (−0.01, 0.002) 0.1697

Total Carbohydrate 0.98 (0.16) 1.00 (0.00) −0.02 (−0.07, 0.03) 0.4293
Total Fat 1.00 (0.00) 0.86 (0.35) 0.14 (0.03, 0.26) 0.0140 *

PUFA 0.15 (0.19) 0.18 (0.23) −0.01 (−0.10, 0.08) 0.7975
Vitamin A 0.96 (0.08) 0.98 (0.02) −0.02 (−0.05, 0.001) 0.0560
Thiamin 1.00 (0.005) 0.94 (0.09) 0.06 (0.03, 0.09) 0.0001 *

Riboflavin 1.00 (0.001) 1.00 (0.0003) −0.0003 (−0.001, 0.00) 0.0853
Niacin 1.00 (0.00001) 1.00 (0.0005) 0.0001 (0.00, 0.0002) 0.1819

Vitamin B6 0.00 (0.00) 0.00 (0.00) 0.00 (0.00,0.00) 0.9775
Folate 0.89 (0.18) 0.91 (0.21) −0.01 (−0.10, 0.07) 0.7717

Vitamin B12 0.99 (0.02) 1.00 (0.01) −0.01 (−0.02, −0.003) 0.0081 *
Vitamin C 1.00 (0.01) 0.71 (0.32) 0.30 (0.20, 0.40) <0001 *
Vitamin D 0.43 (0.34) 0.19 (0.31) 0.25 (0.10, 0.39) 0.0011 *
Calcium 0.99 (0.02) 1.00 (0.02) −0.002 (−0.01, 0.01) 0.7227

Magnesium 0.99 (0.02) 1.00 (0.004) −0.005 (−0.01, 0.002) 0.1826
Zinc 1.00 (0.003) 0.99 (0.02) 0.01 (−0.0002, 0.01) 0.0585

Phosphorus 1.00 (0.01) 1.00 (0.002) −0.001 (−0.003, 0.0005) 0.1323
Potassium 1.00 (0.002) 1.00 (1E−6) −0.0003 (−0.001, 0.0002) 0.1998

Iron 1.00 (0.01) 0.78 (0.32) 0.25 (0.16, 0.35) <0001 *
Copper 0.34 (0.30) 0.27 (0.27) 0.10 (−0.03, 0.23) 0.1203

Selenium 0.57 (0.37) 0.70 (0.28) −0.09 (−0.23, 0.06) 0.2314
Iodine 0.46 (0.28) 0.29 (0.24) 0.18 (0.06, 0.30) 0.0035 *

NMES, Non-milk Extrinsic Sugars; PANDiet, The Probability of Adequate Nutrient Intake score; PUFA,
Poly0unsaturated Fatty Acids; SFA, Saturated Fatty Acids. * p < 0.05. 1 Linear regression model, adjusting
for sex. 2 All the PANDiet component scores range from 0 to 1, where 1 represents a 100% probability that the intake
is adequate according to a reference value. 3 Combined data from all four 24HR were used to calculate the overall
PANDiet score and adequacy and moderation sub-scores, which ranged from 0 to 100. The higher the score or
sub-scores, the better the nutrient adequacy of the diet.

4. Discussion

Using the PANDiet index, we have evaluated the diet quality and nutritional adequacy of 18-
to−23-month-old Auckland children participating in the GUMLi Trial, according to GUMLi or CM
consumption. This is the first study to use data from a randomised controlled trial to measure the
impact of a dietary intervention, such as GUM on diet quality using a nutrient-based index, such as
the PANDiet score. Total PANDiet scores were significantly higher in the GUMLi group, indicating
better overall nutrient adequacy and diet quality. Nutrient intakes of children in both groups met
recommendations for fat, total carbohydrates and most micronutrients; however, protein sodium,
NMES, and SFA intakes exceeded recommendations. Whilst average total energy intakes were similar,
the children consuming GUMLi had higher probabilities of having adequate intakes of vitamin C,
vitamin D and iron, and were less likely to have insufficient intakes of vitamin D. Further analysis
of food group consumption, adherence to dietary guidelines, or nutrient densities would elucidate
whether the GUMLi intervention had an impact on dietary diversity, as an inverse relationship between
dietary diversity and formula intake has previously been reported in 12- to 16-month-old Australian
children [16].
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4.1. Diet Quality and PANDiet Scores According to GUMLi or CM Allocation

GUM has been shown to improve intakes of iron, vitamin C, vitamin D, and PUFA’s during
the dietary transition from a milk-based intake to a ‘family diet’ in cross-sectional, observational
studies [14–16,37]. The PANDiet has previously been evaluated in 12- to 18-month-old-children in
the U.K. according to GUM or commercial infant foods (CIF) consumption [32]. Consuming GUM
was associated with greater nutritional adequacy with a mean PANDiet score of 74.1 compared
to children who did not consume GUM or CIF (difference of +7.2 points) [32]. A much smaller
difference of +2.78 was observed in our sample, where consuming GUMLi was associated with greater
nutritional adequacy. More recently, the difference in PANDiet scores for ‘at risk children with Diabetic
mothers’ and ‘not at risk’ children in the BABYDIET study was similar at +2.4 points (65.9 and 68.3,
respectively) [13].

It is important to note the effect of differences in national nutrient recommendations on PANDiet
calculations and resultant scores. In the present study, the PANDiet score calculation was adjusted
according to Australia and New Zealand NRVs where available [29], and if not, the reference
values determined by Verger et al. [32] who used nutrient recommendations for UK children 12-
to 36-months-of-age [34,35,38]. The greatest variation in recommendations were for selenium and
folate, where the New Zealand NRVs are 1.7–2.4 times higher than the UK, (folate: 120 μg vs. 50 μg and
selenium: 20 μg vs. 11.5 μg). The probability of adequate would be higher than the current calculation
if we used the UK recommendations in our sub-score calculation. As all probabilities of adequacy are
equally weighted, higher component scores will contribute to a higher total Adequacy sub-score and
resultant PANDiet score [12].

In this population, the quality of both fat and carbohydrates are of concern. Children had low
probabilities for avoiding excessive intakes for SFA (≤0.10) and low probabilities for having adequate
PUFA intakes (<0.20). An altered ratio of total and SFA has been described in two other studies, and
is an important consideration, given the role of PUFA’s in cognitive and visual development [37,39].
At each time point in the study, NMES exceeded the recommendations (>11% EI). Similar intakes were
observed in a nationally representative sample of one- to four-year-old Irish children, where mean
NMES intakes exceeded recommendations at 12% energy intake (EI) and increased with age [40].

4.2. Strengths and Limitations

The PANDiet provides an accurate measure of diet quality at an individual and population level
through assessing global nutrient adequacy, and is strengthened by the use of a probabilistic calculation
of nutrient adequacy, as previously described [12]. The index was designed to be as exhaustive as
possible, and describes the role that different foods/food groups have in contributing to diet quality,
at the nutrient level [12]. Our analysis is strengthened by the use of New Zealand NRVs to assess
nutrient adequacy in the New Zealand context, however, because of this, cross-national comparisons
of the PANDiet score are limited. Previous studies have used large, observational cohorts, where
each subject has one PANDiet score calculated at a single time point, using multiple measures of
dietary assessment [12,32,33]. For the present study, dietary data were collected on one day per month,
over four months; therefore, month-to-month variation was considered in the PANDiet calculation.
Using a record-assisted 24HR, allowed inclusion of children in the care of other adults (i.e., at day
care), however, the reliance on parent and other adult-reported measures may lead to an increase
in misreporting or social desirability bias. Mother’s in our sample were older and highly educated,
which may have affected total PANDiet scores. The ethnicity distribution in our sample was not
considered representative of the Auckland population; therefore, no differences between ethnicities
were evaluated. The validity of the PANDiet index was not evaluated for RCT data, therefore, further
evaluation of the PANDiet in a larger, more representative cohort of New Zealand children under two
is recommended to determine whether the PANDiet has predictive validity with respect to longitudinal
health outcomes.
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5. Conclusions

The consumption of GUMLi was associated with higher nutritional adequacy of the diets of
children 18- to 23-months-of-age defined by PANDiet score, with increased likelihood of meeting
nutrient requirements. However, consumption of GUMLi did not guarantee 100% nutrient adequacy.
GUMLi consumers still had excessive protein intakes, but were more likely to have carbohydrate
and SFA intakes that were in line with recommendations and improved iron and vitamin D intakes.
Although GUMLi had a positive effect on index scores, consumption toward the latter half of the
second year of life may not have the same impact as during early childhood as previously reported in
younger children according to GUM consumption [32]. This may be because in the latter part of the
second year of life, children are more likely to be following a family diet of varying quality, with a
reduced reliance on fortified milks. Suggesting that other dietary strategies to promote a healthy diet
through optimising nutrient intake could also result in more favourable dietary intake profiles, rather
than solely concentrating on milk [41], however, further research is required on the consequences of
consuming GUMLi on overall dietary diversity.
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Abstract: Objective: To design and validate a literature-derived, population-based Children’s Dietary
Inflammatory Index (C-DII)TM. Design: The C-DII was developed based on a review of literature
through 2010. Dietary data obtained from children in 16 different countries were used to create a
reference database for computing C-DII scores based on consumption of macronutrients, vitamins,
minerals, and whole foods. Construct validation was performed using quantile regression to assess
the association between C-reactive protein (CRP) concentrations and C-DII scores. Data Sources:
All data used for construct validation were obtained from children between six and 14 years of
age (n = 3300) who participated in the U.S. National Health and Nutrition Examination Survey
(NHANES) (2005–2010). Results: The C-DII was successfully validated with blood CRP concentrations
in this heterogeneous sample of 3300 children from NHANES (52% male; 29% African American,
25% Mexican American; mean age 11 years). The final model was adjusted for sex, age, race, asthma,
body mass index (BMI), and infections. Children in level 3 (i.e., quartiles 3 and 4 combined) of the
C-DII (i.e., children with the most pro-inflammatory diets) had a CRP value 0.097 mg/dL higher than
that in level 1 (i.e., quartile 1) for CRP values at the 75th percentile of CRP using quantile regression
(p < 0.05). Conclusion: The C-DII predicted blood CRP concentrations among children 6–14 years in
the NHANES. Further construct validation with CRP and other inflammatory markers is required to
deepen understanding of the relationship between the C-DII and markers of inflammation in children.

Keywords: diet; inflammation; children’s-dietary inflammatory index

1. Introduction

Inflammation is regulated in the body through a variety of processes that involve intercellular
signaling via well-characterized cytokine and chemokine messengers [1–4]. An acute inflammatory
response is necessary for normal physiologic functioning, including response to infectious disease
agents [5–9]. This acute inflammatory response is characterized by an increase in vascular permeability
and blood flow accompanied by the accumulation of inflammatory mediators, fluid, and leukocytes.
Acute inflammatory responses are time-limited and require negative feedback signaling between
pro-inflammatory cytokines that turn on the response and anti-inflammatory cytokines that signal
acute inflammatory responses to cease [10,11]. Because of the unique nutritional needs of children,
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and because it is imperative to deal with enteric and other infections, to which children are especially
vulnerable, much of the initial focus of the field of immunology was on children and childhood
nutrition [9,12].

In contrast to acute inflammation, chronic systematic inflammation results when negative feedback
does not occur (or is either incomplete or inefficient) [10,13]. The chronic phase is characterized by
a specific cellular immune response along with specific humoral responses [14,15]. In addition to its
role in regulating acute inflammatory responses, diet also has been implicated in regulating chronic
inflammation [16,17].

The Dietary Inflammatory Index (DII®) was developed to classify human dietary patterns on
a continuous scale from anti-inflammatory to pro-inflammatory [18]. Although the original DII
could predict changes in C-reactive protein (CRP) levels, a newer version of the DII was developed
that reflected an update in the review of peer-reviewed articles by adding those published from
2007 to 2010 and a refined scoring algorithm [19]. Subsequently, the new DII has been construct
validated in nine studies against inflammatory biomarkers in different populations and under varying
conditions [20–26].

In the process of publishing the new DII, we observed that the relationship between total caloric
intake and DII score is highly idiosyncratic across populations, and by body size. For example, in most
populations, DII scores decrease with increasing caloric intake [27–29]. This observation led, in part,
to development of the Energy Density-DII (E-DII) and then to the Children’s Dietary Inflammatory
Index (C-DIITM). In addition, the world standard database used for the DII includes data on dietary
parameters only from adults, and not all the parameters that comprise the DII (e.g., alcohol intake)
are appropriate to include when evaluating children’s dietary intake. With these limitations in mind,
we set out to create a “world” standard database of food parameters that could be used to calculate
C-DII scores among children. At the same time, it was understood that construct validation of the
C-DII was necessary. Therefore, we also sought to conduct a construct validation to test the relationship
between C-DII scores and levels of an inflammatory biomarker, CRP. We hypothesized that children
with more pro-inflammatory diets (i.e., higher C-DII scores) will have higher values of CRP compared
to children with lower C-DII scores.

This paper describes the development of the C-DII and the relationship between C-DII scores and
blood concentrations of CRP in a nationally representative sample of children.

2. Methods

2.1. C-DIITM Development

To develop the C-DII, methods similar to those used to develop the current version of the DII
were employed [19]. First, the “inflammatory effect scores”, which were derived from an extensive
literature search to develop the DII, were still applicable and therefore used for the development of
the C-DII. The Dietary Inflammatory Index (DII®) was developed to classify human dietary patterns
on a continuous scale from anti-inflammatory to pro-inflammatory [18]. Although the original DII
could predict changes in CRP levels, a newer version of the DII was developed that reflected an
update in the review of peer-reviewed articles by adding those published from 2007 to 2010 and a
refined scoring algorithm [19]. Subsequently, the new DII has been construct validated in nine studies
against inflammatory biomarkers in different populations and under varying conditions [20–26].
This work entailed a literature review of 1943 articles that was conducted to identify food parameters
which are associated with six inflammatory biomarkers: Interleukin-1beta (IL-1β), interleukin-4 (IL-4),
interleukin-6 (IL-6), interleukin-10 (IL-10), tumor necrosis factor-alpha (TNF-α), and CRP. By contrast
with the constrained list of the six inflammatory biomarkers, the list of dietary parameters was
open. For each article reviewed, a score was assigned for each food parameter based on its effect on
inflammation. A ‘+1’ was assigned if the effect of the parameter was pro-inflammatory, a ‘−1’ was
assigned if the effect of the parameter was anti-inflammatory; and ‘0’ was assigned if the effect of
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the parameter was neutral. Each food parameter for which a finding existed was assigned a score
for each article separately [19]. Published articles were weighted by study design, with highest
weight assigned to experimental studies in humans and the lowest weight assigned to cell culture
experiments. Based on the weights, pro- or anti-inflammatory fractions were calculated for each food
parameter. Next, the overall inflammatory effect score specific to each food parameter was calculated
by subtracting the anti-inflammatory fraction from pro-inflammatory fraction [19].

The food parameters used to calculate C-DII scores are: vitamin A, thiamine, riboflavin,
niacin, vitamin B6, folic acid, vitamin B12, vitamin D, vitamin C, vitamin E, beta carotene, energy,
carbohydrates, fiber, total fat, saturated fat, mono-unsaturated fatty acid (MUFA), poly-unsaturated
fatty acid (PUFA), cholesterol, protein, alcohol, iron (Fe), magnesium (Mg), selenium (Se),
and zinc (Zn).

Developing a Composite Database Representing a Diversity of Children’s Diets

Dietary intakes from a wide range of diverse populations from different countries representing
six continents were used to construct a composite database for the C-DII. The methodology used was
virtually identical to that employed for developing the DII for adults. Data collection began in August
2016 and ended in May 2017. Using the National Library of Medicine database (Medline), we identified
35 different published papers with sample size over 200 with children’s diet data collected using either
a food frequency questionnaire (FFQ) or diet recalls. Overall, data were collected from 16 different
countries representing diverse diets from six different continents.

Dietary data for creating a global database were collected from three different sources: (1) datasets
(n = 11) received directly from the study principal investigators (from collaborations during DII
development); (2) from published articles (n = 3); (3) National Health and Nutrition Examination
(NHANES) Survey reports (n = 2). We sent emails to the authors of the 35 published articles with
sample size >200 to obtain consent to use data. After three attempts to obtain consent to use data,
we finalized a list of the articles from which we could extract dietary data for the global database.
The decision was based on the availability of macro and micronutrients presented in the tables in the
articles for children age 6–14 years.

The world database used for the C-DII contains dietary information from the following countries
(and sources): (i) USA—the NHANES data set 2005–2011 [30]; (ii) Australia—mean values were taken
from the National Nutrition Survey report of 1999 [31]; (iii) Japan—means were taken from the National
Nutrition Survey Report [32]; (iv) Korea—mean values were taken from the Korean National Health
and Nutrition Examination Survey (KNHANES); (v) Spain, (vi) Belgium, (vii) Greece, (viii) Germany,
(ix) France, (x) Italy, (xi) Sweden, and (xii) Austria—means were taken from the Healthy Lifestyle in
Europe by Nutrition in Adolescence (HELENA) study [33]; (xiii) Venezuela—means were taken from
an article published by Bernal et al. [34]; (xiv); United Arab Emirates—means were taken from an
article published by Ali et al. [35]; and (xvi) Chile—means were taken from an article published by
Liberona et al. [36].

Missing food parameters for countries included in the database were left blank, and the overall
mean and standard deviation were calculated using only data from the datasets that had information
on that specific food parameter. For example, the mean and standard deviation for vitamin A were
calculated using 13 countries because South Africa, Venezuela, and Chile did not have information
on that food parameter. Some sources of data provided mean intake values separately for males and
females or for different age groups within the range of 6–14 years; in such cases, the values were
averaged. For example, the data from the United Emirates, gathered from the article by Ali et al. [35],
had children separated by sex, and by age group: 6–8, 9–13, and 14–18 years. In this case, the values
were averaged first between age groups for each sex, and then averaged between males and females.
The list of 25 food parameters and the information regarding each country (present or missing for each
food parameter) is presented in Supplementary Table S1.
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Individual estimates of consumption were standardized to a global database of children’s dietary
intake, in a manner analogous to methods used to compute adult DII scores. As children’s diet differs
from the adult diet, one difference between the DII and the C-DII is that the C-DII identified only
25 food parameters, compared to the 45 used in scoring of the adult DII.

2.2. Calculation of the Children’s Dietary Inflammatory Index

Calculation of the C-DII is based on the dietary intake data that are related to the regionally
representative world database. These values become multipliers to express an individual child’s
exposure relative to the ‘standard global mean’ as a Z-score. This is done by subtracting the
‘standard mean’ from the reported amount and dividing this value by the global standard deviation.
This Z-score is then converted to a proportion to avoid ‘right skewing’. A symmetrical distribution was
achieved with values centered on 0 (null) and bounded between −1 (maximally anti-inflammatory) and
+1 (maximally pro-inflammatory), by doubling each proportion and then subtracting ‘1’. This centered
proportion score is then multiplied by the ‘overall food parameter-specific inflammatory effect score’.
In the final step, ‘food parameter-specific DII scores’ are added to create the ‘overall C-DII score’ for
an individual child. This approach eliminates the problem of non-comparability of units because
the Z-scores and centered proportion scores are independent of the units of measurement [19].
This technique is the same as that used previously in the development of the DII [19]. Additionally,
the C-DII, just like recent developments in the DII, can be calculated per 1000 calories consumed to
take into account differing amounts of energy consumption between people.

2.3. Validation Study: NHANES Study Population

The NHANES survey examines a nationally representative sample of about 10,000 persons each
year, and it employees a complex, multistage probability sampling design and generates weights to
create a nationally representative dataset of the US population. More detailed information about the
NHANES methods and protocols can be found on the Centers for Disease Control and Prevention
(CDC)—National Center for Health Statistics website [37].

The proposed study population was restricted to children age 6–14 years (primary inclusion
criterion) from the NHANES dataset (2005–2010) who had complete dietary data, demographics,
and blood results, including CRP. There were 3445 children with CRP information and 145 were
removed due to missing information. The final sample for analysis included data from 3300 children.

2.4. Dietary Assessment

NHANES 24-h dietary recall data were used to calculate C-DII scores. These data were collected
through in-person interviews conducted by trained dietary interviewers fluent in English and Spanish.
These staff members and the USDA’s Food Survey Research Group were responsible for the dietary
data collection, maintenance of the databases, and data processing. The food parameters from the
NHANES data set included carbohydrates, protein, fat, fiber, fatty acids, vitamins (A, B1, B2, B6, B12,
C, D, E), iron, magnesium, zinc, selenium, folic acid and beta carotene. To account for total energy
intake, the C-DII was calculated per 1000 calories of food consumed.

2.5. CRP Data

The blood samples for CRP determination were processed, stored and analyzed at the University
of Washington, Seattle, WA, using Behring Nephelometer for quantitative CRP determination
(NHANES 2009–2010 data documentation, 2011). The blood specimens for children aged 3 years and
older were collected in a mobile examination clinic by using regular or serum-separator vacutainers,
and specimens were kept frozen at <−20 ◦C if testing was not done within 24 h of specimen collection.
The serum or plasma was separated from the cells within 60 min of collection; recommended sample
volume for assay is 1.0 mL. Specimens are stored in glass or plastic vials and kept tightly sealed.
The lower detection limit for CRP was 0.02 ng/mL.
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2.6. Study Population and Covariates

Study covariates included demographic characteristics, such as age, sex, race, body mass index
(BMI kg/m2), ethnicity, self-reported asthma, and infection at the time of data collection. Subjects with
missing information on any of these variables were removed from the analysis.

2.7. Statistical Analyses

The statistical software SAS 9.4® (SAS Institute, Cary, NC, USA) and R 3.4.3® (The R Foundation,
Vienna, Austria) were used for analyses. For descriptive analysis, we report continuous variables with
means and standard deviation (SD) and categorical variables using frequencies and percentage across
C-DII quartiles. Chi Square tests were performed for descriptive statistics of categorical covariates
across C-DII quartiles, and Analysis of Variance (ANOVAs) were used for the continuous covariates
(See Table 1 for a list of covariates).

Table 1. Participants’ characteristics across quartiles of the children’s dietary inflammatory index
(C-DII) among 3300 children. NHANES, 2005–2012.

C-DII Quartiles

1st 2nd 3rd 4th

Participant (−3.99, −0.04) (−0.05, 1.14) (1.14, 2.07) (2.08, 4.39) p-value a

Characteristics
Age (years) <0.0001

10.0 ± 3.0 11.0 ± 3.0 11.0 ± 3.0 11.0 ± 3.0
Sex 0.29

Male 411 (48.52) 430 (51.62) 413 (49.64) 409 (51.9)
Female 436 (51.48) 403 (48.38) 419 (50.36) 379 (48.1)

Race <0.0001
Non-Hispanic Black 180 (21.25) 212 (25.45) 223 (26.8) 229 (29.06)
Non-Hispanic White 224 (26.45) 228 (27.37) 229 (27.52) 251 (31.85)
Mexican American 323 (38.13) 267 (32.05) 262 (31.49) 198 (25.13)

Other 120 (14.17) 126 (15.13) 118 (14.18) 110 (13.96)
Body mass index (tertiles) b,c,d 0.19

I 705 (83.43) 682 (82.17) 671 (81.04) 640 (81.42)
II 82 (9.7) 103 (12.41) 101 (12.2) 84 (10.69)
III 58 (6.69) 45 (5.42) 56 (6.76) 62 (7.89)

Asthma e 0.01
Yes 128 (15.11) 134 (16.13) 145 (17.45) 155 (19.7)
No 719 (84.89) 697 (83.87) 686 (82.55) 632 (80.3)

Infection e 0.06
Yes 252 (27.39) 237 (25.76) 225 (24.46) 206 (22.39)
No 571 (24.72) 579 (25.06) 595 (25.76) 565 (24.46)

a p Value for Chi-square test; b BMI (kg/m2): Category I Under or Normal weight (i.e., <25 kg/m2); c BMI (kg/m2):
Category II Overweight (i.e., ≥25 kg/m2 and <30 kg/m2); d BMI (kg/m2): Category III Obese (i.e., ≥30 kg/m2);
e Asthma and Infection are self-reported; Column percentages may not equal 100% due to rounding. Stratum total
may not equal column totals due to missing data. For categorical covariates, frequencies (%) were presented,
and chi-square tests were used to derive p-values. For continuous covariates, means and standard deviations were
presented, and ANOVAs were used to derive p-values.

The C-DII scores were expressed as quartiles, and CRP weighted percentiles were used for analysis
(see Table 2 for percentile details). For this analysis, we combined quartiles 3 and 4 of the C-DII because
the ranges in values for these quartiles were somewhat narrow and, together, represented the most
pro-inflammatory diets. Also, combining these two quartiles provided a larger sample size for the
comparison of interest, therefore, providing more statistical power. For these analyses, C-DII scores
were expressed as three levels, with 1 = quartile 1 (anti-inflammatory); 2 = quartile 2 (neutral);
and 3 = quartiles 3 + 4 (most pro-inflammatory). For all comparative analyses, C-DII quartile 1 was
used as the reference. Categorizing the C-DII initially into quartiles was done because the DII is
typically analyzed using quartiles, and C-DII follows strategies and methodologies used to assess and
validate the DII [22,24].
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Quantile regression was used to assess the association between C-DII levels and weighted
CRP, treated as the dependent variable, across adjusted CRP percentiles (25th, 50th, 75th and 90th)
after controlling for sex, age, race, asthma, BMI, and infections. “R” version 3.43 was used for the
quantile regression analysis, with the survey package extended to accommodate quantile regression,
accounting for the NHANES complex survey design using standard errors calculated via replicate
weights [38].

Quantile regression has the advantage of allowing the examination of relationships across the
entire CRP distribution, allowing for a comprehensive evaluation of the association between C-DII
and CRP. Quantile regression coefficients are interpreted similarly to mean regression coefficients
except that a quantile regression coefficient indicates the change in the value at the modeled percentile,
not the mean, of the dependent variable. For example, consider a categorical predictor such as C-DII
classified by quartile, with the lowest C-DII quartile being the reference level. A coefficient estimate
of 0.1 mg/L for the second quartile of C-DII in the quantile regression model for the 90th percentile
would indicate that the 90th percentile of CRP is estimated to be 0.1 mg/L greater for children in the
second C-DII quartile as compared to children in the first C-DII quartile after controlling for other
covariates in the model (See Figure 1 for a depiction).

 

Figure 1. Plot of regression coefficients (C-DII and CRP). The magnitude of the differences in CRP
increases at the upper percentiles up to the 85th percentile. CRP for children in C-DII group 2 as
compared to C-DII group 1 at the 85th percentile is over 5 times the difference in CRP at the median,
NHANES, 2005–2012.To reinforce the validity of our study, a logistic regression was performed
using dichotomized CRP as the dependent variable (designated as high risk if CRP ≥ 0.50 mg/L or
low risk <0.50 mg/dL) using a median cut-point. The odds of a CRP value ≥ 0.50 mg/L were obtained
for those in C-DII level 3 compared to level 1, controlling for sex, age, race, asthma, BMI, and infections.

3. Results

Characteristics of children from the NHANES database (2005–2010 two-year cycles) whose data
were used to validate C-DII scores are presented in Table 1. Weighted mean CRP value (n = 3193)
was 0.84 mg/dL (standard error (SE) = 0.03). C-DII mean score was +0.99 (SE = 0.05), with values
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ranging from a maximally anti-inflammatory value of −3.98 to a maximally pro-inflammatory value
of +4.39. Participants in quartile 1 had the least inflammatory scores (−3.98 to −0.04) and children
in upper quartiles 3 and 4 had the most pro-inflammatory diet (2.07 to 4.39). The majority (≈82%) of
the children in all quartiles were normal weight. More children in upper quartiles 3 and 4 reported
asthma (17.4% and 19.7%, respectively) (p < 0.01) compared to lower quartiles (15.1% and 16.1%).

Significant differences in CRP were observed at the adjusted 50th and 75th percentiles for both
groups, that is levels 2 (quartile 2) and 3 (quartiles 3 + 4 combined). Differences in CRP for children in
C-DII level 2 as compared to C-DII level 1 were 0.045 and 0.113 mg/dL at the 50th and 75th percentiles,
respectively. Similarly, differences in CRP for children in C-DII level 3 as compared to C-DII level 1
were 0.054 and 0.097 mg/dL at the 50th and 75th percentiles, respectively (see Table 2). The estimates
for the association of C-DII on the adjusted 25th, 50th, 75th and 90th percentile CRP values are shown
in Table 2.

For both C-DII levels 2 and 3, the magnitude of the estimated impact of C-DII tended to increase
with increasing CRP percentiles. The magnitude of the differences in CRP between C-DII level 3 and
1 increase up to the 85th percentile. The estimated difference in CRP for children in C-DII level 2,
as compared to C-DII level 3, at the 85th percentile is over 5 times the difference in CRP at the median
(see Figure 1). The regression coefficients at the 90th percentile did not reach the nominal cut-point for
statistical significance because the standard errors also increased, which tends to occur at the upper
tail of the distribution.

Based on the logistic regression results, children in C-DII levels 2 and 3 had increased odds of
having a CRP value above 0.50 mg/L. Specifically, children in C-DII level 2 (which equates to quartile 2)
had 22% increased odds (95% confidence intervals (CI) = 0.94–1.59) of a CRP value above 0.50 mg/L
compared to children in C-DII level 1. However, this did not achieve statistical significance. Children in
C-DII level 3 (which equates to C-DII quartiles 3 and 4) had statistically significant 38% increased odds
of an elevated CRP compared to children in C-DII level 1 (odds ratio (OR) = 1.38, 95% CI = 1.11–1.71,
data not tabulated).

We also conducted sensitivity analyses, limiting the data set to observations for children without
asthma and without an infection (as suggested by the reviewer) (Supplementary Table S2). This deletion
of 1239 observations, or about 40% of the previous unweighted sample size, reduced the sample size
from 3112 to 1873. There was no change in the direction of any regression coefficient. The only
noteworthy difference between analyses is that the coefficient for the 90th percentile for CDII quartile
3 became statistically significant. Due to the significant reduction in the total number of observations,
the appropriateness of the NHANES supplied survey weights becomes questionable.

4. Discussion

Results from this study showed that: (1) We were able to construct a global reference database
for C-DII analogous to what we had done for the DII; and (2) Results from the construct validation
indicated that the resulting C-DII scores were associated with CRP values among children 6 to 14 years
of age in the NHANES data set. Analyses were performed to examine the association between three
levels of the C-DII and the complete distribution of CRP using quantile regression. The major finding
from these analyses is that CRP levels differ across the levels of the C-DII and the association of the
C-DII is not constant across the CRP distribution. Specifically, we found that in level 2 of the C-DII
there was significant increase in levels of CRP at the 50th, 55th, 70th, 75th, 80th, and 85th percentiles.
This also is consistent with previous studies that have shown that quantile regression allows for the
examination of outcomes at multiple levels, and is not influenced by outliers or skewness of the
dependent variable [39]. Results in level 3 of the C-DII, representing the 3rd and 4th C-DII quartiles
were more strongly in support of our hypothesis. Increased levels of the C-DII are associated with an
increase in levels of CRP which is a risk factor for obesity and chronic disease.

Obesity is a pro-inflammatory state and childhood obesity is strongly associated with chronic
inflammation and is on the rise [40–42]. It is known that obese children often become obese adults [43]
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and are more likely to suffer from insulin resistance [44], high blood pressure, unhealthy levels of
serum lipids, and increased cardiovascular disease (CVD) risk [45]. This obesity epidemic is the
result of specific changes in our environment and health-related behaviors [46,47]. High-calorie,
inexpensive foods have become widely available and are heavily advertised [47,48]. Therefore, it is
important to develop tools that can help monitor children’s diet to tackle childhood obesity and its
important correlate, inflammation.

Diet plays an essential role in the regulation of chronic inflammation [18,49–51]. Western diets
rich in red meat, high-fat, sugar, dairy products, and refined grains have been associated with
higher levels of CRP and other inflammatory markers [52,53]. Several studies have investigated
individual food items such as meat or individual nutrients, such as vitamin C, and have observed
associations with inflammation [54–59]. However, it is important to note that nutrients and individual
foods are rarely consumed alone in a diet. Therefore, a nutrient or individual food effect may not
be independent of the effect of other nutrients in the diet. Until recently, no dietary index was
developed to predict inflammatory potential of whole diet; i.e., not just individual items or nutrients.
Few research studies have investigated the effects of dietary indices such as the Healthy Eating Index
(HEI), and Mediterranean Diet scores [60,61]. Therefore, there was a need to develop a comprehensive
tool that can help children and their parents make healthier food choices that, in turn, can help reduce
the risk of chronic diseases by directly influencing inflammation and preventing, or at least greatly
limiting, weight gain.

The DII was developed and validated against inflammatory markers in adult populations and has
been associated with a range of outcomes including cancer, metabolic syndrome, and asthma [19,62–65].
An important component of the DII calculation is the standardization of food parameter intake
estimates to a “global” database of intake for the food parameters [19]. Furthermore, in developing the
DII we identified eleven food consumption data sets from different parts of the world to represent a
range of dietary intakes, which was used as the ‘reference’ database [19]. However, DII use among
younger individuals (e.g., 6–14 year olds) is limited because of the “global” database used for this
index. There are several barriers that prevent use of the current DII among children. The “global”
standard database includes only adult dietary intakes and not all of the food parameters that comprise
the DII (e.g., alcohol) may be appropriate for children dietary intake. Furthermore, we could not
obtain data on garlic from any dataset we collected for the global database. Therefore, we developed
C-DII, which can provide guidance for improving diets among children, and in combating obesity.
Childhood obesity has been on the rise in the US, and obese children are more likely to become
obese adults who experience risk factors associated with chronic disease risk [40–43,45]. Therefore,
it is imperative that we create tools to monitor dietary patterns that can contribute to fluctuations in
inflammation levels in the body resulting in obesity and chronic diseases [50,66]. To address this need,
we developed the C-DII, which is based on the scoring algorithm of the DII.

A necessary step in the process was to identify dietary data collected in children from around
the world. A total of 16 such data sets were obtained that included the US NHANES [30], the Korean
NHANES [67], HELENA study (in ten European cities in Greece, Germany, Belgium, France, Hungary,
Italy, Sweden, Austria, and Spain) [33], and a dataset from South Africa [68] that helped create the
“world” database for C-DII.

The C-DII represents an innovative tool for evaluating the inflammatory potential of children’s
diet and it can be applied to any child population in which dietary information of sufficient quality has
been gathered. The C-DII is not limited to data from 24-h recalls but can be used with a wide range
of dietary data from various sources, including children-appropriate food frequency questionnaires
(FFQ). The C-DII can be used to establish intervention strategies regarding an individual child’s dietary
goals to reduce inflammation and the risk of various health conditions [19].

This study has several strengths. It is the first study to develop and validate an index to explore
the inflammatory potential of children’s diet based on a global database. Second, it provided a unique
opportunity to assess the inflammatory potential of diet in relation to CRP in a nationally representative
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sample. Third, it was possible to control for several confounding factors such as age, sex, race, BMI,
and infection, and asthma.

Despite its strengths, there were several limitations to this study including a relative paucity of
robust and reliable data on child nutrition. Regular public health surveillance of child nutrition occurs
infrequently around the world, and few research studies have collected children dietary data, so to
find reliable sources for these data was challenging, and not all datasets provided 100% complete
dietary data. Additionally, we were limited by the availability of dietary data (i.e., a single 24-h dietary
recall) in the NHANES.

5. Conclusions

Results indicate that the C-DII predicts CRP among children aged 6 to 14 years, and it appears that
the C-DII is more strongly predictive of CRP among the higher levels CRP compared to lower levels of
CRP. The C-DII can be used as a means for informing primary prevention and for educating physicians
and other providers, parents and children on the importance of a healthy diet to reduce chronic
disease rates and to enhance feelings of well-being and to improve quality of life. Further construct
validation is required to deepen the understanding of the relationship between the C-DII and markers
of inflammation in children. Additionally, more research should be focused on the role of diet in
inflammation-related conditions in children.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/10/8/993/s1,
Table S1: Food Parameters available in different countries, Table S2: Shows the quantile regression coefficients for
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Abstract: The home food environment (HFE) is an important factor in the development of food
preferences and habits in young children, and the availability of foods within the home reflects
dietary intake in both adults and children. Therefore, it is important to consider the holistic quality
of the HFE. The purpose of this study was to apply the Healthy Eating Index (HEI; a measure of
diet quality in conformance to the Dietary Guidelines for Americans) algorithm to the Home-IDEA2,
a valid and reliable food inventory checklist, to develop a Home-IDEA2 HEI Score. After an initial
score was developed, it was psychometrically tested for content, criterion, and construct validity.
Content validity testing resulted in 104 foods being retained. Internal criterion testing demonstrated
that 42 foods (40%) changed component scores by >5%; however, no single food changed a total
Home-IDEA2 HEI score by >5%. Testing of hypothetical HFEs resulted in a range of scores in the
expected directions, establishing sensitivity to varied HFEs. This study resulted in a validated
methodology to assess the overall quality of the HFE, thus contributing a novel approach for
examining home food environments. Future research can test interventions modifying the HFE
quality to improve individual dietary intake.

Keywords: home food environment; Healthy Eating Index; dietary quality; validation; psychometric

1. Introduction

In recent years, dietary research has expanded to assess not only the foods eaten, but also the
context in which the food is eaten (e.g., at home versus away from home) [1–3] and where the food
was obtained (e.g., fast-food [4], sit down restaurant [5], convenience store [6,7], grocery store [8,9],
school/cafeteria [10], or vending machine [9]) [11,12]. One of these areas of expanding research
is the home food environment (HFE), which provides context for individual and family dietary
intake [13]. The HFE has received increasing attention as an important factor in the development
of food preferences and habits in children, as a contributor to obesogenic environments, and as a
modifiable factor for nutritional interventions, especially those targeting childhood obesity [13–15].

The HFE is influenced by factors that include food purchasing and preparation decisions,
food availability, and food accessibility [16,17]. The HFE impacts children’s diet not only through
examples of eating habits, but also through the actual foods that are readily available and accessible
in the home [18,19]. The availability of foods within the home has been shown to reflect intake in
both adults and children, and as such, provides a potential dietary intervention point [3]. Intervention
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targets for improving children’s dietary behaviors should focus on the availability and accessibility of
a spectrum of foods, including increasing healthful foods as well as reducing foods and beverages that
are energy-dense and nutrient poor [20].

This increasing recognition of the environmental context of dietary intake has led to a large
increase in the number of tools available for assessing a given environment with regard to availability
of foods. Often HFE tools were designed to fit the researchers’ immediate questions and were brief,
focused on only one aspect of food availability—such as high-fat foods, sugar-sweetened beverages,
or fruits & vegetables—and had limited psychometric testing performed [21]. Small food sets and
a lack of a complete listing of foods in most HFE assessments has limited researchers’ abilities to
examine the totality of the HFE and its contributions to dietary quality.

The Home Inventory to Describe Eating and Activity (Home-IDEA2) is one such assessment
that has been found to be valid and reliable in assessing food, activity, and electronic home
environments among low-income minority parents of preschoolers [22]. The Home-IDEA2 is a
semi-comprehensive checklist designed to assess the foods present in the home at a single point in
time. It includes foods sourced from the Allowable Foods List from the US Special Supplemental
Nutrition Program for Women, Infants, and Children (WIC Program), the Block Food Frequency
Questionnaire, and the modified Harvard Food Frequency Questionnaire (FFQ), allowing for
application to diverse households.

Given the relationship between the HFE and dietary intake, it is important to consider the HFE
beyond the presence and absence of individual foods, and examine the holistic quality of the entire HFE.
The Healthy Eating Index (HEI), developed by the National Cancer Institute, is the method of choice
in the US for assessing dietary quality [23]. The HEI is a formalized approach that includes rules and
analysis algorithms allowing for effective comparisons in the overall quality of foods across different
levels of the food supply [23,24]. HEI algorithms have been applied to the US food supply level [25],
the community food environment (e.g., food assistance program offerings [26], supermarket sales
circulars [27], menu offerings [4], corner stores [28], grocery purchases [29], by multiple food purchase
locations [30]), and at the individual food intake level (e.g., comparing diet cost to diet quality [31],
comparing different dietary patterns [32–35], and evaluating differences in mortality outcomes by
diet quality [36]). To date, the HEI algorithm has been applied to the HFE in one recent study [37],
which demonstrates a need for more rigorous validation and psychometric testing. Application of
the HEI to the HFE provides a unique way of assessing overall quality of the HFE, and allows for
direct comparison to dietary intake quality, thus providing the potential for further insights into the
relationship between the HFE, dietary intake, and health outcomes.

For this study, the Home-IDEA2 was used as an instrument to apply the HEI algorithm to assess
the quality of the HFE. Specific objectives were to (1) develop an initial Home-IDEA2 HEI Score, and (2)
psychometrically test the Home-IDEA2 HEI Score for content, criterion, and construct validity.

2. Materials and Methods

2.1. Development of an Initial Home-IDEA2 Healthy Eating Index Score

2.1.1. Application of the HEI Algorithm to the Home-IDEA2

The Healthy Eating Index (HEI) is updated to conform to each edition of the Dietary Guidelines
for Americans (DGA), with the HEI-2010 [23] reflecting diet patterning in conformance with the
2010-DGAs [38]. The HEI-2010 was used, as the HEI-2015 was not yet available during the development
of the Home-IDEA2 HEI Score. Briefly, the HEI-2010 scores 12 dietary components for a total
score ranging from 0–100 (Table 1), with total scores less than 51 categorized as ‘poor,’ 51–80 as
‘needs improvement,’ and greater than 80 as ‘good’ [39]. The HEI has been applied to other food
supply levels using three steps: (1) identification of a set of foods, (2) determination of the amount of
each dietary constituent associated with each food in the set, and (3) deriving ratios to score each HEI
component using developed algorithms [40].
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Table 1. Healthy Eating Index-2010 components and scoring standards.

HEI-2010 Components Maximum Points
Standard for Maximum Score

(per 1000 kcal) a
Standard for Minimum Score of

Zero (per 1000 kcal) a

Adequacy
Total Fruit b 5 ≥0.8 cup equiv. (102 g) No Fruit

Whole Fruit c 5 ≥0.4 cup equiv. (51 g) No Whole Fruit
Total Vegetables d 5 ≥1.1 cup equiv. (141 g) No Vegetables

Greens & Beans d 5 ≥0.2 cup equiv. (26 g) No Dark Green Vegetables or
Beans/Peas

Whole Grains 10 ≥1.5 oz equiv. (42 g) No Whole Grains
Dairy e 10 ≥1.3 cup equiv. (166 g) No Dairy

Total Protein Foods f 5 ≥2.5 oz equiv. (71 g) No Protein Foods
Seafood & Plant Proteins f,g 5 ≥0.8 oz equiv. (23 g) No Seafood or Plant Proteins

Fatty Acid Ratio h 10 (PUFAs + MUFAs)/SFA ≥2.5 (PUFAs + MUFAs)/SFA ≤1.2
Moderation

Refined Grains 10 ≤1.8 oz equiv. (~51.0 g) ≥4.3 oz equiv. (122 g)
Sodium 10 ≤1.1 g ≥2.0 g

Empty Calories i 20 ≤19% of energy ≥50% of energy
Total Score j 100

Adapted from the National Cancer Institute’s HEI-2010 Components & Scoring Standards Table [41]. (Development
of the scoring rubric has been previously described in detail [42]. a Amounts between the minimum and maximum
scores are scored proportionately. b Includes 100% fruit juice. c Includes all forms except juice. d Includes any
beans and peas not counted as total protein foods. e Includes all milk products, such as fluid milk, yogurt,
and cheese, and fortified soy beverages. f Beans and peas are included here (and not with vegetables) when the
total protein foods standard is otherwise not met. g Includes seafood, nuts, seeds, and soy products (other than
beverages), as well as beans and peas counted as total protein foods. h Ratio of poly- and monounsaturated fatty
acids (PUFAS and MUFAS) to saturated fatty acids (SFAs): (PUFAs + MUFAs)/SFA. i Calories from solid fats,
alcohol, and added sugars; threshold for counting alcohol is >13 g/1000 kcal. j The Center for Nutrition Policy and
Promotion categorizes total scores as poor (less than 51), needs improvement (51–80), and good (greater than 80)
[39]. Abbreviations: HEI: Healthy Eating Index; equiv., equivalents; oz., ounces; g., grams.

The Home-IDEA2 (the self-report checklist that participants complete regarding availability of
select food items in the home) includes 108 food items that represent a wide variety of potential types
of foods in the home. For example, there are single-items, such as “apple,” that represent all types of
raw apples (Granny Smith, Macintosh, Red Delicious). There are also composite items that represent
a “category” of similar items, such as “citrus fruits” representing oranges, tangerines, mandarins,
grapefruit, lemons, limes, etc. All items, whether single or composite, are completed in terms of
“Yes/No” availability in the home. No information is obtained as to how much of these items are in
the home, rather, the presence or absence of the listed foods is assessed.

The Home-IDEA2 was chosen as the basis for developing a HFE quality score using the HEI for
four reasons: (1) the high feasibility for individuals to complete the survey [22], (2) the included foods
are relevant to socioeconomically, racially/ethnically, and geographically diverse families with young
children [43,44], (3) it has been psychometrically validated [22,44], and (4) it has demonstrated positive
associations with dietary intake for a broad range of foods ranging from healthy and less healthy
foods in families with young children [43]. In order to apply the HEI to the Home-IDEA2, USDA’s
Center for Nutrition Policy and Promotion’s recommended processes were modified to include the
HFE, and a 3 step process was followed (Figure 1) [40]. Because all foods in the Home-IDEA2 are listed
generically and without amounts, a ‘representative’ food identifying a specific food code that links to
the Food and Nutrition Database for Dietary Studies (FNDDS) and a representative food amount for
each Home-IDEA2 item needed to be assigned to apply nutrient values before ratios and HEI score
components could be derived.
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2.1.2. Representative Foods

The representative foods and food amounts for the Home-IDEA2 items were sourced from the
FoodAPS, a national survey of 4826 ethnically and income-diverse U.S. households conducted by the
USDA Economic Research Service (ERS) and Food and Nutrition Service (FNS) between April 2012
and January 2013 [46]. The publicly available, de-identified, food-at-home dataset was used for this
study (faps_fahnutrients, downloaded 26 January 2017) [46]. A multi-part process was employed to
identify a representative food for each Home-IDEA2 item. First, a keyword search within the FoodAPS
file was conducted for foods that matched each Home-IDEA2 item. Next, four investigators with
expertise in nutrition and psychometric testing evaluated the identified foods for face validity with
Home-IDEA2 items and reasonableness for low-income, multi-ethnic households. These foods were
discussed by the research team until consensus was achieved. Last, remaining options were evaluated
for key nutrients/nutrient categories (e.g., sodium, whole fruit, whole grains) theorized to load into
the HEI-2010 algorithm, with the food closest to the mean or median of the key nutrients/nutrient
categories selected as the ‘representative’ food for each Home-IDEA2 item. Table 2 outlines key
considerations for the selection of the representative food for citrus fruits.

Table 2. Sample considerations for the selection of the representative food for Home-IDEA2 Category
of citrus fruits.

Potential
Representative

Food Item

HEI Component
Score

Presence in
Households a

Availability, Consumption
and Other Considerations

Selection Decision

Oranges Whole fruit;
Total fruit Common Availability: Year-round;

Consumed: As whole fruit
Selected (food code

61119010)
Clementines

(Cuties®)
Whole fruit;
Total fruit Common Availability: Seasonal;

Consumed: As whole fruit
Not selected due to

seasonality

Mandarins

Whole fruit;
Total fruit;

SOFAAS (added
sugars)

Common

Availability: Seasonal (fresh);
Year Round (packaged);

Consumed: As whole fruit;
Other: Packed in juice and

syrup; contains added
sugars

Not selected due to
contribution of
added sugars

Grapefruit

Whole fruit;
Total fruit;

SOFAAS (added
sugars)

Less common

Availability: Seasonal (fresh);
Year Round (packaged);

Consumed: As whole fruit;
Other: Packed in juice and

syrup; contains added
sugars

Not selected due
low presence in
households and
contribution of
added sugars

Tangerine Whole fruit;
Total fruit Less common Availability: Seasonal;

Consumed: As whole fruit

Not selected due to
low presence in
households and

seasonality

Lemons Whole fruit;
Total fruit Common

Availability: Year-round;
Consumed: Not typically
eaten in whole as fruit

Not selected
because not

typically consumed
as whole fruit

Limes Whole fruit; Total
fruit Common

Availability: Year-round;
Consumed: Not typically
eaten in whole as fruit

Not selected
because not

typically consumed
as whole fruit

a Presence in households was determined based on frequencies from Home-IDEA2 administered with a low-income,
minority population (unpublished data). Abbreviations: HEI: Healthy Eating Index; Home-IDEA: Home Inventory
Describing Eating and Activity; SoFAAS: Solid Fats, Alcohol, Added Sugars.
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2.1.3. Food Amounts

For each representative food, food amounts were then selected. Within the FoodAPS dataset,
the mean, median, and mode of available total edible gram weights were calculated for each
representative food. Next, an internet search for standard consumer package sizes was performed.
Calculated weights were adjusted to reflect reasonable package sizes for consistency across foods
(e.g., milk varieties (whole, 2%, 1% skim, chocolate) were normalized to 1 gallon (3.8 L), cheese varieties
(regular, low-fat) were normalized to 1 pound (454 g), meat varieties (chicken, beef) were normalized
to 2 pounds (908 g), and for realistic purchase quantities (e.g., vegetable oil was reduced from 1 gallon
(3.8 L) to 32 ounces (1 L)).

2.1.4. Ratios and HEI Score Components

The nutritional content for the representative foods and selected food amounts were merged
with the Home-IDEA2 to create the Home-IDEA2 HEI Score database. The Home-IDEA2 captures a
snapshot of the home at a single point in time, similar to a single dietary recall for one person; therefore,
the HEI algorithm selected was “Calculating an individual’s HEI-2010 score, using FPED, and one
day of 24HR recall” [47]. Two nutrient files were created, mirroring the layout of individual dietary
intake nutrient analysis files obtained from the Automated Self-Administered 24-h Recall System
(ASA24), the INFMYPHEI (Items/Individuals Foods and Pyramid Equivalents Data), and TNMYPHEI
(Total/Daily Total Nutrient and Pyramid Equivalents Data) files [48]. The algorithm was then applied
to the Home-IDEA2 HEI Score database to generate HEI component and total scores.

2.2. Psychometric Testing on the Home-IDEA2 HEI Score

Extensive validation and psychometric testing was performed to test the functionality of the
Home-IDEA2 HEI Score. Face validity was assessed throughout the selection of the representative
foods and food amounts. Decisions were made to match the intention of Home-IDEA2 items and to
control for foods that might reasonably be found in participants’ homes. Content, internal criterion,
and construct validity were also tested (Table 3).

Table 3. Development and initial validation of Home-IDEA2 HEI Score.

Validity
Measure

Research Question Analysis Strategy

Objective 1:
Develop an initial

Home-IDEA2
HEI Score

Face

Do the representative food items and
amounts selected represent the intent

of each Home-IDEA2 item?
Would the representative foods be

reasonably found in the target
population homes?

Expert review of representative foods
and food amounts, including

comparison to standard consumer
packaging sizes

Objective 2:
Psychometric

Testing of
Home-IDEA2

HEI Score

Content
Do the representative foods feed into
the HEI component and total scores as

theorized?

Iterative runs of the HEI-2010
algorithm on the Home-IDEA2 HEI

Score Database; each food was
removed individually and changes in

scores were visually examined

Criterion

Are there any individual
representative foods that impact HEI

component or total scores more
substantially than other foods?

Iterative runs of the HEI-2010
algorithm on the Home-IDEA2 HEI

Score Database; each food was
removed individually and changes in

scores were visually examined

Construct
Does the Home-IDEA2 HEI Score

identify different home food
environments?

Test the Home-IDEA2 HEI Score on
five sample Home-IDEA2 checklists
representing varying diet patterns

(CACFP, DASH, vegetarian,
moderately processed, highly

processed)
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2.2.1. Content and Criterion Validity

Content and internal criterion validity were examined through over 300 rounds of iterative testing
in the application of the HEI algorithm to the Home-IDEA2 HEI Score database. Iterative testing
involved the removal of each food from the Home-IDEA2 HEI Score database to determine if the
representative food was loading into the component scores as theorized (content validity), and to
test the individual and cumulative group contributions of each food to component and total scores
(internal criterion validity). The effect size was calculated by the percent change in both the component
and total score after the removal of each individual food item from the total pattern. Due to the
patterning nature of the HEI algorithm, it was necessary to test for inappropriately high effects of
individual representative food loadings on component and total scores.

2.2.2. Construct Validity

Construct validity was assessed with five sample Home-IDEA2 checklists that were created to
represent various diet patterns ranging from minimally healthful (theorized low HEI score) to very
healthful (theorized high HEI score). These patterns included a highly processed pattern, a moderately
processed pattern, a vegetarian pattern with minimal processed foods, and two dietary patterns that
were used as evidence-based referent groups: the DASH diet [49], and a pattern based on the Dietary
Guidelines for Americans (DGA) [50]. To test adherence to the DGA, a Child and Adult Care Food
Program (CACFP) weekly menu was used to create the sample checklist. These food patterns were
selected to examine sensitivity, and to evaluate if our tool and the resulting quality score would
produce different scores for different home food environments. All analyses were conducted using
SAS (version 9.4; SAS Institute Inc., Cary, NC, USA). The HEI-2010 algorithm was provided by the
National Cancer Institute [40].

3. Results

3.1. Development of an Initial Home-IDEA2 HEI Score

In the process of determining representative foods from the FoodAPS, two Home-IDEA2 items
were eliminated. “Unprepared mixes” was eliminated due to the complexity of options available,
which did not allow for an accurate selection of a single representative food, and there were no options
for “tortilla, other” outside of corn or flour, which were already captured as individual food items.
In the process of determining food amounts, two additional Home-IDEA2 items were removed due
to a lack of total edible gram (TEG) weights (rice cakes), and a TEG weight that had no comparable
consumer purchase size (deer—the TEG from the FoodAPS database represented an entire deer
carcass), leaving 104 foods in the Home-IDEA2 HEI Score database.

3.2. Psychometric Testing on the Home-IDEA2 HEI Score

3.2.1. Content and Criterion Validity

In testing content validity, results from iterative testing showed that two foods (those representing
chocolate/candy and unsweetened cereal) did not load into component scores as initially hypothesized.
Therefore, changes were made to the representative foods initially selected for chocolate/candy and
unsweetened cereal to correct component score loading and maintain the original intent of the food
within the Home-IDEA2. Inconsistent effects in component outcomes were also observed for processed
food items and cooking oils/fats. Food amounts were adjusted to create similar effect sizes on
component scores within each food category (e.g., fruits, processed foods, grains, cooking oils).

Iterative testing was then repeated to confirm changes in effect sizes for component and total
scores. Internal criterion validity was demonstrated, as each representative food had larger percentage
effect sizes in the relevant component score(s) than in the total score (Table 4). Five foods—ramen,
brown rice, broccoli, grapes, and vegetable oil—were highlighted, as they were the foods in the
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Home-IDEA2 HEI Score database that had the largest impact in a given component score: e.g.,
Sodium, Whole Grain, Whole Fruit, and Fatty Acid Ratios, respectively. Despite larger changes to
component scores, there was no single food that resulted in a change of greater than 5% to the total
score. For example, the absence of broccoli from a household yielded a 21.1% negative change to
the Greens and Beans component score, but only a negative 1.2% change to the total score. Of the
104 foods in the Home-IDEA2 HEI Score database, 42 affected a change of at least 5% in one or more
component scores when removed from analysis. Of those 42 foods, 13 affected a 10–20% change,
with 2 affecting over a 20% change (broccoli: −21.1% change in Greens and Beans; vegetable oil:
−31.1% change in Fatty Acid Ratio). This demonstrated internal criterion validity with regard to the
intent of the algorithm (i.e., component scores represent individual food contribution, whereas the
total score represents the overall patterning) [24].

Table 4. Criterion validity testing: percent (%) change values for HEI-2010 components and total score
when specified food was removed from the Home-IDEA2 HEI Score database for 5 example foods.

Percent (%) Change a

HEI-2010 Component Ramen Brown Rice Broccoli Grapes Vegetable Oil

Adequacy

Total Fruit 2.0 0.7 0.1 −5.3 5.5
Whole Fruit 3.3 1.2 0.1 −10.7 5.1

Total Vegetables 2.0 0.7 −3.8 0.3 5.4
Greens and Beans 0.7 0.3 −21.1 0.1 2.0

Whole Grains 2.2 −7.3 0.1 0.3 5.9
Dairy 2.6 0.9 0.1 0.3 7.0

Total Protein Foods 3.0 1.1 0.1 0.4 8.2
Seafood and Plant Proteins 0.0 0.0 0.0 0.0 0.0

Fatty Acid Ratio 4.2 -0.1 0.0 0.0 −31.1

Moderation

Refined Grains 5.4 −1.4 −0.1 −0.5 −10.5
Sodium 11.4 −1.7 0.0 −0.6 −12.7

SoFAAS Calories 1.5 −0.9 -0.1 −0.3 −7.0

Total Score 3.4 −0.9 −1.2 −0.9 −4.2
a Percent change was calculated relative to the maximum score for each component category, so the values presented
are normalized to accurately reflect the correct weighting across categories. For example, if there was a change of
0.05 in a component with a maximum score of 5, the relative percent change is 1.0%, whereas a maximum score of
10 yields a percent change of 0.5%. Positive percent change values indicate that the component or total score has
increased (become more aligned with the 2010 DGAs). Negative percent change values indicate that the component
or total score has decreased (become less aligned with the 2010 DGAs). Abbreviations: HEI: Healthy Eating Index;
Home-IDEA: Home Inventory Describing Eating and Activity; DGA: Dietary Guidelines for Americans; SoFAAS:
Solid Fats, Alcohol, Added Sugars.

3.2.2. Construct Validity

The analyses of the five sample HFEs resulted in a range of scores in the expected directions
for both component and total scores (Table 5). The highest total scores (out of 100) resulted from the
minimally processed/vegetarian (93.8) and DASH (88.9) HFEs and are classified as ‘good’ (total score
>80) according to the Center for Nutrition Policy and Promotion’s standardized guidelines for HEI
scores [39]. The CACFP HFE resulted in a nearly ‘good’ score, 78.9, with low scores for the seafood
and plant proteins and fatty acid ratio components, as CACFP menus used to create the sample HFE
did not include any food items that would contribute to the seafood and plant protein component.
Moreover, while the CACFP menus contained substantial dairy (contributing saturated fatty acids to
the denominator), they did not include foods that contained MUFAs and PUFAs (the numerator) for
the fatty acid ratio component. All other component scores, excluding sodium, were maximized by
the CACFP environment, thus indicating a high ability to detect adherence to the DGAs within the
bounds of using the Home-IDEA2. The moderately and highly processed HFEs scored lower for most
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component scores and generated lower total scores (in the ‘needs improvement’ category and close to
‘poor’) than the more healthful HFEs, suggesting measurement sensitivity to different patterns in the
anticipated directions.

Table 5. Construct validity: five sample home food environments and resulting HEI-2010 component
and total scores.

Sample Home Food Environments

HEI-2010 Components
Maximum

Points

Home-IDEA2
(All Foods

Present)

Highly
Processed

Moderately
Processed

Minimally
Processed,
Vegetarian

DASH CACFP

Adequacy

Total Fruit 5 2.9 2.0 3.0 4.4 3.3 5.0
Whole Fruit 5 4.7 3.7 4.1 5.0 3.6 5.0

Total Vegetables 5 2.8 2.0 3.4 5.0 5.0 5.0
Greens & Beans 5 1.1 2.1 0.0 5.0 5.0 5.0
Whole Grains 10 6.2 0.5 0.5 10.0 8.0 10.0

Dairy 10 7.4 6.1 4.4 4.4 4.0 9.1
Total Protein Foods 5 4.3 4.7 4.3 5.0 5.0 5.0

Seafood & Plant Proteins 5 5.0 5.0 2.6 5.0 5.0 0.0
Fatty Acid Ratio 10 8.1 6.5 10.0 10.0 10.0 0.0

Moderation

Refined Grains 10 6.2 0.8 5.0 10.0 10.0 10.0
Sodium 10 8.9 6.9 7.7 10.0 10.0 6.4

Empty Calories 20 17.6 15.7 20.0 20.0 20.0 18.4

Total Score a 100 75.2 56.0 64.9 93.8 88.9 78.9
a The Center for Nutrition Policy and Promotion categorizes total scores as poor (less than 51), needs improvement
(51–80), and good (greater than 80) [39]. Abbreviations: HEI: Healthy Eating Index; DASH, Dietary Approaches to
Stop Hypertension; CACFP, Child and Adult Care Food Program.

To further examine construct validity, broccoli was included in all five sample HFE patterns;
broccoli is the only vegetable in the Home-IDEA2 HEI Score database that contributed to the Greens
and Beans component. The Highly Processed sample HFE had non-maximum scores for the Greens
and Beans component, whereas the Minimally Processed household, DASH household, and CACFP
households scored the maximum of 5. This demonstrated that the presence of a single food within the
total patterning of a given household may result in a range of scores within a component.

4. Discussion

In this study, a HFE quality score was developed by applying the HEI to the Home-IDEA2,
a validated assessment of the HFE. The development process used to produce the Home-IDEA2
HEI Score mirrored those employed for the HEI-2010 [24] and, therefore, utilized a validated
method in which an index of dietary quality was quantitatively applied to foods available in the
home environment. Because the HFE is a significant target for efforts focused on prevention of
childhood obesity, enhancing researchers’ ability to measure multiple environmental correlates,
including availability, accessibility, and quality of foods, is critical to understanding children’s food
behaviors and dietary intake.

Having a comprehensive measure of HFE overall quality in addition to dietary intake quality
provides a more complete picture of how the HFE may impact dietary intake at the pattern level,
thus aligning HFE research with current trends in dietary intake research examining dietary patterning
in addition to individual food groups or nutrients [51–54]. Further, having a validated Home-IDEA2
HEI Score provides several important opportunities for researchers. The Home-IDEA2 HEI Score can
be used not only to easily summarize food quality in the home, but to measure the overall quality of
the home food environment as an intervention target. Similarly, the score could be used in a larger
cohort study for assessing the associations between the quality of the HFE and health outcomes.
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Extensive steps were taken to validate the Home-IDEA2 HEI Score at each step of the development
process. Examining the relative percent change of individual foods to component and total scores
confirmed that the vast majority of representative foods had negligible impact on the total score
when considered individually. Because the HEI is designed to measure overall patterning, this was
critical, as it demonstrated that no individual food had the power to significantly impact the total score.
It should be noted that changes in the presence or absence of foods may reflect changes in the overall
categorization of a home’s Home-IDEA2 HEI Score as poor (less than 51), needs improvement (51–80),
or good (greater than 80) [39]. For example, as Ramen induced a 3.4% change to the total score, it is
feasible that a home’s overall Home-IDEA2 HEI Score might move above or below these prescribed
categories. Construct validity was demonstrated through testing of five sample HFEs, which revealed
both total and component scores in the expected directions. Similarly, this analysis resulted in a range
of total scores for each of the five sample HFEs (56.0–93.8), indicating that scores ranged from nearly
all three standardized HEI rating quality categories: poor, needs improvement, and good [39].

The process of applying the HEI algorithm to the Home-IDEA2 revealed opportunities for
improvement of the checklist. First, the Home-IDEA2 was not designed with the HEI in mind, thus,
the retrospective application of the HEI identified gaps in the food items included in the checklist.
The Home-IDEA2 was unbalanced, with a greater variety and higher number of more healthful foods
feeding into the HEI components that make up the adequacy score, compared with fewer options
for less healthful/processed food items that contribute to the HEI components contributing to the
moderation score. This is highlighted by the Home-IDEA HEI score (Table 5) of 75.2 (out of 100) when
all foods were checked as present in the home. Ideally, when both healthful (adequacy) and unhealthful
(moderation) foods are adequately represented, the total HEI score should be lower. Future iterations
of the checklist should include more options of moderation foods. Similarly, future versions of the
Home-IDEA should be designed with the HEI in mind and include multiple food types that represent
HEI components (so that the presence of one food, like broccoli, does not create a perfect component
score). Further understanding of how the presence or absence of these foods in the home might affect
the Home-IDEA2 HEI Score, and whether or not equal representation is given to all food components
of the HEI, is warranted.

While the HEI is designed to measure adherence to the U.S. Dietary Guidelines, algorithms
for other dietary patterns, such as the DASH diet, the Mediterranean diet, the Alternative HEI,
and country/region specific dietary guidelines, could be applied in a similar manner as the HEI to the
Home-IDEA2. The process of applying a dietary pattern algorithm to the HFE to develop a quality
score has the potential to be replicated to encompass culturally specific eating patterns, or could be
used to compare and contrast HFE across countries/regions. Culturally tailoring the Home-IDEA2
or the application of the dietary pattern algorithms to different HFE assessment tools would require
content, criterion, and construct validity testing to ensure that the tool and the algorithm were reflecting
the intent of the dietary pattern appropriately.

There were limitations and strengths to this study. As mentioned, the predetermined list of
foods reduced participant and researcher burden, but the Home-IDEA2 is not all-inclusive and may
place limits on capturing the full diversity of foods in the home. The Home-IDEA2 is similar to a
single dietary recall for one person, and as such, is subject to the same limitations, such as substantial
day-to-day variability. While the checklist has been validated and successfully used in low-income,
multi-ethnic families with young children [43,44], food items cover a large portion of foods frequently
consumed by all Americans, and future research with other audiences is warranted. The food categories
of the Home-IDEA2 were assigned representative foods for nutrient content and food amount using
the FoodAPS database, a nationally representative database of U.S. households. However, it should
be noted that the selection of representative foods (face validity) was completed by the experts in
nutrition and psychometric testing, and, therefore, the subjectivity of these selections is a limitation.
Finally, the development and validation procedures for the Home-IDEA2 HEI Score were modeled
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after USDA recommendations. Extensive validation procedures and psychometric testing were used
to ensure that the Home-IDEA2 HEI Score was functioning as intended.

5. Conclusions

The ability to assess the quality of the foods in the home holistically via the application of an
HEI score allows for a more complete view of the HFE, and provides a useful form of measurement
to future observational and intervention studies working to gain a fuller understanding of the HFE.
Previous literature has shown the importance of understanding and measuring the HFE, because of
the predictive ability of the availability of food in the home to the types of foods that children
eat [16–18]. This study adds to the literature a psychometrically tested and thoroughly validated
measure. While this study used an existing instrument, future modifications to the Home-IDEA2 are
needed to address the aforementioned limitations, to improve sensitivity and enhance the ability to
accurately measure the overall quality of the HFE with a constrained number of food items. The ability
to quantify HFE quality in a valid way provides researchers with a methodology to holistically assess
families and children’s food environments, which may contribute to a greater understanding of dietary
intake and, ultimately, health outcomes.
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Abstract: Clinical settings need rapid yet useful methods to screen for diet and activity behaviors
for brief interventions and to guide obesity prevention efforts. In an urban pediatric emergency
department, these behaviors were screened in children and parents with the 33-item Pediatric-Adapted
Liking Survey (PALS) to assess the reliability and validity of a Healthy Behavior Index (HBI) generated
from the PALS responses. The PALS was completed by 925 children (average age = 11 ± 4 years,
55% publicly insured, 37% overweight/obese by Body Mass Index Percentile, BMI-P) and 925 parents.
Child–parent dyads differed most in liking of vegetables, sweets, sweet drinks, and screen time.
Across the sample, child and parent HBIs were variable, normally distributed with adequate internal
reliability and construct validity, revealing two dimensions (less healthy—sweet drinks, sweets,
sedentary behaviors; healthy—vegetables, fruits, proteins). The HBI showed criterion validity,
detecting healthier indexes in parents vs. children, females vs. males, privately- vs. publicly-health
insured, and residence in higher- vs. lower-income communities. Parent’s HBI explained some
variability in child BMI percentile. Greater liking of sweets/carbohydrates partially mediated the
association between low family income and higher BMI percentile. These findings support the utility
of PALS as a dietary behavior and activity screener for children and their parents in a clinical setting.

Keywords: dietary screener; obesity prevention; sweet preference; children; diet quality

1. Introduction

The worldwide childhood overweight/obesity prevalence ranges from 22 to 24% [1]. Obesity in
U.S. children is estimated at 17%, including 5.8% extreme obesity (BMI≥ 120% of the 95th percentile) [2].
Obesity prevention requires a multi-sector approach [3], including screening, brief interventions and
referrals between clinical and community sectors [4]. As the pediatric emergency department (PED)
is utilized for non-urgent care [5], it should be part of this multi-sector approach [6–9] to reach
low-income children who often have unhealthy dietary behaviors and lack access to primary care [6].
Brief obesity interventions have been successfully accomplished in the PED [7]. Clinicians need rapid,
yet useful tools to screen behaviors for patient-centered interventions to promote healthy behaviors [10].
As parent involvement is critical [11], these tools should capture parent and child behaviors.

Conventional dietary assessment asks children or parents to recall food/beverage intake (e.g., 24-h
recall,) or usual intake frequency [12,13], which is time intensive, often involves misreporting [14],
and may cause defensive parent response and low-compliance in a clinical setting [15]. Screening
usual consumption by asking likes/dislikes offers a feasible alternative. Recall of liking is quicker
and cognitively simpler than behavioral recall with potentially less parent unease. Reported food
liking correlates with reported intake [16–18], biomarkers of intake and/or adiposity in children [18]
and adults [19–21]. The Pediatric-adapted Liking Survey (PALS) is fast, has a high response rate
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in the PED, with good-to-excellent clinical-to-home test–retest reliability [22]. Furthermore, results
from an assessment of children’s preference for food and physical activity (PA) can guide program
planning [23]. Health promotion across the socio-ecological framework needs to develop healthy food
and PA preferences in children [24].

The present study further develops PALS [22] to address needs in clinical settings. One need is
to screen dietary behaviors in children and their parents (i.e., child–parent dyads) with comparable
methods. The dietary patterns of children and parents can show weak-to-moderate resemblance [25].
The second is to assess dietary behaviors toward food/beverage groups and diet healthiness (i.e., diet
quality). Few studies have examined diet quality in child–parent dyads [26]. We have shown that
liking survey responses can form a reliable and valid diet quality index that explains significant
variation in markers of nutritional status and health in preschoolers [18] and adults [21,27]. Diet quality
indexes improve the understanding of diet-health relationships [28], inform interventions [29] and
monitoring [30] in children. From analysis of three cycles of U.S. National Health and Nutrition
Examination Survey (NHANES), diet quality among children is low, showing socio-economical and
race/ethnic disparities [31]. The third need is to feasibly screen PA and sedentary behaviors in
child–parent dyads. PA encouragement is key as children age, especially targeting those of economic
disadvantage [32]. As questionnaires inform PA assessment [33], we enhanced the PALS [22] with
physical and sedentary activities as well as additional foods.

Our specific objective was to screen both children’s and parent’s food and activity liking and to
assess the reliability and validity of a Healthy Behavior Index (HBI) generated from the liking responses.
Measures of reliability and validity followed that for the Healthy Eating Index [34], including the ability
of the HBI to detect differences between child and parent, by the child’s age and gender, proxies of the
family’s economic status, and the child’s Body Mass Index Percentile (BMI-P). Finally, we examined
models of interaction between income and food liking to explain variability in the child’s BMI-P.

2. Materials and Methods

2.1. Participants

This observational study enrolled a convenience sample of 5 to 17-year-old children who sought
medical care at the Connecticut Children’s Medical Center’s PED in Hartford, CT. The sample size
was to capture diversity in the child to address the study aims and allow for multivariate analysis
within a diverse sample. Children were excluded from participating if they had a history of severe
behavioral/mental health conditions, were non-English speaking, or too ill to participate. Institutional
Review Boards approved this study. To participate, parents/guardians signed informed consent, and
children ages 7 and older signed an assent. Of those consenting to participate and meeting the inclusion
criteria, 93% completed the protocol. The final sample, collected from March 2013 to April 2016,
included 925 child–parent dyads who were diverse in child age, race/ethnicity, and family economic
status (Table 1).
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Table 1. Characteristics of children seeking medical care in a Pediatric Emergency Department.

n = 925 %

Age (Avg. 10.9 years)

5–<9 year 356 38
9–<13 year 257 28
13–17 year 312 34
Sex

Male 463 50.1
Female 462 49.9
Race/Ethnicity

Caucasian 357 38.6
Black 133 14.4
Hispanic 344 37.2
Other 91 9.8
Insurance

Private 382 41.3
Public 507 54.8
Self pay 16 1.7
Other 20 2.2
Income Level *,a

<$21,432 26 2.8
$21,433–41,186 288 31.1
$41,187–68,212 245 26.5
$68,213–112,262 313 33.8
>$112,263 29 3.1
Food Insecurity *,b

Greatest risk 574 62.1
Higher than average risk 102 11
Lower than average risk 134 14.5
Lowest risk 99 10.7

* Percentages � 100 due to missing data (<3%); a Based on zip code analysis using U.S. Census Bureau data from the
2010–2014 American Community Survey 5-Year Estimates (U.S. Census Bureau. 2010–2014 American Community
Survey 5-year estimates: Income in the past 12 months (in 2014 inflation-adjusted dollars)). American FactFinder:
Community Facts Website. factfinder.census.gov/faces/nav/jsf/pages/index.xhtml. Accessed May 30, 2019.); b Based
on data from the Zwick Center for Food and Resource Policy and the Cooperative Extension System at the University
of Connecticut [35].

2.2. Study Procedure and Measures

Data collection took place in the patient’s exam room. Research assistants enrolled patients,
confirmed the inclusion/exclusion criteria, collected the child’s address, age, gender, race/ethnicity,
type of health insurance, and history of chronic medical condition (e.g., asthma, diabetes).

The community of family residence by zip code was reported by the parent/caregiver which
served beyond type of health insurance as another proxy of family income and level of food insecurity.
Median household income by zip code, reported by the U.S. Census Bureau, 2010–2014 American
Community Survey 5-Year Estimates, was used to determine the family’s income level. A Connecticut
ranking of town food security (based on economic and social characteristics, access to food retailers,
utilization of public food assistance) was used to assess participants’ risk of food insecurity [35].

Pediatric-Adapted Liking Survey (PALS): Both child and parent/guardian were asked to complete
the PALS, a food and activity liking/disliking survey, based on their own likes and dislikes (average
completion time was <4 min). This three-page, paper/pencil PALS consisted of 33 food items and
activities, represented with both pictures and words as described previously [22]. Participants reported
their level of liking/disliking, marking a perpendicular line anywhere along the scale with seven faces
labeled as “love it,” “really like it,” “like it,” “it’s ok,” “dislike it,” “really dislike it,” and “hate it.”
Distance was measured from the scale center (0; “he/she thinks it’s okay”) to the participant’s marking
(±100; “he/she loves/hates it”). Children and parents/caregivers also could mark “never tried/done.”
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The Healthy Behavior Index (HBI) was conceptually constructed based on the 2015 Dietary
Guidelines [36], with a single index similar to the Healthy Eating Index (HEI) and following our
previously validated, liking-based diet quality indices [18,21] with the addition of PA and screen time
(sedentary behavior). Foods and activities were sorted into conceptual groups and multiplied by
weights consistent with the Dietary Guidelines [18,21,27]: vegetables (+3), fruits (+2), protein (+2),
sweets (−3), sugary drinks (−3), fiber (+2), salty (−2), dairy (+2), PA (+2) and screen time (−3). The final
HBI was the average of weighted groups that formed an internally reliable, normally distributed
index: vegetables, fruits, protein, sweets, sugary drinks, and screen time. Higher indexes indicated
healthier behaviors.

Measured and Self-Reported Adiposity: The child’s height was measured by trained research

assistants (cm; portable Stadiometer, Seca®) and weight was obtained from the electronic health
record (kg; platform medical scale) to calculate Body Mass Index (BMI). Age-and-sex specific BMI-Ps
were calculated with the with the online calculator [37], with the child’s exact age (based on birth
and measurement dates) and the U.S. Centers for Disease Control 2000 growth charts to assign
underweight <5th, healthy weight 5th–<85th, overweight 85th–<95th, or obese ≥95th percentile [38].
Parents/caregivers and children self-reported the child’s body size using a sex-specific, 7-point
drawing [39] for categorization (underweight <2, healthy weight 2 to <5, overweight 5 to 6, obese ≥ 6).

2.3. Data Analysis

Data were analyzed using SPSS statistical software (version 22.0) with the Process v3.1
(afhayes@processmacro.org) with a significance criterion of p < 0.05. Descriptive statistics were
used to compare BMI-P against national statistics and contrast measured versus self-rated body size.
All variables were evaluated for distribution, normality and central tendency. Table 2 describes the
assessment of reliability and validity of the HBI. Analysis of covariance included controlling for
demographic variables (age, gender, race/ethnicity, income, as appropriate) as indicated in the results
section. Direct relationships between parent and child HBI and adiposity were examined with standard
multiple linear regression analysis while controlling for demographic variables and child’s liking of
PA. Additionally, multivariate modeling was used to assess associations between food liking, proxies
of family income and food insecurity, and child BMI-P.

Table 2. Tests to assess the internal reliability and validity of the Healthy Behavior Index (HBI) [34].

Question Test Statistic

Reliability

How internally consistent is the total index? Cronbach’s Alpha

What are the relationships among the index
components? Pearson’s r correlations between each component

Which components have the most influence on the
total index?

Pearson’s r correlations between each component and
the total index

Construct and Concurrent Criterion Validity

Does the index score foods and behaviors based on
those recommended by the 2015 Dietary Guidelines? Descriptive statistics

Does the index allow for sufficient variation in scores
among individual?

Measures of central tendency, histogram, normality
testing (Kolmogorov-Smirnov)

What is the underlying structure of the index
(i.e., > 1 dimension)?

Principal component analysis and plot; derived
factors to explain >50% of variance

Does the index distinguish between groups with
known differences (i.e., concurrent criterion validity)?

Descriptive statistics, ANOVA with post-hoc analysis,
ANCOVA, multiple regression analysis between

demographic characteristics, PA liking and
child’s BMI-P
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3. Results

Overall, 37.4% of children were classified as overweight or obese by BMI-P (Table 3), which was
comparable to the U.S. average of 36.6% of children aged 5 to <18 years old [2]. Children ages 9
to 13 years old had higher rates of overweight (21%) and obesity (25.3%) than any other age group.
Extreme obesity in children ages 6–11 and 12–19 years old was 7 and 9.5%, respectively, and exceeded
U.S. averages of 4.3 and 9.1%, respectively [2]. Independent of age and gender, a higher BMI-P was
seen in children covered by public health insurance (70.02 ± 1.26 SEM) than by private health insurance
(62.64 ± 1.52) (F(1,916) = 14.231, p < 0.001). In similar analyses, higher BMI-P was seen in children
from families who reported residency in communities with lower income (compressing the highest
and low income levels (F(2,894) = 5.583, p < 0.005) and greater risk of food insecurity (F(3,901) =
3.574, p = 0.014). Among overweight children, nearly half of children (47.6%) and parents (49.7%)
self-reported being a lower body size than measured; among obese children, most children (94.8%)
and parents (84.4%) also self-reported being a lower body size than measured.

Table 3. Body Mass Index (BMI) percentiles by age and gender of children who were patients at a
pediatric emergency department (PED).

5–<18 Years 5–<9 Years 9–<13 Years 13–<18 Years

Count % * Count % * Count % * Count % *

5th–<85th percentile

Male 275 29.7 102 28.7 74 28.8 99 31.7
Female 277 29.9 110 30.9 59 23.0 108 34.6

Total 552 59.6 212 59.6 133 51.8 207 66.3

85th–<95th percentile

Male 68 7.4 22 6.2 31 12.1 15 4.8
Female 82 8.9 27 7.6 23 8.9 32 10.3

Total 150 16.2 49 13.8 54 21.0 47 15.1

≥95th percentile

Male 105 11.4 48 13.5 35 13.6 22 7.1
Female 91 9.8 28 7.9 30 11.7 33 10.6

Total 196 21.2 76 21.4 65 25.3 55 17.7

* Percentages � 100 due to missing data (Percent of total sample size, n = 925; <2% missing). Underweight
(<5th percentile) not shown due to small sample size (n = 19, avg. age = 9.7 years, mean BMI percentile = 1.52 and
SD = 1.33).

3.1. Relative Comparison of Parent and Child Food and Activity Liking

Across the sample (Figure 1), parents averaged the highest preference for fruits and PA,
while children reported the highest preference for sweets and screen time (e.g., watching TV, playing
video games, listening to music). Children reported lower liking for fiber-rich foods and vegetables
compared with parent reporting. Variance within food/activity groups was highest for children’s
liking of healthier groups (vegetables, fruit, proteins), and parental liking of the less healthy groups
(sweets drinks and sweets) (Table 4). For children and parents, the least liked items had the highest
variability in ratings. By effect sizes, the magnitude of difference between child–parent dyads was
largest for vegetables, sweet drinks, screen time, and sweets.

Following our previous study [18], three groups of children were identified from the relative
liking for sweets versus a pleasurable non-food: greater liking of screen time than sweets; equal liking;
greater liking of sweets than screen time. From ANCOVA controlling for age and gender, children with
higher affinity for screen time than sweets had significantly higher BMI-P [F(2, 873) = 4.022, p < 0.05]
than children with higher affinity for sweets than screen time.
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Figure 1. Liking of food/beverage and activity groups (left to right as most to least liked) in children
(top graph) and parents (bottom graph), shown as percent within a food or activity group as liking
(above the white neutral rating) and disliking (below the white neutral rating), with the darker the
shading indicating stronger the liking or disliking.

Table 4. Variance and estimated effect sizes of child (n = 925) and parent (n = 925) survey-reported
liking of foods and activities.

Child Parent Effect Size

Mean SD Variance Mean SD Variance Cohen’s d

Vegetables 19.5 40.5 1636.6 48.4 30.6 938.3 0.8 *
Fruits 56.9 33.1 1098.0 60.5 27.4 749.7 0.1

Protein 40.9 35.3 1242.7 37.9 27.9 778.6 0.1
Sweet drinks 55.0 33.3 1108.7 14.1 39.6 1565.5 1.1 *
Screen time 64.3 26.5 701.6 39.9 27.7 768.0 0.9 *

Sweets 64.4 31.2 974.2 31.0 36.3 1317.7 1.0 *
Fiber 23.6 38.4 1476.7 41.6 30.6 936.4 0.5
Salty 44.1 32.1 1028.4 28.3 30.6 933.4 0.5
PA 59.5 29.8 888.1 49.3 30.7 940.4 0.3

Dairy 45.6 36.7 1346.3 35.5 34.6 1198.1 0.3

* Large effect size.
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3.2. Internal Reliability of the HBI

The parent and child HBI approached acceptable internal reliability (α = 0.646 versus 0.613,
respectively). Children and parents who reported high liking of sweets also reported significantly
higher liking of screen time and sugary drinks, as well as lower liking (disliking) for vegetables
(all Spearman’s rho’s, p < 0.01). Child and parent HBI were highly influenced by liking of vegetables,
sugary drinks, and sweets (Pearson’s r between ±0.47 and 0.71, p < 0.01).

3.3. Construct Validity of the HBI

The child and parent HBI were normally distributed (Figure 2), with the parent’s distribution
towards the higher indexes. Although weak, child and parent HBI were significantly correlated
(r = 0.219, p < 0.01), with similar correlation across all groups making up the HBI.

 

Figure 2. Histograms showing normal distributions of HBI in children (5–17 years old; left) and
parents (right).

Principal component analysis (PCA) of the child HBI revealed two underlying dimensions—less
healthy (screen time, sugary drinks, sweets) and healthy (vegetables, fruits, protein), which accounted
for 57.2% of total variance. The PCA for the parents as well as child demographic and BMI-P categories
(shown in Table 2) produced similar results for less healthy and healthy dimensions and >50% total
variance explained, supporting a consistent underlying structure of the HBI.

3.4. Concurrent Criterion Validity of the HBI

The comparison of mean differences in child HBI via ANOVA, with post-hoc tests as appropriate,
revealed significant effects of gender (males < females), health insurance type (public < private),
race/ethnicity (Hispanic/Latino and Black/African American < White), income levels (determined
through zip code analysis; low income < high income), and risk of food insecurity (high risk < low
risk) (Table 5). Similar findings were seen for child or parent HBI. Greater age was correlated with
healthier behaviors (r = 0.239, p = 0.000) as seen in females and males. In an income by race/ethnicity
ANCOVA controlling for age and gender, income category was the sole significant contributor to child
HBI (p < 0.001), with only a trend for an interaction with race/ethnicity (p = 0.09). In a gender by
race ANCOVA, controlling for age, there were significant main effects on child HBI (p = 0.008 and
0.014, respectively), but no significant interaction effects. In summary, children who were older, white,
female, covered by private insurance, and from communities with higher income and lower risk for
food insecurity had the highest or healthiest HBI.

No significant differences in child HBI were found with BMI-P categories. However, a multiple
linear regression model predicting child BMI-P from parent HBI, gender, insurance, and child liking
for PA was significant among children of healthy weight (between 10th and 85th BMI-P). Significant
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predictors of higher child BMI-P were seen among lower parent HBI (β = −0.11, p < 0.05) and higher
child liking of PA (β = 0.15, p < 0.005).

Table 5. Analysis of variance for mean child and parent Healthy Behavior Index (HBI) by child’s
demographics, community food environment, and adiposity.

Child Parent

Characteristic * Mean HBI n SD p-Value Mean HBI n SD p-Value

Gender

Male −53.8 449 40.1 0.002 ** 13.0 449 44.8 0.280
Female −45.3 439 43.0 16.2 439 43.9

Race/Ethnicity

White −41.1 341 42.3 0.000 ** 23.0 341 43.1 <0.001 **
Af. Amer./Black −55.2 129 39.3 0.006 † 10.1 129 43.3 0.023 †
Hispanic/Latino −55.5 330 40.7 0.000 † 8.7 330 44.2 <0.001 †
Insurance Type

Private −44.0 364 40.4 0.001 ** 23.7 364 41.3 <0.001 **
Public −53.7 490 41.9 7.3 490 45.0

Income Level

$21,433–41,186 −58.9 277 40.9 0.000 ** 4.8 277 45.2 <0.001 *
$41,187–68,212 −47.4 234 41.5 0.015 a 14.7 234 41.3 0.075
$68,213–112,262 −41.8 301 41.0 0.000 a 24.4 301 42.3 <0.001 a

Food Insecurity

Greatest risk −54.2 552 40.9 0.000 ** 7.8 552 43.5 <0.001 **
>than avg. risk −46.1 99 42.1 0.272 19.7 99 46.4 0.058
<than avg. risk −40.7 125 39.0 0.005 b 27.9 125 39.9 <0.001 b

Lowest risk −36.8 97 44.6 0.001 b 27.3 97 42.3 <0.001 b

BMI Percentile

Normal weight −49.6 523 40.7 14.8 523 44.3
Overweight −46.6 149 42.4 0.716 ˆ 12.0 149 40.7 0.767 ˆ

Obese −49.0 189 42.7 0.984 ˆ 15.1 189 44.5 0.996 ˆ
Overall −49.4 908 42.1 — 14.5 904 43.9 —

* Characteristics of child, not parent; the overall number is less than 925 due to missing data; ** Overall significant
result, p < 0.05; † Significant result, p < 0.05, compared to white; a Significant result, p < 0.05, compared to lower
income level ($21,43 3–41,186); b Significant result, p < 0.05, compared to those at greatest risk for food insecurity;
ˆ p-value compared to normal weight.

Due to the interactions between health insurance (proxy of family income), parent liking and
BMI-P, the possibility that parent-liking mediates the relationship between health insurance and child
BMI-P was examined. Of several models tested, parent liking for carbohydrate-rich foods (average of
salty, sweet drinks, fiber, sweets groups; Cronbach’s α = 0.74), was most explanatory, particularly in
younger children (5 to 9 years old). Shown in Figure 3, higher parent liking of these foods explained
some of the correlation between public insurance and higher child BMI-P (Z = 1.954, p = 0.05; bootstrap
lower level confidence interval = 0.2239, bootstrap upper level confidence interval = 3.6938).
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Figure 3. Model of the association between health insurance as a proxy of family income (dichotomous
variable, where 1 = private; 2 = public) and the child’s Body Mass Index Percentile (BMI-P), mediated
by the parent’s liking of carbohydrate-rich foods among 925 in children seen in an urban pediatric
emergency department. * p≤ 0.05; ** p≤ 0.01; *** p≤ 0.005. The (coefficient in the parenthesis) represents
the association between insurance and BMI-P before parent liking was added to the model, indicating
that parent liking partially mediated the insurance and BMI-P relationship (indirect coefficient = 1.954,
p = 0.05).

4. Discussion

Clinical settings need brief measures to screen children’s behaviors in a method that is acceptable
to families, has reasonable utility, can guide child and family-centered messages to encourage
healthy behaviors, and can inform interventions for the prevention of obesity, particularly in at-risk
groups. The present observational study recruited children and families from an urban, pediatric
emergency department (PED) to assess children’s and parents’ liking of foods and activities with the
Pediatric-Adapted Liking Survey (PALS) and test the reliability and validity of a Healthy Behavior
Index (HBI), constructed from their PALS responses. The study sample of 925 child–parent dyads
was diverse in race/ethnicity and >50% low-income, with children ranging in age from 5 to 17 years
old, and with rates of overweight and obesity at or exceeding that for the U.S. The PALS is a novel
diet and activity screener that showed good acceptability in this clinical setting and diverse sample.
It was easily completed by children and parents and identified expected differences (children reporting
a greater affinity for sugary foods/beverages and screen time, but lower affinity for vegetables than
parents). The HBI neared adequate internal reliability and had normal distribution across both parents
and children. For validity, the HBI measured two themes (healthy and less healthy), supporting its
construct validity, and detected expected differences in healthy behaviors between groups, supporting
its criterion validity. Healthier indexes were seen in females versus males, older versus younger
children, parent versus child, families on private versus public insurance, and those living in higher
income/food secure versus lower income/food insecure communities. For Body Mass Index Percentile
(BMI-P), a higher parent-reported HBI was associated with lower percentiles across children who fell
in the healthy range (between the 10th and 85th percentiles). In sub-analysis, part of the association
between higher child BMI-P among families on public health insurance (i.e., lower income) was
explained by greater parent liking of carbohydrate/sweet foods and beverages.

Simple indices with low participant and practitioner burden, such as the PALS and generated HBI,
can be useful in a clinical setting [40] and to assess changes in response to interventions for children
and families [30]. The indexes emphasize that positive health arises from moderating less healthy
behaviors and encouraging those that are healthier. As the most effective obesity prevention programs
for children involve the family [11], clinicians could begin conversations based on similarities and
differences between child and parent dietary/activity likes and dislikes [41]. Parents influence the
child’s consumption of healthy and less healthy foods through controlling their availability, modeling
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consumption of these foods, and setting norms and attitudes toward healthy eating [42]. In the
present study, child–parent dyads differed most for liking of sweets and sugary beverages. This agrees
with a large multi-center study of families, which found stronger associations between parents and
children for healthy rather than unhealthy foods [43]. Children prefer higher level of sweets than
adults, linked to physical growth and energy need during development [44]. As higher added sugar
consumption associates with poor diet quality and excess adiposity [45], families can look to healthier
sweet options including fruit and fruit-based desserts. Parenting behaviors of restricting less healthy
foods, using foods as a punishment or reward, or pressuring children to eat are ineffective at improving
healthy eating behaviors [42]. Child–parent dyads also differed significantly in vegetable liking.
Clinicians can encourage parents to show explicit liking of healthier foods [42], including tasting and
consuming a variety of vegetables, involving children in cooking, supporting school meal participation,
and family mealtime. Parents and children differed significantly in liking screen time yet were closer
in liking for PA. Parent’s liking and knowledge about screen time is significantly related to levels of
screen time activity in children, which supports screen time interventions that target the child and
the parent [46]. Parent modeling and support, including co-activity, can improve PA in children [47].
As preferences, attitudes and believes of parents are important predictors of PA that is performed with
parents and children together [48], clinicians could probe beyond the PALS screening to identify which
activities are enjoyed by both the child and parent and ways to facilitate and encourage family-based PA.

The indexes derived from the PALS showed good variability across the sample with acceptable
internal reliability and validity. Although Cronbach’s alpha for the HBI fell below the traditionally
accepted value of α = 0.70, this may be expected due to the complex nature of measuring diet quality,
and therefore may not be a required characteristic [34]. Additionally, the child and parent HBI
had a similar multi-dimensional structure of healthy (fruits, vegetables, protein) and less healthy
(sweets, sweet drinks, and screen time) items. The HBI showed concurrent criterion validity through
distinguishing between groups with known differences. Our results and others have found higher diet
quality and health behavior indexes among females [49]. However, our findings that older children
had higher diet quality and health behavior indexes differed from others, which found the opposite
age relationship [50,51]. The present study found that white children reported higher diet quality and
health behaviors than Hispanics/Latinos, consistent with an analysis of 2003–2004 U.S. NHANES [50],
yet no significant difference was found between Blacks/African Americans and Hispanics/Latinos [50].
Finally, by using proxies of family income from community demographics, lower HBIs were found
among children from families with lower income, receiving public medical insurance, and living in
communities at high risk for food insecurity, consistent with multiple studies [50–52]. Our results are
comparable to previous work that find healthier diet quality and behaviors among parents than their
children [53].

The value of diet quality and health indexes is the ability to associate with health outcomes [40].
The present study found a significant but weak association between healthier parent HBI and lower
BMI-P in healthy weight children. However, the child-reported HBI did not associate significantly
with BMI-P. The association between indexes of diet quality or health behaviors and adiposity in recent
scientific literature has been inconsistent. In cross-sectional studies, it has ranged from better diet quality
and higher adiposities among children [54], to no significant association [55–57] or lack of consistent
association [58], to healthier diet patterns in those who were overweight or obese [59]. Other studies
only report demographic differences in diet quality in children and not the diet quality–adiposity
association [60,61]. However, a large prospective study in children found significant associations with
less healthy diet quality and increased adiposity over time [62]. Regarding activity, obese children
have higher reported screen time and lower PA than do non-obese children from a systematic review,
but the differences are small [63]. In the present study, the lack of significant association between the
child-reported HBI and BMI-P may reflect a higher level of misreporting among overweight/obese
children. Weight status has been shown to influence dietary reports by children, with heavier
children being more likely to misreport due to social pressures and expectations [64]. It also may
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be important to examine dietary components to improve the diet quality and lower energy intakes,
such as sugary beverages [65], fruits and vegetables [57] or, as in the present study, carbohydrate/sweet
foods. Additionally, improvements in diet quality have been associated with improvements in body
composition across an intensive diet and lifestyle intervention for overweight/obese adolescents [66].
According to a critical review, improvements in diet quality are required to improve cardiometabolic
health, including obesity [67].

We found a positive association between child-reporting liking of PA and BMI-P, which is consistent
with finding that obese children were more likely to report taking part in healthy behaviors [68].
Obese children are more likely to have been informed of their weight status by a physician [68], despite
their perception of lower body size than what is measured in this study and others [69]. In the present
study, children reported a high liking for screen time. Higher liking of screen time activities in children
has been shown to associated with greater screen time behaviors [46]. Excessive screen time has
been linked to lower diet quality [70], increased rates of obesity and negative health conditions [71].
When compared to liking for sweets, we found that children with a relatively higher affinity for screen
time than sweets had significantly higher BMI-P than those who preferred sweets to screen time.
Examining these relative rankings could help tailor messages to support healthy behavior and healthy
weight. Parental encouragement has shown positive longitudinal effects on PA in adolescents [72].

Despite the findings of the present study, the question remains whether it is useful to ask parents
and children to self-report their diet and PA behaviors. Furthermore, can asking likes or dislikes of
foods/beverages and activities be reflective enough of usual behaviors to serve as a screener to guide
a dialogue between health professionals, children and families? Screeners are short instruments to,
for example, distinguish between healthier versus less healthy behaviors. Behavioral screeners need
to be useful but not overly burdensome or cause families to become defensive [15]. All self-reported
measures have the potential for reporting bias yet supply important information despite the emergence
of dietary intake biomarkers [73]. If over time, for example, we eat what we like and avoid what we do
not, reported liking reflects a pattern of what was consumed, but cannot capture total energy intake.
Taste and food preference drive consumption. Food preference and intake are used interchangeably
in nutrition literature [74,75] and food preference provides a proxy of consumption for examining
health outcomes [76]. Survey-reported preference or liking correlates with self-reported intake in
children [18,77] and adults [16,19,27,78–80], as well as with biomarkers of dietary intake and/or
adiposity in children [18] and adults [19–21]. Similar to the present study, liking survey responses can
be formed into an index of diet quality that explains variability in carotenoid status in preschoolers [18]
and cardiovascular disease risk factors and BMI [21,27] in adults. However, food preference or
liking can show marginal [19] or non-significant [81,82] associations with self-reported intake or BMI.
Discrepancy in reported liking and intake does not imply that reported liking is inaccurate, and instead
may reflect dietary restraint (intake is less than liking) in adults [19,27,83] and parents who are trying
to limit their children’s consumption of less healthy foods [18]. Conversely, individuals who are trying
to improve their diet healthiness may consume a food that is not well liked [18,27].

Encounters between health professionals and families can motivate attention to and action towards
improving a child’s healthy behaviors for obesity prevention [84]. Improvements in the healthiness of a
child’s diet is promoted when both parents and children prefer the same food/beverage [85]. The PALS
in the present study has previously identified patterns of food preferences that are associated with
parent feeding practices [86]. Having children and parents self-evaluate their food and activity liking
can act as a stepping stone to introduce a conversation regarding healthy behaviors and to identify
goals and areas for change. Even if children are not overweight or obese at the time of the assessment,
their behaviors may put them at future health risk. It is important to address and improve pleasure
from healthy eating to achieve healthier dietary behaviors [17,87,88] and tailor nutrition education
messages [89]. Preliminary work from our group has shown that doing the PALS online is acceptable in
children and parents, is reported to stimulate self-reflection on diet and activity behaviors, can generate
immediate tailored feedback on diet quality and healthy behaviors [90]. Preferences can change,
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including in response to marketing of unhealthy foods [91] as well as with interventions to improve
preference for healthy foods [92–95] and decrease preference for less healthy foods [83,96].

This study had both strengths and weaknesses. The PED can be an acceptable setting to screen
health behaviors related to obesity risk and for brief interventions, particularly because it provides
health care to high-risk populations, such as low-income, minority families [6–9]. Additionally, this
study utilized the PALS diet and activity screener, which was acceptable to both children and parents,
with testing of reliability and validity using multiple statistical techniques and criteria [34,97]. The PALS
was similar in structure and methods to our previous study in preschoolers, which was parent-reported,
validated against reported dietary intake, a biomarker of carotenoid status and BMI-P [18,98]. As a
limitation, only one measure of dietary behaviors was assessed without a more complete evaluation of
PA behaviors. Since obesogenic dietary behaviors involve both hedonic responses to pleasurable foods
and appetite, the PALS could be supplemented with constructs of appetite and satiety [99]. Previous
work by our group has shown increased precision in making diet-health associations by combining
the liking survey with multiple measures of dietary behaviors [18]. Because the intent was to screen
for dietary and PA, the present study did not include a biomarker of nutritional status or a device
to measure PA. Furthermore, the HBI did not explain BMI-P across children with lowest to highest
percentiles, but only among children of healthy BMI-P. Detecting associations between child adiposity,
dietary patterns and behaviors may require longitudinal study designs [100]. Further, BMI-P may
not be the most useful measure of adiposity for a racially/ethnically diverse sample of children and
adolescents [101].

5. Conclusions

Pediatric clinical and translational research settings need rapid yet useful ways to screen for health
behaviors to inform brief interventions, referrals, and obesity prevention programs. A simple liking
survey provides an acceptable and useful screener of diet and activity behaviors in child–parent dyads.
The survey took less than 4 min to complete on average and had a high participation rate. Liking for
foods and activities was formed into a healthy behavior index that had acceptable internal reliability
and good variability across children and parents. Healthier behavior indexes were seen in children
from income-disadvantaged families and those from less food secure communities. Liking for less
healthy foods explained some of the association between low family income and higher child BMI
percentile. Health care providers could use the liking survey responses to initiate conversations with
children and parents and to encourage healthy diet and physical activity behaviors. The PALS can
be performed as a paper/pencil survey, but for future direction, also can be performed online with
theory-based health promotion messages delivered to the children and parents based on response
algorithms [90,102]. PALS responses across groups of child–parent dyads can inform broader nutrition
education programming and messages, such as in the nutrition education arm of the U.S. Supplemental
Nutrition Assistance Program (SNAP-Ed) [103].
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Abstract: The accurate assessment of food consumption is crucial in nutritional studies. Since modern
nutrition science has become more interested in diet as a whole, studies validating food frequency
questionnaires (FFQs) and exploratory dietary patterns are needed. We aimed at examining the
relative validity of a 47-item FFQ against three-day food records among three- to six-year-old Finnish
children, as well as investigating the consistency of the dietary patterns derived using the principal
component analysis (PCA), with food record and FFQ data as inputs. We conducted the PCA without
forcing the food record data to match the FFQ items. Altogether, 75% or more of the participants
were classified into the same or adjacent quarter of vegetables and fruits as well as sugary food
consumption. Furthermore, the intake of folate and vitamin C increased linearly in the quarters of
vegetable and fruit consumption, as did the intake of sucrose in quarters of sugary food consumption.
Three fairly similar dietary patterns were identified from food records and FFQ data. Concerning
the patterns, more than 70% of the participants were classified into the same or adjacent quarter.
However, the Spearman correlation coefficients between the respective pattern scores were low
(0.25–0.33). The FFQ showed acceptable validity when ranking food group consumption compared
to food records. Additionally, the FFQ-derived dietary patterns were consistent with those derived
using food record data.

Keywords: validation study; dietary assessment methods; food diary; cross-classification; children;
whole diet; preschool; DAGIS Study

1. Introduction

As food consumption cannot be measured objectively, researchers must rely on self-reported
methods, such as food records, dietary recalls, or food frequency questionnaires (FFQs). FFQs are
often used in large, epidemiological studies because of their cost-effectiveness and relatively low
respondent burden [1,2]. Children under the age of 7 years are not able to report their own food
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consumption, and thus, the acquisition of dietary information is dependent on parents, other guardians,
or early childhood educators, for instance [3]. Therefore, the accuracy of dietary assessment in children
is dependent on the adults’ ability to reliably and validly report the children’s food consumption.
The relative validity of an FFQ can be investigated by comparing the food consumption data obtained
using an FFQ with the data obtained using a separate dietary assessment method. Food records are a
good method for estimating the relative validity of an FFQ, because the two methods do not share the
main sources of errors [4], but other reference methods, such as 24-hour recalls or plasma biomarkers,
have also been used in studies validating FFQs among children [5].

Traditionally, validation studies have compared the consumption frequency of certain foods
or food groups (e.g., fruits and vegetables, or beverages) or calculated nutrient intakes (e.g.,
calcium or energy intake) derived using two separate methods (see, for example, [6–10]). However,
data-driven dietary patterns that are indicative of a person’s whole diet have become popular in
nutritional epidemiology [11]. One of the most frequently used methods to derive dietary patterns is
principal component analysis (PCA), which is based on intercorrelations between food items [12,13].
The extraction of dietary patterns using PCA requires, however, multiple subjective decisions, such
as the selection of dietary variables, to be included in the analysis [14]. Furthermore, the dietary
assessment method used to measure food consumption may affect the extracted patterns. Thus, the
validation of PCA-derived dietary patterns is beneficial.

Data-driven dietary patterns are thought to reflect the usual food consumption of the participants.
Thus, FFQs, which also describe food consumption in general, have mostly been used as inputs in
the dietary pattern analysis. Since the late 1990s, several studies have compared FFQ-based dietary
patterns with patterns derived from food record data among adults [15–21]. Only two studies have
compared FFQ- and food-record-based patterns among children [22,23]. However, the studies have
matched each food in the food records with an FFQ item, possibly resulting in artificially increased
correlation coefficients [20].

The objective of the current study was two-fold, namely: (1) to study the relative validity of
a non-quantitative 47-item FFQ against a three-day food record (reference method) of preschool
children by evaluating the ability of the FFQ to rank individuals in the same order according to food
consumption as compared to the reference method, and (2) to study the consistency of the data-driven
dietary patterns derived by PCA using two sources (food record and FFQ) of data. Our study
broadly looked at the validity by examining both the direct (comparison of food consumption to food
consumption) and indirect (comparison of food consumption to nutrient intake) validity of the FFQ,
as well as the relative validity of the dietary patterns. However, we only measured food consumption
outside of preschool.

2. Materials and Methods

2.1. Study Participants

Increased Health and Wellbeing in Preschools (DAGIS) is a research project that aims to diminish
socio-economic differences in preschool children’s energy balance-related behaviors in Finland
(www.dagis.fi). As a part of the larger project, a cross-sectional study was conducted between
September 2015 and April 2016, and the details of the sampling process are described in open access
format [24]. In short, the cross-sectional study was conducted in eight municipalities. Altogether,
86 communal preschools (56% of those invited) consented to participate. These preschools operated
from Monday to Friday and served three meals per day—breakfast, lunch, and an afternoon snack.
Preschools operating 24 hours per day were not included in the sample. From the consenting
preschools, all of the children in the target age of three to six years (n = 3592) and their families
were invited to participate through an invitation letter. Children in preschools with a low participation
rate (≤30% in each of the preschool groups for three to six year-olds) were excluded. The final sample
consisted of 864 children (24% of those invited) from 66 preschools. A parent or legal guardian of
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each participating child provided written informed consent. The University of Helsinki Ethical review
board in humanities and social and behavioral sciences reviewed the study on 24 February 2015,
and found the study ethically acceptable (Statement 6/2015).

2.2. FFQ

We designed a short FFQ for measuring children’s food consumption during the previous week
outside of preschool hours. The FFQ was developed to assess the children’s dietary quality in general,
and specific attention was paid to capturing the consumption patterns of vegetables and fruits as
well as sugary foods and beverages. The FFQ included 47 food items divided under seven headings,
as follows: vegetables, fruits, and berries; dairy products; fish; meat and eggs; cereal products; drinks;
and others (i.e., sweets and snacks). The questionnaire was available in both official languages of
Finland (Finnish and Swedish) and in English; the English version of the FFQ is available online [25].
A shortened, 25-item version of the FFQ has been tested for reproducibility with mostly moderate or
good intraclass correlation coefficients [26].

The participating families received a letter including the FFQ, a three-day food record, and detailed
instructions by post. The instructions were to fill in the FFQ first and the three-day food record later,
on pre-set dates. The time between the two methods was roughly one week. In the FFQ, the respondent
(parent or legal guardian) reported how many times during the past week the child had consumed
different foods outside preschool. We intentionally restricted the FFQ to not cover foods and drinks
consumed during the preschool hours because the parents would not have been able to reliably report
these foods. The time spent at preschool may vary from child to child as well as from day to day,
and therefore, we did not specify which meals should be included or excluded in the FFQ. The FFQ
included the following three answer columns: “not at all”, ‘times per week”, and “times per day”.
The instruction was to either tick the “not at all” box or to write a number in one of the other columns.
If two or more FFQ items were missing, nutritionists contacted the families and the missing items were
completed if possible.

2.3. Three-Day Food Record Data

The study group assigned the exact dates (two weekdays and one weekend day) for each family
to fill in the food record. These three days were not always consecutive days. In some cases, when
the pre-set dates were unsuitable for the family, the parents contacted the study group and the dates
were renegotiated. The instruction was to record all of the foods and beverages consumed by the
child during the three days, except for consumption at preschool. We provided the families with
a children’s food picture book, specifically designed for use in this project, to assist in portion size
estimation [27,28]. The parents estimated portion sizes by using the food picture book or household
measures, by weighing, or from package labels. The instruction was to list all of the ingredients of
the composite dishes. For prepacked products, the exact brand and product name was to be given.
Preschool personnel filled in a separate food record during preschool hours, but these data were not
used in the analyses of this paper.

The larger DAGIS project had a specific focus on vegetables and fruits as well as sugary food
consumption [29]; therefore, these food groups were given special attention in the food record checking
process. Nutritionists checked all of the food records. If there were shortcomings in the information
concerning vegetables, fruits, and berries, or sugar-containing foods or beverages, the nutritionists
made follow-up phone calls or emailed the parents to complete missing details of these foods. As an
example, if the parent had forgotten to record the type of yoghurt product, we asked if it was a natural
yoghurt or sugar-sweetened yoghurt. Nutritionists entered the food record data using AivoDiet
dietary software (version 2.2.0.0, Aivo Oy, Turku, Finland). AivoDiet software included the Fineli
Food Composition Database Release 16 (2013). New food items were added into the database when
necessary. The database includes recipes for typical Finnish mixed dishes. For each individual meal,
the nutritionists either used a suitable recipe found in the database or created a new recipe according
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to parents’ reports. During data entry, each meal was tagged with a code indicating the place of
consumption, which enabled us to remove the foods eaten at preschool from the analyses.

To compare the food consumption frequencies during the three-day food record period with the
food consumption frequencies reported in the FFQ, we listed every food code used in the food record
data and assigned them to the corresponding FFQ row(s). The food record data used in the analyses of
this paper included a total of 2421 individual food codes (food items or mixed dishes). Each mixed dish
food code was assigned to no more than three rows, according to the main ingredients. For example,
a meat soup, which included carrots and potatoes, was assigned to the rows “red meat”, “potatoes”,
and “cooked and canned vegetables”. Out of the 2421 food codes, 1714 codes were assigned to one FFQ
row, 228 codes to two FFQ rows, and 96 codes to three FFQ rows. The rest (i.e., 383 codes) represented
foods not covered by the FFQ, and these were not assigned to any FFQ rows. These codes included,
for example, spices, savory pastries, and fat spreads.

2.4. Comparison of the FFQs and Food Records

For the comparison of the FFQs and food records, we used data from all of the children with their
FFQs filled in with no more than six missing rows out of the 47 rows, and three days of complete data
in the food record (n = 756). The number of families who filled in the FFQs for these children was 674;
594 families had one child in the sample, 78 families had two children in the sample, and two families
had three children in the sample. The majority (n = 747; 99%) of these children were in the target age
group of three to six years old, but seven children were two years old and two were seven years old.
The differences in the age and sex distribution between the children included in the analysis and the
children excluded from the analysis because of missing food consumption information (n = 108) were
tested using the Student’s t-test and Chi-Squared test.

To test how well the FFQ was able to rank individuals in the same categories of food consumption
frequency when compared to the reference method (food record), each child was assigned to one of
four categories created according to the quartiles of the distribution. Note that we only considered food
consumption outside of preschool hours. The categories were cross-tabulated, and the percentages in
the same, same or adjacent, and opposite quarters were calculated. We also calculated the proportions
of non-consumers and the weekly and daily consumers according to the FFQ. For foods with a high
proportion of non-consumers, the majority of the participants were automatically assigned to the first
category and the data were assigned into only two or three categories in total. This was true for both
methods. Thus, some cells in the cross-tabulations remained empty.

To evaluate whether the food consumption frequency, as measured by the FFQ, was associated
with the intake of key nutrients, as calculated from the three-day food records that indicate the
consumption of specific types of foods, the mean intakes of selected nutrients were computed according
to the consumption categories of selected food groups from the FFQs. We selected the food groups that
the DAGIS project has a specific focus on (i.e., vegetables and fruit, and sugary foods and beverages).
The consumption frequency was evaluated against the folate and vitamin C (vegetable and fruit
consumption) and sucrose intake (sugary foods and beverages). In addition, we evaluated milk,
which is typically consumed daily by Finnish preschoolers, against calcium intake. The food group
frequency categories were created by summing the responses of the selected FFQ rows. Missing
values were treated as zeros when summing the responses. We then categorized the food group
consumption frequencies into quarters. Trend analysis was performed using linear regression. The
food consumption frequency quarter was treated as a continuous predictor variable, and the nutrient
intakes were square root transformed.

2.5. Comparison of Dietary Patterns

In order to identify the existing dietary patterns in the sample, we conducted separate PCAs using
(1) the FFQ food groups and (2) food record data (all of the items consumed outside preschool) as
inputs. All of the children with complete FFQ data (n = 758; 88% of all of the DAGIS participants) were
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included in the FFQ-based PCA, in which all of the 47 FFQ food items were used as input variables
(see [30] for more details). For the food-record-based analysis, the food record codes were collapsed
into 64 food groups based on the nutritional similarity of the foods. All of the children with food
record data from three days and with no more than six missing FFQ rows (n = 756) were included in
the analysis. Of these food groups, we excluded 17 because of low consumption (mean consumption
less than 10 g in three days). Due to having no nutritional value and inconsistencies in reporting, we
further excluded water from the analysis. Similarly, a mixed group containing foods that could not
easily be classified into any of the existing food groups (e.g., spices, spice sauces, meal replacement
products, and other miscellaneous foods) was excluded. Thus, the consumption of 45 food groups
(g/day) were used as inputs in the food-record-based PCA (see Supplementary Table S1 for included
and excluded food groups). IBM SPSS Statistics versions 22 (IBM Corp., Armonk, NY, USA) and 25
(IBM Corp., Armonk, NY, USA) were used in the PCA.

Based on the eigenvalues (minimum value of at least 1.5), scree plots, and interpretability of
the components, we chose three components for the FFQ-based analysis and five components for
the food-record-based analysis. The analyses were then rerun with forced three- or five-component
solutions, respectively. The components were rotated with an orthogonal Varimax transformation,
and standardized component scores for all of the components were calculated for each participant.
Thus, the obtained component scores represented how closely the food consumption of each participant
mirrored each of the empirically derived dietary patterns. The children with complete data for both
methods (n = 705; 93% of those included in the comparison of FFQs and food records) were included
in the dietary pattern analysis comparison. We used Spearman correlation coefficients to compare
the FFQ- and food-record-based dietary pattern scores. In addition, we categorized the FFQ- and
food-record-based dietary pattern scores into quarters and calculated the proportion of participants
classified into the same quarter, same or adjacent quarter, or grossly misclassified into opposite quarters.

3. Results

The majority of the children (n = 742; 98%) had food record data for two weekdays and one
weekend day, as planned. The rest (n = 14; 2%) had food record data for one weekday and two
weekend days. A preschool day was defined as a day when the child ate at least one meal at preschool,
and most children had food record data for two preschool days (n = 621; 82%). Others had either one
(n = 108; 14%) or no preschool days (n = 27; 4%) included in the three-day food record. The children
included in the current analysis did not differ from the excluded children in terms of age (Student’s
t-test p = 0.89) or gender (Chi-Squared test p = 0.51).

3.1. Comparison of FFQs and Food Records

Table 1 shows the proportions of participants classified into same, same or adjacent, and opposite
quarters, using the two dietary assessment methods. Depending on the FFQ food item, 60%–96% of the
participants were classified into the same or adjacent quarter. The proportion of participants classified
into the same or adjacent quarter were 72%–80% for vegetables and fruits (fresh fruit; fresh vegetables;
cooked and canned vegetables; peas, beans, lentils, and soya). The respective proportions for sugary
treats (ice cream; chocolate; sweets; cakes, cupcakes, sweet rolls, Danish pastries, pies, and other sweet
pastries; sweet biscuits and cereals bars) were 70–81%, whereas the consumption of sugary everyday
foods (flavored yoghurt; puddings; sugar-sweetened cereals and muesli; berry, fruit, and chocolate
porridge with added sugar; berry and fruit soups with added sugar) were classified into the same or
adjacent quarter in 71%–87% of participants. Regarding the consumption of sugary beverages (soft
drinks; flavored and sweetened milk- and plant-based drinks; sugar-sweetened juice drinks), 69%–78%
of the participants were classified into the same or adjacent quarter. The proportion of participants
grossly misclassified was 10% or less for vegetables and fruits as well as for sugary foods. Of the
individual food items, flavored nuts, almonds, and seeds; whole milk and sour milk; berry, fruit,
and chocolate porridge; and reduced-sugar soft juices and soft drinks were most similarly reported,
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with 85% or more of the participants classified into the same quarter. Canned and frozen fruits, eggs,
reduced-sugar soft juices and soft drinks, and dried fruit and berries were the least accurately classified,
with 15%–22% of the participants grossly misclassified into opposite quarters.

Table 1. Comparison of food consumption frequencies of foods eaten outside preschool measured with
a seven-day food frequency questionnaire (FFQ) and a three-day food record in the Increased Health
and Wellbeing in Preschools (DAGIS) study (2015–2016, n = 756).

Consumption Frequency
according to FFQ, % of

Participants

Comparison of the Two Methods, % of
Participants

Food Item n Not at
All

Less than
Daily

Daily
In the
Same

Quarter

In the Same or
Adjacent
Quarter

Grossly
Misclassified
Into Opposite

Quarters

Vegetables, fruit and berries
Fresh vegetables 754 2 29 69 35 76 7

Cooked and canned vegetables 1 753 25 59 16 35 73 9
Potatoes (in all its forms) 755 3 85 13 30 72 6

Peas, beans, lentils, and soya 754 70 29 1 68 72 13
Fresh fruit 756 2 47 51 38 80 3

Canned and frozen fruit 754 80 20 0.4 78 78 22
Berries 752 30 63 7 41 70 7

Dried fruit and berries 756 58 41 1 61 64 15
Commercial baby foods and smoothies

(no added sugar) 755 75 23 1 75 77 14

Berry and fruit soups (with added sugar) 754 64 34 2 66 71 10
Dairy products

Skimmed milk and sour milk 752 51 6 43 71 96 0.9
1% fat milk, semi-skimmed milk,

and sour milk 755 46 8 46 63 94 0.3

Whole milk and sour milk 753 89 7 4 90 90 10
Low-fat cheese (less than 20% fat) 751 60 26 14 59 71 10
High-fat cheese (20% or more fat) 755 33 40 27 50 81 5

Flavored and sweetened milk- and
plant-based drinks 755 55 38 7 60 76 12

Natural yoghurt and quark
(also plant-based products) 755 63 33 3 67 72 14

Flavored yoghurt and quark
(also plant-based products) 754 23 61 16 49 83 3

Puddings 755 67 32 1 69 72 14
Ice cream 754 41 58 1 37 81 10

Fish, meat, and eggs
Fish dishes and fish products 754 20 79 0.4 29 73 6

Red meat (beef, pork, lamb and mutton,
and game) 754 3 91 6 33 65 12

White meat (poultry) 756 13 84 3 35 70 7
Cold cuts 750 35 46 20 43 74 9

Sausages, frankfurters, and luncheon
meats 754 23 71 6 31 72 8

Eggs 755 39 60 1 47 71 21
Cereal products

Brown rice and pasta 755 39 59 2 45 70 12
White rice and pasta 755 30 69 2 33 70 9

Rye bread, crispbread, and thin rye
crackers 755 13 55 32 45 75 9

Multigrain bread and wholemeal bread 754 18 59 24 36 74 8
White bread 755 67 28 5 58 63 12

Sugar-sweetened cereals and muesli 754 52 44 3 52 74 10
Berry, fruit, and chocolate porridge

(with added sugar) 756 91 9 1 87 87 13

Wholegrain porridge and cereals
(no added sugar) 756 31 54 15 46 82 5

Sweet biscuits and cereal bars 755 29 69 2 35 70 9
Sweet pastries 2 755 22 77 0.3 27 71 6

Drinks
Sugar-sweetened juice drinks 752 24 68 8 37 69 8
Fruit juice (no added sugar) 754 54 39 6 58 79 9

Soft drinks (with added sugar) 756 72 28 0.1 72 78 7
Reduced sugar juices and soft drinks 755 87 12 1 85 85 15
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Table 1. Cont.

Consumption Frequency
according to FFQ, % of

Participants

Comparison of the Two Methods, % of
Participants

Food Item n Not at
All

Less than
Daily

Daily
In the
Same

Quarter

In the Same or
Adjacent
Quarter

Grossly
Misclassified
Into Opposite

Quarters

Others
Chocolate 754 35 64 1 33 78 13

Sweets 756 16 83 1 20 78 14
Added sugar, honey, or syrup 3 754 59 35 6 62 69 9

Jams, marmalades, and sweetened spreads 755 67 30 3 66 73 9
Plain nuts, almonds, and seeds 754 72 25 3 78 80 11

Flavored nuts, almonds, and seeds
(e.g., salted nuts) 755 91 9 0 91 91 9

Crisps and popcorn 756 48 52 0.4 45 60 10

Items in the table are in the same order as in the FFQ (available at https://helda.helsinki.fi/handle/10138/235382).
1 As a side dish or as an ingredient in a dish. 2 Cakes, cupcakes, sweet rolls, Danish pastries, pies, and other sweet
pastries. 3 for example, in porridge, tea, berries, yoghurt, or quark.

The calculated mean daily vitamin C and folate intakes increased linearly in the quarters of
vegetable and fruit consumption (Table 2). Similarly, calcium intake was positively associated with
milk consumption frequency, whereas sucrose intake increased in the quarters of sugary treats, sugary
everyday foods, and sugary beverage consumption.

Table 2. Mean daily nutrient intake from foods consumed outside of preschool (three-day food record)
according to categories of food group consumption (FFQ) in the DAGIS study (2015–2016, n = 756).

Quarter of Food Group Consumption
Frequency according to FFQ

p-Value for
Trend 1

First Second Third Fourth

Vitamin C (mg) intake according to
vegetable and fruit 2 consumption 35 47 54 61 <0.001

Folate intake (μg) according of
vegetable and fruit 2 consumption 88 91 104 109 <0.001

Calcium intake (mg) according to
milk 3 consumption 503 610 724 770 <0.001

Sucrose intake (g) according to sugary
treats 4 consumption 26 29 29 34 <0.001

Sucrose intake (g) according to sugary
everyday food 5 consumption 25 28 31 35 <0.001

Sucrose intake (g) according to sugary
beverage 6 consumption 26 28 29 36 <0.001

1 Linear regression with food consumption frequency category as a continuous predictor variable; nutrient intakes
were square root transformed. 2 Sum of the FFQ rows “fresh vegetables”, “cooked and canned vegetables”, “peas,
beans, lentils, and soya”, and “fresh fruit’. 3 Sum of the FFQ rows “skimmed milk and sour milk”, “1% fat milk,
semi-skimmed milk, and sour milk”, and “whole milk and sour milk’. 4 Sum of the FFQ rows “ice cream”, “sweet
biscuits and cereal bars”, “cakes, cupcakes, sweet rolls, Danish pastries, pies, and other sweet pastries”, “chocolate”,
and “sweets”. 5 Sum of the FFQ rows “flavored yoghurt and quark”, “puddings”, “sugar-sweetened cereals and
muesli”, “berry, fruit and chocolate porridge (with added sugar)”, and “berry and fruit soups (with added sugar)”.
6 Sum of the FFQ rows “flavored and sweetened milk- and plant-based drinks”, “sugar-sweetened juice drinks”,
and “soft drinks (with added sugar)”.

3.2. Comparison of Dietary Patterns

The five food-record-based components explained altogether 19.7% of the variance in the sample
(Supplementary Table S2), whereas the corresponding percentage in the FFQ-based analysis was
16.7% (for more details regarding the FFQ-based dietary patterns, please see [30]). Supplementary
Table S2 also shows the loadings of foods into the components, percentage of variance explained
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by each component, and the eigenvalues in the food-record-based PCA. The food-record-based
patterns were labelled “health-conscious”, “sandwich”, “sweets-and-treats”, “milk, potatoes, and
minced meat”, and “pasta, minced meat, and fruit”, based on the foods loading positively to
each component. The FFQ-based patterns were named “sweets-and-treats”, “health-conscious”,
and “vegetables-and-processed meats”, and have been reported in more detail elsewhere [30]. The three
strongest patterns identified using the two methods were very similar to each other, and there were
relatively low, positive correlations between the pattern scores (Table 3). Regarding each of the dietary
pattern scores, over 70% of the participants were classified into the same or adjacent quarter, whereas
the proportion of participants classified into opposite quarters was 6%–9% for the three patterns
(Table 4).

Table 3. Spearman correlation coefficients between the FFQ- and food-record-based dietary pattern
scores (strongest positive correlation shown in bold).

Food-Record-Based Dietary Patterns

Health-
Conscious

Sandwich
Sweets-and-

Treats
Milk, Potatoes

and Minced Meat
Pasta, Minced
Meat and Fruit

FFQ-based dietary patterns

Sweets-and-treats −0.19 1 −0.18 1 0.27 1 0.22 1 −0.10 1

Health-conscious 0.33 1 −0.05 −0.30 1 −0.16 1 0.08 2

Vegetables-and-processed meats 0.19 1 0.25 1 0.16 1 0.08 2 0.11 1

1 p ≤ 0.01. 2 p ≤ 0.05.

Table 4. The proportion of participants classified into the same, same or adjacent, or opposite quarters
using the FFQ- and food-record-based dietary pattern scores.

% of Participants
Classified into the

Same Quarter

% of Participants
Classified into the Same

or Adjacent Quarters

% of Participants
Grossly Misclassified

into Opposite Quarters

Sweets-and-treats patterns 34 72 7
Health-conscious patterns 35 73 6
Vegetables-and-processed
meats/sandwich patterns 35 73 9

4. Discussion

The aim of the current study was to compare the food consumption frequencies and empirical
dietary patterns derived with the following two methods: food records and FFQs. Regarding
consumption frequencies, the percentage of participants classified into the same or adjacent quarter as
measured with FFQs and food-records was 60%–96%. Considering vegetable and fruit consumption,
72%–80% of the participants were classified into the same or adjacent quarter in the current study,
whereas the corresponding percentages for sugar-containing foods were 69%–87%. Furthermore, the
calculated nutrient intakes for key nutrients increased linearly in the quarters of vegetable and fruit,
and sugar-containing food consumption. In addition, we found dietary patterns of the same kind
using FFQ and food-record food groups as input variables. To our knowledge, this is the first study to
perform PCA separately based on FFQs and food records without forcing the food record food codes
to match the FFQ rows, which could lead to overestimated correlation coefficients [20].

4.1. Relative Validity of the DAGIS FFQ

The percentages of participants classified into the same or adjacent quarter were the greatest for
skimmed milk and sour milk (96%); 1% fat milk, semi-skimmed milk, and sour milk (94%); flavored
nuts, almonds, and seeds (91%); and whole milk and sour milk (90%). In general, the food items that
were used only by a small percentage of participants (less than 20% according to the FFQ) had the
largest proportions of participants classified into the same or adjacent quarter. Among food items that
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were used by more than 20% of the participants at least once according to the FFQs, commercial baby
foods and smoothies with no added sugar; plain almonds, nuts, and seeds; and soft drinks with added
sugar were most similarly reported, as 77%–80% of the participants were classified into the same or
adjacent quarter as measured with the FFQs and food records. By contrast, the relative validity of our
FFQ to assess the consumption frequency of canned and frozen fruit, eggs, reduced sugar juices and
soft drinks, and dried fruit and berries could partly be criticized, because 15%–22% of the participants
were grossly misclassified into opposite quarters by the two methods. The difference in time spans
(three days vs. seven days) might at least partly explain these misclassifications. In the future, it would
be advisable to rephrase these items or to incorporate the foods into FFQ rows with a lower proportion
of misclassification (for example, canned and frozen fruit could be incorporated into fresh fruit).

Our first aim was to compare the consumption frequencies reported using food records and FFQs.
Considering vegetable and fruit consumption, 35%–68% of the participants were classified into the
same quarter in the current study, whereas previous studies reported respective percentages ranging
from 35%–49% for vegetable and fruit FFQ items [6,8,9]. The fact that the calculated intakes of vitamin
C and folate increased linearly through the quarters of vegetable and fruit consumption frequency
(Table 2) gives additional support to our finding that, compared to food records, the FFQ is able to rank
the children acceptably according to food group consumption. Using a somewhat similar approach,
Flood et al. reported an increasing trend in the calculated vitamin C intake for vegetable consumption,
but not for fruit consumption [7].

Regarding sugary foods, the percentages of participants classified into the same quarter varied
depending on the type of foods. The lowest percentages were observed for sugary treats (ice cream
37%; sweet biscuits and cereal bars 35%; sweet pastries 27%; sweets 20%; chocolate 33%). These are
typically foods that are not consumed daily, and thus, their habitual consumption frequency may
have been more accurately captured by the FFQ. On the other hand, as keeping a food record is
known to affect food behavior [1], it may be that the parents withheld sugary treats during the three
days the food records were kept. Previous studies have reported corresponding percentages ranging
from 32%–37% [6,8,9]. However, the wide variation in food groupings between the studies limits the
comparison. In the current study, 49%–87% of the participants were classified into the same quarter
with regard to sugary everyday foods (berry and fruit soups; flavored yoghurt and quark; puddings;
sugar-sweetened cereals and muesli; berry, fruit, and chocolate porridge), whereas the corresponding
range for sugary beverages (flavored and sweetened milk- and plant-based drinks; sugar-sweetened
juice drinks; soft drinks) was 37%–72%. The calculated sucrose intake increased linearly in the quarters
of sugary treats, sugary everyday foods, and sugary beverages, suggesting a good indirect validity.

4.2. Relative Validity of the Dietary Patterns

Currently, explorative or data-driven dietary patterns are used frequently in modern nutrition
science [11]. The dietary pattern approach has many advantages. First, the patterns provide us with a
broader conception of food consumption and can add to our understanding of dietary behavior [31].
Second, the pattern approach is free of a priori assumptions concerning, for example, healthful diets,
and describes the actual parallel presence of different patterns in the diets of the participants [12]. PCA
is one of the most frequently used methods for dietary pattern analysis, and usually FFQ data are used
as inputs for the analysis. The validity of the FFQs used to derive dietary patterns is often under study,
but only a few studies have investigated the relative validity of the resulting dietary patterns among
children [22,23].

To our knowledge, this is the first study to compare dietary patterns derived using two dietary
assessment methods, without forcing the input variables to be similar (i.e., matching the foods from
the food records into FFQ rows). The matching of the food items has resulted in the exclusion of a
large number of foods that cannot be matched to each of the FFQ rows. For example, in a sample
of middle-aged and elderly Swedish women, as much as 54% of the foods in the food records were
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excluded from the analyses [18]. Using this approach, the validity of the patterns is likely to be better
than the actual validity [20].

In the present study, we found three quite similar dietary patterns using two dietary assessment
methods (FFQs and food records). The pattern scores were correlated as statistically significantly,
but the correlation coefficients were relatively low (0.25–0.33) [32]. Previous studies have reported
correlations ranging from 0.32–0.74 among adults [15–20], and the correlations have been of the same
order among adolescents [22] and toddlers [23]. Our lower correlation coefficients are probably due
to not matching the foods from the food records to the FFQ rows. Instead, we conducted the PCA
separately, using FFQ rows and food record data as inputs. Thus, we believe that the correlation
coefficients in this study reflect the validity of the dietary patterns more realistically. However, more
than 70% of the participants were classified into the same or adjacent quarter, according to the dietary
pattern scores. Hence, it seems that despite the low correlation coefficients, the two dietary assessment
methods can provide fairly similar dietary patterns and rank the participants similarly based on the
dietary pattern scores.

4.3. Strengths and Limitations

The present study had several strengths. First, we had a large sample size of preschool-aged
children and their parents as participants. Second, we used both direct (cross-classification) and
indirect (calculated nutrient intakes) measures to assess the validity of the DAGIS FFQ. Furthermore,
we investigated the relative validity of the dietary patterns using both food record data and FFQ rows
as inputs. As we did not match the foods in the food records to the FFQ rows for this analysis, we were
able to examine the similarity of the derived patterns without artificially overestimating the correlation
coefficients. We believe that our approach provided us a more realistic and comprehensive view of the
validity of the FFQ.

Our study used food records as the reference method for dietary assessment. However, it is crucial
to consider the design of the study critically. FFQs are designed to measure the usual consumption of
foods, whereas food records capture only the foods eaten during a few days [1]. Thus, three-day food
records may underestimate the consumption of certain foods, such as sugar-containing treats or fish,
and FFQs may be able to assess the consumption of these foods more accurately. As dietary patterns are
thought to reflect the usual consumption of foods and beverages, FFQs could be thought of as a more
accurate assessment method for less frequently used foods. In the present study, the FFQ measured
food consumption during the previous week. Thus, the time span did not vary considerably between
the two methods (seven days vs. three days), suggesting that the two methods can be meaningfully
compared. As our FFQ only measured foods eaten outside of preschool hours, it does not represent
the whole diet of the children. Thus, to make the two methods comparable, we excluded foods eaten
at preschool from the reference method (three-day food record). However, should the FFQ be used
in other studies, it must be noted that the relative validity has only been investigated concerning the
foods eaten outside of preschool hours.

As measuring food consumption is not straightforward and every method has its own pitfalls,
our measurements were not free of error. It is possible that some foods are most accurately measured
using food records, whereas for other foods, the most accurate method might be FFQ. Thus, it must
be kept in mind that whenever we are “validating” an FFQ, we are, in fact, just comparing it with
another, equally (although differently) biased dietary assessment method, and not the true food
consumption, which we unfortunately are unable to assess. Furthermore, the participating families in
the DAGIS study were highly educated (in nearly 70% of the families, the highest educational level
was bachelor’s degree or higher [24]). As the socio-economic status of the family may be associated
with misreporting [33], the results of this study may have to be generalized with caution.
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5. Conclusions

The FFQ designed for the DAGIS study can rank participants acceptably. Special attention was
paid to vegetables and fruits, and sugar-containing foods. The indirect measures of validity (mean
intake of selected nutrients in quarters of the consumption) supported the aforementioned conclusion.
In addition, three fairly similar dietary patterns were identified using both food-record and FFQ
data as inputs, and the percentage of participants classified into the same or adjacent quarters were
acceptable. Thus, we conclude that the DAGIS FFQ is a valid measure for vegetable and fruit as well
as sugary food consumption. In addition, the DAGIS FFQ can be used to derive dietary patterns that
are consistent with those derived using food record data.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/11/1/
159/s1: Table S1: Food groups included and excluded in the food-record-based analysis and their mean
consumption among 3–6 year-olds in the DAGIS study (2015–2016, n = 756); Table S2: Characteristics of the five
food-record-based dietary patterns identified among 3–6 year-olds in the DAGIS study (2015–2016).
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Abstract: This study performed comparative analyses in two pediatric cohorts to identify dietary
patterns during primary school years and examined their relevance to body composition development.
Nutritional and anthropometric data at the beginning of primary school and two or four years later
were available from 298 and 372 participants of IDEFICS-Germany (Identification and prevention
of Dietary-induced and lifestyle-induced health Effects In Children and infants Study) and the
KOPS (Kiel Obesity Prevention Study) cohort, respectively. Principal component analyses (PCA)
and reduced rank regression (RRR) were used to identify dietary patterns at baseline and patterns
of change in food group intake during primary school years. RRR extracted patterns explaining
variations in changes in body mass index (BMI), fat mass index (FMI), and waist-to-height-ratio
(WtHR). Associations between pattern adherence and excess gain in BMI, FMI, or WtHR (>75th
percentile) during primary school years were examined using logistic regression. Among PCA
patterns, only a change towards a more Mediterranean food choice during primary school
years were associated with a favorable body composition development in IDEFICS-Germany
(p < 0.05). In KOPS, RRR patterns characterized by a frequent consumption of fast foods or starchy
carbohydrate foods were consistently associated with an excess gain in BMI and WtHR (all p < 0.005).
In IDEFICS-Germany, excess gain in BMI, FMI, and WtHR were predicted by a frequent consumption
of nuts, meat, and pizza at baseline and a decrease in the consumption frequency of protein sources
and snack carbohydrates during primary school years (all p < 0.01). The study confirms an adverse
impact of fast food consumption on body composition during primary school years. Combinations of
protein and carbohydrate sources deserve further investigation.

Keywords: body composition; primary school; dietary pattern; principal component analysis;
reduced rank regression; prevention
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1. Introduction

Most Western societies report the highest prevalence of overweight/obesity among children and
adolescents at the end of primary school [1,2]. Thus, primary school years are now regarded as a
further window of opportunity when interventions targeting development or the reversal of becoming
overweight or obese are particularly warranted [3–8].

Upon entry into primary school, many aspects of a child’s daily routine change, which may all
contribute to the lower remission of overweight during primary school years as compared to pre-school
years. Importantly, nutritional behavior may change substantially and these changes may best be
captured by dietary pattern analysis, which allows insights into the joint relevance of multiple dietary
components for overweight development. Yet, to date, few studies examined the prospective relevance
of dietary patterns for the development of body composition [9–15] and most of these were performed
among adolescents [10,11,13]. In addition, such analyses should often consider BMI only [10–12],
which is, however, only a proxy measure of adiposity. Consideration of more adiposity-specific
measures such as fat mass or waist circumference is, therefore, warranted [16–19].

Additionally, patterns of dietary change during primary school years may be of relevance for an
unfavorable development of body composition during this period. In a previous analysis, we observed
that both the selection of unfavorable carbohydrate sources (more white bread, less pulses, and whole
grain bread) at the beginning of primary school and an increased consumption of processed savory
food during primary school years were related to adverse changes in BMI and fat mass during
primary school years in a sample of German school children participating in the DONALD Study
(Dortmund Nutritional and Longitudinally Designed Study) [9]. These patterns were identified by
using reduced rank regression (RRR) to identify dietary patterns best explaining variation in changes
of body composition during primary school years. Ideally, these dietary patterns should be applied to
another cohort so as to confirm their relevance for German pediatric populations in general. In practice,
this is, however, not possible because of different dietary assessment methods used in different
studies (e.g., German pediatric cohort studies often assess consumption frequency only, i.e., use food
propensity questionnaires [20]). Comparative analysis based on a different dietary assessment method
but using a similar analytic approach is, therefore, a feasible alternative approach. Similar dietary
patterns identified with this analytical approach would be highly informative for the formulation of
preventive and interventional strategies targeted at primary school age children.

Therefore, the aims of the present study were to identify and describe dietary patterns at the
beginning of the primary school period as well as patterns of dietary changes during the course of
primary school in two German pediatric cohort studies known as the Kiel Obesity Prevention Study
(KOPS) and the Identification and prevention of Dietary-induced and lifestyle-induced health Effects
In Children and infants (IDEFICS)-Germany cohort. In a further step, we illustrated the impact of
adherence to the identified dietary patterns on excess gain in the body mass index (BMI), fat mass
index (FMI), or waist-to-height ratio (WtHR) (increases >75th percentile) during primary school years.

2. Methods

2.1. Study Populations

The study designs of the KOPS and the IDEFICS-Germany study were described
previously [16,21,22]. KOPS is a cohort study to investigate determinants and preventive measures
of childhood obesity. It was performed between 1996 and 2001 in the context of a school entry health
examination [23,24]. A representative group of 4997 children participated in the study [24,25]. At the
end of the primary school period (fourth grade), follow-up information was collected from 1764 children
(35% of the original population) during examinations performed in the school setting between 2000
and 2005 [23,24]. For the present analyses, complete information on dietary habits at baseline (age 5 to
7 years) and follow-up (age 9 to 11 years) was available for 415 children. Of these, 372 had complete
anthropometric data at both time points as well as information on potential confounding factors.
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The IDEFICS-Germany study is a multicenter study designed to investigate and prevent
diet-related and lifestyle-related disorders among European children (aged 2–9.9 years at baseline).
The present analysis is based on data of the German subsample. In 2007/2008, 2066 children were
recruited from kindergartens and schools in Germany. Anthropometric measurements were performed
at baseline and at the two-year follow-up and dietary and lifestyle questionnaires were administered.
A total of 993 children had complete dietary data at baseline and follow-up. Of these, 312 children
provided dietary data at the beginning of primary school (i.e., age 5 to 7 years) and at least two
years later. Complete anthropometric measurements at baseline and follow-up and data on potential
covariates were available for 298 children included in the analyses.

This study was conducted according to the guidelines laid down in the Declaration of Helsinki
and all procedures involving human subjects were approved by the local ethics committee in Kiel and
the ethics review board of the University of Bremen written informed consent was obtained from the
parents or legal caregivers of all children.

2.2. Nutritional Assessment

In KOPS, dietary intake was assessed using a 24 item food propensity questionnaire (FPQ) based
on the WHO MONICA FFQ (food frequency questionnaire) adapted to children [26] (see Table S1).
It was completed by the parents or primary caregiver who provided dietary information over the
last six months. The FPQ—i.e., an FFQ inquiring consumption frequencies but not the amounts
consumed was validated against a seven day diet record in 24 and 61 5–7 and 9–11 year old children,
respectively [27]. Consumption frequencies were asked from mutually exclusive alternatives: never or
less than once a week, 1 to 2 times per week, and 3 to 6 times per week or daily.

The Children’s Eating Habits Questionnaire (CEHQ) was used to assess dietary intake in the
IDEFICS-Germany study [28]. This reproducible and validated instrument [28–30] inquiring the
consumption frequency of 43 foods and beverages (see Table S2) was completed by parents or other
caregivers. Frequencies of consumption during the past month were asked from mutually exclusive
alternatives: never or less than once a week, 1 to 3 times per week, 4 to 6 times per week, once per day,
twice per day, and three or more times per day.

2.3. Anthropometric Measurements and Calculations

Anthropometric measurements in KOPS were performed by trained nutritionists and physicians [25].
Weight and height were measured to the nearest of 0.1 kg and 0.5 cm with a calibrated electronic scale
and a stadiometer (Seca, Hamburg, Germany). Waist circumference was measured midway between the
lowest rib and the top of the iliac crest at the end of gentle expiration with an inelastic tape. A bioelectrical
impedance analysis (BIA) was performed by using a terapolar bio-impedance analyzer (BIA 2000-C, Data
Input, Frankfurt/M, Germany) and fat mass was calculated with an algorithm developed in Kiel using
air-displacement plethysmography as the reference method [16,31].

In IDEFICS-Germany, anthropometric measurements included weight, height, BIA, and waist
circumference. Children were barefoot and wore only underwear and a T-shirt. Weight measurements
to the nearest 0.1 kg and BIA were carried out using an electronic scale (Tanita BC 420 SMA,
Tanita Europe GmbH, Sindelfingen, Germany). Height was measured using a telescopic height
measuring instrument (Seca 225 stadiometer, Hamburg, Germany) to the nearest 0.1 cm. Fat mass
was calculated with an algorithm derived from BIA [32]. Waist circumference was measured using
an inelastic Seca 200 tape (Seca, Hamburg, Germany) according to World Health Organization
Standards [33].

For both study samples, BMI was calculated from measured height and weight (weight
(kg)/height2 (m2)). FMI and FFMI were calculated relating fat mass and fat free mass (weight—fat
mass) to height2 (m2). For WtHR (waist circumference(m)/height(cm), a simple practical non-invasive
tool reflecting visceral fat of a value >0.5 was considered to indicate excessive upper body fat
accumulation [34]. Since absolute measures are considered a better alternative than z-scores when
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assessing adiposity changes [35], the response variables were the changes in BMI, FMI, and WtHR
between the end and the beginning of the primary school period. Being overweight was defined
according to the International Obesity Task Force criteria [36].

2.4. Statistical Methods

To facilitate comparison to the findings from the DONALD study, the statistical approach in the
present analysis was analogous to that in Diethelm et al. [9]. Dietary patterns at the beginning of the
primary school period and patterns of changes during primary school years were derived by two
different empirical methods: PCA and RRR. Intake frequencies were standardized by using z-scores
(by age group and sex (mean = 0, SD = 1)). Due to the extracted dietary patterns being similar for boys
and girls in both cohorts, the data were pooled for the analyses.

2.4.1. PCA

PCA analyses were conducted by using the PROC FACTOR procedure in SAS. The first PCA
was conducted to identify dietary patterns at the beginning of the primary school period (PCA
baseline pattern) while the second PCA identified patterns of dietary changes between the end and the
beginning of the primary school period (PCA change pattern). For this purpose, changes in the intake
frequencies of food groups were obtained (standardized intake frequencies at the end of the primary
school period minus standardized intake frequencies at the beginning of the primary school period).

To select the baseline and change patterns to be retained in analyses, the following criteria
were used: (1) eigenvalues exceeding 1 (based on the rationale that each component should explain
more variance than a single variable in the data set), (2) the scree plot (a graphical presentation
of the eigenvalues where a break indicates how many factors should be retained), and (3) factor
interpretability [37,38]. Two baseline patterns and three change patterns were retained for further
analyses. After a varimax rotation, food groups with factor loadings ≥ |0.4| were considered as
contributing to a pattern. For each pattern, more than three food groups were retained, which is
considered an adequate number for good interpretability [38]. According to the approach of simplified
pattern variables, the individual PCA factor scores (resembling adherence to the respective pattern)
were based solely on the sum of the unweighted standardized frequencies of food groups that were
loaded high (i.e., ≥|0.4|) at the respective pattern [39].

2.4.2. RRR

RRR analyses were used as a second approach. RRR is commonly applied to a set of intermediary
response variables presumed to link diet to the health outcome [40]. Since current scientific evidence
does not substantiate strong associations between specific nutrients and body composition development,
RRR was used to directly extract dietary patterns best explaining the variation of changes in BMI, FMI,
and WtHR during the primary school period; i.e., the method was used in a purely exploratory way.

RRR analyses were conducted via the PROC PLS procedure in SAS (option method = RRR) [40].
The RRR extracts linear combinations (i.e., RRR patterns) of predictor variables that explain as much
variation in response variables as possible. For the first RRR, standardized intake frequencies of food
groups at the beginning of the primary school period were used as predictor variables. The response
variables were the changes in BMI, FMI, and WtHR between the end and the beginning of the primary
school period in which each was adjusted for baseline BMI, FMI, and WtHR at the beginning of the
primary school period, respectively, by applying the residual method [41] (RRR baseline factors).
For the second RRR, changes in standardized intake frequencies of food groups between the end and
the beginning of the primary school period were used as predictor variables. Changes in BMI, FMI,
and WtHR between the end and the beginning of the primary school period adjusted for the baseline
body composition were, again, the response variables (RRR change factors).

The number of factors extracted by RRR from the predictor variables is always equal to the
number of response variables, i.e., three factors were identified by each RRR. However, only those
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patterns explaining the largest amount of response variation (as indicated by a break) were retained
for further analyses. As for PCA, the individual RRR factor scores were calculated, according to the
simplified pattern approach [39] including all food groups with a factor loading ≥|0.2|.

2.4.3. Logistic Regression Analyses

The PCA and RRR factors were used as independent predictors in the logistic regression models
(PROC LOGISTIC) by estimating odds ratios (ORs) with 95% confidence intervals (95% CIs) of excess
gain in BMI, FMI, or WtHR during primary school years with the lower three quartiles of increases in
BMI, FMI, or WtHR serving as the reference category.

By definition, RRR patterns will be predictive of changes in BMI, FMI, and WtHR during primary
school years, i.e., the response variables for which they were derived. Thus, our main interest was to
(i) illustrate the effect sizes of the predicted OR and (ii) to investigate whether the obtained pattern
would still be predictive after adjustment for potentially confounding factors [9]. Adjusted OR
for excess gain in BMI, FMI, and WtHR are categorized by tertiles of RRR or PCA factors scores
of adherence. The p-values for a linear trend refer to logistic regression models with continuous
pattern scores of adherence as the independent variable. Potentially confounding variables were
initially examined separately and included in the fully adjusted model only if they modified regression
coefficients of the pattern scores in the unadjusted models by ≥10%. To ensure comparability between
the models, we included all variables that met this criterion in any of the models investigating the
relationship between a dietary pattern (baseline or change patterns) and the outcomes (excess gain in
BMI, FMI, or WtHR).

The following covariates inquired from the parents by self-administered questionnaires were
considered as potentially confounding factors: child’s birth weight, breast feeding practice, smoking
during pregnancy, parental education, parental weight and height, income, the child’s physical activity,
and the migration background (IDEFICS only).

Differences between baseline and follow-up were tested using the Wilcoxon rank sum test for
continuous variables and the Chi-square test for categorical variables. SAS procedures (SAS, version 9.2,
SAS Institute Inc., Cary, NC, USA) were used for data analysis. A p-value <0.05 was considered
statistically significant.

3. Results

The characteristics of both study samples are given in Table 1. The anthropometric characteristics
of the participants stratified by the beginning and the end of primary school years are summarized
in Table 2. In the KOPS sample, waist circumference, BMI, and FFMI increased during primary
school years while WtHR decreased and FMI did not change. Similarly, waist circumference, BMI,
FMI, and FFMI increased during primary school years in the IDEFICS-Germany sample while
WtHR decreased.

3.1. Dietary Patterns

For the KOPS sample, the dietary pattern obtained by PCA and RRR are presented in Table 3.
The PCA baseline pattern 1 is characterized by a frequent consumption of ‘fast food’ (fish fingers,
curry-sausage, or lasagna) while food groups characterizing PCA baseline pattern 2 could be
summarized as ‘healthy’ (wholegrain, vegetables, and fruits). The PCA change pattern 1 reflects
an increase in the consumption frequency of fast foods while the PCA change patterns 2 and 3
reflect changes in diet towards a healthier and an unhealthier dietary pattern, i.e., an ‘increase in the
consumption of vegetables and fruits’ and a ‘change towards unhealthy carbohydrates’ (increase in
white bread and savory bakery goods and decrease in whole-grain bread), respectively. The RRR
patterns contained more disjoint food groups than the PCA patterns. The RRR baseline pattern was
labelled a ‘fast food pattern’ characterized by a frequent intake of lemonade, children’s yogurt, and a
seldom intake of whole-grain bread, cheese, curd, and yogurt. The RRR change pattern increase
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in frequency of fast foods and starchy carbohydrate foods was characterized by an increase in the
consumption frequency of carbohydrate sources such as whole-grain bread, potatoes, and pizza as
well as fish sticks while the consumption frequency of vegetables decreased.

Table 1. Characteristics of the KOPS and IDEFICS-Germany samples included in the present analyses.

KOPS IDEFICS-Germany

Median or n-Number P25, P75 or Percentage Median or n-Number P25, P75 or Percentage

n (% female) 372 49.5 298 47.3

Birth and infancy
Birth year (min–max) 1991–1996 2000–2003
Gestational age (weeks) 40 39, 40 n/a
Birth weight < 3500 g, n (%) 184 49.5 113 37.9
Appropriate for gestational age, n (%) 276 74.2 n/a
Fully breast fed, n (%) a 317 85.2 182 61.1
Smoking during pregnancy, n (%) 63 16.9 50 17.2

Family
Maternal overweight, n (%) b,c 104 28.0 116 39.2
Paternal overweight, n (%) b,c 161 44.9 165 61.3
Parental overweight, n (%) b,d 209 56.2 205 68.8
Parental education, n (%) e 217 58.3 149 50.0
Single parenting, n (%) c,f 57 15.5 33 11.1
Low income, n (%) c,g 10 8.3 47 17.2

Numbers are medians (P25, P75) or n-numbers (percentages) unless otherwise indicated. a KOPS: defined as full
breastfeeding > 0.5 months. IDEFICS-Germany: defined as full breastfeeding > 1 months vs. no breastfeeding/missing.
b BMI ≥ 25 kg/m2. c Missing data KOPS: paternal overweight: n = 13. Single parenting: n = 4. Low income: n = 251.
Missing data IDEFICS-Germany: maternal overweight: n = 2, paternal overweight: n = 29, and low income: n = 24.
d At least one parent is overweight. e At least one parent had ≥12 years of schooling. f IDEFICS-Germany: Single
parenting defined as living with mother or father or 50% of the time with each mother and father. g KOPS: low or
low/medium income level, i.e., <1,000 € per months. IDEFICS-Germany: low income level, i.e., <1,100 € per months.

Table 2. Anthropometric characteristics of the KOPS and IDEFICS-Germany samples at the beginning
(baseline) and the end (follow-up) of the primary school period.

Beginning of the
Primary School Period

End of the Primary
School Period

Mean Difference between
End and Beginning of
Primary School Period

Median or
n-Number

P25, P75,
or Percentage

Median
or n-Number

P25, P75,
or Percentage

Median or
n-Number

P25, P75,
or Percentage

KOPS
n (% female) 372 49.5 372 49.5
Age 6.2 6.0, 6.5 9.8 9.6, 10.1 3.6 3.5, 3.7
Anthropometry

BMI (kg/m2) 15.41 14.63, 16.31 16.85 15.55, 18.35 1.32 0.58, 2.55
Overweight, n (%)a 37 10.0 58 15.6
FMI (kg/m2) 3.18 2.59, 3.91 3.17 2.28, 4.31 −0.02 −0.70, 1.00
FFMI (kg/m2) 12.31 11.68, 12.91 13.67 13.11, 14.40 1.46 0.92, 1.97
Waist circumference (cm) 54.5 52.3, 57.5 62.0 58.0, 66.0 7.0 4.0, 10.5
Waist-to-height ratio 0.46 0.44, 0.48 0.43 0.42, 0.46 −0.02 −0.04, 0.01
WtHR >0.5b, n (%) 46 12.4 36 9.7

IDEFICS-Germany
n (% female) 298 47.3 298 47.3
Age 6.5 5.6, 6.9 8.5 7.7, 9.0 2.0 2.0, 2.1
Anthropometry

BMI (kg/m2) 15.50 14.60, 16.60 16.15 14.90, 17.80 0.60 0.10, 1.30
Overweight, n (%) a 34 11.4 48 16.1
FMI (kg/m2) 4.33 3.68, 5.17 4.42 3.40, 5.68 0.07 −0.44, 0.73
FFMI (kg/m2) 11.23 10.58, 11.79 11.85 11.22, 12.36 0.61 0.39, 0.82
Waist circumference (cm) 51.6 49.5, 54.1 56.5 53.3, 60.1 4.8 2.7, 6.9
Waist-to-height ratio 0.43 0.41, 0.45 0.42 0.40, 0.45 −0.01 −0.02, 0.01
WtHR >0.5 b, n (%) 12 4.0 16 5.4

The numbers are medians (P25, P75) or n-numbers (percentages). Differences between baseline and follow-up were
tested using the Wilcoxon rank sum test for continuous variables and a Chi-square test for categorical variables.
BMI, body mass index, FMI, fat-mass index, WtHR, waist-to-height ratio, a Derived from the age-specific and
sex-specific cut-points proposed by the International Obesity Task Force [36]. b The cut-off >0.5 was proposed
by McCarthy et al. [34] as indicated whether the amount of upper body fat accumulation is excessive and a risk
to health.
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Table 3. Food groups included in the PCA and RRR patterns—KOPS sample, n = 372.

Included Food Groups Factor Loading
Explained Variance in the

Food Group Intake (%)

PCA pattern a

PCA baseline pattern 1
(‘fast food pattern’)

+ Fish sticks 0.62

12.7

+ Curry-sausage 0.62
+ Lasagna 0.57
+ Pancakes 0.55
+ Potato fritters 0.52
+ Pizza 0.51
+ Meat balls 0.5

PCA baseline pattern 2
(‘wholegrain, vegetables & fruits’)

+ Whole-grain bread 0.66

8.1
+ Vegetables, salad 0.65
+ Fruits 0.56
+ Cheese, curd, yogurt 0.47
+ Muesli 0.43

PCA change pattern 1
(‘increase in the consumption of fast food’)

+Δ Meat balls 0.61

9.4

+Δ Fish sticks 0.57
+Δ Lasagna 0.54
+Δ Pizza 0.52
+Δ Pancakes 0.48
+Δ Curry-sausage 0.44
+Δ Potato fritters 0.43

PCA change pattern 2
(‘increase in the consumption of vegetables and
fruits’)

+Δ Vegetables, salad 0.61

6.8
+Δ Fruits 0.57
+Δ Meat 0.47
+Δ Potatoes 0.44

PCA change pattern 3
(‘change towards unhealthy carbohydrates’)

+Δ White bread 0.64
6.4+Δ Savory bakery goods 0.49

−Δ Whole-grain bread −0.51

Included Food Groups Factor Loading
Explained Variance in

Response Variables b (%)

RRR pattern a

RRR baseline pattern (‘fast food pattern’)

− Whole-grain bread −0.32

Changes in BMI: 9.1
Changes in FMI: 5.5

Changes in WtHR: 7.9
Total variance: 7.5

− Cheese, curd, yogurt −0.32
+ Lemonade 0.55
+ Children’s yogurt 0.41
+ Potato fritters 0.27
+ Meat balls 0.24
+ Meat 0.21

RRR change pattern (‘increase in the consumption of
fast foods and starchy carbohydrate foods’)

+Δ Fish sticks 0.49

Changes in BMI: 7.7
Changes in FMI: 5.9

Changes in WtHR: 8.6
Total variance: 7.4

+Δ Whole-grain bread 0.26
+Δ Pizza 0.21
+Δ Potatoes 0.2
−Δ Vegetables −0.44
−Δ Lemonade −0.33
−Δ Sweets −0.28
−Δ Chocolate spread −0.21
−Δ Meat balls −0.21

+, positive loading, −, negative loading, Δ, change, BMI, body mass index, FMI, fat-mass index, WtHR,
waist-to-height ratio. a PCA patterns consider food groups with factor loadings ≥|0.4|, RRR patterns consider
food groups with factor loadings ≥|0.2|. b Changes in response variables between the beginning of the primary
school period (baseline) and the end of the primary school period adjusted for the baseline.

For the IDEFICS-Germany sample, dietary patterns obtained by PCA and RRR are given in Table 4.
The PCA baseline pattern 1 termed ‘snack pattern’ was characterized by the frequent consumption
of snack foods (sweet snacks, fried potatoes, croquettes, ketchup, savory snacks, and sweetened
drinks) while frequent consumption of plain unsweetened yogurt or kefir, dishes of milled cereals,
nuts, and pizza dominate the PCA baseline pattern 2 (‘Mediterranean type pattern’). The PCA change
pattern 1 termed ‘change towards a Mediterranean type pattern’ is dominated by increases in the
consumption frequency of nuts, pasta, fresh meat, and pizza. Increases in the consumption frequency
of cooked vegetables, potatoes, beans, and legumes but also sweetened drinks, butter/ margarine,
and fresh fruits characterize the PCA change pattern 2 (‘change towards a traditional type pattern’)
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while the PCA change pattern 3 (‘change towards a snack pattern’) is dominated by increases in the
consumption frequency of sweet snacks such as biscuits or pastries, candies, ice creams, and savory
snack foods such as crisps or popcorn. The RRR baseline pattern was labeled ‘Nuts, meat, and pizza
pattern’ because it is characterized by frequent intakes of nuts, fresh meats, pizza but also yogurt,
jam, and honey as well as a seldom consumption of cooked vegetables, potatoes, beans, legumes,
and sweetened breakfast cereals. The RRR change pattern, ‘decrease in the consumption of animal
protein sources and snack carbohydrates’, was characterized by an increase in the consumption of
’reduced-fat products on bread’ and decreases in the consumption frequency of fresh meat, savory
pastries, fried or scrambled eggs, sweetened drinks, nuts, seeds, and dried fruits.

Table 4. Food groups included in the PCA and RRR patterns—IDEFICS-Germany sample, n = 298.

Included Food Groups Factor Loading
Explained Variance in

Food Group Intake (%)

PCA patterna

PCA baseline pattern 1
(‘snack pattern’)

+ Sweet snacks (biscuits, packaged cakes, pastries, puddings) 0.57

10.3

+ Potatoes (fried, croquettes) 0.52
+ Ketchup and similar 0.51
+ Savory snacks (Crisps, corn crisps, popcorn) 0.51
+ Sweetened drinks 0.45
+ Chocolate, candy bars 0.44
+ Candies, loose candies, marshmallows 0.44
+ Ice cream, milk, or fruit-based bars 0.43

PCA baseline pattern 2
(‘Mediterranean type pattern’)

+ Plain unsweetened yogurt or kefir 0.66

6.5

+ Dish of milled cereals 0.57
+ Nuts, seeds, dried fruits 0.56
+ Pizza as main dish 0.45
+ Cheese (sliced and spreadable) 0.44
+ Fresh meat, not fried 0.44
+ Plain unsweetened milk 0.42
+ Fresh fruits with added sugar 0.41
+ Water 0.41
+ Pasta, noodles, rice 0.41

PCA change pattern 1
(‘change towards a Mediterranean
type pattern’)

+Δ Nuts, seeds, dried fruits 0.6

8.9

+Δ Pasta, noodles, rice 0.56
+Δ Fresh meat, not fried 0.52
+Δ Pizza as main dish 0.49
+Δ Dish of milled cereals 0.48
+Δ Sweet yogurt, fermented milk beverages 0.43
+Δ Fried meat 0.41

PCA change pattern 2
(‘change towards a traditional
type pattern’)

+Δ Cooked vegetables, potatoes, beans, and legumes 0.54

4.8
+Δ Sweetened drinks 0.49
+Δ Butter, margarine on bread 0.48
+Δ Fresh fruits without added sugar 0.47

PCA change pattern 3
(‘change towards a snack pattern’)

+Δ Sweet snacks (biscuits, packaged cakes, pastries, puddings) 0.65

4.5
+Δ Candies, loose candies, marshmallows 0.58
+Δ Ice cream, milk, or fruit-based bars 0.52
+Δ Savory snacks (Crisps, corn crisps, popcorn) 0.51
+Δ Chocolate, candy bars 0.46

Included Food Groups Factor Loading
Explained Variance in

Response Variables b (%)

RRR pattern a

RRR baseline pattern
(‘Nuts, meat, and pizza pattern’)

+ Nuts, seeds, dried fruits 0.37

Changes in BMI: 11.5
Changes in FMI: 11.9

Changes in WtHR: 12.3
Total variance: 11.9

+ Fresh meat, not fried 0.36
+ Pizza as main dish 0.3
+ Plain unsweetened yogurt or kefir 0.23
+ Jam, honey 0.22
+ Savory pastries, fritters 0.23
+ Dish of milled cereals 0.24
− Cooked vegetables, potatoes, beans, and legumes −0.29
− Breakfast cereals, muesli, sweetened −0.23

RRR change pattern
(‘decrease in the consumption of
protein sources and snack
carbohydrates’)

+Δ Reduced-fat products on bread 0.24

Changes in BMI: 14.0
Changes in FMI: 14.3

Changes in WtHR: 12.0
Total variance: 13.5

−Δ Fresh meat, not fried −0.36
−Δ Savory pastries, fritters −0.33
−Δ Fried or scrambled eggs −0.29
−Δ Sweetened drinks −0.27
−Δ Nuts, seeds, dried fruits −0.3
−Δ Dish of milled cereals −0.24

+, positive loading, −, negative loading, Δ, change, BMI, body mass index, FMI, fat-mass index, WtHR,
waist-to-height ratio. a PCA patterns consider food groups with factor loadings ≥|0.4|, RRR patterns consider
food groups with factor loadings ≥|0.2|. b Changes in response variables between the beginning of the primary
school period (baseline) and the end of the primary school period adjusted for baseline.
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3.2. Logistic Regression Analyses

In KOPS, no significant association was found between PCA baseline patterns (‘fast food pattern’
and ‘wholegrain, vegetables & fruits’) and excess gain in BMI, FMI, or WtHR during the primary
school period (Table 5). Among the PCA change patterns, only the adherence to an ‘increase in the
consumption of fast food’ was significantly associated with higher odds for an excess gain in FMI
after adjustment for parental overweight, parental education, and physical activity (ptrend = 0.0411).
However, no similar associations were seen with odds for an excess gain in BMI or WtHR.

Figure 1 shows that a closer adherence to the RRR baseline pattern (‘fast food pattern’) was
independently related to higher odds for an excess gain in BMI (Panel A, ptrend = 0.0006) and WtHR
(Panel C, ptrend = 0.0047) but not in FMI (Panel B, ptrend = 0.2465) during primary school in the KOPS
sample. Similarly, a closer adherence to the RRR change pattern (‘increase in frequency of fast foods
and starchy carbohydrate foods’) predicted excess gain in BMI, FMI, and WtHR during the primary
school period (Panel D–F, all ptrend < 0.002). Overall, those in the highest tertile of adherence were
at least two times more likely to have excessively gained than their counterparts in the lowest tertile
of adherence.

Figure 1. Odds for excess gains in BMI (panel A and D), fat-mass index (FMI, panel B and E),
and waist-to-height ratio (WtHR, panel C and F during the primary school period according to tertiles
of adherence to RRR baseline and change patterns (‘fast food pattern’ and ‘increase in the consumption
of fast foods and starchy carbohydrate foods’, respectively)–KOPS sample (n = 372). Values are odd
ratios (95% confidence intervals) presented in tertiles of adherence to the respective dietary pattern.
Changes in body composition were adjusted for baseline body composition using the residual method.
For the logistic regression analyses, the outcomes were excess gains in BMI, FMI, or WtHR defined as
gains >75th percentile, adjusted for parental overweight (BMI ≥ 25 kg/m2, yes/no), parental education
(≥12 years of schooling, yes/no), and physical activity (very low, low, middle, and high). The p-values
are based on logistic regression models with dietary pattern scores as a continuous variable. T, Tertile.

In IDEFICS-Germany, higher adherence to the PCA change pattern (‘change towards a
Mediterranean type pattern was associated with lower odds for excess gain in FMI, WtHR, and BMI
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(p < 0.05) (Table 6). All other PCA baseline and change patterns were not associated with changes in
body composition during primary school years.

Figure 2 illustrates that both the RRR baseline and change patterns remained independently
associated with substantially increased odds for excess gains in BMI, FMI, and WtHR during the
primary school years in the IDEFICS-Germany sample after an adjustment for potential confounders
(all ptrend < 0.01).

Figure 2. Odds for excess gains in BMI (panel A and D), fat-mass index (FMI, panel B and E),
and waist-to-height ratio (WtHR, panel C and F during the primary school period according to tertiles
of adherence to the RRR baseline and change patterns (‘Nuts, meat, and pizza pattern’ and ‘decrease
in the consumption of protein sources and snack carbohydrates’, respectively)—IDEFICS-Germany
sample (n = 298). Values are odd ratios (95% confidence intervals) presented in tertiles of the respective
dietary pattern. Changes in body composition were adjusted for baseline body composition (BMI, FMI,
or WtHR, respectively) using the residual method. For the logistic regression analyses, the outcomes
were excess gains in BMI, FMI, or WtHR, which were defined as gains >75th percentile, adjusted for
parental overweight (BMI ≥ 25 kg/m2; yes/no), smoking during pregnancy (yes/no), and migration
background (born in Germany, yes/no). Models for BMI and FMI also adjust for low income (<1.100 €
per month, (no/yes/unknown): 8% of values were inputted using the missing indicator method
resulting in a coding of 0, 1, and 2, respectively [42]), p-values based on multiple logistic regression
models with dietary pattern scores as continuous variables. T, Tertile.
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4. Discussion

The present study provides new prospective evidence from two pediatric samples suggesting a
relevance of dietary patterns during the primary school period identified by RRR for the development
of body composition in primary school years. Our data support a potentially detrimental role of
dietary patterns characterized by fast foods for BMI, FMI, and WtHR development during this critical
time period. On a more exploratory level, this study also suggests that future research should shed
light on the relevance of combinations of protein and carbohydrate sources for body composition
development in school children.

Both PCA and RRR identified dietary patterns characterized by a preferred consumption of
fast foods, which were associated with excess gains in adiposity measures both prospectively
and concurrently in the KOPS cohort. Our findings are broadly in line with the ALSPAC study,
which reported that an energy-dense, low-fiber, high-fat RRR dietary pattern at 7 years of age but not
at 5 years of age, was predictive of fat mass at 9 years of age among UK children [14]. In addition,
the preferred consumption of fast foods itself has repeatedly been related to an unfavorable body
composition among children and adolescents [43–46] even though it is possible that associations
with measures of obesity risk may partly reflect relations to the associated behaviors rather than
the preferred consumption of these foods [47,48]. The fact that no predictive fast food pattern was
identified for the IDEFICS-Germany cohort may, in part, result from differences in the focused inquiry
of these foods by the employed FPQs: in KOPS, one-third of the inquired food groups (8 out of 22)
referred to fast foods while only four out of 43 items in IDEFICS-Germany addressed fast foods.

Our study did also confirm a protective role of a Mediterranean type pattern identified by PCA,
which was prospectively related to lower odds for excess gains in BMI, FMI, and WtHR in the German
IDEFICS-Germany cohort. Similar associations have previously been reported by some [49–53] but not
all [54,55] pediatric studies that were explicitly investigating the relevance of Mediterranean dietary
indices or scores for body composition. Recently, a Mediterranean type diet was observed to be
associated with a more favorable BMI, glucose, and lipid profile among children and adolescents
presenting with components of the metabolic syndrome than a standard diet [56]. Similarly, evidence
from both intervention and prospective cohort studies support benefits of Mediterranean type diets
for body composition among adults [57–60].

Snacking habits have also been suggested as a potential cause contributing to the development
of overweight and obesity among children. Evidence for the prospective role of a ‘snacking’ pattern
among children is available from two prospective observational studies. In a cohort of 5-year-old
to 12-year-old Columbian children, the adherence to this PCA-derived ‘snacking’ pattern was
associated with greater increases in BMI, subscapular: triceps skinfold thickness ratio, and waist
circumference over a median 2.5 year follow-up [13]. By contrast, a PCA-derived ‘snacking’ pattern
in 2-year-old and 9.9-year-old participants of the IDEFICS-multicenter cohort was not related to
a two-year BMI change [12]. In line with this, the PCA ‘snack food pattern’ and the ‘change
towards a snack pattern’ identified in the IDEFICS-Germany cohort were not related to a higher
BMI, FMI, or WtHR. PCA generally yields interpretable patterns, but they may not be relevant for
disease outcomes because PCA is purely exploratory, which explains maximal variation in food
intake [61]. In addition, PCA patterns generally tend to account for only a small amount of the total
variance in food intake in pediatric populations [61–65]. Similarly, in our study, the PCA patterns
accounted for only 6.4% to 12.7% and 4.5% to 10.3% of the total variance in food intake in KOPS and
IDEFICS-Germany, respectively.

RRR may be more informative since it explicitly derives predictors that explain maximal variation in
response variables [40,66]. In the present study, three of the RRR patterns point towards a specific relevance
of combinations of unfavorable carbohydrate sources and (animal) protein sources (RRR patterns ‘fast
food’, ‘increase in the consumption of fast foods and starchy carbohydrate foods,’ and ‘decrease in the
consumption of protein sources and snack carbohydrates.’ The protein leverage hypothesis proposes that
a preference for protein in combination with a decrease in the ratio of protein to carbohydrates and fat in
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the diet is related to excess energy intake and the risk of obesity [67,68]. The two RRR change patterns in
the present study are in line with this since they suggest that either increases in (starchy) carbohydrate
sources or decreases in the consumption of protein sources during primary school years were associated
with an unfavorable development of body composition. Data from a large animal study conducted by the
advocates of the protein leverage hypothesis revealed that a high ratio of protein to carbohydrate rather
than total caloric intake was related to lower body fat content but may adversely affect cardio-metabolic
health [69]. However, in adults, diets with higher plant and animal protein intake were associated with
lower central adiposity [70,71] and favorable cardiometabolic markers [71]. Furthermore, in eight-year-old
school children, high protein intake was positively associated with a higher fat-free mass index two years
later [72]. The relevance of macronutrient ratios or of the combinations of carbohydrate and protein
sources for body composition remains to be elucidated.

Despite some similarities in the identified pattern and their association with body composition
development in primary school years as outlined above, the patterns differ substantially between both
cohorts. Our analyses do, therefore, not confirm our initial hypothesis that similar detrimental or
protective dietary patterns may be identified in the three German pediatric cohorts, i.e., DONALD,
KOPS, and IDEFICS-Germany. It is likely that this largely reflects the considerable methodological
differences, i.e., the different nutrition assessment methods as well as differences in the examined food
groups. Comparison with other pediatric studies is further hampered by differences in the method to
identify dietary patterns, e.g., the definition of high factor loadings and the fact that the simplified
pattern approach is not universally applied.

To overcome some of the issues of comparability, both the criteria for sample selections and the
analytical approach of the present study were similar to those previously applied in the DONALD
study [9]. Additional strengths of the present study include its prospective nature, which covered
the period of two and 3.6 years of primary school for IDEFICS-Germany and KOPS, respectively,
with completion of one FPQ at the beginning and one at the end of the observation period as well as
anthropometric examination at both points in time, which allows the analysis of changes in diet and
growth. In addition, in both cohorts, FMI and WtHR—i.e., more sensitive measurements of obesity
and central adiposity, respectively, were examined in addition to BMI. Nonetheless, the fact that fat
mass was estimated by two different algorithms derived from the respective BIA may be seen as a
limitation. In addition, changes in body composition after puberty onset are known to differ between
early-maturing and late-maturing children of the same age [73]. However, puberty onset was not
assessed in the studies. KOPS data stem from 2001 and one can assume that dietary behavior and other
lifestyle factors may have changed in the meantime. However, results of examinations conducted
in a further cohort after 10 years at school entry (2006–2008) and at the end of the primary school
period (4th grade, 2010–2012) indicate that these data are still comparable [74,75]. In addition, our
study is limited by the comparably small samples from the KOPS and IDEFICS-Germany cohorts.
However, it has been suggested that the ratio of the sample size to the number of food groups may be
more important than the absolute number of subjects [76]. We performed a number of statistical tests.
Therefore, the chance may be an explanation for our findings. However, for the RRR results in particular
consistency of findings across the different body composition outcomes argues against chance findings.
Another limitation arises from the fact that the FPQ used in KOPS and IDEFICS-Germany did not
inquire the consumption frequencies of the same food groups. Therefore, pooled analyses of the KOPS
and IDEFICS-Germany samples were not possible. However, as outlined above, comparative analyses
using similar analytic approaches based on the food-group specific data available from different
assessment methods are desirable and were conducted.

5. Conclusions

The present study confirms an unfavorable impact of fast foods on the development of body
composition during primary school years. The role of combinations of unfavorable carbohydrate
sources and (animal) protein sources requires further investigation.
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Abstract: Dietary supplements may contribute to nutrient intake; however, actual data on dietary
supplement use among adolescents living in Germany are rare. The aim of this analysis was to
describe the current use of dietary supplements, its determinants, and reasons of use. Changes
in supplement use over time were evaluated by comparing the results with those from EsKiMo I
(2006). Data from the Eating Study as a KiGGS Module EsKiMo II (2015–2017) were used to analyze
supplement intake according to sociodemographic, health characteristics, and physical exercise
behavior of 12–17-year-olds (n = 1356). Supplement use during the past four weeks was assessed by
a standardized computer assisted personal interview. Multivariable logistic regression was used to
identify the association between supplement use and its determinants. Between 2015–2017, 16.4%
(95%-CI: 13.0–19.7%) of the adolescents used dietary supplements, and its use decreased with lower
levels of physical exercise and overweight. Most supplement users used only one supplement,
often containing both vitamins and minerals. The most frequently supplemented nutrients were
vitamin C and magnesium. The main reported reason to use supplements was ‘to improve health’.
Prevalence of supplement use was slightly lower in 2015-2017 than in 2006 (18.5%; 95%-CI: 15.8–21.2%).
The results underline the importance of including nutrient intake through dietary supplements in
nutrition surveys.

Keywords: vitamin; mineral; dietary supplements; adolescents; EsKiMo

1. Introduction

An optimal nutrient supply during the growth period of adolescence is important [1]. The majority
of the population living in Germany has an adequate supply of almost all vitamins and minerals.
Generally, with a balanced diet the requirements for essential nutrients will be met. However, for some
nutrients, like in particular folate, iodine, and vitamin D, the nutrient status is suboptimal for large
population groups in Germany. Accordingly, vitamin or mineral supplements are only recommended
in Germany for medically diagnosed deficiencies or for vulnerable groups, such as infants, pregnant
women, and the elderly. For adolescents, there are no recommendations for the preventive use of
dietary supplements [2].

Nevertheless, sales for dietary supplements have increased in Germany and other western
countries over the last decades [3,4]. The demand for supplements constituted a sale of 1.4 billion Euro
in Germany in 2018 [4]. In light of the mostly adequate nutrient supply and the risks associated with
an excessive intake of vitamins and nutrients, this trend should be observed critically [5].
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Many studies described an increase in the use of dietary supplements, such as the National Health
and Nutrition Examination Survey (NHANES) between 1971–2000 among adults [6]. The proportion of
German adults who used dietary supplements during a period of seven days increased by six percent
(12.3% to 18.1%) between 1997–1999 and 2008–2011 [7]. Up-to-date and representative information
on supplement use among children and adolescents living in Germany is lacking. There are some
studies on supplement use, but these are mainly regional and/or older studies and include different
age groups. Among children and adolescents (2–18 years) who participated in the regional Dortmund
Nutritional and Anthropometric Longitudinally Designed Study (DONALD) between 1986–2003,
7.5% reported the use of dietary supplements in a three-day-weighted dietary record [8]. 9.2% of
children (9–12 years) from two German birth cohort studies (GINIplus and LISAplus) used dietary
supplements (2005–2009) [9]. In the first representative German Eating Study as a KiGGS Module
(EsKiMo) from 2006, one fifth of the adolescents (12–17 years) had used dietary supplements in the
previous four weeks [10]. Current data about dietary supplement use and its determinants may help to
estimate the risk of oversupply of micronutrients in specific groups. EsKiMo II, conducted from 2015
to 2017 by the Robert Koch Institute (RKI), provides recent data on the use of dietary supplements.
The present analysis aims to quantify the use of vitamin and mineral supplements in association with
some determinants, and to evaluate the reasons for dietary supplement use among adolescents living
in Germany. A major advantage of the current analysis is the possibility to describe the change in
the prevalence of dietary supplement use between 2006 and 2015–2017 by comparing results from
EsKiMo I and EsKiMo II.

2. Methods

2.1. Study Design and Study Population

EsKiMo II was conducted from June 2015 until September 2017 as part of the second wave of the
German Health Interview and Examination Survey for Children and Adolescents (KiGGS Wave 2).
The aim of the cross-sectional EsKiMo II was to assess the dietary behavior of children and adolescents
and to identify changes in food consumption in the last decade by comparison with the previous
study EsKiMo I, conducted in 2006. The EsKiMo II study protocol was consented with the Federal
Commissioners for Data Protection and approved by the Hannover Medical School ethics committee
in June 2015 (Number 2275–2015). Written informed consent was obtained from all parents or legal
guardians and participants aged 14 years and older prior to the study interviews and examinations.
Details on the methodology of EsKiMo II can be found elsewhere [11–13].

Altogether, 2644 children and adolescents aged 6–17 years who took part in KiGGS Wave 2
participated in EsKiMo II (participation rate 59.4%). The current analysis is limited to 1356 adolescents
aged 12–17 years, as supplement use for this age group was assessed in the same way as in EsKiMo I,
which allows describing changes in supplement use between 2006 and 2015–2017. Data of 1272
adolescents who participated in EsKiMo I was included for trend analysis of vitamin and mineral
supplement use over time.

2.2. Assessment of Supplement Use

Dietary supplement use was assessed using a standardized computer assisted interview within
the Dietary Interview Software for Health Examination Studies DISHES [14] by trained nutritionists
during home visits. The use of dietary supplements was ascertained by the following question: “Have
you taken dietary supplements (like vitamins or minerals) in form of tablets, drops etc. in the last four
weeks?" In case of a positive response, types (name and brand), frequencies of use, dosage form, and
amounts of the supplement and reasons for using were asked. Dietary supplements were selected from
a database, which was integrated in the software. This supplement database is an update from previous
dietary surveys conducted in Germany by the RKI and the Max Rubner Institute. Supplements which
were not included in the database were recorded as a free text with the name, brand, and dosage form.
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If available, a photo of the supplement packaging was taken. Afterwards, nutrient composition of all
recorded supplements was checked with the information from the package, from the internet and/or
from the manufacturer, and, if necessary, updated or added in the database. Reasons for supplement
use were asked by predefined categories (‘to improve health’, ‘based on a doctor’s recommendation’,
‘increase of physical and mental performance’, ‘read/heard about beneficial information’, ‘compensation
of low fruit/vegetables consumption’, ‘based on a pharmacist’s recommendation’), with the possibility
of free texts for other reasons (more than one answer was possible).

The current analysis is limited to dietary supplements containing vitamins or minerals and
considers both freely available and medically prescribed dietary supplements. Supplements containing
neither vitamins nor minerals or containing vitamins or minerals in homeopathic doses were assigned
to the category ‘other dietary supplements’ and excluded from this analysis. Protein and dietetic
products were assigned to foods and not considered in this analysis. Vitamin and mineral supplements
were categorized as: vitamins, minerals, and combined preparations containing both vitamin/s
and mineral/s.

2.3. Assessment of Other Variables

EsKiMo II participants were visited about three to six months after participation in KiGGS Wave
2. Sociodemographic, lifestyle, and health characteristics were assessed within KiGGS Wave 2 by
self-administered questionnaires completed by the parents and by the adolescents aged 11 years old
and older themselves [15]. Socio-economic status (SES) was based on information about education
level, occupational status, and net household income of the parents and categorized into low, medium,
and high SES [16]. Attended school types were categorized as lower secondary school, upper secondary
school, and other school types. Participants were defined as having a migration background, when
they or at least one parent were not born in Germany or did not have the German nationality. Three
categories for residence region were constructed according to federal states: north (Schleswig-Holstein,
Hamburg, Lower Saxony, Bremen, Berlin, Brandenburg, Mecklenburg-Western Pomerania), middle
(North Rhine-Westphalia, Hesse, Saxony, Saxony-Anhalt, Thuringia), and south (Rhineland-Palatinate,
Baden-Wuerttemberg, Bavaria, Saarland). Community size was categorized as: <5000 inhabitants,
5000 to 20,000 inhabitants, 20,000 to under 100,000 inhabitants, and >100,000 inhabitants. During
the personal interviews in EsKiMo II, questions about the body height and weight of the adolescents
were asked. Based on this self-reported information, body mass index (BMI) (body weight in kg/body
size in m2) was calculated and assigned into age- and sex-specific BMI categories according to
Kromeyer-Hauschild (underweight, normal weight, overweight) [17,18]. Furthermore, subjective
health status was rated by adolescents of 11 years and older themselves in four categories, ranging
from excellent to poor. Physical exercise as a specific and more intensive type of physical activity
includes all kinds of sports, but without physical education at school. Questions about the usual
duration (hours/minutes per week) of physical exercise were asked and replies were categorized into
‘low’ (less than one hour /week), ‘medium’ (1–3 h/week) and ‘high’ (more than 3 h/week).

2.4. Statistical Analysis

Prevalence of supplement use is presented according to sociodemographic and other characteristics.
In addition, multivariate logistic regression was conducted to analyze the independent associations
of these sociodemographic and other characteristics with supplement use. The associations were
adjusted for all other variables. For supplement users, the type, number, and frequency as well as
the reasons for vitamin or mineral supplement use are described. Finally, changes in the prevalence
of dietary supplement use between 2006 and 2015–2017 are examined. All analyses were performed
with SAS Version 9.4 (SAS Institute, Cary, NC, USA). The criterion for statistical significance was set at
p-value< 0.05. A weighting factor was applied to correct for deviations from the population structure
according to age (in years), sex, region (as of 31.12.2015), nationality (as of 31.12.2014), and education
level of the parents (Mikrozensus 2013), as well as to consider differences in participation´s probability
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according to seasonality, SES of the family, and school type. In order to take the clustered design into
account (with a stronger correlation of the participants within a community compared to a totally
random group), the SAS survey procedures were applied. Data of 1267 adolescents from EsKiMo I are
included for trend analysis. Study procedures and instruments of EsKiMo I are generally the same as
for EsKiMo II and are described elsewhere [19]. Prior analyses of EsKiMo I were calculated using a
weighting factor to correct for the disproportional higher number of participants from the Eastern part
of Germany as well as deviations in age, sex, and nationality from the general population [10]. For the
present analysis, these prevalence estimates were recalculated with a weighting factor constructed as
described above and correcting deviations from the population structure of 2004. For comparison of
prevalence estimates from EsKiMo I and EsKiMo II taking into account demographic changes over time,
the EsKiMo I prevalence estimates were standardized to the sex- and age-structure of the population
underlying the EsKiMo II data.

3. Results

In total, 16.4% of the adolescents (girls: 18.8%, boys: 14.0%) aged 12 to 17 years had used vitamin
or mineral supplements in the previous four weeks (Table 1). The proportion of supplement use
was similar across age groups, SES, type of school, migration background, region of residence, and
community size (Table 1). Additionally, there was no association between self-assessed health status
and dietary supplement use (data not shown).

The multivariable logistic regression showed that sex, weight status, and physical exercise
were independent determinants of dietary supplement use. Boys use dietary supplements less
frequently than girls (OR: 0.60 (0.38–0.94) and adolescents with overweight use dietary supplements
less frequently compared to adolescents with normal weight (OR: 0.41 (0.21–0.79) (Table 1). The use of
dietary supplements was lower for adolescents with low levels of physical exercise (OR: 0.56 (0.33–0.95)
compared to those with a high level of physical exercise (Table 1).

Table 1. Associations between vitamin and/or mineral supplement use among adolescents (12–17 years)
and determinants (sociodemographic characteristics, weight status, and physical exercise) in EsKiMo II
(2015–2017), n = 1356.

Vitamin and/or Mineral Supplement Use Prevalence 1 Multivariate Logistic Regression Analysis 1

n = 1356 n = 1223
% (95% CI) adjusted OR (95% CI) 2

Total 16.4 (13.0–19.7) -
Sex
Girls 18.8 (14.5–23.2) Ref.
Boys 14.0 (9.9–18.1) 0.60 (0.38–0.94) *
Age group
12–13 years 14.4 (10.3–18.4) 0.76 (0.46–1.26)
14–15 years 19.4 (13.2–25.5) 1.30 (0.77–2.20)
16–17 years 15.2 (10.4–20.0) Ref.
Socio-economic status (SES) 3

Low 12.3 (5.4–19.2) 0.63 (0.26–1.53
Medium 15.3 (11.7–19.0) 0.66 (0.42–1.05)
High 22.3 (16.2–28.3) Ref
Type of school 4

Lower secondary school 14.5 (10.9–18.1) 0.84 (0.53–1.32)
Upper secondary school 19.2 (14.4–24.0) Ref.
Other school types 13.4 (4.8–22.0) 1.02 (0.40–2.59)
Migration background 5

Yes 15.4 (6.9–23.9) 0.89 (0.48–1.67)
No 16.5 (13.2–19.9) Ref.
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Table 1. Cont.

Vitamin and/or Mineral Supplement Use Prevalence 1 Multivariate Logistic Regression Analysis 1

Region of residence
North 13.8 (8.5–19.0) 0.74 (0.40–1.39)
Middle 16.7 (11.7–21.6) 1.11 (0.62–1.96)
South 17.7 (11.2–24.3) Ref.
Community size
<5000 inhabitants 15.0 (8.5–21.5) Ref.
5000–<20,000 inhabitants 19.9 (11.6–28.2) 1.04 (0.52–2.09)
20000–<100,000 inhabitants 16.9 (10.9–22.9) 0.83 (0.39–1.74)
≥100,000 inhabitants 13.4 (8.2–18.6) 0.76 (0.36–1.63)
Weight status
Underweight 20.7 (11.2–30.1) 1.33 (0.73–2.41)
Normal weight 17.0 (13.1–21.0) Ref
Overweight 9.3 (3.9–14.7) 0.41 (0.21–0.79) *
Physical Exercise
<1 h/week 11.5 (7.2–15.9) 0.56 (0.33–0.95) *
1–3 h/week 14.8 (10.9–18.8) 0.73 (0.47–1.12)
>3 h/week 19.9 (15.0–24.9) Ref.

1 weighted for the German population of 2015; 2 adjusted for all other variables; 3 Socio-economic status:
n (missing) = 19; 4 Type of school n (missing) = 62, including participants who already finished school; 5 migration
background n (missing) = 9; n = number of subjects; OR = odds ratio; CI = confidence interval; * OR is statistical
significantly different from the reference with p-value < 0.05.

Among the dietary supplement users, 36.9% utilize vitamin supplements, 40.8% mineral
supplements, and 46.4% a combination of both vitamins and minerals (Table 2), with no differences
regarding sex (data not shown). During the previous four weeks, the majority of the users had
consumed only one kind of dietary supplement (72.7%), and about a quarter (27.3%) had consumed
more than one (Table 2). Around 28% of the vitamin and mineral supplements were used daily
(6–7 times a week) (data not shown). The most commonly used vitamin supplements contained
vitamin C (43.9%), followed by vitamin D (41.1%) and vitamin B12 (30.4%). The reported mineral
supplements most often contained magnesium (45.9%), zinc (28.1%), and iron (24.1%; Table 2).

Table 2. Frequency 1 of the number and type of dietary supplements used among adolescents (12–17
years) in EsKiMo II (2015–2017), n = 1356.

Total Supplement User

n = 1356 n = 234
% (95% CI) % (95% CI)

Type of supplement 2

Vitamin/s 6.0 (4.3–7.7) 36.9 (29.4–44.5)
Mineral/s 6.7 (4.5–8.8) 40.8 (31.9–49.8)
Combination of vitamin/s and mineral/s 7.6 (5.5–9.7) 46.4 (38.8–54.1)
Number of supplements

1 supplement 11.9 (9.3–14.4) 72.7 (64.8–80.6)
>1 supplement 4.5 (2.8–6.2) 27.3 (19.4–35.2)
Vitamins 1

Vitamin A 1.2 (0.6–1.9) 7.5 (3.7–11.9)
Thiamin 4.2 (2.7–5.7) 25.6 (17.3–34.0)
Riboflavin 4.0 (2.5–5.5) 24.2 (16.0–32.4)
Niacin 3.6 (2.1–5.1) 22.3 (14.3–30.3)
Pantothenic acid 3.3 (2.0–4.6) 20.5 (13.7–27.7)
Vitamin B6 4.2 (2.8–5.5) 25.7 (18.1–33.3)
Biotin 3.6 (2.3–5.0) 22.2 (15.7–28.6)
Folate 4.1 (2.6–5.6) 25.2 (17.6–32.8)
Vitamin B12 5.0 (3.3–6.7) 30.4 (22.1–38.7)
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Table 2. Cont.

Total Supplement User

Vitamin C 7.2 (5.4–9.0) 43.9 (35.8–52.1)
Vitamin D 6.7 (4.6–8.8) 41.1 (32.6–49.5)
Vitamin E 3.6 (2.3–5.0) 22.3 (15.1–29.6)
Vitamin K 0.9 (0.3–1.6) 5.7 (2.3–9.2)
Minerals 1

Calcium 3.2 (1.6–4.9) 19.8 (11.9–27.7)
Copper 1.5 (0.5–2.5) 8.9 (3.1–14.6)
Fluoride 0.4 (0.0–0.9) 2.3 (0.0–5.4)
Iron 3.9 (2.2–5.7) 24.1 (15.1–33.0)
Iodine 1.4 (0.4–2.4) 8.5 (2.7–14.4)
Potassium 0.3 (0.1–0.5) 1.9 (0.5–3.4)
Magnesium 7.5 (5.1–9.9) 45.9 (36.9–54.9)
Manganese 1.3 (0.4–2.2) 17.5 (2.6–13.0)
Molybdenum 1.3 (0.4–2.3) 8.2 (2.6–14.0)
Sodium 0.1 (0.0–0.2) 0.7 (0.0–1.5)
Phosphorus 0.4 (0.0–0.9) 2.7 (0.2–5.2)
Selenium 1.9 (0.8–2.9) 11.5 (5.6–17.4)
Zinc 4.6 (2.9–6.3) 28.1 (19.1–36.4)

1 weighted for the German population of 2015; 2 due to multiple supplement use and multiple active components
the sum of the prevalences by type of supplements or active components may deviate from the prevalence of total
supplement use as displayed in Table 1; CI = confidence interval.

The most common reason for using vitamin and mineral supplements during the last four weeks
was ‘to improve health’ (59.3%). One fifth of the participants (20.7%) reported to use supplements
‘based on a doctor’s recommendation’, followed by 17.7% of the adolescents who reported an ‘increase
of physical and mental performance’ as motivation. Further, less frequently reported reasons for
using supplements were ‘read/heard about beneficial information‘ (7.2%), ‘compensation for low
fruit/vegetables consumption’ (7.2%), ‘based on a pharmacist’s recommendation’ (3.6%). Among other
reasons assessed as free text, the most often answer was ‘based on KiGGS examination results’ (2%)
(Figure 1).

 
Figure 1. Prevalence and 95%-confidence intervals (CI) of reasons for dietary supplement use among
adolescents (12–17 years) in EsKiMo II (2015–2017), n = 228 (weighted for the German population
of 2015).
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The prevalence of dietary supplement use in the previous four weeks decreased slightly, but not
statistically significantly, from 18.5% to 16.4% between Eskimo I (2006) and Eskimo II (2015–2017)
(Table 3).

Table 3. Trend analysis of dietary supplement use among adolescents (12–17 years) between EsKiMo I
(2006) and EsKiMo II (2015–2017).

EsKiMo I EsKiMo I EsKiMo II

n = 1267 n = 1267 n = 1356
% (95% CI) % (95% CI) % (95% CI)
Weighted for 2004 Weighted for 2015 Weigthed for 2015

Total 18.5 (15.8–21.2) 18.5 (15.8–21.2) 16.4 (13.0–19.7)
Girls 19.3 (15.3–23.4) 19.4 (15.3–23.5) 18.8 (14.5–23.2)
Boys 17.7 (14.3–21.1) 17.7 (14.3–21.1) 14.0 (9.9–18.1)
Type of supplement 1

Vitamin/s 6.2 (4.7–7.8) 6.2 (4.7–7.8) 6.0 (4.3–7.7)
Mineral/s 9.9 (7.6–12.2) 9.9 (7.6–12.3) 6.7 (4.5–8.8)
Combination of vitamin/s and mineral/s 6.1 (4.4–7.8) 6.1 (4.4–7.8) 7.6 (5.5–9.7)
Number of supplements
1 supplement 13.6 (11.1–16.1) 13.7 (11.2–16.2) 11.9 (9.3–14.4)
>1 supplement 4.9 (3.2–6.5) 4.9 (3.2–6.5) 4.5 (2.8–6.2)

1 due to multiple dietary supplement use and multiple active components, the sum of the prevalences by type
of dietary supplements or active components may deviate from the prevalence of total dietary supplement use;
CI = confidence interval.

4. Discussion

To our knowledge, no nationwide overview of recent dietary supplement use among adolescents
has been presented for Germany since EsKiMo I in 2006. Our analysis show that 16.4% of the adolescents
aged 12 to 17 years had used vitamin or mineral supplements in the last four weeks.

In EsKiMo II, supplement use is associated with sex, weight status, and physical exercise. Dietary
supplement use was similar across age groups, SES, type of school, migration background, region of
residence, community size, and subjective health status.

Comparison of our study results with other studies is difficult due to differences in methods of data
collection, definitions of dietary supplements, timeframes, and age groups. In most western countries,
the use of dietary supplements among children and adolescents is higher than in Germany [20–23],
which is also confirmed for adults [24]. A third of the participants aged 9–18 years of the American
dietary survey NHANES (2011–2014) reported dietary supplement use during the last month [20]. In an
Australian study (2014–2015), 20.1% of the adolescents (10–17 years old) had used dietary supplements
during the past two weeks [21].

Previous studies including children and adolescents showed inconsistent findings considering
sex differences in dietary supplement use. Many studies observed no significant differences in dietary
supplement use by sex [21,22,25]. Parents probably determine the supplement use for their children,
which may largely explain the absence of sex differences. The German DONALD study showed a higher
prevalence of dietary supplement use among boys [26]. A Polish study observed that supplement use
was more common among girls [23]. Other studies observed higher supplement use among children
and adolescents with underweight, which is similar to our observations [25,27,28]. Previous findings
regarding the effect of physical exercise on dietary supplement use are heterogeneous and only partly
comparable due to differences in data assessment and definition of physical exercise. In EsKiMo II,
adolescents who reported less than one hour of physical exercise per week used less frequently dietary
supplements. This finding is consistent with the results from EsKiMo I and NHANES, although
different definitions for physical exercise were applied [10,27].

Previous studies were also inconsistent with regard to the effect of age on dietary supplement use.
NHANES and a Korean study found a higher prevalence of dietary supplement use for younger age
groups [20,22]. However, unlike our study, these studies also included children under the age of 12 years.
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Other studies observed a higher prevalence of supplement use for older age groups (15–18 years;
16–18 years) [8,23]. In EsKiMo II, dietary supplement use is similar regarding SES. Previous studies
consistently showed that a higher prevalence of dietary supplement use was associated with higher
SES, higher education of the parents or higher household income [21,22,25,26,29]. For EsKiMo I,
supplement use significantly differed by school type [10], whereas such differences were not significant
for EsKiMo II, but the categories are not exactly the same. EsKiMo II did not observe differences in
supplement use by migration status. The definition of migration status is very different between studies
and countries, making it difficult to compare results. Although a Polish study with a small sample size
observed a higher supplement use among adolescents living in bigger cities [23], dietary supplement
use among adolescents was similar through different community sizes in EsKiMo II. This is similar to
the results of the German Health Interview and Examination Survey (DEGS1; 2008–2011), which also
observed no statistically significant differences in supplement use according to the community size
and region of residence among German adults [7].

In EsKiMo II, the most frequently dietary supplements used were a combination of vitamins
and minerals. Vitamin C and magnesium were the most supplemented micronutrients, similarly to
results of an Australian study [21]. Other studies showed related results: in NHANES and DONALD,
the most frequently dietary supplement used was also vitamin C, but the most frequent mineral
supplemented was calcium and not magnesium [26,30]. A German consumer survey with adults
observed similar results to EsKiMo II, with even higher prevalences for vitamin C (53%) and magnesium
(59%) [31]. Vitamin C and magnesium are also the most commonly supplemented micronutrients by
adults [24,31–33]. However, there are no recommendations and no need for adolescents to supplement
vitamin C and magnesium [2,34].

Reasons for dietary supplements use can be diverse. Within EsKiMo II, the most commonly
reported reason for vitamin or mineral supplements use was ‘to improve health’ (59.3%), which
was also identified as the most frequent motive in previous studies (CRN Consumer survey: 58%;
NHANES 2011–2014: 38.0%) [30,35]. The German NEMONIT study, for example, indicated ‘prevention
of nutrient deficiencies (or covering increased nutrient requirements)’ (62.4%) and ‘achievement or
improvement of general well-being’ (34.7%) as the most common motives for dietary supplement use
among German adults [36]. For the participants of EsKiMo II, the recommendations of a physician
were reported as the second most important reason for dietary supplements use, but this only applies
to one in five adolescents (20.7%). 2% of the supplement users indicated using dietary supplements
as a consequence of the personal evaluation they received after taking part on KiGGS Wave 2, from
which the EsKiMo II study sample was drawn.

The prevalence of dietary supplement intake decreased slightly, but not significantly, between
EsKiMo I (2006) and EsKiMo II (2015–2017). Data from the longitudinal DONALD-study among
children and adolescents aged 2–18 in Germany were used to describe a time trend in dietary
supplement use from 1986–2003. Supplement use peaked between 1994 and 1996 [26]. One study
among adolescents in the US showed similar prevalences between 2003–2004 and 2013–2014 [37]. While
former studies for adults reported an increase in dietary supplement intake [6,38], more recent results
showed a stagnation in its intake and a declining trend for some particular dietary supplements [39,40].
The observed stagnation may seem surprising, considering the many lifestyle changes detected in the
last decades. However, in Germany, the supply of most vitamins and minerals through natural sources
meets the recommended level and this situation has not changed substantially during the last ten years.

Currently, there are no recommendations for the use of vitamin and mineral supplements among
adolescents in Germany. The German Nutrition Society recommends a balanced diet to meet the
requirements for essential nutrients. The use of dietary supplements is only recommended for
individuals with certain medically diagnosed diseases [1]. Nevertheless, a deficit for some vitamins,
such as vitamin D, folic acid, and iodine has been reported among adolescents [41]. In addition, there
is a certain risk of overconsumption, in particular when more than one dose of supplements or several
different supplements containing the same nutrients are consumed every day in combination with
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fortified foods. For the latter, the consumer is often unaware of the specific fortifications. The growing
market for both product groups, including a less controllable sale and distribution over the internet,
may increase the risk of side effects. Therefore, in Germany, the Federal Institute for Risk Assessment
defined a recommendation for maximum levels of the amount of vitamins and minerals contained in
dietary supplements [5]. Furthermore, within the observed time period, results of large randomized
controlled trials could not confirm the expected additional benefits of a regular supplement intake,
e.g. for vitamin D. This may have counteracted marketing and promoting activities, therefore slowing
down further increases in supplement intake.

Among the strengths of our study are the representative study population and the assessment
through standardized personal interviews, which took place mainly at the participant’s home.
Data collection of vitamin and mineral supplements was carried out using a comprehensive supplement
database. For more detailed information, pictures of the dietary supplement packages were taken.
The nutrient composition of all dietary supplements reported was checked. The cross-sectional
design of the study can represent a limitation for certain research questions, since no direct causalities
can be derived from the observed correlations. In addition, selection bias is possible due to the
previous participation of the adolescents in KiGGS Wave 2. To minimize the effect of selective
participation, population weights were applied to correct deviations from the German population.
A further limitation could be the use of self-reported body height and weight to estimate weight status.
Self-reported body weight and height of a subgroup of participants who had also taken part in physical
examinations of KiGGS Wave 2 were individually compared with the measured data from KiGGS
Wave 2. This comparison showed only small differences and a high correlation between the measured
and self-reported data.

5. Conclusions

Almost one fifth of adolescents reported to use dietary supplements within the last four weeks;
most of them took one dietary supplement. Vitamin C and magnesium were the most commonly
supplemented nutrients, although predominantly no nutrient deficiency exists for these nutrients.
Nevertheless, critical nutrients, such as vitamin B12 and vitamin D, were also taken frequently [34,41].
Boys, adolescents with lower physical exercise levels and with overweight were less likely to use
dietary supplements. The considerable use of dietary supplements among adolescents underlines the
importance of considering dietary supplements intake into account for assessing nutrient intake in
nutrition surveys. Furthermore, possible oversupply should be monitored and information on the risk
and benefits of specific dietary supplements should be provided to the population.
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Abstract: Vitamin/mineral supplement (VMS) use has become increasingly popular in children
and adolescents; however, different predictors may be associated with their usage. Therefore, the
aim of this study was to compare determinants of VMS use in 1578 children and adolescents. Data
was collected among parents of children (≤12 years old) and among adolescents (>12 years old)
who attended public schools by a self-administered questionnaire. Multivariate-adjusted logistic
regression models were used to estimate odds ratios (ORs) and 95% confidence intervals (95% CIs)
for determining the predictors of VMS use. In children, the following determinants of VMS use
were indicated: socioeconomic status (average vs. very good/good; OR: 1.69, 95% CI: 1.16–2.48),
physical activity (1–5 vs. <1 h/week; OR: 1.44, 95% CI: 1.02–2.04), BMI (≥25 vs. 18.5–24.9 kg/m2; OR:
0.67, 95% CI: 0.46–0.98), and presence of chronic diseases (yes vs. no; OR: 2.32, 95% CI: 1.46–3.69).
In adolescents, gender (male vs. female; OR: 0.56, 95% CI: 0.37–0.87), residential area (rural vs. urban;
OR: 0.63, 95% CI: 0.40–0.99), BMI (<18.5 vs. 18.5–24.9 kg/m2; OR: 0.35, 95% CI: 0.17–0.73), and health
status (average/poor vs. at least good; OR: 1.96, 95% CI: 1.13–3.39) were factors of VMS use. In both
groups, the mother’s higher educational level, fortified food consumption and diet modification
towards better food choices were predictors of VMS use. In conclusion, most of the predictors of
VMS use were different in children and adolescents.

Keywords: adolescents; children; determinants; dietary supplements; food choice

1. Introduction

Dietary supplement use, especially containing vitamin/mineral supplements (VMSs), has become
increasingly popular in developed countries. About half of the US adult population [1] and more than
30% of children and adolescences (<18 years old) [2] are users of these products. In Europe, depending
on the country and gender, supplement use ranges from 2% to 66% in adults [3], and from 16% to 45% in
children and adolescents in England, Scotland, Germany, Slovenia, and Finland [4–6]. Evidence of the
benefits of using VMSs among those who eat properly are insufficient and conflicting [7]; studies have
shown that the use of VMSs is usually associated with better dietary habits; however, knowledge on
using supplements by adults as well as children and adolescents is insufficient [8,9]. Socio-demographic
and lifestyle factors like age, sex, income, education level, health status, or physical activity may
associate with dietary supplement usage [8]. Surveys on the determinants of VMS use focus mostly on
adults [8], while the number of studies conducted in children (aged 2–10) [10,11] and adolescents (aged
11–19) [5,12,13] is limited, and often combine both age groups together [2,14–18]. Moreover, most of
them were carried out in the US population [2,11–16]. Taking into the consideration that, in the case of
children, parents decide whether to give a child a dietary supplement, while adolescents often make
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this decision by themselves based on advertisements, peers’ or coach’ recommendation [6], factors
which determine the usage of dietary supplements may be different in both groups. The aim of the
study was to compare socio-demographic and lifestyle determinants of VMS use in school children
and adolescents in Central-Eastern Poland.

2. Materials and Methods

2.1. Study Design

The cross-sectional study was conducted in school students who attended public primary and
secondary schools. The schools were selected randomly in Central-Eastern Poland based on a list of
public schools in this area. The survey was conducted only in those schools of which headmasters
gave consent to it. The following inclusion criteria of the students participating in the study were
used: attendance to a public primary or secondary school in Central-Eastern Poland and the age of
participants from 5–20 years. The exclusion criteria constituted: occurrence of a disease requiring a
special diet, pregnancy or lactation (it concerned adolescents only) and incorrectly or incompletely
filling in a health and lifestyle questionnaire.

The survey was conducted in accordance with the guidelines laid down by the Declaration of
Helsinki. The study design and protocol were approved by the Department of Human Nutrition,
Warsaw University of Life Sciences (WULS-SGGW), Poland.

2.2. Study Population and Data Collection

For the study 1200 parents of children (age 5–12 years) and 1200 adolescents (age 13–20 years) were
invited to participate (Figure 1). The data was collected using the health and lifestyle questionnaire,
which was distributed to parents at school meetings and to adolescents during classroom sessions.
Completed questionnaires were verified by trained interviewers. A total of 1624 respondents returned
the questionnaires (67.7%); however, due to incorrectly or incompletely filled in questionnaires, 46 were
excluded. Finally, 1578 school students were included in the study. By completing the questionnaire,
the respondents agreed to participate in the study.

Figure 1. Flow chart of the study population. VMS: vitamin/mineral supplements. Notes: cream
colour indicates study groups.
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The questionnaire contained 27 questions and was composed of the following sections:
socio-demographic characteristics (age, gender, place of living, mother’s educational level, economic
status of family); health and lifestyle status (health status, occurrence of chronic diseases, use and type
of special diet, type and time spent on being physically active); eating habits (number of meals/day
consumed habitually, regularity of main meal consumption, diet modification); dietary supplement
usage; and voluntarily fortified foods usage. Self-reported height and weight of participants were
collected and used to calculate the Body Mass Index (BMI) [19,20]. Details of the study methods have
been enumerated elsewhere [21]. The questionnaire was developed and verified in an earlier study
among students at the Department of Human Nutrition, WULS-SGGW, Poland [22,23].

2.3. Assessment of VMS Use

The respondents were asked about VMS taken during the year before the study as well as on the
test day, about the name, and brand of dietary supplements, the usage form (i.e., pills, powder, drops
etc.), and the period of application. As supplement users were considered those participants who used
one or more VMSs over the 12 months before the survey. The study included short-term VMS users
(from at least seven consecutive days to less than one month), medium-term users (1–3 months) and
long-term users (>3 months). VMSs were categorised into: single vitamin; single mineral; multivitamin
and/or mineral(s); and multicomponent supplement containing vitamin(s) and/or mineral(s) plus
other ingredients including herbs or other.

When the respondents have declared VMS use, they were asked to give the reason for including
these products in the diet by marking one or more predefined reasons: “Respondent’s diet is poor in
nutrients”, “VMSs improve overall health”, “VMSs are necessary when medicines are used”, “VMSs
were recommended by a physician”, as well as they could list their own reason. When the respondents
have declared not using VMSs, they were asked about the reason by marking one or more of the
following statements: “Lack of effect on health improvement”, “No need to use such products because
of proper nutrition”, “The use of VMSs can be harmful”, “VMSs are too expensive”, as well as they
could list their own reason.

2.4. Statistical Analysis

All results were presented separately for children (≤12 years) and adolescents (>12 years).
The statistically significant differences between categorical variables and VMS usage were determined
using the Chi-square test. To examine the associations between VMS usage and parameters that might
constitute the determinants of VMS use, the univariate (crude data) as well as multivariate-adjusted
odds ratios (ORs) with 95% confidence intervals (95% CIs) were calculated using logistic regression
models. The Hosmer-Lemeshow criterion was used to evaluate the models’ goodness-of-fit.

The multivariate-adjusted models included potential determinants of VMS usage, i.e., age
(continuous variable, years), gender (female or male), residential area (urban or rural), mother’s
education level (primary, high school, or university), socioeconomic status (very good/good, average,
or poor), time spent on being physically active (<1, 1–5, or ≥6 h/week; not including gymnastic classes
in school), BMI (<18.5, 18.5–24.9, or ≥25 kg/m2), self-reported health status (at least good, or average
or poor), presence of chronic diseases (no or yes), using a special diet (no or yes), number of meals
consumed per day (≤3, 4, or ≥5), consumption of fortified foods (no or yes), and intentional diet
modification towards better food choices (lack of modification, excluding or including some food
products, or simultaneously excluding and including some food products). Supplement non-users
were the referent category for the logistic regression models. Missing data on socio-demographic and
lifestyle determinants were modelled as separate categories. The statistical analyses were performed
using SPSS version 23.0, and p-values ≤ 0.05 were considered statistically significant.
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3. Results

3.1. Characteristics of the Study Population

Over the past 12 months, 29.6% of participants used VMSs, while 15.1% used VMSs on the test
day. A statistically significantly higher number of children (mean age 8.6 ± 1.4 years) compared to
adolescents (mean age 17.1 ± 2.1 years) used these products during the last year (39.5% vs. 20.3%,
respectively; p-value < 0.001). In both groups, significantly more mothers of VMS users compared
to non-users had a university education (Table S1). Compared to non-users, children classified as
supplement users spent more time on being physically active and suffered from chronic diseases; the
same tendencies were observed in adolescents. In both groups, VMS users vs. non-users declared
the consumption of fortified foods more frequently, as well as modified their diet towards better food
choices by intentionally including (e.g., vegetables, fruits) or/and excluding (e.g., sweets, crisps) some
foods. It was observed that significantly more children who were VMS non-users than users were
overweight or obese (BMI ≥ 25 kg/m2; 33.1% vs. 23.6%, respectively); in contrast, in adolescents,
more VMS non-users than users were underweight (BMI < 18.5 kg/m2; 14.4% vs. 6.0%, respectively).
A description of selected factors associated with the dietary supplement use by a part of the younger
respondents, i.e., group of children aged 6–12, was also presented elsewhere [24].

3.2. Types and Duration of VMS Use and Reason for Using/Non-Using

In both groups, the most frequently used type of VMSs were multicomponent supplements
containing multivitamin and/or mineral supplements with or without other ingredients, while single
vitamin and single mineral were used less commonly (Table 1). As the main reasons for VMS use,
parents of children and adolescents pointed out improving overall health, diet poor in nutrients, and
physician recommendations. VMS non-users indicated that they did not need them because of proper
nutrition. Moreover, parents of children more often than adolescents indicated as a reason not to use
VMS a lack of effect on health improvement, harmful impact on health and too high of a price.

The distribution of children and adolescents using specific nutrients with vitamin/mineral
supplements (VMSs) stratified by duration of use are presented in Table 2. Compared to adolescents,
the number of children using vitamin supplements (A, E, D, C, B1, B2, niacin, B6, folic acid, B12,
biotin, and pantothenic acid) was statistically significantly higher, whereas magnesium and iron
supplements were consumed by a significantly lower number of children. Amongst children and
adolescents, the largest number of respondents used vitamin C supplements (83.7% and 65.7%,
respectively). The majority of respondents were classified as medium-term VMS users (45.8%),
followed by short-term users (31.5%) and lastly long-term users (22.7%). Generally, more adolescents
than children were classified as medium-term users of specific nutrients with VMSs, while children
respondents were more often classified as short-term and long-term users with statistically significant
differences found for vitamins C, B1, B2, niacin, B6, B12, and zinc.

3.3. Determinants of VMS Use in Children and Adolescents

Multivariate-adjusted odds ratios (ORs) of VMS use by socio-demographic and lifestyle factors in
children and adolescents are presented in Table 3. There was found an association between mother’s
education level and usage of supplements in children. Compared to children of mothers with primary
education, those whose mothers had high school or university education had a higher probability of
dietary supplement use (OR: 2.17, 95% CI: 1.17–4.01 and OR: 2.16, 95% CI: 1.14–4.07, respectively).
In comparison to respondents who assessed a familiar socioeconomic status as very good or good,
children living in families with an average socioeconomic status had significantly higher odds ratios
of VMS use (OR: 1.69, 95% CI: 1.16–2.48). Respondents who spent 1 to 5 h/week on being physically
active (not including gymnastic classes at school) were 1.44-fold (95% CI: 1.02–2.04) more likely to be
VMS users than those being physically active <1 h/week. Moreover, overweight and obese children
(BMI ≥ 25 kg/m2) were less likely to be supplement users (OR: 0.67, 95% CI: 0.46–0.98) than those

219



Nutrients 2019, 11, 658

with a normal BMI range (18.5–24.9 kg/m2). An inverse statistically significant trend between BMI
and usage of VMSs was observed, each 1 kg/m2 increment in BMI was associated with a 7% (95% CI:
2–12%; p-trend = 0.008) lower probability of VMS use. Moreover, children who suffer from chronic
diseases were more likely to be supplement users (OR: 2.32, 95% CI: 1.46–3.69) than those without
chronic diseases. The prevalence of VMS usage was 3.79-fold (95% CI: 2.54–5.63) higher among those
who were fortified product consumers vs. non-consumers. Children who intentionally modified
their diet by including or excluding some food products had a 1.60-fold (95% CI: 1.01–2.53) higher
probability of usage of VMS and those who simultaneously included and excluded food products had
a 2.22-fold (95% CI: 1.29–3.81) higher probability of usage of VMS compared to non-consumers.

Table 1. Prevalence of specific types of vitamin/mineral supplement (VMS) use and reasons for using
or non-using them by children (n = 762) and adolescents (n = 816).

Children ≤12 years Adolescents >12 years

Parameters

Users a Users a

n = 301
%

n = 166
%

Type of VMS
Single vitamin 20.2 25.9
Single mineral b 4.3 16.9
Multivitamin and/or mineral(s) 39.9 33.1
Vitamin(s)/mineral(s) + other ingredient b 72.1 42.8

Usage more than one VMS 13.3 12.0

Reason for using VMSs c

Improve overall health 77.4 76.5
Diet poor in nutrients b 45.2 20.5
Physician recommendation b 32.2 26.5
Necessary when medicines are used b 10.6 4.8
Other 15.0 9.0

Non-users Non-users

n = 461
%

n = 650
%

Reason for avoidance VMSs c

No need to use because of proper nutrition b 62.3 44.2
Lack effect on health improvement b 24.7 7.8
It can be harmful b 22.3 7.2
Too high price b 20.8 13.1
Other c 9.1 3.4
a supplement user—a person who used one or more VMSs over the 12 months before the survey; b a statistically
significant difference between the group of children and adolescents; chi-square test, p-value < 0.05; c each
respondent could select one or more answers.
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Compared to children, in adolescents, some different factors like gender or residential area
were associated with VMS usage; however, some of them, like mother’s education level, fortified
food consumption, or diet modification towards better food choices, were overlapped with those
determined for children (Table 3). VMS users vs. non-users were less likely to be male (OR: 0.56, 95%
CI: 0.37–0.87) and live in rural areas (OR: 0.63, 95% CI: 0.40–0.99). In comparison to adolescents whose
mothers had primary education, those with university mothers’ education had a higher probability
of VMS use (OR: 5.19, 95% CI: 1.72–15.6). Adolescent who were underweight (BMI < 18.5 kg/m2)
were less likely to be supplement users (OR: 0.35, 95% CI: 0.17–0.73) than those with a normal BMI
(18.5–24.9 kg/m2). In contrast to children, each 1 kg/m2 increment in BMI was associated with a
non-significant 4% (95% CI: −2–10%; p-trend = 0.22) higher probability of VMS usage. It was found
that adolescents who declared average or poor health status vs. those who declared at least a good
health status were more likely to be supplement users (OR: 1.96, 95% CI: 1.13–3.39). Moreover, the
prevalence of VMS use was 2.54-fold (95% CI: 1.62–4.00) higher among those who were fortified food
consumers vs. non-consumers; 2.09-fold (95% CI: 1.24–3.52) higher among those who intentionally
included or excluded some food products; and 3.02-fold (95% CI: 1.71–5.35) higher among those who
simultaneously included and excluded some food products vs. those who not modified their diet.

4. Discussion

The study showed that the majority of significant predictors of VMS use were different in children
and adolescents. In children, socioeconomic status, physical activity level, BMI, and presence of
chronic disease were determinants of dietary supplement use; while in adolescents, it was gender,
residential area, BMI (in opposite trend compared to children), and health status. Notwithstanding,
some determinants such as higher mothers’ education, consumption of fortified foods, and declaration
of diet modifications overlapped in both groups.

In our study, a significantly higher number of children (39.5%) compared to adolescents (20.3%)
used VMSs. Similarly, in the National Health Interview Survey 2007 [2] and the National Health
and Nutrition Examination Survey (NHANES) 1999–2004 [16], these products were used by more
children (aged 5–11) (38.9% and 37.4%, respectively) than adolescents (12–17 years) (23.0% and 26.6%,
respectively).

A higher family income was associated with a higher use of dietary supplement in studies
conducted among American children and adolescent [2,10,15,16,18]. In our study, children with an
average socioeconomic status compared with those with very good/good socioeconomic status had a
higher probability of VMS use; however, our study was based on a self-assessment of socioeconomic
status, not on exact income, which was reported in other surveys [2,10,15,18].

A higher level of parents’ education was associated with an increased probability of supplement
use in both examined groups. Similar observations have been reported from studies conducted in the
US children and adolescent populations [2,10]. It could be explained by the increased awareness of a
healthy lifestyle in people with higher education and by the fact that supplement usage is commonly
considered as a pro-healthy behaviour. In fact, dietary supplements are not routinely recommended
for children and adolescents who consume a varied diet. NHANES 2003–2006 results suggested that it
is a controversial strategy to improve nutrient intakes [25]. Furthermore, the results of some studies
indicate that unjustified supplementation may increase the total mortality risk in the population as
well as incidence of specific diseases [7,26,27]. However, for certain groups, for example, children with
nutritional deficiencies (e.g., vitamin D supplementation during low sunlight exposure), malabsorption
or obese children in weight loss programs, VMS use could be recommended [28].

In this study, children who spent 1–5 h per week compared to those who spent <1 h/week of
free time being physically active (swimming, playing football, dancing, playing tennis or other sports)
had a higher probability of VMS use. Similarly, in studies conducted among American children and
adolescents [11,12,14], Finnish [5] and Slovenian [6] adolescents, supplement users vs. non-users
were more frequently physically active as well as less likely to watch television or video/computer
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games [14,15]. In American [14,15] and Korean [17] studies, overweight and obese children and adults
were less likely to be supplement users. In our study, the usage of VMSs was associated with a normal
BMI; children who were overweight and obese, and adolescents who were underweight had a lower
probability to be supplement users.

Adolescents who declared average or poor health status and children suffering from chronic
diseases compared to healthy respondents were more likely to consume VMSs. In some studies, dietary
supplement use was more common in children and adolescents who used prescribed medication and
among those who suffered from chronic diseases or were complaining about health [5,17]. On the
contrary, in large American studies, children and adolescents who were supplement users compared
to non-users more frequently declared very good or excellent health status [2,13].

Children and adolescents who were VMS users more often consumed fortified food and modified
their diet towards better food choices. It was consistent with the results of other studies conducted in
children and adolescents, where supplement use was associated with more healthful food choices [11],
with higher diet quality score, regular consumption of some meals, low-fat foods [12,17] as well as
more healthful food patterns such as higher intakes of whole grains, fruit, vegetables, and lower
intakes of soft drinks, fried food, and meat [11,12,14].

We hypothesise that the differences in the determinants of dietary supplements may be a result of
motivation for using these products. Parents make this decision in order to improve the nutritional
habits of children, because of poor appetite or frequently occurring colds [10]; while adolescents are
buying supplements by themselves, expecting a variety of effects, such as increased energy, building
muscle mass or decreased weight and enhanced physical appearance, which often reflected the
extensive marketing of specific dietary supplements [29]. In our study, as the main reasons for VMS
use, parents of children pointed out improving children’s overall health and a diet poor in nutrients;
while adolescents declared improving overall health and physician recommendations. Similarly, in the
American population, the main motivation of children and adolescents to use VMSs was improving
overall health and preventing nutrient deficiencies [2,30].

The strengths of the present study include a large number of respondents as well as VMS users,
and the detailed characteristics of participants by socio-demographic and lifestyle factors. It provided
an opportunity to use the logistic regression models to determine factors significantly associated
with VMS use separately in children and adolescents as well as allowed to show differences in the
determinants of VMS usage between both groups. As in all observational studies, unmeasured or
residual confounding cannot be disregarded. In the study, a limited number of determinants was
examined; it is highly probable that some of the important factors of VMS use were not taken into
account. Another limitation of this study was that the survey might not be representative for all primary
and secondary school students from Central-Eastern Poland, since the study was carried out only in
those schools in which the headmasters gave consent to it. Moreover, it is possible that respondents
with a more health-oriented lifestyle are more likely to participate in the study. Furthermore, the
methodology was not uniform; in children (5–12 years), the survey was completed by parents, while
in adolescents (13–20 years) by the students themselves; this could have an effect on the outcomes.

5. Conclusions

Socio-demographic and lifestyle factors associated with VMS use may vary by age groups among
school students. Children with an average socioeconomic status, who spent more free time on being
physically active, with a normal body weight, and who suffered from chronic diseases, were more
likely to use supplements. In adolescents, VMS users compared with non-users more often were female
and lived in urban areas, less likely were underweight and assessed their health status as average
or poor. In both groups, higher mothers’ education, consumption of fortified food, and declaration
of diet modifications towards better food choices were predictors of VMS use. Since the age of the
respondents may determine different behaviours associated with the use of dietary supplements,
further research should be conducted also among other age groups. Understanding the determinants
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affecting the use of dietary supplements in children and adolescents may identify the risk to subgroup
populations of the incorrect use of dietary supplements, as well as allow the planning of appropriate
public health education; therefore, further research is warranted.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/11/3/658/s1.
Table S1. Characteristics of children (n = 762) and adolescents (n = 816) by socio-demographic and lifestyle
determinants stratified by vitamin/mineral supplement (VMS) use.
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Abstract: This cross-sectional study assessed sugar-sweetened beverage (SSB) consumption and
its associations with the sociodemographic and physical characteristics, behavior and knowledge
of New Caledonian adolescents. The survey data of 447 adolescents from ages 11 to 16 years
were collected in five secondary public schools of New Caledonia between July 2015 and April
2016. These data included measured height and weight, SSB consumption, sociodemographic
characteristics, body weight perception, physical activity, and knowledge (sugar quantity/SSB
unit; energy expenditure required to eliminate a unit) and opinions about the SSB-weight gain
relationship. Ninety percent of these adolescents declared regularly drinking SSBs. Quantities were
associated with living environment (1.94 L·week−1 in urban environment vs. 4.49 L·week−1 in rural
environment, p = 0.001), ethnic community (4.77 L·week−1 in Melanesians vs. 2.46 L·week−1 in
Caucasians, p < 0.001) and knowledge about energy expenditure (6.22 L·week−1 in unknowledgeable
adolescents vs. 4.26 L·week−1 in adolescents who underestimated, 3.73 L·week−1 in adolescents who
overestimated, and 3.64 L·week−1 in adolescents who correctly responded on the energy expenditure
required to eliminate an SSB unit, p = 0.033). To conclude, community-based health promotion
strategies should (1) focus on the physical effort needed to negate SSB consumption rather than the
nutritional energy from SSB units and (2) highlight how to achieve sustainable lifestyles and provide
tools for greater understanding and positive action.

Keywords: consumption behavior; knowledge; Melanesian; Pacific; physical activity;
sugar-sweetened beverage; noncommunicable diseases; weight status; self-weight perception

1. Introduction

Adolescent overweight and obesity are associated with lifestyle factors like low physical
activity (PA) and frequent consumption of energy-dense foods high in saturated fats and refined
carbohydrates [1]. Sugar-sweetened beverages (SSBs), in particular, are a frequent source of refined
carbohydrates in adolescent nutrition [2–4]. According to the 2010 Dietary Guidelines for Americans,
SSBs are “liquids that are sweetened with various forms of sugars that add calories. These beverages
include, but are not limited to, soda and fruit drinks, and sports and energy drinks” [5]. SSBs are the
largest source of added sugars and major energy contributors to diet [6]. Harnack et al. [2] showed that
US school children drinking an average of 265 mL or more of soft drinks daily consumed almost 835
kJ more total energy per day than those drinking no soft drinks. Moreover, epidemiological studies
have quantified the positive relationships between SSB consumption and long-term weight gain, type
2 diabetes mellitus and cardiovascular diseases [6,7].
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SSB consumption is also related to weight status [8], self-weight perception and body
dissatisfaction [8], and PA [9,10]. It may also be related to knowledge or opinions about SSB [6,11]. For
example, Park et al. [6] found that SSB consumption was higher among adults who disagreed that
SSBs contribute to weight gain, whereas knowledge about the energy content of regular soda was not
associated with SSB intake. Conversely, other authors found that adolescents or young adults (college
students) with the poorest nutrition knowledge had the highest SSB consumption [11].

The Pacific Island Countries and Territories (PICTs) are also facing problems of obesity, overweight
and changing nutrition patterns [4]. Kessaram et al. [10] reported the high prevalence of overweight
and obesity in adolescents, likely explained by environmental mutations and shifts in nutrition and
PA [12]. Traditional diets of root crops, vegetables, fruits and fresh fish and meat have been steadily
replaced by imported, processed, energy-dense, low-nutrient foods [13], including SSBs. In six PICTs,
42% of 13- to 15-year-old students declared drinking SSBs daily [10]. Pak et al. [14] assessed soft drink
consumption and reported 84 L/person in Palau in 2011.

Obesity and comorbidities are a health concern for young adults in Oceania, especially those in
New Caledonia [15]. New Caledonia is a French archipelago in the South Pacific located between
162◦ E–169◦ E longitude and 19◦ S–23◦ S latitude. Melanesians were the first inhabitants of this
archipelago, and consecutive arrivals of different populations since the era of colonization have now
provided a multi-ethnic society with several “ethnic communities” that are representative of the Pacific
populations. Melanesian (39%), European (or Caucasian) (27%), Polynesian (8%), Asian (2.5%) and
other populations live together [16]. In 1989, New Caledonia was divided into three provinces: the
Southern Province, the Northern Province and the Loyalty Islands Province. The capital city Noumea
(Southern Province) is nevertheless the center for most economic activities. As a consequence, Noumea
and its suburbs are the only areas that can be considered urban. The lifestyles of urban and rural areas
differ greatly, and cultural and socioeconomic differences are also observed among the main ethnic
groups, especially in rural areas. Indeed, New Caledonia’s economy is overall on par with that of
the Western world, especially in Noumea and other small towns, although half the population lives a
traditional Pacific lifestyle. The traditional lifestyle is characterized by daily physical activities oriented
toward agriculture, fishing or other activities to meet a family’s daily needs. Disparities are seen in all
age groups including school-going adolescents. Whereas an “equitable school system” exists—i.e.,
offering every adolescent the same access to school and a standardized academic curriculum, as well
as a health education program [17]—the differences between the ethnic communities may lead to
dramatic consequences for health in future generations [18]. Although few studies have focused on
11- to 16-year-old adolescents in New Caledonia [13,19,20], the prevalence of overweight or obesity
was found to be three times greater in New Caledonian adolescents than in French adolescents in
the same age range [21]. In addition, Frayon et al. [13] showed that in this multi-ethnic society, the
risk of being overweight/obese was significantly greater in Polynesian and Melanesian adolescents.
Adolescent overweight was also associated with rural lifestyles and low socioeconomic status (SES)
for girls and breakfast skipping for boys [22]. Melanesian adolescents were more physically active
and had a higher body mass percentage, mainly in rural girls compared with urban girls [20]. PA and
food intake, and adolescent knowledge about and consumption of SSBs remain inadequately explored
in the New Caledonian population, but research suggests that socio-environmental variables should
be taken into account. We therefore hypothesized that SSB consumption would be associated with
ethnicity (i.e., being Melanesian), living environment (i.e., rural) and knowledge about SSBs (i.e., sugar
contained in SSBs, energy expenditure to eliminate consumed SSBs and association with weight gain).

This study aimed to broaden the vision on health among the 11- to 16-year-old adolescents in
New Caledonia by assessing their SSB consumption behaviors and the associations with individual
and socio-environmental factors.
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2. Materials and Methods

2.1. Data Collection and Participants

Our study was part of a community-based obesity prevention project conducted in five selected
representative school sites in the three provinces (Northern Province, Southern Province and Loyalty
Islands) of New Caledonia. The schools were selected on the basis of the following criteria: (1) a
representative repartition of the schools between rural and urban areas (respectively, 63% and 37% of
the population), and (2) sufficient school size (n > 200). Eight schools were eligible in the Southern
Province (urban), four in the Northern Province (rural) and only one in the Loyalty Islands (rural).
Selected schools were then randomly drawn among these eligible schools: two in the Southern
Province, two in the Northern Province and one in the Loyalty Islands. The school and participant
selection process are further described elsewhere [19].

Data were collected between July 2015 and April 2016 from 696 school-going adolescents
(11–16 years old) during class time. In each school, only 95% of the expected participants responded
due to absences or parental refusal. Adolescents with missing data (no height, no weight, no PA,
inconsistent or no response: n = 221) were then excluded from this study, as were adolescents from an
ethnic community other than Caucasian or Melanesian (mostly Asian and Polynesian: n = 28), as these
subsamples were too small. The final total sample was 447 adolescents.

Parents gave informed written consent prior to the children’s participation in the study, in line
with the legal requirements and the Declaration of Helsinki. The protocol was also approved by the
Ethics Committee of the University of New Caledonia.

2.2. Measures

2.2.1. Anthropometric Parameters

All anthropometric data, including body mass index (BMI) and the International Obesity Task
Force (IOTF) criteria [23], were collected by trained staff (the senior researcher) in the school nurse’s
office. Height was measured to the nearest 0.1 cm using a portable stadiometer (Leicester Tanita HR
001, Tanita Corporation, Tokyo, Japan). Weight was determined to the nearest 0.1 kg using a scale
(Tanita HA 503, Tanita Corporation, Tokyo, Japan), with adolescents weighed in light clothing. Body
mass index (BMI) was calculated by dividing weight in kilograms by height squared in meters.

The BMI standard deviation score (BMI-SDS) and percentile were calculated by the LMS method
using the IOTF reference values. Weight status was defined according to the IOTF criteria, which
are used to classify BMI values according to age and gender as thin (underweight), normal weight,
overweight, or obese, based on adult BMI cutoffs at 18 years [23].

2.2.2. Sociodemographic Characteristics

Ethnicity was self-reported by the adolescents using an anonymous survey tool and categorized
as recommended in the report on New Caledonia [24] from the Institut National de la Santé Et de la
Recherche Médicale (INSERM; National Institute of Health and Medical Research). Three SES categories
were generated according to the National Statistics Socio-Economic Classification [25]: managerial
and professional occupations (high), intermediate occupations (medium), and routine and manual
occupations (low). According to the latest census in New Caledonia [26] and a European standard for
the degree of urbanization [27], Noumea and its suburbs were classified as urban and the other areas
were classified as rural.

2.2.3. SSB Consumption

SSB consumption was assessed by first asking: “Do you drink SSBs?” Average amounts were then
assessed with the question: “How many glasses (250 mL), cans (330 mL), small bottles (500 mL) or
big bottles (1500 mL) do you drink per week on average?” The total SSB intake per week, converted
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to liters, was calculated by adding up the volumes of the total number of glasses, cans and bottles.
Adolescents who answered “No” to the first question were considered as consuming 0 L per week.

2.2.4. Self-Weight Perception

Adolescents were asked about their self-weight perception with the following question: “Given
your age and height, would you say that you are about the right weight, too big, or too skinny?” [28]

2.2.5. Physical Activity

The self-report International Physical Activity Questionnaire-Short Form (IPAQ-SF) was filled out
on the research day with the researchers’ assistance. The total number of days and minutes of PA was
calculated for each participant [29]. Total PA time was converted to hours per week.

2.2.6. Knowledge and Opinion about SSBs

Three parameters assessed participants’ knowledge about SSBs.
First, participants expressed their opinion about the effects of SSBs on weight by responding to this

statement: “Drinking regular sodas, fruit drinks, sports or energy drinks, and other sugar-sweetened
drinks can cause weight gain.” Responses were categorized as: agree (strongly/somewhat agree) or
disagree (disagree completely, strongly/somewhat disagree).

Second, participants answered the following question to assess their “knowledge about sugar”:
“How many sugar lumps does a regular can of, for example, non-diet cola contain?” Responses were
categorized as: underestimated (<5 lumps), accurate (5–10 lumps), overestimated (>10 lumps), and
don’t know.

Last, participants answered the following question to assess their “knowledge about energy
expenditure”: “How much time do you need to run (at moderate speed) to eliminate the energy
intake from drinking a regular can of, for example, non-diet cola?” The four response categories were:
underestimated (<30 min), accurate (30–60 min), overestimated (>60 min), and don’t know.

2.3. Statistics

All analyses were conducted using R 3.1.0. [30] with a significance level of p = 0.05.
First, differences between categories for each explanatory factor were tested one by one.

Differences were tested with the χ2 test or Fisher’s exact test (according to implementation conditions)
for categorical variables and with means equality tests (Student, Welch or Wilcoxon) for numerical
variables with binary factors. One-way ANOVA and the Kruskal-Wallis test were coupled with a
post-hoc t-test and Nemenyi’s test, respectively, when needed for numerical variables with other
factors. The PA-quantity of SSB consumption correlation was determined and tested with Spearman’s
test because Pearson’s test was not applicable.

The adolescents’ quantified SSB consumption was globally assessed by multiple regression and
multifactorial ANOVA to detect associations, possible interactions and a confounding bias between
factors. The significant pairwise interactions were included in the regression and ANOVA.

3. Results

Table 1 shows that socioeconomic factors were not discriminant for the “prevalence” of SSB
consumption. Sex, living environment, ethnic community, SES and weight status were not significant
factors and generally about 90% of the adolescents declared consuming SSBs. In addition, boys were
significantly more physically active than girls (14.31 h·week−1 for boys vs. 12.18 h·week−1 for girls,
p = 0.01), Melanesians were significantly more physically active than Caucasians (11.23 h·week−1 for
Caucasians vs. 14.05 h·week−1 for Melanesians, p < 0.01), and adolescents were significantly more
physically active in rural areas than in urban areas (13.64 h·week−1 in rural vs. 10.88 h·week−1 in
urban, p < 0.01).
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The analysis of factor interactions revealed significant pairwise interactions between SES and
knowledge about energy expenditure (p < 0.01), weight status and knowledge about sugar (p = 0.01),
weight status and knowledge about energy expenditure (p < 0.01), and PA and knowledge about
energy expenditure (p = 0.02). Figure 1 shows the significant pairwise interactions between these
categorical factors.

Table 2 shows that sex, SES, weight status, self-weight perception, knowledge about sugar,
opinion about SSBs and weight gain, and PA were not significantly associated with quantity of
SSB consumption. Conversely, living environment, ethnic community and knowledge about energy
expenditure were significantly related to the quantity of SSBs consumed. In this general model, only
interactions between SES and knowledge about energy expenditure (p = 0.01) and between PA and
knowledge about energy expenditure (p = 0.02) were significant.

SSB consumption was significantly higher in rural environments than in urban environments,
with respective values of 4.49 L·week−1 and 1.94 L·week−1 (p < 0.01, Table 2).

Melanesian adolescents consumed many more SSBs than their Caucasian counterparts, with
respective values of 4.77 L·week−1 and 2.46 L·week−1 (p < 0.01, Table 2).

Weight status and self-weight perception were not significant factors of SSB consumption (p = 0.94
and 0.59, respectively). However, weight status significantly interacted with knowledge about
sugar (Figure 1b, p = 0.01) and knowledge about energy expenditure (Figure 1c, p < 0.01), but
these interactions were not satisfactory factors in the general ANOVA model (Table 2, p = 0.15 and
p = 0.37, respectively).

The correlation between PA and the quantity of SSB consumption was ρ = 0.026 and this was not
significant (p = 0.583). However, PA has to be taken into account to explain SSB consumption (even if
p = 0.11) because of the significant interactions between PA and knowledge about energy expenditure
(p = 0.02).

Knowledge about sugar was not a significant factor for SSB consumption (p = 0.12, Table 2), but
most of the adolescents (192 for “accurate” and 153 for “overestimated”, i.e., 77%) reported knowing
that there is a lot sugar in an SSB can. Conversely, knowledge about energy expenditure was a
significant factor (p = 0.03), and the adolescents categorized as “don’t know” for energy expenditure
knowledge consumed significantly more SSBs (6.22 L·week−1) than the others did (4.26 L·week−1 for
adolescents who underestimated, 3.64 L·week−1 for adolescents who gave an accurate answer, and
3.73 L·week−1 for adolescents who overestimated the energy expenditure required to eliminate a SSB
unit). The multiple regression in Table 2 shows that the higher the estimated expenditure, the lower
the SSB consumption (B = −6.18 for “underestimated”, B = −7.75 for “accurate” and B = −8.29 for
“overestimated”).

Opinion about the SSB consumption−weight gain relationship was not a significant factor for SSB
consumption (B = 0.57, p = 0.20) and most of the adolescents (349, i.e., 78%) agreed with the statement
“consuming SSBs can cause weight gain.”
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4. Discussion

The main result of this study was that 90% of the New Caledonian adolescents claimed to regularly
drink SSBs. Moreover, the entire population was concerned since they reported regular consumption
regardless of sex, living environment, ethnic community, socioeconomic status and weight status.
Notably, the quantity of SSBs was strongly correlated with social factors like living environment
and ethnic community but weight status and self-weight perception were surprisingly not linked
to quantity.

Knowledge about sugar was not significantly linked to quantity of SSB consumption but
knowledge about energy expenditure was.

4.1. Sociodemographic Factors

In New Caledonia, the living environment, ethnic community and SES are interconnected
factors. For example, most of the people living in rural environments have tribal lifestyles and
are Melanesian, and most of the people from other ethnic communities (such as Caucasians) live in the
urban environments of Noumea and its suburbs. Moreover, rural inhabitants are usually classified
as low SES since they generally live of food crops [4]. Therefore, it is unsurprising that the quantity
of consumed SSBs presented in Table 2 was significantly higher in rural environments, Melanesian
adolescents, and low-SES adolescents as these factors are very much intertwined. This also may
explain why, although the high-SES adolescents consumed significantly fewer SSBs than the low-SES
adolescents, this factor was not significant in the general regression model (Table 2).

Adolescents living in rural areas reported significantly higher SSB consumption than those
living in urban areas (4.49 L·week−1 vs. 1.94 L·week−1, respectively). This has also been observed
in other countries. Indeed, Park et al. [6] reported that SSB intake differs significantly among US
adults according to geographic region. They found that the proportion of adults who consumed SSBs
≥2 times per day, or more than 3.5 L·week−1, was highest among adults living in the East South
Central region of the US [6]. Sharkey et al., who studied eating behaviors among rural and urban
adults, found that the prevalence and high level of SSB consumption (≥3 cans or glasses of SSB per
day, or more than 5 L·week−1) were greater among rural adults (52.4% prevalence and 17.7% high
consumption) compared with urban counterparts (43.7% prevalence and 10.5% high consumption) [31].
The differences were partially explained by cultural norms, SSB availability, and/or state and local
obesity prevention programs [6,31]. In New Caledonia, SSBs are widely available near all schools
before, during and after the school day, and health education programs are delivered to all areas
of the archipelago. Media access is nevertheless easier in the urban environments, and the media
often provide strong warnings about the sugar in industrial products and its impact on health [10].
Moreover, Hughes and Lawrence [12] pointed out some of the factors that have changed Pacific
Islanders’ behaviors, notably the acceptance and/or belief that foreign (imported) goods are superior.
This may explain why Melanesian adolescents reported consuming significantly more SSBs than
their Caucasian counterparts (4.77 L·week−1 and 2.46 L·week−1, respectively). In addition, a recent
review evaluated the interventions targeting the consumption of high-sugar products by Pacific Island
adolescents [10]. The authors reported that school and community-based interventions have had little
success in reducing the consumption of these products for the moment [10].

As studies have shown, SSBs may also replace water as the daily beverage [32], and access to
potable water might explain our observation in parts of rural New Caledonia [33]. In particularly
remote areas, the water comes from desalination plants and/or the treated water may be of poor
bacteriological quality [33]. People living in environments where access to drinking water is a problem
might become suspicious of this essential natural resource, especially as the taste can be unpleasant.
This might explain the preference for SSBs among some rural populations.

Several factors and their mutual interactions may in fact explain the prevalence of SSB
consumption in rural environments and should be considered in the future: (1) drinking tap water
may be not safe, so it is better to drink something else; (2) drinking SSBs or giving money to children to
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buy SSBs may be a way to ostensibly show personal earning power (more than buying bottled water);
and (3) adolescent eating habits are influenced by media campaigns that communicate health and
nutrition warnings, especially in urban environments.

4.2. Weight Status and Self-Weight Perception

A previous study reported that weight status might be linked to SSB intake [10], although
another study found no association [34]. Researchers have explained this non-significant finding as
underreported intake [35] or reduced intake by overweight and obese adolescents wanting to lose
weight [34]. Our study shows that neither weight status (p = 0.94) nor self-weight perception (p = 0.59)
was a significant explanatory factor for the quantity of SSB consumption (Table 2).

Previous studies conducted in New Caledonia have shown that people are aware that obesity
can exacerbate noncommunicable diseases but they may not know the actual definition of obesity [36]
and thus whether they are concerned. Adolescents have also shown a mismatch between weight
perception and reality [19]. It is therefore possible that some of the overweight adolescents in the
current study were not aware of their own weight status. In addition, overweight is overall associated
with unhealthy lifestyles—not only SSB consumption but also other energy-dense food consumption.
The total energy intake was unfortunately not assessed in this study and this might explain why
weight status was not a significant explanatory factor for quantity of SSB consumption.

However, weight status related to knowledge may be linked to SSB intake (Figure 1) although,
as shown in Table 2, the interactions between weight status and knowledge were not significant
in the multiple regression (p = 0.15 for interactions between weight status and knowledge about
sugar; p = 0.37 for interactions between weight status and knowledge about energy expenditure).
Jasti et al. [11] found that overweight status modified the effect of SSB knowledge on SSB consumption.
In their study, less SSB knowledge was associated with higher SSB consumption (OR = 3.56) only
among overweight students, with no association in non-overweight students [11]. Our analysis of
pairwise interactions (Figure 1b,c) showed that among the adolescents categorized as “don’t know” for
sugar knowledge, those who were overweight had higher SSB intake than the others. Their overweight
status may have been due in part to their lack of knowledge: they did not know how to behave
healthily. On the contrary, the obese adolescents categorized as “don’t know” consumed fewer SSBs.
This might be explained by medical monitoring: these adolescents had undoubtedly been warned
against excessive SSB consumption and thus they refrained from drinking “too much” even if they
had little knowledge about SSBs (sugar content and energy expenditure). In addition, the more highly
the overweight adolescents estimated the sugar quantity in a can, the higher their SSB intake was. This
may be due to fatalistic feelings or enjoyment being prioritized over health, especially when friends
also drink SSBs: “There’s a lot of sugar in sweetened beverages, it’s unhealthy and it may cause weight
gain, but sweetened beverages are so good and my friends are drinking a can . . . So, yes! I drink a can
too!” [37]. But these observations should be carefully considered because of the small sample sizes in
some subcategories.

4.3. Physical Activity

Bibiloni et al. [9] found that even though beverage intake and beverage total energy intake were
positively associated with PA in Spanish adolescents, there was no association between PA and SSB
intake (fruit drinks, soda or energy/sport beverages). In this study, inactive boys claimed that they
drank more than 9 L·week−1 of SSBs (370.8 mL fruit drinks, 441.6 mL soda and 495.0 mL energy/sport
beverages per day) and active boys claimed drinking more than 8 L·week−1 (338.3 mL fruit drinks,
474.0 mL soda and 337.1 mL energy/sport beverages per day). Inactive girls claimed drinking more
than 6.5 L·week−1 of SSBs (312.6 mL fruit drinks, 400.4 mL soda and 233.3 mL energy/sport beverages
per day) and active girls also claimed drinking more than 6.5 L·week−1 (269.7 mL fruit drinks, 365.4 mL
soda and 330.0 mL energy/sport beverages per day) [9]. Our method differed from that of Bibiloni et al.
Indeed, PA was not categorized but was processed as a continuous variable; for this reason, any
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comparisons must be cautiously made. However, when the active and inactive adolescents in New
Caledonia were mixed, they reported drinking fewer SSBs than the Spaniards (4.25 L·week−1 in boys
and 3.81 L·week−1 in girls, Table 2). In contrast to Bibiloni et al.’s study, our findings showed a positive
correlation between PA and quantity of SSB consumption (B = 0.29, p ≤ 0.01). To explain this result,
we need to consider that being active at school in a year-round subtropical climate requires high levels
of hydration [38] and adolescents may prefer drinking other drinks than tap water in some remote
areas (see Section 4.1.). In addition, the adolescents were significantly more active when they were
boys (14.31 h·week−1 in boys vs. 12.18 h·week−1 in girls, p = 0.01), Melanesian (14.05 h·week−1 for
Melanesians vs. 11.23 h·week−1 for Caucasians, p < 0.01), and living in rural areas (13.64 h·week−1

for rural adolescents vs. 10.88 h·week−1 for urban adolescents, p < 0.01) (Table 1). These results are
in accordance with Zongo et al.’s study [20] and they support the observation that the interactions
between sociocultural factors and behavioral factors are mutual in New Caledonia.

4.4. Knowledge and Opinion

Interestingly, knowledge about sugar was not a satisfactory explanatory factor (p = 0.12). This
finding lines up with Park et al.’s findings [6] but is opposed to those of Jasti et al. [11]. The
non-explanatory nature of this factor seems to indicate that thinking SSBs contain a lot of sugar does
not affect the New Caledonian adolescents’ consumption. Notably, many of them gave an accurate
answer or overestimated the quantity of sugar, and consequently they “knew”—or certainly thought
they knew – that there was a lot of sugar, but that knowledge was not always totally accurate. In
addition, despite this often vague knowledge, they consumed SSBs. However, knowledge about energy
expenditure seemed to encourage the young people to consume less [39]. Indeed, the adolescents
who were categorized as “don’t know” claimed that they drank many more SSBs than the others
(6.22 L·week−1 for the “don’t know” vs. <4.3 L·week−1 for the others). Moreover, more than 78%
reported agreeing with the statement “consuming SSBs can cause weight gain” and the adolescents
who agreed that drinking SSBs can cause weight gain drank less than the others (3.77 L·week−1 for
“agree” vs. 4.82 L·week−1 for “disagree”, p = 0.03). Similarly, Park et al. found many more individuals
(≥29%) with high SSB consumption (more than 3.5 L·week−1, ≥2 servings per day) among those who
did not think that drinking SSBs contributes to weight gain, compared with those who agreed about
the SSB-weight gain relationship (18.3% consumed 3.5L·week−1, ≥2 times per day) [6]. Nevertheless,
opinion about the SSB consumption–weight gain relationship was not a satisfactory predictive factor
(B = 0.57, p = 0.20), i.e., statistically, the B coefficient can be assumed to be zero. This seems to suggest
that thinking SSBs can cause weight does not influence the SSB consumption in the adolescents of
New Caledonia.

Our findings suggest that the key factor is “the notion of effort” related to SSB intake rather
than “accurately knowing.” Indeed, the adjusted analyses showed that the “don’t know” adolescents
consumed many more SSBs than the others, and the adolescents who thought that high energy
expenditure was needed to eliminate the content of a SSB unit—that is, the “overestimators”—claimed
consuming fewer SSBs than those who “underestimated” or were “accurate” (Table 2). Having an
accurate answer seemed to be not that important as long as the notion of the physical effort needed to
negate SSB intake had been learned. Moreover, even though most of the New Caledonian adolescents
thought consuming SSBs can cause weight gain, they nonetheless drank them. Further studies are
now needed to explain this observation.

4.5. Limitations and Strengths of the Study

This cross-sectional study does not provide evidence of causal associations or trends in the long
term. However, the data were directly collected in the schools of interest: anthropometric measures
were obtained during medical examination, providing more reliable assessments [19], and the survey
was filled out on research days in the presence of researchers.
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Adolescents were asked about their SSB consumption, PA, and knowledge and opinions about
SSBs. The questions seemed to be easily understood and produced straightforward answers [39].
Yet some adolescents still gave aberrant answers probably because of a misunderstanding about the
weekly average and the container volumes, and these answers were removed from analysis. The
significant results were nevertheless based on robust statistical tests and thus were not impacted.
Moreover, some of the adolescents might have taken sips from the drinks of the regular consumers.
We assume that they took these small quantities into account in their responses, even though such
quantities were probably negligible compared to drinking from one’s own container.

This study examined self-reported data, as well: SSB consumption, ethnic community and PA.
These measures are subjective, especially PA quantification, but the associated surveys are commonly
used to obtain this type of data [29,40]. This limitation might explain the non-significance of PA in
explaining the quantity of SSB consumption. Future studies will therefore need to use objective data to
assess PA.

As noted, the total energy intake was not assessed in this study even though weight status was
introduced as an explanatory factor. It was therefore not possible to adjust the multiple regression
with the total energy intake.

This study aimed to determine associations between SSB consumption and sociodemographic
characteristics, including ethnic community, in adolescents of New Caledonia. However, for statistical
reasons—that is, the sample size—only the two main ethnic communities were retained, i.e., Caucasian
and Melanesian. This may have introduced a bias for comparisons with the general population of
New Caledonia.

5. Conclusions

This study provides insight into the links between SSB consumption and socioeconomic factors,
actual weight status and self-weight perception, PA, and knowledge and opinions about SSBs in New
Caledonian adolescents.

First, this study showed that SSB consumption in New Caledonia is strongly associated with ethnic
community and living environment. This result should contribute to developing community-based
health promotion strategies.

Second, New Caledonian adolescents seem to have an inadequate understanding of the
associations between PA, food consumption and health, which raises questions about health
communication campaigns from an educational point of view [4,6]. Notably, knowing how much
physical effort is needed to negate an SSB seems to have more influence than knowing the sugar
quantity in an SSB can. As noted, the “notion of effort” related to SSB intake may best drive adolescents
to moderate SSB consumption.

Yet more studies are needed on how New Caledonian youths relate to issues of health, nutrition
and physical activity. Longitudinal and qualitative studies should examine why adolescents drink so
many SSBs even when they “know”—that “knowledge” often being quite inexact—that there is too
much sugar in them and they think SSBs can cause weight gain.
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Abstract: Little information concerning social disparities in adolescent dietary habits is currently
available, especially regarding migration status. The aim of the present study was to estimate
socioeconomic disparities in dietary habits of school adolescents from different migration
backgrounds. In the 2014 cross-sectional “Health Behavior in School-Aged Children” survey
in Belgium, food consumption was estimated using a self-administrated short food frequency
questionnaire. In total, 19,172 school adolescents aged 10–19 years were included in analyses.
Multilevel multiple binary and multinomial logistic regressions were performed, stratified by
migration status (natives, 2nd- and 1st-generation immigrants). Overall, immigrants more frequently
consumed both healthy and unhealthy foods. Indeed, 32.4% of 1st-generation immigrants, 26.5% of
2nd-generation immigrants, and 16.7% of natives consumed fish ≥two days a week. Compared to
those having a high family affluence scale (FAS), adolescents with a low FAS were more likely to
consume chips and fries ≥once a day (vs. <once a day: Natives aRRR = 1.39 (95%CI: 1.12–1.73); NS in
immigrants). Immigrants at schools in Flanders were less likely than those in Brussels to consume
sugar-sweetened beverages 2–6 days a week (vs. ≤once a week: Natives aRRR = 1.86 (95%CI:
1.32–2.62); 2nd-generation immigrants aRRR = 1.52 (1.11–2.09); NS in 1st-generation immigrants).
The migration gradient observed here underlines a process of acculturation. Narrower socioeconomic
disparities in immigrant dietary habits compared with natives suggest that such habits are primarily
defined by culture of origin. Nutrition interventions should thus include cultural components of
dietary habits.

Keywords: migration status; dietary habits; food frequency questionnaire; socioeconomic disparities;
adolescents

1. Introduction

High consumption of foods such as chips and fries [1] and sugar-sweetened beverages (SSB) [2]
might be associated with increased noncommunicable diseases (NCD); by contrast, adequate
consumption of fruits, vegetables [2,3], fish [2], and dairy products [4] might reduce NCD and all-cause
mortality. Furthermore, it has been estimated that up to two-thirds of NCD social inequalities may be
explained by dietary disparities [5,6].
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In addition, evidence indicates that dietary habits during adolescence may continue into
adulthood [7–9]. To implement effective prevention of NCD throughout the lifetime, disparities
in adolescent eating behavior warrant elucidation. However, information on this topic is scarce in
Western countries. Although several studies have pointed out the association between dietary habits
and socioeconomic status (SES) among adolescents [10,11], SES may not explain all observed variations.

Among other determinants of dietary habits, migration status may play a role [12,13]; however,
published studies are rare, even among adults, and are often oriented towards a specific ethnic
group [12,13]. Studies on health related to migration have revealed a mortality advantage in
immigrants compared to natives, despite the lower SES of most immigrants [14]. This paradox
could be explained by the “healthy-migrant effect”, i.e., positive self-selection, and an unhealthy
return-migration effect, also known as the “salmon-bias hypothesis” [14]. However, these selection
processes are subject to caution; “beneficial cultural and behavioral factors”, like dietary habits,
may be the most plausible explanation for this paradox [14]. The immigrant health advantage
may also tend to wear off with length of stay in the host country, mostly due to an acculturation
process [15,16], wherein foreign individuals partially integrate behaviors and cultural aspects of the
host population while maintaining their roots [17]. This has been highlighted in some adult dietary
studies and suggests gradual adaptation to the natives’ eating habits according to years spent in the
host country [18]. In adolescents, dietary habits varying according to migration status (including a
gradient across migration generations) might also be expected, but such investigations have thus far
been limited [19,20].

An effect modification between migration status and socioeconomic characteristics was
emphasized in a previous study on adult self-rated health: A gradient was revealed across social classes
in natives, which was not the case for immigrants from poor countries [21]. Similarly, in adolescents,
a clear gradient throughout family affluence categories was observed for health-related quality of life
in natives but not in immigrants [22]. Therefore, a possible effect modification of migration status on
socioeconomic characteristics should be considered when evaluating disparities in dietary habits.

The aim of this study was to estimate socioeconomic disparities in dietary habits of school
adolescents from different migration backgrounds. We first hypothesized that adolescent immigrants
have healthier dietary habits than natives and that food consumption frequencies increase or decrease
gradually according to the migration generation, related to an acculturation process. Secondly,
we assumed that migration status might modify the association between socioeconomic characteristics
and dietary habits in adolescents.

2. Materials and Methods

Research was carried out using data from the “Health Behavior in School-Aged Children” (HBSC)
survey conducted in 2014 in Belgium. The cross-national HBSC survey takes place every four years in
around 40 countries in Europe and North America under the aegis of the World Health Organization
(WHO) Regional Office for Europe. Its goal is to produce comprehensive indicators supporting
implementation of health prevention and promotion policies and interventions. Questionnaires are
self-administrated in the classroom, and anonymity and data confidentiality are guaranteed [23].

Belgium has a regionalized administration in which wide demographic variations are observed,
including those concerning migration. In 2014 in Belgium, this study was carried out separately in
French- and Dutch-speaking schools covering the three regions, Wallonia, Flanders, and Brussels,
with the latter including both French- and Dutch-speaking schools.

This survey was carried out according to guidelines articulated in the Declaration of Helsinki.
For French-speaking schools, the survey was approved by school authorities. This protocol was
not submitted to a medical ethics committee in view of the topics and methods used for data
collection (Belgian law of May 7, 2004 and Advisory Committee on Bioethics of Belgium, opinion n◦40,
12/2/2007). For Dutch-speaking schools, the study was approved by the ethics review committee of
the University Hospital of Ghent (project EC/2013/1145). Following advice from school authorities,
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no written consent was requested for French-speaking schools; for the Dutch-speaking schools, consent
was passive. Adolescents were clearly informed about survey content and about their full right to
refuse to fill out the questionnaire or answer specific questions. All procedures used during data
collection enabled confidentiality and anonymity.

2.1. Sampling

The French- and Dutch-speaking surveys were conducted on a random sample stratified
proportionally with the school networks and included public and private schools. In addition, in the
French-speaking part, the sample was stratified proportionally with the province (n = 6); in the
Dutch-speaking part, it was stratified proportionally with the form of education (ordinary, general,
technical, vocational, art secondary education, and non-native newcomer classes).

In all regions, schools were first randomly selected based on an official list. Next, classes from
fifth grade elementary school (corresponding to adolescents aged ± 10 years) to the final grade of
the secondary school (corresponding to adolescents aged ± 18 years) were selected in each grade
among the schools that agreed to participate in the study. All adolescents from selected classes were
invited to participate on a voluntary basis. In French-speaking schools, classes were randomly selected.
In Dutch-speaking schools, distributions of gender, grade, and form of education from the previous
survey were used as temporary proxies to select classes.

In 2014, 781 schools in the French-speaking schools and 208 schools in the Dutch-speaking schools
were invited to participate. Among these schools, 168 in the French- and 98 in the Dutch-speaking
areas actually participated, corresponding, respectively, to a participation rate of 21.5% and 47.1%.

In total, 23,552 questionnaires were collected (Figure 1). Since, in Dutch-speaking schools,
adolescents aged 20 or over were not questioned, only adolescents 10 to 19 years old were included
in the joint database (n = 23,031). The basis sample included all participants who responded to
all covariates and to the food consumption variable that was most frequently filled in, i.e., fruits.
Thus, the maximum number of adolescents included in the analyses was 19,172 (Figure 1). For food
consumption other than fruits, the sample size was slightly lower.

2.2. Measures

Food Frequency Questionnaire. Food data were collected using a validated short food frequency
questionnaire (FFQ) [24,25] that included a total of 22 food groups (17 in the Dutch part, 18 in the
French part, including 13 in common). Seven answer categories were proposed: “more than once a
day”; “once a day”; “5–6 days a week”; “2–4 days a week”; “once a week”; “less than once a week”;
and “never”.

Migration status. Adolescents born abroad and whose parents were not both born in Belgium
were considered “1st-generation immigrants”. Adolescents born in Belgium and who had at least one
parent born abroad were considered “2nd-generation immigrants”. Adolescents whose parents were
born in Belgium were considered to be “natives”.

Geographical area of origin. Based on countries of origin of adolescents for 1st-generation
immigrants and of parents for 2nd-generation immigrants, five categories were defined for
complementary analyses: (1) Europe; (2) America; (3) Asia; (4) Middle East and North Africa;
(5) Sub-Saharan Africa. For 2nd-generation immigrants, in the particular case where the parents
were from two different geographical areas, the category was randomly chosen between the mother’s
and the father’s area of origin.

Family affluence. The family affluence scale (FAS) is composed of six items and has been validated
in Europe [26]. The FAS score ranged from 0 to 13 and was divided into three categories after ridit
analysis transformation—“low”, “medium”, and “high”—corresponding, in the national sample, to the
20% of adolescents with the lowest FAS scores, the 60% of adolescents with the intermediate score, and
the 20% of adolescents with the highest FAS scores, respectively.
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521 ineligible participants
Under 10 years old: 12
Over 19 years old: 509

Participating adolescents aged from 10 to 19 years
n = 23,031

3660 participants with missing data for covariates

Participants with available information on contextual 
variable

n = 22,976

144 participants with missing data for fruit consumption

Participants with available information on covariates
n = 19,316

Participating adolescents in HBSC Belgium
n = 23,552

Dutch-speaking: n = 9431
French-speaking: n = 14,121

Included participants in statistical analyses
nmax

* = 19,172

55 participants with missing data for the school

*nmax is the maximum sample size based on 
availability of information on co-variates and the 
most frequently selected food item, i.e., fruits

Figure 1. Inclusion diagram of adolescents in Belgium, “Health Behavior in School-Aged Children”
(HBSC), 2014.

Parental working status. Based on parental employment and reason for parental unemployment,
four categories were defined: (1) Adolescents with both parents working; (2) adolescents with parent(s)
not working (those with a parent not working and without a second parent were placed in this category
(n = 365)); (3) adolescents with one working parent and the other at home (housewife/husband,
pre-retired, disabled or student); (4) adolescents with one working parent and the other “absent” from
home (seeking a job, or adolescent not living with the second parent).

In addition, gender, age, family structure, siblings, and school region were taken into account in
the analyses.
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2.3. Statistical Analyses

2.3.1. Reprocessing Data

For all food items, categorization was defined so as to correspond as closely as possible to Belgian
nutritional policies [27] but was also determined by the original answer modalities. Food consumption
was first divided into three categories: A category corresponding as closely as possible to the Belgian
nutritional policies, a category further removed from Belgian nutritional policies, and an intermediate
category. If the intermediate category did not provide additional information, categorization was
reduced to two categories. Frequency of fruit and vegetable consumption was classified into three
categories: “>once a day”, “5–7 days a week” (low frequency), and “<5 days a week” (very low
frequency). Frequency of fish consumption was classified into: “≥two days a week” and “<two days
a week” (low frequency). Milk (whole and semi-skimmed/skimmed), cheese, and other dairy
product frequencies were transformed into consumption per month of 30 days and added up to
obtain frequency of dairy consumption; this was then divided into total consumption of 31 days or
more, which corresponded to consumption “>once a day”, or else to consumption “≤once a day”
(low frequency). Consumption of chips and fries and SSB was similarly processed. Frequency of
chips and fries consumption was classified into: “<once a day”, strictly corresponding to consumption
under 25 days, and “≥once a day” (high frequency). Frequency of SSB consumption was classified
into: “≤once a week”, corresponding to total consumption under 5 days, “2–6 days a week” (high
frequency) and “≥once a day” (very high frequency), corresponding to a total of 25 days or more.

2.3.2. Modeling

Due to a significant effect modification of migration status on several covariates for each food
group analyzed, analyses were stratified by migration status. Since individuals were nested within
schools, multilevel models were used. In each model for each food group, the school effect was
controlled and estimated. The “null” model referred to the estimation of the school effect. Associations
between covariates and a given food consumption were then evaluated by univariate regression,
corresponding to “model 1”. Multilevel binary logistic regression was performed for food groups
with consumption frequencies in two categories (odds ratio (OR) and 95% CI); multilevel multinomial
logistic regression was used for food groups with consumption frequencies falling into three categories
(relative risk ratio (RRR) and 95%CI). The reference category was assumed to be the most favorable
category in terms of health. All covariates with a p value < 0.20 were included in the initial multivariable
regression model. Manual backward stepwise selection was used to determine the final model:
It consisted of iteratively removing the predictor with the highest p value, and higher than 0.05.
Following removal, confounding was evaluated with a tolerance threshold for variation of OR and
RRR set at 10%. If variation was greater than 10%, the variable was then retained in the model.
In order to facilitate comparisons between migration strata, a predictor significantly associated with
food consumption in a given migration status group was retained for all other migration status
groups. The results of the regressions are graphically presented and available as supplementary tables
(Supplementary Tables S1–S6).

In order to estimate the role of the immigrants’ geographical area of origin on socioeconomic and
sociodemographic disparities, the same modeling was carried out only in immigrant adolescents and
adjusted for the geographical area of origin.

Colinearity and fitting of models were verified. Statistical significance of tests was set at 0.05.
All analyses were performed using Stata/IC 14® (StataCorp, College Station, TX, USA).

3. Results

The sample of 19,172 school participants included 69.6% natives, 22.0% 2nd-generation immigrants,
and 8.4% 1st-generation immigrants. In univariate analyses, differences in sociodemographic and
socioeconomic characteristics were observed according to migration status (Table 1).
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Table 1. Sociodemographic and socioeconomic characteristics of the sample overall and by migration
status—HBSC, Belgium, 2014.

Variables

Sample Natives
2nd-Generation

Immigrants
1st-Generation
Immigrants

p value
(n = 19,172)

%
(n = 13,353)

%
(n = 4214)

%
(n = 1605)

%

Gender <0.001 †

Boys 50.6 51.5 47.5 51.7
Girls 49.4 48.5 52.5 48.3
Age <0.001 ¥

10–12 years 28.8 29.6 28.7 22.5
13–16 years 50.2 49.9 50.6 51.4
17–19 years 21.0 20.5 20.7 26.1

Family structure a <0.001
Two parents 66.4 66.1 67.9 65.0

Blended family 14.1 15.8 9.9 12.0
Single-parent family 19.5 18.1 22.2 23.0

Family Affluence Scale a <0.001
High 19.4 20.6 17.0 16.4

Medium 63.7 66.1 59.8 53.6
Low 16.9 13.3 23.2 30.0

Parental working status a <0.001
Both parents working 68.4 76.1 51.9 47.0

One working, the other at home 17.4 13.4 27.8 23.7
One working, the other not at home 8.1 7.2 8.5 14.0

None working 6.1 3.3 11.8 15.3
Siblings <0.001 †

Single child 9.3 9.8 7.5 10.5
Siblings 90.7 90.2 92.5 89.5

School Region <0.001
Brussels-Capital 11.4 3.4 29.2 31.7

Wallonia 46.6 48.7 43.0 38.2
Flanders 42.0 47.9 27.8 30.1

Geographical area of origin <0.001 *
Europe 43.7 59.8

America 3.0 6.7
Asia 7.3 7.7

Middle East and South Africa 36.0 13.1
Sub-Saharan Africa 10.0 12.7

a For details, see Methods section, † Nonsignificant difference between natives and 1st-generation immigrants,
¥ Nonsignificant difference between natives and 2nd-generation immigrants, * Comparison between 1st- and
2nd-generation immigrants.

Irrespective of migration status, one adolescent out of five ate fruits (17.2%) or vegetables (18.8%)
>once a day and fish ≥two days a week (20.2%) (data not tabulated). Eight pupils out of ten (79.6%) ate
dairy products >once a day. Nearly half of the adolescents (43.7%) drank SSB ≥once a day; fewer than
one-eighth (12.2%) ate chips and fries ≥once a day (data not tabulated).

Immigrants significantly more often ate fruits (>once a day and 5–7 days a week), vegetables
(>once a day) and fish (≥two days a week) than did natives (Figure 2). In addition, immigrants
significantly more often consumed SSB (≥once a day), and chips and fries (≥once a day) than natives.
Moreover, the proportion of 2nd-generation immigrants having low or very low intake of vegetables,
fish, chips and fries was significantly at an intermediate level, i.e., higher (or lower) than that of natives,
and lower (or higher) than that of 1st-generation immigrants. However, a significant difference in dairy
product consumption was observed only between 2nd-generation immigrants and natives (Figure 2).

In immigrants only, and compared with immigrants from a European country, statistically
significant differences in food consumption frequencies were found in those from the Middle East and
North Africa areas, and from sub-Saharan Africa, for vegetable, fish, dairy, chips and fries, and SSB
(Supplementary Table S7). Immigrants from America also slightly differed regarding SSB and chips
and fries consumption, and those from Asia for chips and fries consumption. Overall, estimates of
the SES characteristics were not modified by the addition of origins in the modeling except only for
siblings in 1st-generation immigrants for chips and fries consumption (data not shown).
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3.1. Fruit Consumption (Reference Category: >Once a Day)

In all migration strata, the likelihood of very low fruit consumption frequency (<5 days a week)
significantly decreased with the FAS (except in 1st-generation immigrants: NS for medium FAS vs.
high FAS) (Figure 3). In addition, natives having a medium FAS were more likely to eat fruits 5–7 days
a week (low frequency) than those with a high FAS. Native adolescents in blended families were
more likely to declare very low or low fruit consumption compared to adolescents with two parents;
native adolescents in single-parent families also had greater odds of very low frequency. There was no
significant association with parental working status. In all migration strata, adolescents in Flanders
were significantly more likely to declare low or very low fruit consumption than adolescents in
Brussels-Capital (Figure 3).

Moreover, age was significantly associated with fruit consumption frequency in all migration
strata (Figure 3). This was also the case for gender in natives and 2nd-generation immigrants, whereas
the existence of siblings was associated with fruit consumption frequency only in natives. The school
effect upon the very low fruit consumption of all migration groups was significant, as was its effect
upon the low frequency found in natives (Figure 3).

3.2. Vegetable Consumption (Reference Category: >Once a Day)

In natives and 1st-generation immigrants only, the odds of very low vegetable consumption
frequency (<5 days a week) decreased with FAS (Figure 4). The same applied to low frequency
(5–7 days a week) in natives. In 2nd-generation immigrants, adolescents having a medium FAS were
more likely to declare very low or low vegetable consumption than those with a high FAS; in addition,
adolescents having a low FAS were more likely to eat vegetables <5 days a week.

Compared with adolescents with two parents, native adolescents from a single-parent family
were at greater odds of consuming vegetables <5 days a week (Figure 4). Native adolescents with
two working parents were more likely to declare a low frequency than adolescents with one parent
who worked and the other who stayed at home. Moreover, 2nd-generation immigrants with both
working parents were less likely to declare a very low frequency. Compared with adolescents in
Brussels-Capital, adolescents in Flanders were more likely to eat vegetables 5–7 days a week in all
migration strata; in addition, immigrants in Flanders were more likely to declare a very low frequency,
whereas 2nd-generation immigrants in Wallonia were less likely to do so (Figure 4).

Gender was significantly associated with vegetable consumption frequency in all migration strata.
This was also the case for age in natives and 2nd-generation immigrants, while the existence of siblings
was associated only in natives. The school effect was significant only in natives (Figure 4).

3.3. Fish Consumption (Reference Category: ≥Two Days a Week)

In natives and 2nd-generation immigrants, the likelihood of eating fish at low frequency
(<two days a week) decreased with FAS. Moreover, low fish consumption was more frequent in
adolescents from blended families than in those having two parents (Figure 5). Compared with
adolescents with one working parent and the other who stayed at home, 2nd-generation immigrants
with no working parents were less likely to eat fish at low frequency. In 1st-generation immigrants,
adolescents whose parents both worked were more likely to declare low fish-eating frequency. For
all migration strata, compared with Brussels-Capital, adolescents in Flanders and Wallonia were
significantly more likely to declare low frequency (Figure 5).

In addition, gender was significantly associated with fish consumption frequency in
natives and 2nd-generation immigrants. The school effect was significant in natives and
2nd-generation immigrants.
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Figure 5. Multiple multilevel logistic regression* for fish consumption (reference category: ≥two days
a week) stratified by migration status—HBSC, Belgium, 2014 (n = 18,924). * OR < 1: More favorable for
health; OR > 1: Less favorable for health.
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3.4. Dairy Product Consumption (Reference Category: >Once a Day)

For all migration situations, neither FAS nor family structure nor parental working status was
significantly associated with dairy consumption (Figure 6). Compared with Brussels-Capital, natives
and 2nd-generation immigrants in Flanders were at significantly lower odds of consuming dairy foods
≤once a day (Figure 6).

In addition, dairy consumption frequency was significantly associated with gender in all migration
strata and with age in natives and 2nd-generation immigrants, whereas the presence of siblings was
significant only in natives. The school effect was significant in all migration strata (Figure 6).

3.5. Chips and Fries Consumption (Reference Category: <Once a Day)

Compared with those having a high FAS, natives with a low FAS were significantly more likely
to declare frequent eating of chips and fries (≥once a day) (Figure 7). High frequency was also more
likely in natives from blended or single-parent families than in those with two parents. Compared
with adolescents having one working parent and the other who stayed at home, adolescents with two
working parents were less likely to consume chips and fries ≥once a day whatever their migration
status. In natives and 2nd-generation immigrants with no working parents, high frequency was
more likely. In Flanders, compared to Brussels-Capital, adolescents among all migration groups were
significantly less likely to declare high consumption of chips and fries; in Wallonia, this was also the
case for 2nd- and 1st-generation immigrants (Figure 7).

In addition, frequent eating of chips and fries was significantly associated with gender in all
migration strata, and with age in natives and 2nd-generation immigrants. Sibling presence was
significantly associated only in 1st-generation immigrants. The school effect was significant in all
migration strata (Figure 7).

3.6. Sugar-Sweetened Beverages (Reference Category: ≤Once a Week)

In natives and 2nd-generation immigrants, the odds of declaring very high SSB consumption
(≥once a day) decreased with FAS (Figure 8). For all migration strata, adolescents from blended
families were significantly more likely to declare very high frequency. In addition, natives from
blended families were more likely to consume SSB at high frequency (2–6 days a week). In natives
and 2nd-generation immigrants, very high SSB frequency was more often seen in adolescents from
single-parent families (vs. two-parent families) and in adolescents with nonworking parents (vs. one
working parent and the other at home) and was less likely in adolescents with both parents working.
In 2nd-generation immigrants only, very high SSB frequency was also less likely in adolescents with
one parent working and the other absent from the home. In Flanders, compared with Brussels-Capital,
natives and 2nd-generation immigrants were more likely to consume SSB 2–6 days a week.

In addition, “gender and age” was significantly associated with SSB frequency in all migration
strata, whereas “siblings” was significant only in natives. The school effect was significant only in
natives (Figure 8).
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Figure 6. Multiple multilevel logistic regression* for dairy product consumption (reference category:
>once a day) stratified by migration status—HBSC, Belgium, 2014 (n = 18,541). * OR < 1: More favorable
for health; OR > 1: Less favorable for health.
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Figure 7. Multiple multilevel logistic regression* for chips and fries consumption (reference category:
<once a day) stratified by migration status—HBSC, Belgium, 2014 (n = 18,853). * OR < 1: More favorable
for health; OR > 1: Less favorable for health.
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4. Discussion

The aim of the present study was to estimate socioeconomic disparities in dietary habits of
school adolescents in Belgium from different migration backgrounds. Our results emphasize that
the migration component that was rarely considered in previous studies is fundamental regarding
dietary behavior at these ages. Indeed, dietary habits differed according to migration strata.
Furthermore, socioeconomic disparities varied amongst the migration groups: For all food groups,
disparities were particularly wide in natives and more limited in 1st-generation immigrants. Overall,
the sociodemographic and socioeconomic disparities observed in immigrants did not change after
adjusting for their geographical area of origin. By food group, the widest socioeconomic and cultural
disparities were observed for SSB and vegetables, and the least for dairy foods. Such findings provide
interesting and original hypotheses that could further support the development of health promotion
interventions in the future.

4.1. Dietary Acculturation

In descriptive analyses, immigrant adolescents, whether of the 1st or 2nd generation, were more
likely to frequently consume both healthy (fruits, vegetables, and fish, but not dairy products) and
unhealthy foods (chips and fries, SSB). In addition, a migration gradient in food frequencies was
underlined for vegetables, fish, and chips and fries: Consumption gradually increased (for healthy food)
or decreased (for unhealthy food) from natives to 2nd-generation immigrants, and from 2nd-generation
immigrants to 1st-generation immigrants. However, no significant differences were found between
1st- and 2nd-generation immigrants regarding consumption of fruits, dairy products, and SSB.

The situation of 2nd-generation immigrants in terms of food consumption, intermediate between
natives and 1st-generation immigrants, suggests ongoing acculturation. The interplay of host behavior
and culture with that of immigrants may lead to a mixture of healthy and unhealthy dietary habits.
Indeed, at a given age, 2nd-generation immigrants have probably been in Belgium much longer
than 1st-generation immigrants and are therefore more likely to be further engaged in the process of
integration of culinary habits of the host country and partial substitution of family roots, as reported
for adults in different countries [18]. In addition to the migration generation, the region of origin may
play differently in the acquisition of European dietary habits for immigrants. Indeed, differences in
dietary habits were of lower size between European, American, and Asian, than between European
and African and Middle-East immigrants. Nevertheless, the results could not be precisely interpreted
due to the cultural heterogeneity remaining in this categorization by the geographical area of origin.

The acculturation process may depend on factors such as accessibility and affordability, acting as
an “external push”, and on individual factors such as curiosity, acting as an “internal pull” [28],
which might encourage the adding of novel foods to the traditional diet, thus offering wider diversity.
Such diversity could result in greater intake via gradual adaptation to new food products [29]. This may
also explain why immigrants more frequently ate almost each food group studied. Maintaining
traditional food habits implies the availability and accessibility of such food; when this is not the case,
then people of foreign culture might progressively abandon their diet in favor of the host diet [30].
The acculturation process should also be further studied by considering the age of arrival in Belgium
of the 1st-generation immigrants, unavailable in this survey.

4.2. Socioeconomic Disparities in Dietary Habits

Our results emphasize several socioeconomic disparities in dietary habits in adolescents, mainly
in natives and 2nd-generation immigrants. Indeed, adolescents with lower FAS less frequently ate
healthy foods like fruits and more frequently consumed unhealthy foods like SSB, consistent with
previous studies [10,11]. These disparities may be explained by a lower level of familiarity or adoption
of dietary recommendations by parents [31], and by the affordability of healthy foods [32].
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Some disparities related to family structure were also revealed, mainly in natives and
2nd-generation immigrants. In line with previous studies [33,34], adolescents from blended or
single-parent families more frequently ate chips and fries and SSB and less frequently ate fruits,
vegetables and fish. Single-parent families often have fewer financial resources, thereby impairing their
access to healthy foods [32]. Indeed, in our sample, 30.8% of adolescents belonging to a single-parent
family were in a low FAS compared to 14.0% of adolescents from two-parent families and 15.7% of
adolescents from blended families (data not shown). In addition, single parents may also have less time
for monitoring meals compared to dual-parent families [33,35]. Adolescents from blended families also
tended to have less healthy food habits than adolescents from two-parent families. Indeed, stepparents
may have fewer opportunities for active involvement in their stepchildren’s education and health [33].

Moreover, parental work status disparities were observed, mainly in natives and 2nd-generation
immigrants. In our study, parental working status was mainly related to the socioeconomic condition:
10.2% of adolescents with both parents working had a low FAS, while 51.8% of adolescents with no
parents working fell into this category (p < 0.001; 24.1% in those with one parent working and one at
home, 31.5% for one parent working and the other “absent” from home). After adjustment for FAS
and other covariates, our results related to parental working status were mixed. Indeed, compared to
adolescents with both parents working, those with no working parents were more likely to frequently
eat vegetables and fish, but they also more frequently ate chips and fries and SSB (data not shown).
These results might appear surprising if we assume that parental working status is related only to
socioeconomic conditions. However, they suggest an interplay between free time and work. Indeed,
parental working status might also indicate that fully employed parents have less time to cook [36].

For all migration strata, eating habits varied according to the school region. Numerous differences
were found in consumption frequencies between adolescents attending schools in Flanders, mainly
Dutch-speaking, and those in Brussels and Wallonia, both primarily French-speaking. Another
study indicating similar regional linguistic specificities in consumption of vegetables, dairy products,
fish, and SSB in Switzerland hypothesized a possible influence of culture and eating habits of
neighboring countries [37], which might also apply to Belgium: Culinary customs in Flanders may
be strongly influenced by the Netherlands, while those in Brussels, although they do not border,
and in Wallonia, may be influenced by France, which shares the same language, i.e., French. Further,
several differences were pointed out between Brussels and Wallonia, mainly concerning 1st- and
2nd-generation immigrants. In 2011, nearly half of the inhabitants of the Brussels-Capital Region
(42.4%) were born outside of Belgium, compared to 10.2% in Flanders and 14.1% in Wallonia [38].
Since the Brussels-Capital region is multicultural, this vast proportion of immigrants might contribute
to slowing down the acculturation process; indeed, immigrants are usually surrounded by other
immigrants [17]. By contrast, in Wallonia, such a process may have been accelerated, meaning that
food habits in immigrants would differ from those of immigrants in Brussels.

Socioeconomic disparities were measurable in all food groups, except for dairy products, for which
disparities were statistically significant only for the school region. The absence of socioeconomic
disparities in consumption of dairy foods (milk, cheese, and other) could be explained by the diversity
of these products and their overall affordability.

4.3. Sociodemographic Disparities in Dietary Habits

Our results underlined gender disparities in food consumption in almost all migration strata.
Compared to boys, girls were more likely to more frequently eat fruits and vegetables, which could be
explained by taste preferences [39,40], health beliefs, and greater concern about weight [41].

After adjustment for other covariates, sibling disparities continued to be unfavorable to the single
child (except for chips and fries in 1st-generation immigrants). The sibling role in food consumption
might be explained by two opposite phenomena: “Modeling” leads to imitation of the model (i.e., of the
sibling), whereas “de-identification” leads to differentiation from the sibling [42]. The absence of
sibling disparities in immigrants could be explained by the manner in which society views sibling
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relationships and their respective roles [43]. Thus, immigrants in our study might come from countries
that do not promote sibling relationships. However, the sibling role has rarely been examined in dietary
studies irrespective of migration status [44], thus preventing interpretation. Certain psychologists
have suggested that older siblings may influence health behavior [45]; thus, birth order should be
considered when evaluating the association between diet and siblings.

4.4. Strengths and Limitations

Due to the cross-sectional design of the HBSC survey and use of self-administrated questionnaires,
a substantial sample size was obtained in each region of Belgium, along with a wide range of topics
addressed. Although both Dutch- and French-speaking surveys were conducted separately and
in different languages, standardization of the questionnaires according to the international HBSC
protocol made it possible to combine data sets [23]. However, the two surveys were not identical.
For instance, they were differently stratified in order to reach the representativeness of the linguistic
regions. Therefore, the generalization of the results to the school population in Belgium should be
interpreted cautiously. A second point related to the independence of studies is the use of reverse order
categorization for food frequencies (“never” to “>once a day” for the Dutch-speaking survey versus
“>once a day” to “never” for the French-speaking survey) may have contributed to lower frequencies
of fruit and vegetable consumption in Flanders compared to Wallonia, since initial responses may
have been chosen more frequently. This discrepancy could explain why we obtained results differing
from the final national food consumption survey (based on 24-h recall) [46]. The short HBSC FFQ
might also lead to inaccuracies due to use of large food group names rather than exact food names,
and to the overestimation of consumption frequencies [25]. However, it has been validated in Belgium
through a comparison with a seven-day record [24,25]. The conclusion was that it can be considered
reliable for “ranking subjects according to consumption of the individual food items” [25]. In addition,
we can only conclude about frequencies and the results must be interpreted as such given that a more
frequent consumption does not necessarily imply—nor rules out—a higher food amount or a higher
energy intake.

A significant strength of the current study was the use of multilevel analyses controlling for the
school effect and, therefore, cluster bias. Nevertheless, further interpreting the school effect is difficult
given that food-related school characteristics were unavailable in this study. To better understand such
effects, further studies should simultaneously consider contextual characteristics of the schools, such as
implementation of nutritional actions and canteen use. For some food groups (fruits, vegetables,
and SSB), categorization was in three instead of two, as is the case in numerous studies using
categorization and FFQ. Although disparities were narrower for the intermediate category and,
therefore, little difference from the reference category was observed, intermediate categories provided
new information in certain cases. Indeed, in natives and 2nd-generation immigrants, age-related
disparities existed for vegetables 5–7 days a week but not for vegetables <5 days a week; in addition,
school-region-related disparities existed for SSB consumption 2–6 days a week but not for SSB ≥once
a day. Although difficult to interpret, the school effect for natives might be a protective factor for fruits
5–7 days a week and a risk factor for fruits <5 days a week.

Another limitation was the rather small sample size of 1st-generation immigrants (nmax = 1605),
leading to fewer participants in some categories (nmin = 159) and resulting in loss of statistical power.
However, confidence intervals of OR and RRR (Figures 3–8) suggested that nonsignificant results
in 1st-generation immigrants were mainly due to fewer disparities rather than a lack of precision.
This rather small sample size was also restrictive for in-depth analysis stratified by countries or
continental regions of origin. To get around the small sample, results were subsequently adjusted for
geographical areas of origin. Nevertheless, some cultural heterogeneity remained in this categorization
and did not help to precisely interpret the findings.
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Several biases could also be highlighted. First, adolescents may have overreported consumption
of healthy foods and underreported consumption of unhealthy products due to social pressure [47].
Second, we observed differential distribution of fish and SSB consumption and of several covariates
(migration status, gender, family structure, FAS, parental working status, and school region)
between included participants and eligible participants not included in analyses due to missing data
(Supplementary Table S8), leading to selection bias. Interpretation of results should thus be approached
with caution, although some differences in percentages were slight, and statistical significance was
mainly due to the large sample size. The generalization of the results is limited to the school adolescents,
especially for the eldest beyond the legal school age (18 years of age in Belgium). It should also be
interpreted cautiously due to the relatively low participation rate of schools.

5. Conclusions

Overall, rather poor adolescent dietary habits indicate that efforts should be made to improve
knowledge and further prevent NCD in adulthood. The process of acculturation of dietary habits
pointed out here warrants confirmation, taking into consideration the number of years in the host
country and the age of arrival in that country. Narrower socioeconomic disparities in dietary habits
among 2nd- and 1st-generation immigrants compared to natives suggest the prevailing role of culture
in immigrant dietary habits with respect to socioeconomic conditions. Finally, our study reveals that
interventions aimed at improving dietary habits in adolescents must take into account the cultural
component of dietary habits, especially in immigrant adolescents. However, further research is
needed to better understand the role of culture and its interaction with socioeconomic components in
dietary habits.
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Abstract: Breakfast frequency is associated with cardiovascular disease (CVD) risk in Western
populations, possibly via the types of food eaten or the timing of food consumption, but associations
in Malaysian adolescents are unknown. While the timing of breakfast is similar, the type of food
consumed at breakfast in Malaysia differs from Western diets, which allows novel insight into
the mechanisms underlying breakfast–CVD risk associations. We investigated foods eaten for
breakfast and associations between breakfast frequency and CVD risk factors in the Malaysian
Health and Adolescents Longitudinal Research Team study (MyHeARTs). Breakfast (frequency
of any food/drink reported as breakfast in 7-day diet history interviews) and CVD risk factors
(body mass index (BMI), waist circumference, fasting blood glucose, triacylglycerol, total cholesterol,
high-density lipoprotein (HDL), low-density lipoprotein (LDL), and systolic and diastolic blood
pressure) were cross-sectionally associated using linear regression adjusting for potential confounders
(n = 795, age 13 years). Twelve percent of adolescents never ate breakfast and 50% ate breakfast
daily, containing mean (SD) 400 (±127) kilocalories. Commonly consumed breakfast foods were
cereal-based dishes (primarily rice), confectionery (primarily sugar), hot/powdered drinks (primarily
Milo), and high-fat milk (primarily sweetened condensed milk). After adjustment, each extra
day of breakfast consumption per week was associated with a lower BMI (−0.34 kg/m2, 95%
confidence interval (CI) −0.02, −0.66), and serum total (−0.07 mmol/L 95% CI −0.02, −0.13) and LDL
(−0.07 mmol/L 95% CI −0.02, −0.12) cholesterol concentrations. Eating daily breakfast in Malaysia was
associated with slightly lower BMI and total and LDL cholesterol concentrations among adolescents.
Longitudinal studies and randomized trials could further establish causality.

Keywords: breakfast; obesity; cardiovascular; health; BMI; waist circumference; cholesterol; blood
pressure; MyHeARTs

1. Introduction

Cardiovascular disease (CVD) is the number one cause of death globally [1]. In Malaysia, CVD
is the biggest cause of mortality, accounting for 36% of total deaths [2]. Although the incidence of
CVD (e.g., myocardial infarction and stroke) does not emerge until adulthood, CVD risk factors often
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present during adolescence [3]. For example, Malaysian children and adolescents have the highest
prevalence of overweight and obesity across the South and Southeast Asian countries, at 22.5% (95%
confidence interval (CI) 19.1−26.1) in boys and 19.1% (95% CI 16.1–22.6) in girls [4].

Over 50 cross-sectional studies, primarily in Europe and the United States, have reported consistent
inverse associations between breakfast skipping and increased risk of overweight and obesity (odds
ratio (OR) 1.55, 95% CI 1.46, 1.65) [5]. Outside of Europe and the United States, a meta-analysis of
19 cross-sectional studies in Asian populations also reported an increased risk of overweight and
obesity (OR 1.76, 95% CI 1.48, 2.08) for breakfast skippers versus consumers [6], suggesting that the
association is not limited to Western populations. Several causal mechanisms have been hypothesized
to explain why eating breakfast may protect against CVD risk (Figure 1). In pathway 1, eating breakfast
is hypothesized to reduce subsequent snacking, resulting in lower overall daily energy intake, thus
maintaining energy balance and a lower body weight. Although in observational studies, breakfast is
typically associated with higher total daily energy intakes [7]. In pathway 2, breakfast is associated with
better food choices. For example, the kinds of foods typically eaten at breakfast in the United States
and Europe tend to have cardio-protective properties e.g., wholegrain cereals that are high in fiber
and micronutrients [8]. However, as foods typically eaten for breakfast vary widely across cultures,
consistent associations of breakfast frequency across diverse countries could point to the timing of
eating as more important than the type of food eaten. In pathway 3, it is hypothesized that eating in
the morning is specifically better suited to circadian rhythms in metabolism, such that food ingested
earlier in the day is metabolized more efficiently. The hypothesized circadian pathway is supported by
acute randomized crossover experiments in adults, whereby the timing of food intake (but not the type
of food consumed) is manipulated such that delaying breakfast is related to poorer appetite control,
lower resting energy expenditure, impaired fasting lipid profiles, and reduced postprandial insulin
sensitivity [9–12]. However more recent longer-term free-living trials that manipulated the timing of
the first meal or randomized participants to receive simple advice to “eat breakfast” or not, have cast
doubt on whether observational associations are causal but instead confounded i.e., eating breakfast
may simply be an indicator of a generally healthy lifestyle [13–15]. Further research exploring breakfast
frequency and the types of food eaten for breakfast in non-western populations is required to further
understand existing observed associations.

 
Figure 1. Hypothesized mechanisms for associations of breakfast with cardiovascular disease risk.

Most research on breakfast and health has been conducted in adults, with some work in children,
but far less research has been dedicated to adolescents. However, adolescence represents a unique
phase of life involving rapid growth, hormonal fluctuations, insulin resistance [16,17], and circadian
dysregulation [18]. Considering the insulin resistance and circadian dysregulation can be influenced by
breakfast consumption [19], it is important to understand the role of breakfast consumption on health in
adolescents. In children aged 9–10 years in the 2011–2013 multi-country ISCOLE study, eating breakfast
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frequently (6–7 days/week), which varied from 58% in Brazil to 95% in Colombia, was associated with
lower body mass index (BMI) z scores in some but not all countries [20]. This observation is supported
by a systematic review including 10 longitudinal studies of children and adolescents of which eight
provided evidence of inverse associations of more frequent breakfast consumption and adiposity [21].
In Malaysia, four cross-sectional studies have identified breakfast as the most frequently skipped
meal among children and adolescents [22–25], with the prevalence of skipping breakfast varying from
17% [25] to 40% [24]. Only one cross-sectional study has examined breakfast consumption in relation
to adiposity and obesity among Malaysian 12–19 year old adolescents [26]. Adolescents consuming
breakfast five or more days/week had lower body weight, BMI, waist circumference, body fat
mass, and percentage of body fat compared to those consuming breakfast less than five days/week.
Overall, observational evidence on the association of a higher breakfast frequency with lower adiposity
in adolescents is consistent worldwide.

Given that higher adiposity is associated with poorer CVD risk profiles [27], and breakfast
frequency is associated with adiposity, one might expect to see similar associations with breakfast
frequency and cardiovascular risk. However, evidence for associations of breakfast consumption
with other CVD risk factors is less consistent. For example, fasted blood glucose concentrations were
lowest among U.K. adolescents [28] and European boys [29] reporting daily breakfast consumption,
but there was no evidence of a similar cross-sectional association among U.S. [30], Finnish [31],
Taiwanese [32], or Japanese [33] adolescents. Lower systolic blood pressure has been observed among
daily breakfast consumers in Taiwan [32] and in a European sample of boys, but no evidence of a
similar cross-sectional association was observed among European girls and U.K., Japanese [33], U.S.,
Finnish, or Iranian [34] samples. Among Australian 9–15 year old children and adolescents followed-up
as adults (aged 26–36 years), persistent breakfast skipping (defined as not eating between 0600 h
and 0900 h as a child and adult) compared to consuming breakfast consistently was longitudinally
associated with a higher waist circumference (mean difference 4.6, 95% CI 1.72, 7.53 cm), fasting serum
insulin (mean difference 2.02, 95% CI 0.75, 3.29 mU/L), total cholesterol (mean difference 0.40, 95% CI
0.13, 0.68 mmol/L), and low density lipoprotein (LDL) cholesterol (mean difference 0.40, 95% CI 0.16,
0.64 mmol/L) concentrations [35]. Among Swedish 16 year-olds followed-up to age 43 years, eating
breakfast only showed robust evidence of association with hyperglycemia (OR 1.75, 95% CI 1.01, 3.02),
but not low high density lipoprotein (HDL) concentrations or hypertension [36]. Differences in sample
sizes (ranging from 367 to 13,486 participants), diverse definitions of breakfast habits, and variation in
adjustment for confounders may explain the inconsistency in findings to date.

Another possible explanation for inconsistent associations between breakfast consumption and
CVD risk in adolescents is a lack of concurrent information on breakfast composition or diet quality.
Existing evidence has typically relied on simple self-reported questions on usual breakfast frequency
leaving it unclear how regular breakfast consumption relates to the types of food specifically eaten
in the morning. Detailed dietary assessment methods like a food diary, 24-h diet recall, or diet
history provide data on both the time of consumption and the food and nutrient content of breakfast,
enabling both the frequency and composition of breakfast to be characterized and separate possible
mechanisms to be explored. Finally, a proposed method for improved causal inference in observational
research, by reducing the possibility that associations are confounded, is to explore the consistency
of associations across high, middle- or low-income countries where the confounding structure may
differ [37]. Therefore, adding to the existing evidence base on associations between breakfast and CVD
risk, that is primarily in Western populations, by using Malaysian data may improve our understanding
of the importance of breakfast.

No study to date has investigated the association of breakfast and CVD risk in Malaysian
adolescents. In addition, few previous studies were able to explore what is eaten for breakfast in
addition to breakfast frequency. The purpose of our study was to provide a detailed description of what
adolescents ate for breakfast and investigate the association of breakfast frequency with CVD risk factors
among adolescents using data from the Malaysian Health and Adolescent Longitudinal Research study
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(MyHeARTs), including 7-day diet history enabling adjustment for potential confounders including
concurrent diet quality.

2. Methods

2.1. Study Overview and Population

MyHeARTs is a prospective cohort study of 1351 schoolchildren (aged 13 years old at baseline) that
attended 15 public secondary schools from central (Kuala Lumpur and Selangor) and northern (Perak)
regions of Peninsular Malaysia. A detailed description of the MyHeARTs can be found elsewhere [38].
All procedures in MyHeARTs were approved by the Medical Ethics Committee, University Malaya
Medical Centre according to the Declaration of Helsinki. Participation in the study was voluntary
and written informed assent and consent was obtained from participants and parents/guardians of
participants, respectively.

2.2. Dietary Assessment

Dietary intake was assessed using a seven-day diet history, which has been shown to give the most
valid estimates of energy intake in children and adolescents (Burrows et al. 2010). Dietitians conducted
open-ended interviews with the students to collect information on foods and drinks consumed during
breakfast, mid-morning snack, lunch, afternoon tea, dinner and supper over the previous seven days.
Pictures of local food and household measurement items were used to assist participants in estimating
portion sizes consumed. Food and drink energy and nutrient intakes were calculated using the
Nutritionist Pro™ Diet Analysis (Axxya Systems, Redmond, WA, USA) and Nutrient Composition of
Malaysian Foods [39,40].

To compute breakfast consumption, energy intake from all foods or drink reported during
the meal-slot identified as breakfast was combined on each day. Frequency of breakfast intake
(days/week) was calculated as the number of days where any food or drinks were reported at breakfast.
This was categorized for descriptive analyses by grouping into daily, 4–6 days/week, 1–3 days/week,
and 0 days/week. The types of food and drink reported were investigated by grouping food items into
44 groups and then analyzing the frequency that each food group was reported across all food items
in each breakfast occasions. Under-reporting of energy intake was assessed by comparing reported
energy intake to estimated basal metabolic rate and participants defined as under-reporters (n = 497)
were excluded [41]. Excluded participants were 43% male, 57% urban, 78% Malay, 12% Chinese, 7%
Indian, and 2% other ethnicity, with age mean 12.9 (±0.3) years, BMI mean (±SD) 22.2 (±5.6) kg/m2,
and a mean daily energy intake of 1126 (±278) kcal.

A dietary pattern score for each adolescent was derived using reduced rank regression [42].
The score is a weighted linear combination of the 44 food groups (Supplementary Table S1) which
predict the maximum variation in intermediate variables hypothesized to be on the pathway between
food group intake and cardiovascular health, i.e., energy density (kJ/gram), fiber density (g/MJ),
and percentage of energy intake from fat (%). A high pattern score represents an energy dense,
low-fiber diet, which is characterized by high consumption of processed meat, bread products,
chocolate, egg dishes and energy-dense Malaysian kuih (Malaysian snacks and desserts), and a low
consumption of fruit, vegetables and vegetables dishes, and soups (unpublished results).

2.3. Anthropometric and Clinical Measurements

Height was measured without socks and shoes using a calibrated vertical stadiometer (Seca
Portable 217, Seca, Birmingham, UK). Weight was measured with light clothing using a digital
electronic weighing scale (Seca 813, Seca, Birmingham, UK). Body mass index was calculated as
weight in kilograms divided by the square of height in meters (kg/m2). Waist circumference was
measured to the nearest millimeter using a non-elastic Seca measuring tape (Seca 201, Seca, Birmingham,
UK). Systolic and diastolic blood pressure were calculated as the average of three readings using a
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stethoscope and a mercury sphygmomanometer. Fasting (≥10 h) venous blood samples were obtained
from each participant and analyzed for serum total cholesterol, LDL cholesterol, HDL cholesterol,
triacylglycerol (TAG), and blood glucose concentrations. More information on the way anthropometric
and clinical measures were obtained can be found elsewhere [38].

2.4. Confounders

Physical activity was self-reported using the physical activity questionnaire (in Malay) for older
children (PAC-Q). Sex, ethnicity (Malay, Chinese, Indian, other), smoking status (yes/no), and alcohol
intake (yes/no) were self-reported in student questionnaires.

2.5. Statistical Analysis

Variables are described using mean (SD) if continuous and normal, or frequency (%) if categorical.
Normality was checked via visual inspection of histograms. Analysis of variance (ANOVA) was
performed to test the mean difference between breakfast frequency groups and continuous CVD risk
factors. Tests for linear trend were performed using a likelihood ratio test comparing a model containing
breakfast frequency (days/week) as a continuous variable with a model containing breakfast frequency
as a categorical variable (daily, 4–6 days/week, 1–3 days/week, and 0 days/week). The chi-squared test
was used to test for associations between breakfast frequency groups and categorical confounders.
Multiple linear regression analysis was used to examine the independent relationship between breakfast
frequency (days/week) and CVD risk factors. Risk factors analyzed as dependent variables were BMI,
waist circumference, fasting serum glucose, TAG, total cholesterol, HDL and LDL concentrations,
and systolic and diastolic blood pressure. Model 1 included only breakfast frequency as an independent
variable. Model 2 included breakfast frequency, sex, ethnicity, physical activity level, smoking status,
and alcohol intake. Model 3 included model 2 variables as well as BMI. Model 4 included model
3 variables together with total energy (kcal/day), total carbohydrate (% daily energy), total protein
(% energy), total fat (% energy), total cholesterol (mg/1000 kcal), total saturated fatty acid (% energy),
total sodium (mg/1000 kcal), total calcium (mg/1000 kcal), total iron (mg/1000 kcal), total fiber
(g/1000 kcal), and total sugar (% energy). Model 5 included model 4 variables together with dietary
pattern score. Statistical analyses were performed using SPSS (version 21, IBM), Stata (version 15,
StataCorp LLC, College Station, Texas, USA), and SAS (version 9.4, Marlow, Buckinghamshire, UK).

3. Results

Figure 2 shows that 795 participants had complete data based on the variables of interest and were
included in the current analysis. The characteristics of participants overall and stratified by breakfast
frequency are presented in Table 1. Fifty one percent of the sample were daily breakfast eaters, 25%
consumed breakfast 4–6 days/week, 15% consumed breakfast 1–3 days/week, and 10% of the sample
never consumed breakfast. Adolescents of Indian ethnicity were more likely to be daily breakfast
eaters (71%) compared to the overall sample, while no Chinese adolescents were identified as breakfast
skippers. Boys were more likely than girls to consume breakfast daily (58% vs. 47%). Few differences
in breakfast frequency were observed for any other individual characteristics.
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Figure 2. Number of participants with data available based on the variables of interest. CVD:
cardiovascular disease; MyHeARTs: Malaysian Health and Adolescents Longitudinal Research
Team study.

In terms of diet, adolescents who consumed breakfast but infrequently (1–3 days/week) consumed
the least total daily energy, calcium, and sugar compared to both breakfast skippers and daily consumers
(Table 1). Daily breakfast consumers had a positive dietary pattern score i.e., a more energy dense
and lower fiber density diet, compared to infrequent breakfast eaters and breakfast skippers who,
on average, had a negative dietary pattern score. Breakfasts reported in MyHeARTs contained a
mean (SD) 400 ± 127 kcal. The most frequent food groups of all food items reported at breakfast
were cereal-based mixed meals (19%), chocolate and confectionery (14%), hot and powdered drinks
(13%), high fat milk (12%), and bread (6%) (Figure 3). Cereal-based mixed meals, were mainly rice in
coconut milk (34% of cereal based mixed meals food items), fried rice (30%), and fried noodles (12%)
(Supplementary Material Table S1). Chocolate and confectionery refer to granulated sugar (99% of
chocolate and confectionery items reported at breakfast), while hot and powdered drinks, are mostly
Milo (a chocolate and malt powder drink) (40%) and malted milk powder (38%). High fat milk and
cream was primarily sweetened condensed milk (90% of items in that group) (Supplementary Material
Table S1).

270



Nutrients 2019, 11, 973

T
a

b
le

1
.

C
ha

ra
ct

er
is

ti
cs

of
M

yH
eA

R
Ts

pa
rt

ic
ip

an
ts

by
br

ea
kf

as
tf

re
qu

en
cy

gr
ou

ps
.

B
re

a
k

fa
st

F
re

q
u

e
n

cy

T
o

ta
l

0
d

a
y

s/
w

e
e

k
1

–
3

d
a

y
s/

w
e

e
k

4
–

6
d

a
y

s/
w

e
e

k
D

a
il

y
p-

V
a

lu
e

A
ll

ch
ild

re
n,

n
(%

)
79

5
(1

00
)

76
(1

0)
11

5
(1

5)
19

6
(2

5)
40

8
(5

1)
-

A
ge

(y
ea

rs
),

m
ea

n
(S

D
)

12
.9

(0
.3

)
12

.9
(0

.3
)

12
.9

(0
.4

)
12

.8
(0

.3
)

12
.9

(0
.3

)
-

Se
x

Bo
ys

,n
(%

)
29

8
(3

7)
32

(1
0)

36
(1

2)
58

(1
9)

17
2

(5
8)

0.
01

a
G

ir
ls

,n
(%

)
49

7
(6

3)
44

(9
)

79
(1

6)
13

8
(2

8)
23

6
(4

7)

U
rb

an
ic

it
y

U
rb

an
,n

(%
)

40
1

(5
0)

17
(4

)
53

(1
3)

11
4

(2
8)

21
7

(5
4)

<
0.

00
1

a

R
ur

al
,n

(%
)

39
4

(5
0)

59
(1

5)
62

(1
6)

82
(2

1)
19

1
(4

8)

Et
hn

ic
it

y

M
al

ay
,n

(%
)

65
0

(8
2)

68
(1

0)
10

0
(1

5)
16

2
(2

5)
32

0
(4

9)

0.
03

a
C

hi
ne

se
,n

(%
)

44
(6

)
0

(0
)

8
(1

8)
12

(2
7)

24
(5

5)

In
di

an
,n

(%
)

69
(1

4)
5

(7
)

3
(4

)
12

(1
7)

49
(7

1)

O
th

er
s,

n
(%

)
32

(6
)

3
(9

)
4

(1
3)

10
(3

1)
15

(4
7)

Sm
ok

in
g

st
at

us

Ye
s,

n
(%

)
73

(9
)

11
(1

5)
12

(1
6)

13
(1

8)
37

(5
1)

0.
23

a
N

o,
n

(%
)

72
2

(9
1)

65
(9

)
10

3
(1

4)
18

3
(2

5)
37

1
(5

1)

A
lc

oh
ol

in
ta

ke

Ye
s,

n
(%

)
23

(3
)

3
(1

3)
5

(2
2)

4
(1

7)
11

(4
8)

0.
55

a
N

o,
n

(%
)

77
2

(9
7)

73
(9

)
11

0
(1

4)
19

2
(2

5)
39

7
(5

1)

Ph
ys

ic
al

ac
tiv

ity
(i

n
la

st
7

da
ys

)

271



Nutrients 2019, 11, 973

T
a

b
le

1
.

C
on

t.

B
re

a
k

fa
st

F
re

q
u

e
n

cy

T
o

ta
l

0
d

a
y

s/
w

e
e

k
1

–
3

d
a

y
s/

w
e

e
k

4
–

6
d

a
y

s/
w

e
e

k
D

a
il

y
p-

V
a

lu
e

N
ev

er
n

(%
)

23
7

(3
0)

27
(1

1)
35

(1
5)

55
(2

3)
12

0
(5

1)

0.
35

a

1–
2

ti
m

es
la

st
w

ee
k

n
(%

)
36

1
(4

5)
32

(8
)

58
(1

6)
89

(2
5)

18
2

(5
0)

3–
4

ti
m

es
la

st
w

ee
k

n
(%

)
11

3
(1

4)
8

(7
)

13
(1

2)
31

(2
7)

61
(5

4)

5–
6

ti
m

es
la

st
w

ee
k

n
(%

)
34

(4
)

2
(6

)
8

(2
4)

8
(2

4)
16

(4
7)

7+
ti

m
es

la
st

w
ee

k
n

(%
)

50
(6

)
7

(1
4)

1
(2

)
13

(2
6)

29
(5

8)

To
ta

ld
ai

ly
in

ta
ke

En
er

gy
(k

ca
l/d

ay
)

16
73

(3
32

)
17

44
(4

33
)

15
73

(2
76

)
15

94
(2

67
)

17
26

(3
39

)
<

0.
00

1
b

Pr
ot

ei
n

(%
of

to
ta

le
ne

rg
y)

15
(2

)
15

(2
)

15
(2

)
15

(2
)

15
(2

)
0.

63
b

Fa
t(

%
of

to
ta

le
ne

rg
y)

29
.9

30
(5

)
30

(5
)

30
(4

)
30

(5
)

30
(4

)
0.

87
b

C
ar

bo
hy

dr
at

e
(%

of
to

ta
l

en
er

gy
)

55
(5

)
55

(5
)

56
(5

)
55

(5
)

55
(6

)
0.

62
b

C
ho

le
st

er
ol

(m
g/

10
00

kc
al

)
13

3
(5

2)
13

7
(5

8)
13

9
(5

0)
13

1(
47

)
13

2
(5

4)
0.

53
b

SF
A

(%
of

to
ta

le
ne

rg
y)

6
(2

)
6

(2
)

5
(2

)
6

(3
)

6
(2

)
0.

14
b

So
di

um
(m

g/
10

00
kc

al
)

13
87

(3
45

)
13

28
(3

80
)

13
63

(3
52

)
14

00
(3

29
)

13
99

(3
44

)
0.

32
b

C
al

ci
um

(m
g/

10
00

kc
al

)
22

6
(9

1)
22

9
(1

16
)

19
5

(8
27

)
22

2
(8

1)
23

6
(9

2)
<

0.
00

1
b

Ir
on

(m
g/

10
00

kc
al

)
9

(3
)

9
(3

)
8

(6
)

8
(2

)
9

(2
)

0.
42

b

C
ru

de
fib

er
(g
/1

00
0

kc
al

)
2

(1
)

2
(1

)
2

(1
)

2
(1

1)
2

(1
)

0.
51

b

Su
ga

r
(%

of
to

ta
le

ne
rg

y)
8

(4
)

8
(4

)
7

(3
)

9
(4

)
8

(4
)

0.
04

b

D
ie

ta
ry

pa
tt

er
n

sc
or

e
(S

D
un

its
)

0.
01

(1
.1

0)
−0

.0
6

(1
.1

8)
−0

.0
9

(1
.0

2)
−0

.1
2

(1
.0

81
)

0.
12

(1
.1

0)
0.

05
b

a
Pe

ar
so

n’
s

ch
i-

sq
ua

re
d;

b
A

N
O

VA
.A

bb
re

vi
at

io
ns

—
A

N
O

VA
:a

na
ly

si
s

of
va

ri
an

ce
;S

D
:s

ta
nd

ar
d

de
vi

at
io

n;
SF

A
:s

at
ur

at
ed

fa
tt

y
ac

id
.

272



Nutrients 2019, 11, 973

 
Figure 3. Food groups eaten for breakfast. Bars represent percentage of each food group from all food
items reported in breakfast occasions (n = 15,507 food items reported at breakfast). Only food groups
contributing 1% or more to all food items are displayed. Energy density (ED).

3.1. Mean of Cardiovascular Disease Risk Factors

A description of CVD risk factors by breakfast frequency is presented in Table 2. Compared to
daily breakfast consumers, those who never ate breakfast had slightly higher serum total cholesterol
concentrations (4.6 vs. 4.8 mmol/L, p = 0.01), driven by higher LDL cholesterol (2.7 vs. 2.9 mmol/L,
p = 0.01) (Figure 4). These associations were linear across the breakfast categories. Unlike the other
CVD risk variables, there was weak evidence (ptrend = 0.06) that the relationship between breakfast
consumption and BMI may be non-linear. Those consuming breakfast daily had the lowest BMI
(19.2 kg/m2), but participants who consumed breakfast infrequently (1–3 days/week), rather than
never, had the highest BMI (20.9 kg/m2; Table 2 and Figure 4). There was no evidence of other CVD
risk factors, i.e., fasting serum glucose, TAG, or HDL concentration and blood pressure, varying by
breakfast frequency, though there was some weak evidence suggesting that waist circumference was
2 cm smaller in daily vs. never breakfast consumers (p = 0.06).
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Table 2. Description of cardiovascular disease (CVD) risk factors by breakfast frequency (n = 795).

Breakfast Frequency

p-Value
(ANOVA)

ptrend
0 days/week

(n = 76)
1–3 days/week

(n = 115)
4–6 days/week

(n = 196)
Daily

(n = 408)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

BMI (kg/m2) 19.9 (5.7) 20.9 (5.3) 20.0 (4.4) 19.2 (4.7) 0.003 0.06

WC (cm) 70.1 (12.9) 71.0 (13.4) 69.0 (10.6) 67.9 (11.6) 0.06 0.91

FBG (mmol/L) 4.9 (0.4) 4.9 (0.4) 4.9 (0.4) 4.9 (0.8) 0.79 0.61

TC (mmol/L) 4.8 (1.0) 4.6 (0.9) 4.7 (0.8) 4.6 (0.8) 0.01 0.32

HDL(mmol/L) 1.5 (0.3) 1.5 (0.3) 1.4 (0.3) 1.5 (0.3) 0.56 0.38

LDL (mmol/L) 2.9 (0.9) 2.8 (0.8) 2.8 (0.7) 2.7 (0.7) 0.01 0.41

SBP (mmHg) 109 (13) 111 (11) 109 (11) 109 (11) 0.32 0.31

DBP (mmHg) 67 (13) 68 (10) 67 (10) 68 (10) 0.45 0.34

TAG (mmol/L) 0.98 (0.60) 0.92 (0.45) 0.99 (0.47) 0.91 (0.46) 0.24 0.23

Abbreviations—ANOVA: analysis of variance; BMI: body mass index; DBP: diastolic blood pressure; FBG: fasting
plasma glucose; HDL: high-density lipoprotein; LDL: low-density lipoprotein; TC: total cholesterol; SBP: systolic
blood pressure; SD: standard deviation; TAG: triacylglycerol; WC: waist circumference.

Figure 4. Baseline associations between breakfast frequency and cardiovascular disease (CVD)
risk factors in MyHeARTs. Never = 0 days a week, n = 76; Seldom = 1–3 days a week, n = 115;
Often = 4–6 days a week, n = 196; Daily = 7 days a week, n = 408. Abbreviations—BMI: body mass
index; HDL: high-density lipoprotein; LDL: low-density lipoprotein; TAG: triacylglycerol.
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3.2. Association of Breakfast Consumption and cardiovascular disease (CVD) Risk Factors

Table 3 shows associations between breakfast frequency and CVD risk factors, before and after
adjusting for potential confounders. In the fully adjusted models, each extra day of breakfast was
associated with a lower BMI by 0.2 kg/m2 (95% CI −0.4, −0.1) and lower total cholesterol concentration
of −0.03 mmol/L (95% CI −0.06, −0.01). The lower total cholesterol concentration was driven by LDL
cholesterol, which was lower by the same order of magnitude for each extra day of breakfast (β −0.03,
95% CI −0.06, −0.01). Waist circumference was 0.5 cm (95% CI −0.84, −0.16 cm) lower per extra day of
eating breakfast per week in model 2, but the association was reduced to 0.06 cm/breakfast/week after
adjustment for BMI (model 3, Table 3). No evidence of association was observed for fasting serum
glucose or TAG concentration, serum HDL cholesterol concentration, and blood pressure.

Table 3. Multiple linear regression analysis of association of breakfast frequency and risk factors of
cardiovascular disease independent of potential confounding among participants (n = 795).

β (95% CI) p-Value

Body mass index (kg/m2)

Model 1 a −0.21 (−0.35, −0.07) 0.004

Model 2 b −0.20 (−0.34, −0.06) 0.01

Model 4 d −0.20 (−0.34, −0.05) 0.01

Model 5 f −0.18 (−0.33, −0.04) 0.01

Waist circumference (cm)

Model 1 a −0.44 (−0.78, −0.10) 0.01

Model 2 b −0.50 (−0.84, −0.16) 0.004

Model 3c −0.06 (−0.21, 0.09) 0.40

Model 4 e −0.07 (−0.22, 0.08) 0.36

Model 5 g −0.06 (−0.21, 0.09) 0.43

Fasting glucose concentration (mmol/L)

Model 1 a 0.00 (−0.02, 0.02) 0.80

Model 2 b 0.00 (−0.02, 0.02) 0.88

Model 3 c 0.00 (−0.02. 0.02) 0.79

Model 4 e 0.00 (−0.02, 0.02) 086

Model 5 g 0.00 (−0.02, 0.02) 0.82

Total cholesterol concentration (mmol/L)

Model 1 a −0.04 (−0.06, −0.01) 0.004

Model 2 b −0.04 (−0.06, −0.01) 0.003

Model 3 c −0.04 (−0.06, −0.01) 0.01

Model 4 e −0.03 (−0.06, −0.01) 0.01

Model 5 g −0.03 (−0.06, −0.01) 0.01

High-density lipoprotein cholesterol concentration (mmol/L)

Model 1 a 0.00 (−0.01, 0.01) 0.68

Model 2 b 0.00 (−0.01, 0.01) 0.66

Model 3 c 0.00 (−0.01, 0.01) 0.57

Model 4 e 0.00 (−0.01, 0.01) 0.80

Model 5 g 0.00 (−0.01, 0.01) 0.82
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Table 3. Cont.

β (95% CI) p-Value

Low-density lipoprotein cholesterol concentration (mmol/L)

Model 1 a −0.03 (−0.06, −0.01) 0.002

Model 2 b −0.04 (−0.06, −0.01) 0.001

Model 3 c −0.03 (−0.05, −0.01) 0.03

Model 4 e −0.03 (−0.05, −0.01) 0.01

Model 5 g −0.03 (−0.05, −0.01) 0.01

Systolic blood pressure (mmHg)

Model 1 a −0.18 (−0.51, 0.15) 0.28

Model 2 b −0.14 (−0.46, 0.18) 0.389

Model 3 c 0.04 (−0.25, 0.34) 0.78

Model 4 e 0.07 (−0.23, 0.37) 0.65

Model 5 g 0.07 (−0.23, 0.37) 0.65

Diastolic blood pressure (mmHg)

Model 1 a 0.11 (−0.19, 0.41) 0.48

Model 2 b 0.12 (−0.18, 0.42) 0.44

Model 3 c 0.26 (−0.03, 0.55) 0.08

Model 4 e 0.27 (−0.03, 0.56) 0.08

Model 5 g 0.27 (−0.02, 0.57) 0.07

Triacylglycerol concentration (mmol/L)

Model 1 a −0.01 (−0.02, 0.01) 0.26

Model 2 b −0.01 (−0.02, 0.01) 0.34

Model 3 c 0.00 (−0.01, 0.01) 0.92

Model 4 e 0.00 (−0.02, 0.01) 0.82

Model 5 g 0.00 (−0.01, 0.01) 0.90

Abbreviations—CI: confidence interval. a Model 1 includes only breakfast frequency. b Model 2 includes breakfast
frequency, physical activity, smoking status, alcohol intake, ethnicity, and sex. c Model 3 includes variables in model
2 plus BMI. d Model 4 includes variables from model 2 plus total daily energy (kcal), total daily carbohydrate (%),
total daily protein (%), total daily fat (%), total daily cholesterol (mg/1000 kcal), total daily saturated fatty acid (%),
total daily sodium (mg/1000 kcal), total daily calcium (mg/1000 kcal), total daily iron (mg/1000 kcal), total daily fiber
(g/1000 kcal), and total daily sugar (%). e Model 4 includes variables from model 3 plus total daily energy (kcal),
total daily carbohydrate (%), total daily protein (%), total daily fat (%), total daily cholesterol (mg/1000 kcal), total
daily saturated fatty acid (%), total daily sodium (mg/1000 kcal), total daily calcium (mg/1000 kcal), total daily iron
(mg/1000 kcal), total daily fiber (g/1000 kcal), and total daily sugar (%). f Model 5 includes variables from model 4 d

plus dietary pattern score. g Model 5 includes variables from model 4 e plus dietary pattern score.

4. Discussion

In this cross-sectional analysis of a large sample of Malaysian adolescents with detailed dietary
data and a broad range of CVD risk factors, we found evidence that breakfast frequency was inversely
associated with BMI and fasting total and LDL cholesterol concentrations, but not waist circumference,
fasting glucose, HDL or TAG concentrations, or blood pressure.

Among Malaysian adolescents in our study, 10% were breakfast skippers and 51% were daily
breakfast consumers, which is similar to a previously reported prevalence in a different Malaysian
sample of 12–19 year-olds [26]. A higher prevalence of breakfast skipping has been observed among
U.S. and Finnish adolescents (i.e., 13–16% and 16–24% respectively [31,43]) as well as higher prevalence
of daily breakfast consumption in other populations (i.e., 94% among U.K. primary school children and
89% among Taiwanese primary school children [28,32]). Differences in daily breakfast consumption
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could partly be explained by a lack of a consistent definition of breakfast in the literature [44].
For example, some studies defined breakfast based on the time of the day food was consumed, e.g.,
between 0600 h and 0900 h [35], while others based their definitions on the frequency of breakfast
(self-identified by the participant) during the week [29,32,34] or only during weekdays [31]. In addition,
adolescents with the same breakfast frequency may be in different groups across studies, e.g., breakfast
skippers in the current study are those who never consumed breakfast, while in other studies those
who never consumed breakfast are combined with irregular consumers [29].

4.1. Breakfast Associations with Cardiovascular Disease Risk Factors

Our findings agree with previous observational studies across the world showing consistent
inverse associations between frequency of breakfast consumption and BMI [5,6]. Only one study
previously investigated Malaysian adolescents (n = 236) [26], finding breakfast consumption to be
associated with lower BMI, concordant with our analysis. Interestingly, we did not find strong evidence
for a linear relationship potentially suggesting that never eating breakfast is not problematic per se,
but rather irregular consumption of breakfast on some days but not others makes energy balance
more difficult to regulate. Nurul-Fadhilah et al. [26] further found an inverse relationship between
breakfast consumption and waist circumference, which our analysis supports, but the association
was not robust to adjustment for BMI. Similar waist circumferences were found between the two
studies for infrequent breakfast consumers (~70 cm) but the waist circumference observed in frequent
breakfast consumers differed, where Nurul-Fadhilah et al. [26] found lower waist circumferences
(~64 cm) compared with MyHeARTs (~68 cm). The differences in these findings may be explained
by the comparatively homogenous sample (mostly Malay from Kelantan) with a smaller sample size
compared to the larger and more diverse MyHeARTs sample.

Our study found frequent breakfast consumption was associated with lower total cholesterol
driven by lower LDL cholesterol concentrations compared to infrequent breakfast consumption.
These findings are in agreement with some [29,35], but not all [28–30,33] previous studies. However the
effect sizes in our analyses were small and likely not clinically meaningful (~0.03 mmol/L difference
in plasma total and LDL cholesterol concentrations for each extra day of breakfast), as ≥1.0 mmol/L
reduction in LDL concentration is needed to reduce the risk of all-cause mortality by 10% in adults [45].

Previous research has reported inconsistent associations between breakfast consumption and HDL
cholesterol concentrations [30–33]. Our analyses however provided no evidence of association
in accordance with several studies [30,31,33,35]. Whilst others found statistically significant
associations [32,46], the differences in HDL cholesterol concentrations observed elsewhere were
small and unlikely to be clinically meaningful at reducing CVD risk (difference of <2 mg/dL).
Importantly, all categories of breakfast consumption in this study were associated with plasma HDL
cholesterol concentrations within the range associated with lowest CVD and mortality risk in adults [47].
Such findings may suggest that there is limited power in detecting associations between CVD risk
markers such as HDL concentrations in an overall healthy sample. Despite the inconsistencies in
statistical significance between studies, taken together there appears to be no meaningful association
between HDL cholesterol concentrations and breakfast consumption in adolescents, in line with
our results.

We did not observe evidence of association between breakfast consumption and blood pressure,
which may partially be explained by the similar sodium intakes between breakfast consumption
categories. As with HDL cholesterol concentrations, previous research has provided mixed results
regarding the relationship between breakfast consumption and blood pressure in adolescents.
Ahadi et al. [34] found breakfast consumption to be associated with lower blood pressure, supporting
previous research showing a reduced risk of hypertension [31]. The latter study however only
showed lower hypertension risk in girls who were semi-regular breakfast consumers. Our findings do
however support other research demonstrating no association between breakfast consumption and
diastolic [28,30,36,46] and systolic [30,36,46] blood pressure.
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Our analysis did not find an association between breakfast consumption frequency and plasma
TAG concentrations, supporting most other studies [28–30,48]. Smith et al. [35] found breakfast
skipping to be longitudinally associated with increased serum TAG concentrations compared to regular
breakfast consumption, potentially suggesting changes to TAG concentrations occur over a longer
period. Such a time effect may be physiologically plausible; blood TAG concentrations are typically
due to greater adiposity, but such an effect is not necessarily immediate. Since breakfast skipping has
consistently been associated with greater adiposity [5], it may be that the associations with TAG are
chronic adaptations to higher fat mass.

Lower fasting glucose concentrations have previously been associated with regular breakfast
consumption in adolescents in some [28,29,36] but not all [30,32] studies, with others finding mixed
results [31,35]. Our analyses provide no evidence for an association. However, we were unable to
investigate markers of insulin resistance (e.g., Homeostatic model assessment HOMA) due to lack
of insulin data; such a measure provides useful data due to the insulin resistance exhibited during
adolescence [16,17]. This may explain the more consistent finding (compared to fasting plasma glucose
concentrations alone) of regular breakfast consumption being associated with lower insulin resistance
in adolescents [28–30,35].

There is a lack of causal data in adolescents pertaining to glycemic regulation and breakfast
consumption. In adults, short-term experimental manipulations to meal regularity (including breakfast
omission) have detrimental effects on acute postprandial glycemic and insulinemic responses [9,49],
although longer-term breakfast consumption versus omission does not appear to negatively influence
glycemic regulation [13]. Equally, in schoolchildren, fasted plasma glucose concentrations were
unaffected by participation (compared to non-participation) in a nine-month school breakfast
program [50], supporting our analysis. Such findings suggest chronic adaptations to blood glucose
possibly occur mitigating the acute-effects of breakfast omission.

4.2. Comparisons of Breakfast Definitions

The differences in the way breakfast is defined and how frequencies are combined in each study
make it hard to directly compare associations with health and may be responsible for the disparate
findings [51]. For example Nurul-Fadhilah et al. [26] used two broad categories of breakfast, i.e.,
<5 days/week versus ≥5 days/week, which could explain the evidence for association observed for
waist circumference, in comparison to the weaker evidence observed in our study, which included
a greater number of breakfast categories. Furthermore, our study adjusted for aspects of adiposity
and diet quality, which was not the case in previous studies showing associations for fasting glucose
concentrations and blood pressure [28,32]. Different ranges of CVD risk factors could also explain
the diverse findings; for example, mean diastolic blood pressure was higher among U.K. primary
children [28] compared to our sample. Additional explanations could be the inclusion of younger
and smaller sample sizes [28,30] and the inclusion of healthier adolescents compared to the average
population [33].

4.3. Breakfast Composition and Meal Timing

Overall, our findings show some, albeit limited, evidence for a protective association between
breakfast consumption and some CVD risk factors, such as BMI, and total and LDL cholesterol
concentrations. One reason for which breakfast might be protective is the consumption of particular
foods during breakfast. The fiber contained in cereal and the high protein content of eggs have been
shown to increase satiety and improve appetite control [44,52,53]. This may explain the protective
effect of breakfast in some populations. For example, European children and adolescents typically
consume micronutrient-dense breakfast cereal (with milk) and bread [54], while in our sample the
most commonly consumed breakfast foods were cooked rice dishes, sugar, malt drinks, and sweetened
condensed milk. Considering the differences in the types of foods consumed at breakfast between
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populations, it is more likely that, if causal, breakfast relates to health because of the timing of food
intake in relation to circadian metabolic rhythms rather than the type of food consumed.

The timing of eating has been associated with improved gluco-regulatory responses in adults
(e.g., Farshchi et al. [9]). Improved postprandial metabolic responses may be of particular importance
in adolescents because of the increased insulin resistance in this population compared to childhood
and adulthood [16,17], as well as the circadian dysregulation, which often skews adolescents towards
evening chronotypes [18] typically associated with poorer general health [55]. In adults, such circadian
misalignment is causally implicated in poorer cardiometabolic health (e.g., Scheer et al. [56]), with
observational research suggesting similar health outcomes in adolescents [57]. Compared to the evening,
morning ingestion of nutrients results in lower postprandial glycemia and insulinemia, conducive to
lower CVD risk [58], making breakfast a particularly important meal. Breakfast consumption may
therefore act to improve cardiometabolic health via both circadian entrainment [59], and via exploiting
the favorable postprandial response found when ingesting nutrients in the morning compared to the
evening [60], though causal research specifically in adolescents is lacking and should be a priority for
future studies.

4.4. Strengths and Limitations

One of the main strengths of our study is that the MyHeARTs is the largest study in Malaysia, involving
adolescents from three main ethnicities, three regions, and the inclusion of rural and urban participants,
providing superior representativeness than previous studies (e.g., Nurul-Fadhilah et al. [26]). The ethnic
diversity in our analyses is a particular strength, demonstrating higher breakfast eating prevalence among
Indian participants, and no cases of skipping breakfast every day in Chinese participants. Dietary intake
was measured using a seven-day diet history, which is a valid method for estimating the energy and
nutrient intake among adolescents (Burrows et al. 2010). A broad range of demographic data, with student
lifestyle and information on parents enabled us to model the independent association of breakfast frequency
with CVD risk factors, including multiple biomarkers.

Whilst the strengths of this study mean we have provided novel data on breakfast and
cardiometabolic health in Malaysian adolescents, several limitations also need to be acknowledged.
Breakfast is notoriously difficult to define, particularly in epidemiological studies due to limitations in
data availability (e.g., wake time not being recorded). In our study, breakfast was self-defined by the
participant. Recent research has aimed to define breakfast and has proposed a wake-time-dependent
definition of within two or three hours of waking [44]. In data collection for MyHeARTs, dietitians
asked participants when their breakfast time was, and if this was after 1030 h, the meal was not
recorded as ‘breakfast’ but as a morning snack instead. Owing to early school start times in Malaysia
(~0730 h), our definition of breakfast on week days is likely to have classified some breakfasts outside
of 2–3 h of waking, thus capturing a slightly extended morning fast.

Future studies should further explore different types of breakfast which may help provide
novel insights into the role of breakfast on cardiometabolic health. For example, in our sample,
adolescents typically consumed foods such as rice and noodles for breakfast which, despite being
high carbohydrates, differ in nutritional composition to typical breakfast foods in Europe, such as
cereal, which is a vehicle for milk consumption in European children [54]. Differences in breakfast
composition may help explain some of the aforementioned disparities compared to previous research.
Future studies could explore this using meal coding, as has been done previously, to understand
meal-based dietary patterns in adults [61,62]. Additionally, understanding breakfast composition may
help elucidate whether the consistent associations with BMI are driven by breakfast food composition
or timing of nutrient intake. In the case of the latter, this would explain why we observed a protective
association with breakfast despite daily breakfast consumers having a more energy-dense, lower fiber
overall dietary pattern score, which is associated with greater adiposity in the United Kingdom [63].
This may additionally suggest further cultural differences, as typically breakfast consumption in
Western populations is associated with less obesogenic diets [64].
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Physical activity and diet were both self-reported. Although validated methods were used to
obtain these data minimizing risk of bias, there is known error within these measures, such as energy
intake underreporting bias. As such, we aimed to control for dietary misreporting by excluding
under-reporters. Finally, the cross-sectional and observational nature of the study prevents causal
inference for the associations observed owing to the possibility of reverse causation and residual
confounding. Thus, both longitudinal and randomized controlled studies are required in order to
establish the causality of the relationship between breakfast consumption and lower CVD risk factors
in this population. Longitudinal studies are particularly valuable in adolescents as some research has
suggested breakfast skipping is cross-sectionally, but not longitudinally associated with higher BMI in
adolescents with overweight, and vice versa in those in the normal BMI range [65]. Our study has
provided valuable information for hypothesis generation to aid in developing such studies.

5. Conclusion

In conclusion, the present study suggests that adolescents in Malaysia who eat breakfast more
frequently have a lower BMI, and lower plasma total and LDL cholesterol concentrations independent
of a range of confounders. Our study results specifically highlight that the benefits of breakfast (if
causal) are not limited to the types of foods typically eaten in Western populations such as breakfast
cereals, milk, or bread, but may be independent of the type of food consumed and instead related to the
timing of food intake. Furthermore, our data suggested that irregular habits may be more detrimental
to CVD risk than uniform breakfast eating vs. skipping. Previous longitudinal studies or long-term
randomized trials have not explored the potential impact of consistent versus irregular breakfast habits
or been able to differentiate changes in the timing of eating from the type of food eaten. Future research
should aim to examine whether the content, timing, or regularity of breakfast intake is associated with
lower CVD risk both longitudinally and causally within trials in adolescents.
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Abstract: Mutations leading to a reduced function of the melanocortin-4 receptor (MC4R) exert
a major gene effect on extreme obesity. Recently it was shown that the bone derived hormone lipocalin
2 (LCN2) binds to the MC4R and activates a MC4R dependent anorexigenic pathway. We identified
mutations in both genes and screened the effects of MC4R and LCN2 mutations on eating behavior
and weight change after a lifestyle intervention. One hundred and twelve children (11.24 ± 2.6 years,
BMI-SDS 2.91 ± 1.07) with abdominal obesity participated in a lifestyle intervention. MC4R and
LCN2 coding regions were screened by Sanger sequencing. Eating behavior was assessed at baseline
with the Children Eating Behavior Questionnaire (CEBQ). We detected three previously described
non-synonymous MC4R variants (Glu42Lys, Thr150Ile, and Arg305Gln) and one non-synonymous
polymorphism (Ile251Leu). Regarding LCN2, one known non-synonymous variant (Thr124Met)
was detected. Eating behavior was described in carriers of the MC4R and LCN2 mutation and in
non-carriers. MC4R and LCN2 mutations were detected in 2.42% and 0.84%, respectively, of Spanish
children with abdominal obesity. A number of subjects with functional mutation variants in MC4R
and LCN2 were able to achieve a reduction in BMI-SDS after a lifestyle intervention.

Keywords: childhood obesity; CEBQ; eating behavior and Ile251Leu

1. Introduction

Obesity has been defined by the World Health Organization (WHO) as an abnormal or excessive
body fat accumulation that may impair health [1]. Both environmental and genetic factors have
an influence on weight gain [2]. The impact of genetics on obesity is heterogeneous. For a small
number of subjects obesity is caused by mutations in single genes, for the majority of the population
obesity has a polygenic nature [2,3].
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One of the most common single genes harboring variants associated with obesity is the
melanocortin-4 receptor gene (MC4R) [4,5]. It is known as a regulator of energy homeostasis due to its
effect on food intake and energy expenditure via neuronal melanocortinergic pathways [6]. More than
369 mutations including non-synonymous, nonsense, and frameshift mutations have been identified
mainly in obese individuals [7,8]. Most of the non-synonymous mutations lead to partial or complete
loss of function of the MC4R [9]. The polymorphism Ile251Leu leads to an increased function of MC4R
and is associated with a reduced BMI [7].

The protein lipocalin 2 has been associated with obesity [10,11] and was thought to be secreted from
adipose tissue as an adipokine [12]. However recent studies discovered a ten-fold higher expression in
osteoblasts than in adipose tissue. In this line, recent studies have shown that lipocalin 2 (LCN2) binds
to the MC4R to activate MC4R-dependent anorexigenic pathways [13]. It has also been observed that
obese participants heterozygous for MC4R mutations leading to impaired function have higher levels
of plasma LCN2 than BMI-matched MC4R wild-type controls [13].

Our aim was to screen for mutations in the MC4R and LCN2 genes in a Spanish pediatric
population with abdominal obesity. Moreover, we investigated the effects on eating behavior and
weight change after participating in a one-year lifestyle intervention for carriers versus non-carriers of
MC4R and LCN2 variants.

2. Materials and Methods

2.1. Subjects

For this study, a total of 112 children between 7 to 16 years of age and with abdominal obesity
defined as a waist circumference higher than the 90th percentile [14] participate in a lifestyle intervention.
The IGENOI study is a 2-year lifestyle intervention program for children with abdominal obesity carried
out by GENOI group (“Grupo de Estudio Navarro de la Obesidad infantil”). This study is a randomized
control trial (NCT03147261) conducted in Pamplona, Spain. Children were recruited from the Pediatric
Endocrinology at “Clinica Universidad de Navarra” and “Complejo hospitalario de Navarra”, and
from health care centers around Pamplona and its neighborhoods.

Participants with previous diabetes, presence of other diseases beside obesity, major psychiatric
illness including bulimia nervosa, pharmacological treatment, food intolerance, or treatment with
special diets, or frequent alcohol or drug consumption were excluded. Children and their parents
signed a written informed consent in the screening visit. The study protocol was performed in
accordance with the ethical standards of the Declaration of Helsinki (Fortaleza, Brasil, October 2013),
and was approved by the ethics committee of the University of Navarra (Reference number 044/2014).

2.2. Experimental Design

The lifestyle intervention comprises an 8-week intensive phase (N = 104 subjects) and a follow-up
period of 10 months (N = 85 subjects, 1 year). The dropout rate was 7% at week 8 and 24% at 1 year of
follow up.

A multidisciplinary team conformed by dietitians, pediatricians, nurses, physical activity experts,
and laboratory technicians were involved in the development of the study protocol. Participants were
randomly assigned into two different groups: intensive care and usual care group, following a 3:1
ratio. The first one was given a moderate hypocaloric Mediterranean diet, as previously described [15],
while the usual care group received usual pediatric advice with healthy diet recommendations [16].
Specifically, intensive care participants were prescribed with a moderate hypocaloric diet based on
a fixed full-day meal plan. The restriction, not to interfere with growth, was calculated depending
on the degree of obesity (from −10% to −40% of total energy intake). A Mediterranean-style diet
based consists of high consumption of fruit, vegetables, whole grains, legumes, nuts, seeds, and olive
oil, minimally processed foods; moderate consumption of dairy products, fish, and poultry; and low
consumption of red meat [15]. Both groups were encouraged to increase their physical activity to at
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least 200 minutes per week as recommended by The American College of Sports Medicine to prevent
weight gain [17].

The intervention group participants had 30-minute individual sessions with the dietitian every two
weeks during the 8-week treatment phase. In these sessions a follow-up about the accomplishment of
the diet and anthropometric measurements was performed. In addition, the parents or legal guardians
had one parallel group session where they received education about their role in the study and obesity
related problems, while intensive care participants were encouraged to make healthy lifestyle decisions
about food choices, eating behavior, sedentary activities, and physical activity. On the other hand,
usual care participants and their parents received one 30-min individual session with the dietitian and
five monitoring visits to assess anthropometric parameters.

During the follow-up period, participants had monitoring visits at 3, 4,5,6,9, and 12 months from
the baseline visit.

2.3. Anthropometric, Clinical and Biochemical Measurements

All anthropometric measurements were performed at baseline, after 8 weeks, and at 1 year of
follow up according to standard procedures and calibrated tools in the paediatric population [18].
Measurements were performed by trained personnel in a wide space, while the participants were
asked to stand barefoot and wore light clothing, without hair ornaments or jewels.

Body weight and body fat were determined using a digital scale BC-418 Segmental Body
Composition Analyzer according to manufacturer instructions (Tanita, Tokyo, Japan). To measure
height, participants were asked to stand on stadiometer with the feet placed parallel and slightly
apart, and heels, buttocks, scapula, and occipital head area touching the vertical board at the same
time. A non-stretchable measuring tape (type SECA 200) was used for measuring waist circumference
(WC) and hip circumference (HC) by standard procedures (Type SECA 200). The waist-to-hip and
waist-to-height ratios were also calculated.

Body mass index was calculated as weight divided by squared height (Kg/m2). BMI-standard
deviation (BMI-SDS) is BMI values converted into standard deviation using age and specific cut-points
according to Spanish reference growth charts [19]. Pubertal status was determined using Tanner
stage and was evaluated by a paediatrician. The presence of Acanthosis Nigricans was diagnosed by
pediatricians of the team at baseline. Blood pressure was measured following standard procedures,
as described elsewhere [20].

Venous blood samples were obtained by specialized trained nurses at the Hospital after
an overnight fast. Glucose, insulin leptin, and lipid profiles were determined by standard autoanalyzer
techniques at baseline. Insulin resistance was calculated from the homeostasis model assessment of
insulin resistance (HOMA-IR).

2.4. Physical Activity

Moderate-to-vigorous physical activity was assessed at baseline using triaxial accelerometry
(Actigraph wGT3X-BT, Actigraph LLC, Penascola, FL, USA). Briefly, participants wore the accelerometer
around the non-dominant waist for four days, including, at least, two weekend days, as described
elsewhere [21]. Accelerometry data were analysed using ActiLife 6.0 software (Actigraph LLC,
Penascola, FL, USA) as describe elsewhere [22].

2.5. Children Eating Behavior Questionnaire (CEBQ)

The Children Eating Behaviour Questionnaire (CEBQ) is a multidimensional parent-reported
questionnaire about their children’s eating behaviour [23]. It includes 35 items regarding eating styles
that are clustered into eight subscales. The eight subscales are classified into two dimensions: food
approach or food avoidance. The food approach dimension comprises the following subscales:
“Emotional overeating”, “Enjoyment of food”, “Desire for drink”, and “Food responsiveness”.
Food avoidance is represented by the following: “Slowness in eating”, “Satiety responsiveness”,
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“and Emotional undereating”, and “Food fussiness”. It was fulfilled by parents or legal guardians
at baseline.

For each behaviour subscale parents report their children’s behaviour on a five-point Likert Scale,
that ranges from never, rarely, sometimes, often, or always (1 to 5). A ratio was calculated between the
sums of the food approach vs. the sum of the food avoidance subscales.

2.6. DNA Extraction

Venous blood samples were obtained on ethylendiaminetetraacetic acid (EDTA) tubes, which were
centrifuged 30 minutes after the extraction at 3500 rpm for 15 minutes at 4 ◦C. DNA was extracted
from the buffy coat fraction using a commercial kit MasterPure DNA purification kit for Blood Version
II (Epicenter Biotechnologies, Madison, WI, USA). Its quality and quantity were determined with
a Nanodrop spectrometer ND-1000 (Nanodrop Technologies, Wilmington, Delware, USA) and it was
stored at −80 ◦C until processing.

2.7. Mutation Screen

MC4R and LCN2 genes were screened for mutations. All subjects were heterozygous for the
mutations. MC4R was analyzed with one PCR fragment, while LCN2 was divided into four PCR
fragments. Methodological details can be obtained from the authors.

All samples were commercially Sanger sequenced by LGC Genomics (Berlin, Germany). Analyses
of the sequences were performed by two experienced individuals in Essen (Germany). Samples with
discrepancies were re-sequenced by Seqlab laboratories (Göttingen, Germany).

2.8. Statistical Analysis

Statistical analyses were performed using STATA version 12 (StataCorp, College Station, TX, USA).
Normality was assessed by Shapiro-Wilk. All the tests were two-sided and the significance level was
set at α = 0.05. We did not correct for multiple testing.

We used Wilcoxon rank-sum test for the comparison between subjects with Ile 251Leu MC4R
mutation and without MC4R mutation for the variables studied at baseline.

Paired t-test was applied for assessing changes in BMI-SDS between baseline vs. week 8,
and baseline vs. 1 year. Furthermore, we performed a comparison between subjects with Ile 251Leu
MC4R mutation and without MC4R mutation for changes in BMI-SDS (week 8 and one year, Wilcoxon
rank-sum test).

3. Results

One hundred and twelve children with abdominal obesity (mean age 11.24 years, males 38%,
BMI-SDS 2.93) participated in the study.

3.1. Description of Identified Variants

Mutation screen of the coding region of MC4R identified a total of four variants, three
known nonsynonymous variants, rs776051881 (Glu42Lys), rs766665118 (Thr150Ile), and rs775382722
(Arg305Gln), and one nonsynonymous polymorphism rs52820871 (Ile251Leu) (Table 1). First, we
classified variants as leading to reduced receptor function or similar to the wild type MC4R function.
Three previously reported variants (Glu42Lys, Thr150Ileu, and Arg305Gln) lead to a reduced
MC4R function as classified by in-silico predictors [24] that claim them to be disease causing.
Furthermore, some in-vitro analyses had described reduced function for the mutations Thr150Ileu and
Arg305Gln [9,25,26]. Our study shows a frequency of 2.52% of MC4R mutations leading to a reduced
function in our sample of Spanish of children with abdominal obesity.
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Table 1. MC4R and LCN2 genetic variants in Spanish children with abdominal obesity.

Gene Subject
N◦ of

Subjects
Aminoacid
Exchange

rs Number
In-silico

Prediction*
Function

Reference of
Functional Analysis

MC4R
Mutations

Glu42Lys 1 p.Glu42Lys rs776051881 Disease
causing Not known -

Thr150Ile 1 p.Thr150Ile rs766665118 Disease
causing Reduced [9,25]

Arg305Gln 1 p.Arg305Gln rs775382722 Disease
causing Reduced [26]

Polymorphisms

Ile251Leu 5 p.Ile251Leu rs52820871 Disease
causing

Like wild
type [27–31]

LCN2
Mutations

Thr124Met 1 p.Thr124Met rs79993583 Probably
harmless - -

Abdominal obesity was defined as waist circumference (WC) above the sex and age-specific 90th percentile. * In-silico
prediction was performed by mutation taster www.mutationtaster.org.

The mutation screen of the coding region of LCN2 identified a total of twelve variants, eleven
are located in intronic regions (rs2232632, rs202024127, rs11794980, rs2232629, rs2232625, rs2232626,
rs116745581, rs2232628, rs568419305, rs2232631, rs2232632) and one is a known nonsynonymous
variant: rs79993583 (Thr124Met). The analysis of all detected variants by in-silico predictors show that
three of them could be disease causing (Supplementary Table S1).

3.2. Phenotypic Description of Mutation Carriers

In Table 2 phenotypic characteristics of participants with mutations at MC4R and LCN2 genes
at baseline are described in detail. We also provide data from obese participants of IGENOI study
without mutations in the coding regions of these genes.

For 103 children (37.8% males) with a mean age of 11.32 years no mutations in MC4R and LCN2
genes were found, they are wild type carriers. Mutated subjects are compared with them in the
subsequent analyses. All wild type carriers were also obese (BMI-SDS: 2.92 ± 1.10) and 41.7% showed
clinical evidence for insulin resistance in the presence of Acanthosis Nigricans that was accompanied
by a HOMA-IR of 4.03 ± 3.17.

A 14 year-old girl was heterozygous for the Glu42Lys mutation at the MC4R gene. She suffers
from severe-obesity (BMI-SDS:4.04) reflected in a fat mass of 40.8%. The main clinical features of
this participant were leptin levels higher than expected for the BMI [32], and the presence of insulin
resistance observed as hyperinsulinemia, increased HOMA-IR (4.23), and Acanthosis Nigricans.

Mutation Thr150Ileu at the MC4R gene was observed in an eight year-old boy with a BMI-SDS of
+3.5. Biochemical parameters were normal and the participant was physically active (50.65 min/day).
One participant carries two variants at the MC4R gene: Arg305Gln and the polymorphism Ile251Leu.
She is a 12 year-old girl with a BMI-SDS of 2.91, and a fat mass of 43.2% (measured by bioimpedance).
Five independent children also carried the polymorphism Ile251Leu. They had a mean age of nine
years and a mean BMI-SDS of 2.69. In comparison with the participants with the wild type receptor,
none of the participants carrying this polymorphism showed Acanthosis Nigricans.

The polymorphism Ile251Leu of MC4R was observed in five participants with a mean age of
nine years old. We found increased levels of total cholesterol and LDL-cholesterol in comparison to
participants without MC4R mutation (p= 0.004 and p= 0.013; Wilcoxon rank-sum test). These differences
persist when subjects with the Ile251Leu MC4R mutation were compared to age and sex matched
subjects without MC4R mutation (Supplementary Table S2).

One male 15 year-old heterozygously carried the mutation Thr124Met at the LCN2 gene. Clinical
characteristics of this participant included severe obesity (BMI-SDS=+4.01) accompanied by an elevated
percentage of fat mass (38.7%). Also, a remarkable difference of higher levels of MVPA was detected in
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comparison with the wild type population. The carrier of this mutation was much more active than
the wild-type controls (120.92 min/day vs. 44.82 min/day, p = 0.088). We also evaluated the siblings
(three girls) of the index patient, all of them were obese. Two of them were also carriers of Thr124Met
(BMI-SDS: 3.47 and BMI-SDS: 3.76). The MAF for this variant in the LCN2 gene in the study population
is 0.44%.

Table 2. Baseline characteristics of heterozygous MC4R and LCN2 variant carriers and wild type
Spanish children with abdominal obesity.

MC4R Mutations
LCN2

Mutation

Wt Population Glu42Lys Thr150Ile Arg305Gln+Ile251Leu Ile251Leu Thr124Met
N 103 1 1 1 5 1

Age (years) 11.32 (2.46) 14 8 12 9 (1) 15
Sex (Male/Female) 39/64 Female Male Female 2/3 Male

Tanner (I/II/III/IV/V) 31/17/18/6/24 V I II 4/-/1/-/- V
Height (cm) 151.23 (12.72) 168 137.8 151 137.3 (13.86) 175.9
Weight (Kg) 66.71 (18.77) 97 49.1 67.2 49.94 (17.87) 112.9
BMI (Kg/m2) 28.55 (4.51) 34.4 25.85 29.5 25.64 (3.53) 36.5

BMI-SDS 2.92 (1.10) 4.04 3.5 2.91 2.69 (1.05) 4.01
WHR 0.88 (0.06) 0.90 0.89 0.93 0.86 (0.04) 0.82

% fat mass 37.22 (6.33) 40.8 32.1 43.2 33.98 (9.28) 38.7
Acantosis nigricans (+/-) 43/52 + - - 0/5 +

Glucose (mg/dL) 89.04 (6.58) 85 88 78 88.25 (6.84) 87
Insulin (μu/mL) 17.92 (13.29) 20.2 7 13.5 11.87 (6.43) 11.4

HOMA-IR 4.03 (3.17) 4.23 1.52 2.6 2.66 (1.68) 2.44
Total Colesterol (mg/dL) 162.65 (24.97) 116 162 157 198.75 (14.88)* 160
HDL-colesterol (mg/dL) 46.70 (9.96) 42 53 46 56.75 (12.25) 41
LDL-colesterol (mg/dL) 97.67 (21.15) 64 96 97 125.75 (16.82)* 99
Triglycerides (mg/dL) 94.48 (44.73) 49 64 68 81.25 ( 41.65) 98

Leptin (ng/mL) 36.41 (18.60) 90.8 14 NA 33.52 (13.11) 8.1
MVPA (min/day) 44.88 (23.69) 37.5 50.65 30.93 44.55 (18.37) 120.92

CEBQ ratio 1.22 (0.42) 0.82 1.25 NA 1.01 (0.12) 0.85

Data are expressed as mean (SD), * p < 0.05 for the comparison between Ile 251Leu MC4R mutation subjects and
subjects without MC4R mutation, Wilcoxon rank-sum test was applied Abdominal obesity was defined as WC above
the sex and age-specific 90th percentile. BMI-SDS, standard deviation score for body mass index; CEBQ, Children
Eating Behavior Questionnaire Ratio; MVPA, moderate to vigorous physical activity; WHR: waist to height ratio.

3.3. Children Eating Behavior

The eating behavior scores with four dimension charts of children with abdominal obesity at
baseline is described in Figure 1. Wild type subjects (no mutations in MC4R and LCN2 genes) had
a score of 1.19. Carriers of the MC4R Thr150Ileu and LCN2 Thr124Met variants had nominally higher
scores than wild type subjects, while participants with Ile251Leu polymorphism have lower score.

Figure 1. Cont.

290



Nutrients 2019, 11, 960

 

Figure 1. Childhood Eating Behavior Score (CEBQ) in Spanish children with abdominal obesity.
The Food approach/avoidant score refers to the quotient between the sums of scores of the
“food approach” subscales divided by the sum of the scores of the “food avoidant” subscales. Subjects
with mutations in MC4R (Thr124Met, Thr150Ileu) and LCN2 (Thr124Met) genes were evaluated.

3.4. Change in BMI-SDS and Mutations in MC4R and LCN2 After 8-Week and 1-Year of Follow Up

Carriers of mutations that lead to a reduced function in MC4R and LCN2 genes showed a disparity
of responses to the lifestyle intervention (Table 3). Changes in BMI-SDS of the five subject carriers
of the Ile251Leu polymorphism are quite variable with two of them not showing any improvement
at 1 year. Moreover, no significant differences in BMI-SDS changes were found after eight weeks or
one-year of follow up in mutated carriers vs. non carriers subjects in analysis conducted in matched
age and sex subjects with and without a functional mutation in MC4R (Supplementary Table S3).

Table 3. Changes in BMI-SDS according to MC4R and LCN2 variants after an 8-week and 1-year
lifestyle intervention.

ΔBMI-SDS

8 Week 1 Year

Mutation Carriers Non Carriers Mutation Carriers Non Carriers

Usual Care Group n = 27
−0.44 (0.66)***

n = 22
−0.47 (0.52)***

MC4R: Glu42Lys − 0.51 Drop out
MC4R: Thr150Ile −0.67 −0.90

Intensive Care group n = 68
−0.51 (0.38)***

n = 56
−0.60 (0.72)***

MC4R: Arg305Gln + Ile251Leu −0.13 −0.81
MC4R: Ile251Leu Mean (n = 5) −0.74 (0.41)** −1.02 (1.21)

Carrier 1 −0.95 −1.47
Carrier 2 −0.10 0.07
Carrier 3 −0.56 0.38
Carrier 4 −1.14 −1.56
Carrier 5 −0.97 −2.53

LCN2: Thr124Met −0.59 Drop out

Data are expressed as mean (SD). Paired t-test for changes between baseline vs. 8 week, and baseline vs. 1 year was
applied (** < 0.010, *** < 0.001).
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4. Discussion

To our knowledge, this is the first study evaluating MC4R and LCN2 gene variants, in a population
of children and adolescents with abdominal obesity. In addition, we measured the eating behavior in
all participants with the CEBQ. Finally, we reported changes in BMI-SDS achieved after eight weeks
and 1 year of follow-up according to the two different strategies (usual care or intensive care) and the
presence of MC4R and LCN2 gene variants.

The rate of participants carrying a MC4R mutation leading to a reduced function was 2.67 %.
This frequency is in accordance with the reported values in Czech children with obesity being 2.4% [33].
Previously, a wide variability (ranging from 0.5 to 5.8%) in the frequency of MC4R mutations had been
described in children and adolescents with obesity in different populations [33–36].

In our population, we found one extremely obese participant (BMI-SDS +4.04) carrying the
MC4R mutation Glu42Lys. This mutation was previously reported in 5.6% of Turkish children with
obesity [37]. In our case, the minor allele frequency (MAF) for this mutation was 0.89%.

Moreover, an eight year-old boy with a BMI-SDS of +3.5 was a heterozygous carrier of the MC4R
Thr150Ileu variation. This mutation had previously been described in an obese Chilean child with
a BMI-SDS of +2.79 [38]. In the Chilean population the MAF for this variant was 0.45% similar to the
observed value in our Spanish population (0.84%).

Mutation Arg305Gln of the MC4R gene was characterized in functional studies as a variation that
causes a decrease in MC4R constituently activity and in the response to the agonist [9]. We found this
mutation in a 12 year-old girl with obesity (43.2% body fat mass and BMI-SDS +2.91). This participant
also carries the Ile251Leu polymorphism. There is also a German obese boy harboring this Arg305Gln
variation (BMI-SDS +2.5) [39]. The frequency of this variation in our population is 0.84% while in the
German population was 0.19%.

Two polymorphisms in the MC4R (Val103Ileu and Ile251Leu) had been demonstrated to reduce
the risk of obesity [40–42]. Val103Ileu was described in white Europeans with frequencies between
1–4% [2]. In our study, we did not observe carriers of this variation. In other independent studies
in Spanish children the frequencies of this polymorphism were lower than in other European
countries [43–45]. The frequency of the Ile251Leu variation in our studied sample was 5.04% (6 children
with abdominal obesity), which is higher than the observed values in other Spanish and Polish pediatric
populations [28,43,44]. Heterozygous subjects for the Ile251Leu SNP showed higher levels of total
cholesterol and LDL-cholesterol. There are studies on the association between MC4R variants and
other lipid markers in several populations [31,46].

To our knowledge this is the first study evaluating non-common variants in the LCN2 gene in
children with abdominal obesity. We found one heterozygous carrier of the Thr124Met variant that
was severely obese (BMI-SDS: + 4.01) despite being physically active (more than 2 hours per day on
moderate-to-vigorous physical activity).

It has been demonstrated that LCN2 suppresses appetite by signaling trough MC4R [13]. For
this reason we evaluated eating behavior in our population with the children eating behavior
questionnaire (CEBQ), for which solid reproducibility and high internal consistency had been
reported [47]. In particular we represent graphically the multidimensionality of participants carrying
MC4R and LCN2 mutations. We observed that carriers of the Thr150Ile (MC4R) and Thr124Met (LCN2)
variants showed slightly higher eating behavior scores than obese individuals without MC4R variants.
This tentatively suggests an effect of these mutations on eating behavior, as mutation carriers showed
lower scores on food avoidance subscales. However, as the number of mutation carriers is very low,
meaningful statistical analyses are not possible.

Regarding the mutation Thr150Ile of the MC4R gene, an association between this variant and
eating behavior in three Chilean obese carriers was reported. These participants had a cognitive
restraint measured by the TFEQ-R18 questionnaire [48].

The participant carrying the LCN2 Thr124Met allele showed lower satiety responsiveness
(0.6 out of 5). This could be explained by a potential effect of LCN2 on appetite-suppressing
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activities [13]. Participants carrying the Ile251Leu polymorphism of the MC4R had lower scores
in satiety responsiveness than the wild type population (1.01 vs. 1.19). Nevertheless, carrying the
infrequent allele at MC4R Ile251Leu seems not to have an influence on eating behavior compared to
children with obesity and variations in the MC4R gene. A previous study had described association
between MC4R polymorphism rs17782313 (in the 3’ region of the gene) and childhood eating behavior.
Satiety responsiveness dimension was decreased and enjoyment of food was increased in carriers of
the CC allele [38]. However, the lack of significance in our results should be seen under the limited
statistical power as we analyzed rare variants in a relatively small study group.

In our population, participants carrying mutations in MC4R and LCN2 that lead to a reduced
function were able to achieve similar or greater reduction in BMI-SDS than children without mutation
in these genes after a lifestyle intervention. These results are in concordance with previous weight loss
MC4R studies [4,39]. It had been demonstrated that children with mutations in MC4R had a significantly
greater beneficial effect from the short lifestyle interventions than wild type carriers [49]. However, in
our study one carrier of Arg305Gln only achieved a successful reduction in BMI-SDS after one year of
intervention. When the polymorphism Ile251Leu of the MC4R gene was analyzed, some participants
showed a reduction in BMI-SDS similar to that of wild type subjects after the intervention. Limitations
of our study comprise of a relatively small sample size, the lack of a normal-weight study group, that
no functional in vitro tests were performed, and also that we cannot exclude the presence of mutations
in other genes involved in monogenic obesity.

5. Conclusions

In summary, MC4R and LCN2 mutations were detected in 2.42% and 0.84%, respectively, of Spanish
children with abdominal obesity. Our data suggests a putative association between profiles of eating
behavior and functional mutations in MC4R gene. Specifically, MC4R and LCN2 mutation carriers
having abdominal obesity were able to reduce BMI-SDS after a lifestyle intervention.
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Abstract: The purpose of this review is to summarize the scientific contributions of the International
Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE) in extending our understanding
about obesity in children from around the world. ISCOLE was a multi-national study of 9 to 11
year-old children from sites in 12 countries from all inhabited continents. The primary purpose was
to investigate relationships between lifestyle behaviors and obesity, and the influence of higher-order
characteristics such as behavioral settings, and physical, social and policy environments. ISCOLE
has made several advances in scientific methodology related to the assessment of physical activity,
dietary behavior, sleep and the neighborhood and school environments. Furthermore, ISCOLE has
provided important evidence on (1) epidemiological transitions in obesity and related behaviors,
(2) correlates of obesity and lifestyle behaviors at the individual, neighborhood and school levels,
and (3) 24-h movement behaviors in relation to novel analytical techniques. A key feature of
ISCOLE was the development of a platform for international training, data entry, and data quality
for multi-country studies. Finally, ISCOLE represents a transparent model for future public-private
research partnerships across low, middle and high-income countries.

Keywords: pediatric; overweight; epidemiological transition; collaboration

1. Introduction

The prevalence of childhood obesity has increased significantly in recent years and remains high in
many countries [1]. Given the global nature of the problem, a greater understanding of context-specific
correlates of obesity is required in order to develop effective interventions that can be translated from
one setting to another. To date, there have been only limited attempts to understand the correlates of
adiposity or obesity in specific world regions using standardized methods. Large multi-country studies
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of childhood obesity and/or related behavioral risk factors (physical activity, diet, etc.) have been
largely limited to the European region [2–6]. Therefore, the primary aim of the International Study of
Childhood Obesity, Lifestyle and the Environment (ISCOLE) was to investigate relationships between
lifestyle behaviors and obesity, and the influence of higher-order characteristics such as behavioral
settings, and the physical, social and policy environments, on the observed relationships within and
between countries that vary widely in levels of human development [7]. ISCOLE was a multi-national
study of 9–11 year-old children from research sites in 12 countries from all inhabited continents ranging
widely in environmental and socio-cultural contexts.

The purpose of this paper is to summarize the scientific contributions of ISCOLE in extending our
understanding about obesity in children from around the world. The focus is primarily on the results
from analyses that utilized the 12-country dataset; nevertheless, a large number of papers have also
been generated using country-specific datasets or data from small clusters of countries. A complete list
of scientific peer-reviewed papers to date from ISCOLE can be found in the online Supplementary
Materials (Supplementary File S1).

2. Study Design

A detailed description of the ISCOLE design and methods has been published elsewhere [7].
Briefly, ISCOLE was a multi-national, cross-sectional study conducted in 12 countries (Australia, Brazil,
Canada, China, Colombia, Finland, India, Kenya, Portugal, South Africa, United Kingdom, United
States) from all inhabited continents. A total of 7372 9–11 year old children participated in ISCOLE [8].
In addition to including sites from countries across a wide range of human development, children were
sampled across a range of family socio-economic status within each country. By design, the ISCOLE
samples are not representative of the populations from which the participants were drawn. However,
an analysis of ISCOLE data compared to other available studies across many world regions suggests
that there is no evidence that the ISCOLE samples are systematically biased [9]. These results suggest
that ISCOLE data could be used cautiously to inform the development of country-level interventions
when other data are lacking.

Table 1 provides descriptive characteristics of the sample by study site, ranked according to the
prevalence of obesity. The Human Development Index (HDI) of the study sites ranged from 0.509
in Kenya to 0.929 in Australia. The average age of the sample was 10.4 years, and the prevalence of
obesity ranged from 5.4% in Finland to 23.7% in China. Level of parental education also varied among
the study sites; with the proportion of the sample with parents having at least a bachelor’s degree
ranging from 12.9% in South Africa to 73.4% in India.

All ISCOLE data were collected under a standardized research protocol using the same
instrumentation at all study sites. Data included objectively measured indicators of adiposity
and obesity (body mass index (BMI), waist circumference, body fat), lifestyle behaviors related to
obesity (diet, physical activity, sleep, etc.), demographics and family health history, the home and
neighborhood environment, and the school environment. All information was entered remotely
(anthropometry, questionnaires, etc.) or uploaded (accelerometry) on a secure web-based data entry
platform. ISCOLE employed a rigorous quality assurance and quality control program. This program
included comprehensive in-person training and certification of all investigators and staff, random
remote source data verification, in-person site monitoring visits, and data cleaning and final source
data verification [7].
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3. Advances in Scientific Methodology Related to the Assessment of Physical Activity, Sleep,
Dietary Behavior, and the Neighborhood, Home and School Environments

Mounting a multi-national study of the scale of ISCOLE required the development of novel
methods and the adaptation of existing tools that could be applied in sites that ranged considerably in
level of human development. This section summarizes some of the methodological advances that were
developed during the planning and implementation of ISCOLE. As described above, we have made all
of our protocols and algorithms publicly available, and we have summarized our contributions to the
use of accelerometry in large studies in detail elsewhere [11,12].

3.1. Physical Activity

A major strength of ISCOLE was the objective assessment of physical activity and sedentary
behavior using a waist-mounted accelerometer protocol that was deployed in all study sites [7,11].
Awake-time wear protocols typically require the participants to remove their accelerometer before
going to bed and then to reapply it in the morning upon waking. Concerns about wear time compliance
have led some investigators to adopt a wrist-mounted rather than a waist-mounted protocol [13].
For example, the U.S. National Health and Nutrition Examination Survey (NHANES) switched
from a waist-mounted to a wrist-mounted protocol between the 2005–2006 and 2011–2012 cycles
of the survey [13]. In ISCOLE, we chose to attempt to improve wear time compliance by using a
waist-mounted 24-h protocol rather than moving to a wrist-mounted protocol [7,14].

The 24-h protocol employed in ISCOLE resulted in impressive increases in wear time in comparison
to previous studies. The average wear time in ISCOLE was 22.8 h per day [8]. Given that NHANES
used a wake-only protocol, no direct comparisons can be made for total wear time. However, we
conducted a study comparing the US ISCOLE site with the 2003–2006 NHANES (that used the waist
mounted protocol), and the awake wear time in ISCOLE was 14.7 h per day compared to 13.7 h per day
in NHANES, which represents a one hour per day improvement when using the 24-h protocol [14].

Using a 7-day protocol allowed us to estimate the reliability of accelerometer-determined physical
activity and sedentary behavior [15]. The estimated minimum number of days needed to achieve a
reliability of G ≥ 0.8 ranged from 5 to 9 for boys and 3 to 11 for girls for light physical activity; 5 to 9
and 3 to 10 for moderate-to-vigorous intensity physical activity; 5 to 10 and 4 to 10 for total activity
counts; and 7 to 11 and 6 to 11 for sedentary time, respectively [15]. The results demonstrate that, in
most cases, close to seven days of monitored time is required to achieve adequate reliability; and future
studies should take this into account when designing their protocols.

3.2. Sleep

The availability of seven days of 24-h accelerometry data in ISCOLE provided an opportunity to
develop algorithms to objectively identify the sleep period [16,17]. Over several months, we developed
a fully automated algorithm for identifying the nocturnal total sleep episode time in two stages. The
first step was to develop and validate an initial algorithm against expert visual inspection of the
data [16]. The initial algorithm combined aspects of the Sadeh algorithm [18] for sleep–wake scoring,
made use of the inclinometer function in the accelerometer, and built upon the framework of the
publicly available non-wear algorithm developed by the National Cancer Institute [19]. The initial
algorithm identified sleep onset (i.e., ‘bedtime’) and sleep offset (i.e., ‘waking’) times. The second
step was to refine the algorithm by adding the ability to identify disrupted nocturnal sleep episodes
(and exclude episodes of nighttime non-wear/wakefulness) and avoid misclassification of daytime
non-wear or sedentary behavior as sleep [17]. Compared with sleep logs, we achieved acceptable
levels of accuracy (<10% mean absolute percent difference) [17]. The Pennington Biomedical Research
Center (PBRC) hosts public web-based access to both the original [20] and refined [21] algorithms.
As a companion to the sleep algorithms, we have published a full catalog of nocturnal sleep-related
variables in ISCOLE [22].
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3.3. Dietary Behavior

The primary dietary information used in ISCOLE was collected using a Food Frequency
Questionnaire (FFQ) adapted from the Health Behavior in School-aged Children Survey [23]. The
ISCOLE FFQ asks about the consumption of 23 food items, and was adapted for use in each of the
12 study sites [7]. We conducted a reliability and validity study in three culturally different study
sites (Finland, US, and Colombia) [24]. Reliability correlation coefficients from two surveys completed
~5 weeks apart ranged from 0.37 to 0.78 and gross misclassification for all food groups was <5%.
Validity correlation coefficients were below 0.5 for 22/23 food groups and gross misclassification was
<5% for 22/23 food groups. Over- or underestimation did not appear for 19/23 food groups [24].

To identify dietary patterns, principal components analyses (PCA) were carried out using weekly
portions as input variables [25]. Both site-specific and pooled data showed that dietary behaviors
in ISCOLE to be well defined by two component solutions. We labelled the first component as the
“unhealthy diet pattern”, which included sugar-sweetened sodas, fast foods, ice cream, fried food,
French fries, potato chips, and cakes. The second component we characterized as the “healthy diet
pattern”, which included dark-green vegetables, orange vegetables, fish, cheese, whole grains and
fruits. Figure 1 presents the loadings for the two principal components.

Figure 1. Principal component loadings for the healthy and unhealthy diet pattern scores in the
International Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE) (all sites combined),
from Mikkila et al. [25].

3.4. Neighborhood, Home and School Environments

Information on several aspects of the neighborhood, home and school environments were collected
in ISCOLE using a variety of approaches. A neighborhood and home environment questionnaire, which
was based on the Neighborhood Impact on Kids (NIK) survey [26], was completed by parents/guardians.
The school environment was assessed using two approaches. First, a school administrator questionnaire,
which covered school facilities, healthy eating and physical activity policies, extracurricular activities,
frequency of physical education and breaks (recess), and availability of healthy and unhealthy food, was
completed by a school official [7]. Second, a school audit of the physical environment was performed at
each participating school by one of the study staff. Each site completed a reliability audit (simultaneous
audits by two independent, certified data collectors) for a minimum of two schools or at least 5% of
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their school sample [27]. For the assessed environmental features, inter-rater reliability (kappa) ranged
from 0.37 to 0.96; 18 items (42%) were assessed with almost perfect reliability (K = 0.80–0.96), and a
further 24 items (56%) were assessed with substantial reliability (K = 0.61–0.79) [27]. These results
suggest that the ISCOLE school audit can be used to conduct reliable objective audits of the school
environment across diverse, international school settings. However, the administration of the school
audit tool can be challenging in some contexts, such as in countries where snow may cover or change
aspects of the school environment. Furthermore, research is required to validate these tools under
different environmental conditions.

4. Epidemiological Transitions in Obesity and Related Behaviors

The theory of epidemiologic transition characterizes long-term changes in patterns of morbidity
and mortality away from causes related to undernutrition and infectious diseases towards chronic
‘man-made’ diseases as countries become more developed [28]. Related to the concept of epidemiological
transition, theories about parallel nutritional and physical activity transitions have been described [29,30].
The nutrition transition is characterized by a shift away from traditional diets that were based on staple
grains, local legumes, and fruits and vegetables, towards a diet comprised of more animal-based food
products and processed food high in saturated fats and sugar [29]. The physical activity transition is
characterized by long-term shifts in physical activity patterns away from necessity (acquiring food,
water and shelter, escaping predation, procreation or transport in settings with low motor vehicle
availability) towards a largely inactive lifestyle in high-income countries where physical activity has
been successfully engineered out of our everyday lives. In high-income countries, humans no longer
need to be physically active out of necessity but instead act out of choice to be physically active because
of enjoyment, maintenance of body weight, employment, and the prevention of chronic diseases [30].
Whereas in lower-middle income countries where car availability remains relatively low in comparison
to high income countries, physical activity could be more reflective of purposeful transport rather than
leisure pursuits. These parallel transitions in nutrition and physical activity may contribute to the
increased chronic disease burden associated with the epidemiological transition, such as higher rates of
obesity, type 2 diabetes, cardiovascular disease, and many cancers.

A review of studies from Western developed countries published between 1990 and 2005 concluded
that there was a significant inverse association between socio-economic status and obesity and that
positive associations had all but disappeared [31]. However, little is known about how indicators of
childhood obesity vary across levels of socio-economic status among countries at different levels of
the human development index (HDI). ISCOLE was uniquely positioned to answer this question. Our
results demonstrated that BMI and percent body fat were positively associated with family income in
countries with low HDI, negatively associated in countries at high HDI, with no association in countries
with an HDI in the midrange [32]. Similar patterns were observed for the association between HDI
and the prevalence of obesity (Figure 2), reflecting variability in the stages of nutrition and physical
activity transitions among countries.

In addition to obesity, we tested for socio-economic gradients in physical activity, dietary patterns
and sleep duration in ISCOLE [33–35]. In girls, time spent in moderate-to-vigorous physical activity
was negatively associated with family income at the 10th and 50th percentiles HDI (all p < 0.012); and
positively related with family income at the 90th percentile (p = 0.044) [35]. In boys, time spent in
moderate-to-vigorous physical activity was also negatively associated with family income at the 10th
and 50th percentiles of HDI (both p < 0.001) [35]. These results are consistent with the existence of a
physical activity transition. A parallel analysis of dietary patterns demonstrated that lower family
income was associated with a higher “unhealthy” dietary pattern score and a lower “healthy” dietary
pattern score in many countries; however, the pattern was not reflective of a nutrition transition in
dietary patterns in these counties [34]. Finally, we also explored the association between sleep duration
and family income [33]. No significant associations were observed in any site, and the summary odds
ratio was also not significant (OR = 0.94; 95% Confidence Interval (CI) = 0.60 – 1.47) [33].
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Figure 2. Income gradients in obesity prevalence across levels of HDI in (A) girls and (B) boys from
ISCOLE. Low, middle and high human development index (HDI) correspond to the 10th, 50th and 90th
percentiles of the ISCOLE sample (HDI = 0.52, 0.72 and 0.91, respectively). Tests for linear trend are
indicated: * p < 0.05; ** p < 0.001; *** p < 0.0001. Figure is adapted from Broyles et al. [32].

In summary, in ISCOLE, we found evidence of epidemiological transitions in obesity and physical
activity, but not for dietary patterns and sleep duration. Furthermore, research is required to better
characterize country-level changes in these behaviors using temporal surveillance data in countries
undergoing rapid economic and social development.

5. Correlates of Obesity and Lifestyle Behaviors at Multiple Levels

5.1. The Socio-Ecological Model

The socio-ecological model is a variant of the root Ecological Systems Theory firstly developed by
Bronfenbrenner [36]. Socio-ecological models have been proposed as frameworks to think about the
influences of factors at several levels (individual, social, physical and policy environments) on obesity,
physical activity and dietary intake [37–39]. ISCOLE was designed to help answer some questions
about the contributions of factors at multiple levels of the socio-ecological model to childhood obesity
and related behaviors. Our study was a nested design, with individuals (Level 1) nested within schools
(Level 2), which were in turn nested within study sites (Level 3). This design necessitated the use of
multi-level mixed models for data analysis. This approach also allowed us to partition the percentage
of the variance in several variables that is explained by factors at all three levels. The multilevel
model is highly elegant in its statistical formulation [40], as well as its versatility [41] which made
it a valid model to use with the hierarchical system of information gathered from different levels as
in ISCOLE—individuals nested within schools which are nested within research sites. Furthermore,
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within-level as well as cross-level interactions were considered as per the ISCOLE framework, and
these were modeled and statistically tested to verify their substantive tenability.

We undertook an analysis that estimated the proportion of the variance in several key variables
at the study site, school and individual levels [42]. The proportion of the variance in BMI and waist
circumference explained at the individual level is greater than 90%; the proportion of the variance
explained in dietary patterns, sleep, physical activity and sedentary time at the individual level ranges
between 66% and 88%, while the proportion of the variance in in-school physical activity and in-school
sedentary behavior explained at the site and school levels is between 46% and 75%, with less of a
contribution from individual-level factors [42]. These results suggest that interventions that target
policy and environmental changes for increasing school-based physical activity and reducing in-school
sedentary behavior may enhance obesity intervention efforts.

5.2. Obesity

Several analyses have been undertaken to identify the correlates of obesity in ISCOLE. Our
first investigation involved determining the associations between several lifestyle traits (healthy diet
patterns, unhealthy diet patterns, moderate-to-vigorous physical activity, TV viewing time, and sleep
duration) and the presence of obesity [8]. The odds ratios for obesity (per standard deviation of
the predictor variable) were 0.51 (95% CI: 0.45–0.57) for moderate-to-vigorous physical activity, 0.79
(95% CI: 0.72–0.86) for sleep duration, and 1.11 (95% CI: 1.04–1.19) for TV viewing time, while the diet
pattern scores were not related to obesity [8]. The results were consistent in boys and girls. These
findings led to an in-depth examination of the associations among obesity and accelerometer-derived
measures of physical activity and sedentary behavior [43]. In the overall sample, the odds ratios for
obesity (per standard deviation of each predictor variable) were significant for sedentary time (1.19;
1.08–1.30), moderate-to-vigorous physical activity (0.49; 95% CI, 0.44–0.55), and vigorous physical
activity (0.41; 0.37–0.46). Furthermore, the associations of moderate-to-vigorous physical activity and
vigorous physical activity with obesity were significant in all 12 sites, whereas the association between
sedentary time and obesity was significant in five of the 12 sites [43].

Active school transport is one potential opportunity for children to accumulate physical activity
during the day. Thus, we examined the association between active school transport and indicators of
adiposity in ISCOLE [44]. After adjusting for several covariates, children who reported active school
transport were less likely to be obese (odds ratio = 0.72, 95% CI: 0.60–0.87) and had a lower BMI z-score,
percent body fat and waist circumference (all p < 0.05) compared with those who reported motorized
travel [44]. Furthermore, the associations between active school transport and obesity did not differ by
country or by sex.

Although we found that dietary patterns were not related to obesity in ISCOLE [8], we further
explored the association between specific dietary behaviors and obesity. For example, frequent
breakfast consumption was associated with lower BMI z-scores compared with occasional (p < 0.0001)
and rare (p < 0.0001) consumption, as well as lower percentage body fat compared with occasional
(p < 0.0001) and rare (p < 0.0001) consumption [45]. These associations differed significantly across
study sites, and further research is required to understand these differences. We also explored the
association between soft drink consumption and obesity [46]. There was a significant linear trend
for increasing BMI z-scores across increasing consumption of regular soft drinks in boys (p = 0.049),
but not in girls. On the other hand, there was no significant linear trend across categories of diet
soft drink consumption in boys, but there was a graded, positive association in girls for BMI z-score
(p = 0.0002) [46].

Evidence from high-income countries has identified associations between gestational diabetes and
birth weight with subsequent childhood obesity. We explored these associations in the multi-national
sample from ISCOLE. Compared to children with mothers who did not experience gestational diabetes,
children with mothers who experienced gestational diabetes had an odds ratio of 1.53 (95% CI: 1.03–2.27)
for obesity, 1.73 (95% CI: 1.14–2.62) for central obesity, and 1.42 (95% CI: 0.90–2.26) for high percentage
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body fat [47]. Furthermore, the odds ratios for obesity were 1.45 (95% CI: 1.10–1.92) for those with
birthweight of 3500–3999 g and 2.08 (95% CI: 1.47–2.93) for those with birthweight ≥4000 g, compared
with those with birthweight of 2500–2999 g [48]. The positive association between birth weight and
obesity was linear in girls, whereas it was U-shaped in boys. We further explored the association
between birthweight and obesity by examining interactions with physical activity and sedentary
behavior. Interestingly, the positive association between birthweight and obesity was significant among
children with either low moderate-to-vigorous physical activity or high sedentary time, but not among
children with either high moderate-to-vigorous physical activity or low sedentary time [49].

Building upon the evidence supporting the inter-generational transmission of obesity, we found
that parental overweight was associated with childhood overweight in the overall ISCOLE sample [50].
Furthermore, parental education was differentially associated with childhood overweight across the
ISCOLE study sites, and more research is required to understand the context-specific associations
between parental education and childhood overweight and obesity.

5.3. Physical Activity and Sedentary Behavior

Current public health recommendations call for children and youth to accumulate at least 60 min
of moderate-to-vigorous physical activity every day [51]. In ISCOLE, 4.8% of children achieved≥60 min
of moderate-to-vigorous physical activity for all seven days of the week, while 25.5% attained the
recommendation ≥5 days [52]. Furthermore, a total of 18.8% of the sample did not accumulate ≥60 min
of moderate-to-vigorous on any of the monitored days [52]. There was variability in compliance to the
guidelines across sites: the mean number of days of compliance ranged from 1.8 days per week in
the United States to 3.5 days per week in Colombia [52]. Given the availability of 24-h, time-stamped
accelerometry data and detailed information about the start and stop times for each student’s school in
ISCOLE, we were able to differentiate between before-school, during-school and after-school physical
activity and sedentary behavior.

Physical education classes are an important opportunity for physical activity in children and
youth. In ISCOLE, approximately 25% of participants reported attending physical education classes on
three or more days per week [53]. After adjusting for several covariates, children who took physical
education classes were more likely to have higher levels of physical activity and shorter time in spent
in sedentary behavior both in and out of school during the school week [53].

We also found that children who used active school transportation had significantly higher
weekday moderate-to-vigorous physical activity and significantly lower light physical activity before
school compared with children who used motorized transport to school [54]. On average, children
who used active transportation accumulated 6.0 (95% CI: 4.7–7.3) min more moderate-to-vigorous
physical activity per day than children who used motorized transportation. There was wide variability
in the prevalence of active school transportation across study sites, which varied from 5.2% in India to
79.4% in Finland [55]. We found wide variability in the correlates that were associated with active
school transport across study sites. Longer trip duration (≥16 min vs. ≤15 min) was associated with
lower odds of active school transportation in eight sites; whereas individual and neighborhood factors
were associated with active school transportation in three sites or less [55].

In ISCOLE, we also investigated home and neighborhood correlates of physical activity. Across
sites, children with at least one piece of electronic media in their bedroom had lower levels of
moderate-to-vigorous physical activity than those who did not (p < 0.001) [56]. More frequent physical
activity in the home and yard, ownership of more frequently used play equipment, and higher social
support for physical activity were also associated with higher moderate-to-vigorous physical activity
(p < 0.0001). However, association between play equipment ownership and moderate-to-vigorous
physical activity varied across study sites (pinteraction < 0.01), suggesting that cultural differences should
be studied further when developing interventions or making recommendations [56].

Aspects of the neighborhood social environment (collective efficacy and perceived crime) were
also studied in ISCOLE as potential correlates of moderate-to-vigorous physical activity [57]. Collective
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efficacy was inversely associated with moderate-to-vigorous physical activity among children in
low/lower-middle-income countries (β = −1.96; 95% CI: −3.72, −0.19) while it was positively associated
with moderate-to-vigorous physical activity among children in high-income countries (β = 1.86;
95% CI: 0.76, 2.96) [57]. Perceived crime was significantly associated with lower moderate-to-vigorous
physical activity (β = −2.12; 95% CI: −3.18, −1.06) among children in high-income countries but
was not significantly associated with moderate-to-vigorous physical activity among children from
low/lower-middle-income countries or upper-middle-income countries [57]. These results demonstrate
heterogeneity in associations between aspects of the neighborhood environment and physical
activity that need to be taken into account when developing strategies that target these correlates in
different settings.

In addition to physical activity, we also investigated associations of 21 potential correlates with
accelerometer-determined sedentary time and self-reported TV viewing time [58]. Boys reported
greater TV viewing time than girls, while in 9 of 12 sites, girls engaged in more objectively-measured
sedentary time than boys. Common correlates of sedentary time and TV viewing time included excess
weight status, not meeting physical activity recommendations, and having a TV in the bedroom [58].

The associations between sleep and movement behaviors are currently of great interest [59].
In ISCOLE, sleep duration was negatively associated with moderate-to-vigorous physical activity and
sedentary time, while sleep efficiency was negatively related to moderate-to-vigorous physical activity
and positively associated with sedentary time [60]. The availability of time-stamped accelerometry
data allowed us to examine temporal associations between sleep, physical activity and sedentary
time [61]. Results showed that the relationships between sleep and physical activity and sedentary
time are bi-directional. For example, for each one standard deviation (SD) unit increase in sleep
duration, sedentary behavior was 0.04 SD units lower the following day, while light physical activity
and moderate-to-vigorous physical activity were 0.04 and 0.02 SD units higher, respectively. Sleep
duration was 0.02 SD units lower and 0.04 SD units higher for each one SD unit increase in sedentary
time and moderate-to-vigorous physical activity, respectively [61]. While these results highlight the
interactions between sleep and movement behaviors, the small effect sizes suggest that the clinical
implications may be modest.

5.4. Dietary Patterns

As previously described, “healthy” and “unhealthy” dietary pattern scores were derived from
FFQ data in ISCOLE [25]. Figure 3 presents the mean dietary scores across study sites. The results
demonstrate variability in dietary pattern scores across countries, with the highest healthy dietary
pattern score found in Canada, while the lowest is found in Colombia. Finland had the lowest
unhealthy dietary pattern score while South Africa had the highest.

We explored the potential home and school environments as correlates of dietary patterns [62].
Here, we found that more meals eaten outside home and school were associated with higher unhealthy
diet pattern scores. Furthermore, low availability of empty-calorie foods at home was found to be
more important than high availability of wholesome foods at keeping unhealthy diet pattern scores
low. The availability of wholesome foods at home was positively associated with the healthy diet
pattern scores, while food availability at school was not associated with the dietary patterns [62]. In the
ISCOLE sample, the home food environment was more significant than the school food environment
in predicting the child’s dietary patterns.

Given the availability of objective measures of sleep in ISCOLE, coupled with the FFQ data, we
were able to study the association between sleep and dietary variables [60,63]. Both sleep duration and
sleep efficiency were negatively associated with the unhealthy diet pattern score [60]. Interestingly,
shorter sleep duration was associated with higher intake of regular soft drinks, while earlier bedtimes
were associated with lower intake of regular soft drinks and higher intake of energy drinks and sports
drinks [63]. More research is required to better understand the underlying mechanisms that might link
beverage consumption to sleep patterns.
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Figure 3. Mean dietary pattern scores across ISCOLE study sites. (A) presents the mean scores for the
“healthy dietary pattern” and (B) presents the mean scores for the “unhealthy dietary pattern”. Data
were obtained from Mikkila et al. [25].

5.5. Higher-Order Correlates

Given that ISCOLE data were collected across multiple seasons in several geographical regions
of the world, we were able to explore associations with other potential “higher-order” correlates of
obesity and lifestyle behaviors. For example, we explored the association between moon phase, sleep
and physical activity using data from 33,710 24-h accelerometer recordings of sleep and activity [64].
While differences in moderate-to-vigorous physical activity, light physical activity, and sedentary
time between moon phases were negligible and non-significant (<2 min/day), sleep duration was
significantly shorter (~5 min/night) during the full moon phase compared to the new moon phase [64].
Despite the statistical significance of the association between moon phase and sleep duration, the
magnitude of the difference is unlikely to be clinically important.

The associations of weather with physical activity and sedentary time were explored using data
from the Australian and Canadian ISCOLE sites [65]. Daily maximal temperature was significantly
associated with physical activity and sedentary time in both Australia and Canada, and daily rainfall
was negatively associated with physical activity in Australia and positively associated with sedentary
time in Canada [65]. The results from both countries indicated that the best levels of physical activity
and sedentary time occurred in a range between 20◦ and 25◦ Celsius. These results highlight the
importance of taking weather into account in the development of intervention and surveillance
strategies related to physical activity and sedentary behavior.

The associations of outdoor time with BMI, physical activity, sedentary time and dietary patterns
were also explored in ISCOLE [66,67]. Time spent outside and dietary patterns were assessed by
questionnaire, while time spent in physical activity and sedentary behavior were determined by
accelerometry [7]. Time spent outside was not associated with BMI z-scores; however, each additional
hour per day spent outdoors was associated with higher moderate-to-vigorous and light physical
activity, and lower sedentary time [67]. Effect sizes were generally weaker in lower-middle-income
countries. However, the evaluation of the Ciclovia in Colombia to promote physical activity outside on
the streets was associated with higher moderate-to-vigorous and light physical activity, and lower
sedentary time on Sundays [68]. Furthermore, time spent outdoors was positively associated with
higher healthy dietary pattern scores, but there was no association with the unhealthy dietary pattern
scores [66]. Similar patterns were observed in boys and girls, and across study sites. Research using
longitudinal study designs is required to elucidate the mechanisms behind these observed associations.
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6. The 24-h Movement Behavior Cycle in Relation to Integrated Guidelines and Novel
Analytical Techniques

The focus of physical activity guidelines in public health has typically been on the promotion of
moderate-to-vigorous physical activity. However, there has been increasing interest in understanding
the health impacts associated with multiple movement behaviors (i.e., sedentary behavior, light
activity, moderate-to-vigorous activity, and sleep) [59]. Canada has recently released 24-h Movement
Guidelines for Children and Youth, which attempts to integrate these movement behaviors [69].
For example, the guidelines recommend that 10 year-old children should accumulate at least 60 min
of moderate-to-vigorous physical activity per day, sleep between 9 and 11 h per night, engage in no
more than two hours of recreational screen time per day, spend several hours per day in light physical
activity, while minimizing the time they spend sitting [69].

Figure 4 presents estimates of the mean proportions (%) of the day spent in sleep, sedentary
behavior, and total physical activity (light, moderate and vigorous) in children across the 12 ISCOLE
sites [70]. The mean proportions of the day spent in the different behaviors is remarkably similar across
countries given the expanded axes of the ternary plot, as one would predict from the proportion of the
variance in these variables that is explained at the site level [42]. The mean time spent in the movement
behaviors ranges from 508 min in Portugal to 579 in the United Kingdom for sleep, from 486 min in
Australia to 573 min in China for sedentary time, and from 336 min in China to 406 min in Kenya for
total physical activity [70]. In addition to these three variables that constitute a 24-h day, mean levels
of moderate-to-vigorous physical activity ranges from 43 min in China to 69 min in Finland [70].

Figure 4. Ternary plot of the average proportions of the 24-h day spent in sleep (bottom axis), sedentary
behaviour (left axis) and total physical activity (right axis) in the 12 ISCOLE countries. The black
bars represent the range of time (h/day) spent in the various movement behaviours. For sedentary
behavior, follow the direct horizontal line to the left axis; for physical activity, follow the lines sloping
upwards from left to right to the right axis; for sleep, follow the lines sloping downwards from left
to right to the bottom axis. Chinese (CHN) children, for example, spend on average 37% of the day
sleeping, 40% of the day sedentary and 23% in physical activity. Compositional means are from
Dumuid et al. [70]. AUS = Australia; BRZ = Brazil; CAN = Canada; CHN = China; COL = Colombia;
ENG = England; FIN = Finland; IND = India; KEN = Kenya; POR = Portugal; RSA = Republic of South
Africa; USA = United States.
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Associations between meeting combinations of the 24-h guidelines and obesity [71], health-related
quality of life [72], and dietary patterns [73] have been explored in ISCOLE. Overall, the proportion of
the sample meeting the overall recommendations (all three behaviors: moderate-to-vigorous physical
activity, recreational screen time, and sleep duration) was 7%; individually, 44% of the sample met the
physical activity recommendation, 39% met the screen time recommendation, and 42% met the sleep
duration recommendation [71]. Meeting all three of the recommendations was associated with much
lower odds of obesity (odds ratio = 0.28; 95% CI: 0.18–0.45) [71], higher health-related quality of life
scores (51.2 vs. 50.0; p < 0.05) [72], higher healthy dietary pattern scores (0.18 vs. −0.01; p < 0.001), and
lower unhealthy dietary pattern scores (−0.31 vs. −0.02; p < 0.001) [73].

A day is constrained by the 24-h period, which presents some challenges for the analysis of
multiple movement behaviors together in relation to other health parameters such as obesity [74,75].
Traditional analyses that use Euclidian operations such as linear regression fail to account for the
Aitchison geometry of the constrained space [75], and therefore compositional analysis approaches
have been proposed as an alternative [76]. Noting the lack of suitable analytical techniques available
to handle the analysis of 24-h movements behaviors, Dumuid et al. [77] developed a novel method
for predicting change in a continuous outcome based on relative changes within a composition, and
for calculating associated confidence intervals to allow for statistical inference. Using data from
ISCOLE, we demonstrated the application of compositional multiple linear regression to estimate
adiposity from children’s 24-h movement behaviors [77]. Furthermore, ISCOLE presented a unique
opportunity to compare the results of traditional vs. compositional isotemporal substitution analyses
in the associations between 24-h movement behaviors and obesity. The results of this investigation
demonstrated that both compositional and traditional models estimated an unfavorable association
with percentage body fat when time was reallocated from moderate-to-vigorous physical activity to
any other behavior (sleep, sedentary behavior, light physical activity). However, unlike traditional
models, compositional models found the differences in adiposity were (A) not necessarily symmetrical
when an activity was being displaced, or displacing another movement behavior; (B) not linearly
related to the durations of time reallocated; and (C) varied depending on the starting composition [75].

In an attempt to better understand the associations between lifestyle variables and obesity,
Dumuid et al. [78] undertook a compositional cluster analysis in which the input variables including
sedentary time, light, moderate and vigorous physical activity, sleep duration, TV viewing time, and
healthy and unhealthy diet pattern scores were subjected to cluster analysis. Four clusters emerged
and were labelled as: (A) Junk Food Screenies; (B) Actives; (C) Sitters; and (D) All-Rounders. Measures
of adiposity varied across the clusters, and were highest in the Sitters and lowest in the Actives [78].

In addition to obesity, we have applied compositional data analysis to study the association
between 24-h movement behaviors and health-related quality of life [70]. Relative to the other
movement behaviors, the association was strongest with moderate-to-vigorous physical activity.
Furthermore, this association was moderated by country-level HDI; the association between the
moderate-to-vigorous physical activity and health-related quality of life was stronger among countries
with a high HDI compared to countries with a lower HDI [70].

7. Other Novel Contributions of ISCOLE

In addition to the work described above, ISCOLE has made several other significant contributions
to the literature.

7.1. Body Composition

The majority of the research conducted to date on associations between anthropometry and body
fat in children has been in high-income countries, and there is a lack of data on associations in children
from low- and middle-income countries. We explored the association between BMI and body fat (from
bioelectric impedance) in ISCOLE [79]. Correlations between BMI and total body fat (kg) were >0.90 in
all study sites, while correlations between BMI and percentage body fat (%) ranged from 0.76 to 0.96.
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Boys from India had higher percentage body fat than boys from several other countries at all levels
of BMI, whereas Kenyan girls had lower levels of percentage body fat than girls from several other
countries at all levels of BMI. Boys and girls from Colombia had higher values of percentage body fat
at low levels of BMI, while Colombian boys at moderate and high levels of BMI also had higher values
of percentage body fat than boys in other countries [79].

Given the difficulty in measuring height and weight in some field situations, we explored the
utility of using mid-upper-arm circumference as an index of adiposity in ISCOLE [80]. Correlations
between mid-upper-arm circumference and percentage body fat were 0.86 in girls (p < 0.001) and
0.88 in boys (p < 0.001) [80]. Furthermore, results from receiver operating characteristic (ROC) curves
demonstrated areas under the curve (AUCs) for the prediction of obesity ≥0.97 in both boys and girls,
suggesting that mid-upper-arm circumference may be a good screening tool for obesity and excess
adiposity in resource-limited settings.

7.2. Identification of Physical Activity Thresholds

We used ROC analyses to estimate the optimal thresholds of moderate-to-vigorous physical
activity that were related to the identification of obesity in ISCOLE [43]. The results indicated that
the optimal thresholds were 55 (95% CI: 50–64) minutes per day in the total sample, 65 (95% CI:
55–75) minutes per day in boys, and 49 (95% CI: 43–62) minutes per day in girls [43]. These thresholds
are comparable to the global physical activity recommendation, which call for children to accumulate
at least 60 min per day of moderate-to-vigorous physical activity [51].

Given the recent interest in the health effects associated with sedentary behavior, and the possible
interaction between sedentary behavior and physical activity on health outcomes [81], we attempted to
identify the optimal thresholds of moderate-to-vigorous physical activity at different levels of sedentary
behavior [82]. The results showed that the optimal thresholds of moderate-to-vigorous physical activity
to predict obesity ranged from 37.9 to 75.9 min per day in boys and from 32.5 to 62.7 min per day
in girls across levels of sedentary behavior [82]. The incorporation of sedentary behavior did not
alter or improve the prediction of obesity in this sample, suggesting that the current physical activity
guidelines may apply broadly to all children, regardless of their level of sedentary behavior.

7.3. Inequality in Lifestyle and Obesity

Most studies examining associations between obesity and movement behaviors such as physical
activity, sedentary behavior, and sleep duration have focused on average values, despite important
within and between country variability in these behaviors. Using data from the accelerometers in
smartphones in a sample of adults distributed across 111 countries, Althoff et al. [83] found that
country-level inequality in physical activity (quantified using the Gini coefficient applied to the
accelerometer steps/day data) was a better correlate of obesity prevalence than average physical activity
volume (mean steps/day). We explored this issue in ISCOLE, and expanded the focus to include
sedentary behavior and sleep as potential correlates of obesity [84].

Our results showed that average moderate-to-vigorous physical activity (hours/day) was a better
correlate of obesity than moderate-to-vigorous physical activity inequality (r = −0.77 vs. r = 0.00,
p = 0.03) [84] (see Figure 5). Along the same lines, average sedentary time (hours/day) was also a better
correlate of obesity than sedentary time inequality (r = 0.52 vs. r = 0.32, p = 0.05). The differences
in associations for mean vs. inequality measures for screen time and sleep period time were not
statistically significant [84]. Although there is promise in further exploring associations between
inequality in lifestyle behaviors and health outcomes, our results suggest that mean estimates of
behavior are still important correlates of obesity in children.
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Figure 5. Association between moderate-to-vigorous physical activity (MVPA) and obesity. (a) shows
the correlation between average MVPA and obesity, while (b) shows the correlation between MVPA
inequality (Gini coefficient) and obesity. Boys and girls are combined for analysis. Correlation
coefficients were compared using a Steiger’s Z-test (p = 0.029), adapted from Chaput et al. [84].

8. Summary of Research Contributions

As described above, ISCOLE has made many significant research contributions related to
understanding global patterns of obesity across countries at different levels of human development and
identifying correlates of obesity, physical activity, sedentary behavior, and dietary intake. Furthermore,
ISCOLE generated several important methodological advances to the field over the course of the
study. Table 2 provides a summary of the major research contributions made by ISCOLE related to
the global childhood obesity epidemic. The results from ISCOLE can help inform the development of
interventions targeting promising correlates of obesity in different settings. Some findings were robust
across all study sites; while other findings were limited to either higher or lower income countries.
A careful examination of the patterns of results across countries will be required to deploy the most
effective intervention in a given setting.
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9. A Platform for International Training, Data Entry, and Data Quality for Multi-Country
Research Studies

In addition to its scientific contributions, ISCOLE provided a platform for research capacity
development around the world. The study was governed by a standardized protocol implemented
using strict quality control procedures, including in-person and online study personnel training, site
visits, and remote source data verification. All investigators shared responsibility for quality control.
A major component of study management was a shared website, which allowed access to all study
documents, training materials, remote data entry, accelerometer data uploads, and real-time data
validation. This system, based on a common data model, facilitated timely communication and data
transfers between the sites and coordinating center. The enrollment target for ISCOLE was 6000
children; however, the final sample size was 7372. We believe the successful recruitment and high data
quality are the result of well trained and prepared research staff and co-ownership and investigator
investment in the study. Over 240 people have worked on ISCOLE, including senior and junior faculty,
post-doctoral fellows, students, and research staff. To date, 25 students (12 doctoral, 10 masters and 3
undergraduate) from 10 countries have used ISCOLE as the foundation for their thesis. ISCOLE has
had a tremendous impact on developing research capacity in countries spanning a wide range of HDI.

10. Strengths and Limitations

There are several strengths and limitations associated with the design and implementation of
ISCOLE. Marked strengths of the study include the implementation of a standardized research protocol
using the same instruments (adapted to the local context as required) and equipment at all study
sites, and the inclusion of research sites and investigators from countries that varied widely in human
development [7]. Furthermore, the deployment of a web-based data collection and staff training
infrastructure that allowed for real-time data entry and verification increased the assurance of quality
data. The publication of the study questionnaires, protocols and data algorithms in peer-reviewed
journals, which allows for transparency and reproducibility of the results, is another strength of the
study. Such resources are also immensely beneficial to other researchers interested in similar or related
research. The timely and thorough publication and presentation of ISCOLE findings helped maximize
the dissemination and impact of the research, including, but not limited to the notable scientific and
methodological advances discussed in this paper. ISCOLE also contributed markedly to capacity
building via the personal skill development of research trainees.

There are several limitations of ISCOLE that warrant discussion. First, the fundamental design
of ISCOLE is a cross-sectional study, which limits inferences about cause-and-effect relationships.
Second, the ISCOLE study sites represent urban and semi-urban populations, and the samples do
not include children from rural areas. The decision to exclude rural samples was based on logistical
limitations related to data collection; further research is required to better understand urban-rural
differences in the correlates of obesity and related behaviors in multi-national studies. This is of
particular importance in low- and middle-income countries where the majority of people live in rural
environments. We deployed a rigorous research protocol; however, the assessment of dietary intake in
free-living children remains a challenge. We used a validated and widely used FFQ to assess dietary
intake patterns; however, the FFQ was short and we were unable to precisely quantify dietary intake
(kcals, macronutrients, etc.). Furthermore, research is required to develop better methods of dietary
assessment in children.

11. A Transparent Model for Public-Private Research Partnerships

ISCOLE was funded by the Coca-Cola Company through a research contract with PBRC. PBRC,
in turn, executed sub-contracts with each of the study site institutions. With the exception of requiring
that the study be global in nature, the funder had no role in the design and conduct of the study;
collection, management, analysis and interpretation of the data, preparation of manuscripts, and
the decision whether to publish the results or not. The overall study design, protocol, and all study
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procedures were developed solely by the principal investigators, co-investigators and research staff.
During the period of the research contract (2011–2014), the research team provided regular updates to
the funder about the study progress on a quarterly basis. These reports focused on the achievement
of operational milestones such as completion of protocols, staff training, field site implementation,
achieving recruitment targets, remote site monitoring, and progress on data management.

Given the increased scrutiny associated with industry-sponsored research, we took several
precautions to ensure the integrity of the study methods and results. First, we established an
External Advisory Board that was charged with assessing the overall progress, rigor and objectivity
of ISCOLE, as well as providing an unbiased assessment of the science and the role of the sponsor.
Second, we published the design and methods of ISCOLE in an open-access journal, and included
the questionnaires and survey instruments in an online appendix [7]. Third, we have made our
accelerometer manual of procedures and algorithms freely available online so that they can be tested,
replicated and utilized by other scientists [14,16,17]. Fourth, wherever possible, we have published the
results from ISCOLE in open-access, peer-reviewed journals so that they can be freely available to a wide
audience. Furthermore, all scientific presentations and publications have clearly acknowledged the
funding source and the role of the funder. To date, we have published more than 100 scientific papers
that have all undergone peer-review and have been found worthy to make significant contributions
to the extant literature. Moreover, the large number of students and young researchers who were
engaged in ISCOLE highlights the research capacity building that occurred across low-, middle- and
high-income countries. Finally, we have declared our data available upon reasonable request for
researchers who wish to replicate or challenge our research findings.

Despite our concerted efforts to ensure transparency and rigor in the design and conduct of
ISCOLE, we experienced skepticism about the role of the sponsor. We have received several Freedom
of Information requests for access to emails from the study investigators and the sponsor. To date, we
have provided emails to several media organizations and the US Right to Know organization. This
correspondence was the subject of a manuscript that attempted to understand the relationship between
“an industry sponsor and public health academics” [85]. The primary conclusion of the study in the
first line of the conclusions section is that “Overall, apart from influencing the total number of study
sites, we found no evidence of Coca-Cola exerting ‘hard power’ over the Pennington PIs, where the
funder directly changes core methodological principles or points in the research” [85]. The authors
tried to make the case that the funder was involved in the study design since they negotiated the
number of study sites with the principal investigators as we developed the budget. However, we
maintain that the overall study design was not impacted by the number of study sites, i.e., whether
the study included 12, 13 or 14 countries; rather, this was purely a budgetary issue, where the budget
largely drove the number of study sites that could be recruited [86]. The selection of study sites was at
the discretion of the principal investigators. While the funder made suggestions about potential sites
to include in order to ensure global representation, the final slate of study sites was selected solely by
the principal investigators, and did not include specific sites recommended by the funder.

In summary, the ISCOLE investigators acted in good faith while developing and executing the
ISCOLE protocol. Despite a high level of scrutiny (and review of thousands of our emails) from the
media and other organizations, we have conducted ISCOLE with transparency and integrity and we are
immensely proud of it. We hope that such scrutiny of our work will not dissuade other researchers from
developing appropriately managed and transparent public-private partnerships to tackle important
public health issues. We feel that ISCOLE represents a successful and transparent model for future
public-private partnerships with academics.
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12. Conclusions

ISCOLE was a collaboration of scientists, students and staff from 12 countries ranging widely in
levels of human and economic development. Using a model of shared ownership, ISCOLE surpassed
all recruitment and quality control goals. To date, more than 100 peer-reviewed papers have been
published from ISCOLE. In addition to being an engine of research capacity development, ISCOLE has
made many significant contributions to our understanding of the global childhood obesity epidemic in
a short period of time. The findings of ISCOLE could, in turn, inform global efforts, such as the World
Health Organization Global Action Plan on Physical Activity 2018–2030 [87], and the achievement of
the United Nation’s Sustainable Development Goals [88]. Furthermore, the results from ISCOLE can
inform the development of culturally tailored interventions that can be deployed and tested across a
range of settings, and we encourage future collaborations that will build upon ISCOLE to improve the
health of children across the world.
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Abstract: Dairy product consumption is important during childhood, as dairy products provide
nutrients to support growth and development. However, a high proportion of children globally
are not meeting recommended daily intakes, which may have long-term health implications.
Accumulating evidence suggests that interventions aimed at instilling healthy lifestyle habits
are most effective when initiated during the preschool years. Therefore, the purpose of the
review was to identify the characteristics of effective dairy and/or calcium interventions targeting
preschool-aged children. A systematic literature review identified 14 intervention studies published
between 1998–2018 addressing dairy/calcium intakes in the preschool population (1.5 to 5 years).
Intervention reporting was assessed using intervention intensity, behavior change techniques and
Workgroup for Intervention Development and Evaluation Research (WIDER), with the quality of
studies evaluated using risk of bias and Grades of Recommendation, Assessment, Development and
Evaluation (GRADE). Five of the 14 studies included in the review reported significant improvements
in children’s dairy (4/5) or calcium (1/5) intake. Characteristics that may enable intervention
effectiveness include the delivery of interventions in one setting (preschool facility), using specific
behavior change techniques (environmental restructuring and teach to use prompts/cues), and
targeting both parent and child. Overall, the interventions assessed demonstrated variable success
and highlighted the need for developing effective interventions designed to increase dairy and/or
calcium intakes in preschool-aged children.

Keywords: intervention; nutrition; preschool; child; parent; dairy; calcium

1. Introduction

Consumption of dairy products is an important determinant of childhood health and
development [1]. Dairy products such as milk, yogurt, and cheese have a rich nutrient profile which
includes both macronutrients and micro-nutrients (calcium, vitamin D) that support the optimization
and maintenance of good health [2]. Despite the importance of dairy consumption, studies have
demonstrated that a significant number of North American children are not meeting recommended
intakes, as based on the 2018 Canadian Food Guide [3]. In Canada, 37% of children aged four to nine
years do not consume the recommended number of servings of milk and alternatives [3]. Furthermore,
between 1977–2001, the proportion of children aged two to 18 years in the United States (U.S.)
consuming milk decreased from 94% to 84%, the number of servings consumed decreased from 3.5 to
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2.8/day, and the portion size of each serving decreased from 460 to 410 mL [4]. Similar findings have
been reported in Europe. For example, the Individuelle Nationale sur les Consommations Alimentaires
study conducted in France between 1999–2007 reported a decrease in milk and cheese consumption
of 10% and 12%, respectively, in children aged 3 to 10 years old [5]. The Dortmund Nutritional and
Anthropometric Longitudinally Designed Study (1986–2001) comprised of German children between
the ages of 1–13 years old further demonstrated the global decline in dairy consumption by also
reporting a negative trend in milk consumption (−6.5 g/day/study year for children aged 1 to 3;
−2.8 to −7.4 g/day/study year for children aged 4 to 13) [5]. A decline in dairy intake from early
childhood may have important implications on bone health [6], as well as on the risk of developing a
number of costly chronic health conditions such as obesity [7,8], type 2 diabetes [9,10], hypertension [9],
and colorectal cancer [11].

Accumulating evidence strongly suggests that interventions aiming to instill healthy lifestyle
habits and prevent chronic diseases are most effective when initiated during preschool (≤5 y),
as compared to school-age (>5 y) years [12]. For example, Skinner et al. found that the consumption
of fruits among school-aged children was predicted by exposure to and consumption of a variety
of fruits during preschool years [13]. Marshall et al. (2005) similarly reported that the intake of
carbonated beverages, juice drinks, and sugar-sweetened beverages was inversely associated with
milk intake in a study of 645 children aged 1 to 5, suggesting the displacement of milk by other
beverages [14]. This displacement has potentially significant health consequences, as reported by
Dubois et al. (2007), who found that 15.4% of preschoolers in the Québec Longitudinal Study of Child
Development who were regular consumers of sugar-sweetened beverages were overweight at 4.5 years
of age, as compared to only 6.9% of non-consumers [15]. Furthermore, U.S. data suggest that for each
30-mL reduction in milk consumption by children aged five to 18 years, sugar-sweetened beverage
consumption increases by 126 mL, resulting in a net increase of 31 kcal and a loss of 34 mg of calcium for
each 30 mL of milk displaced [16]. Collectively, these findings reinforce the need to investigate factors
influencing children’s dairy intakes during preschool years. Previously published systematic literature
reviews have investigated the effects of dietary interventions aiming to increase dairy consumption;
however, they targeted children aged 5 to 12 [17] and adolescents aged ≥12 to ≤18 [18], so there is a
gap in knowledge regarding dairy intakes in the preschool population.

Enhancing dairy and calcium intake in preschool children is potentially an important step in
optimizing children’s bone health [6] and mitigating other long-term health consequences associated
with insufficient intake. Therefore, the objective of this systematic literature review was to identify the
characteristics that constitute effective dairy and/or calcium interventions targeting preschool-aged
children. The results of this review will inform the development of future dairy/calcium intervention
studies and public health education efforts.

2. Materials and Methods

2.1. Search Method

A list of search terms and keywords were adopted from recent and relevant reviews [17,18],
and modified with assistance from an open education resources librarian. The search terms were
comprehensive and inclusive, highlighting dairy and/or calcium consumption in preschool-aged
children. The search terms were categorized under four headings:

1. Interventions (e.g., intervention, clinical trial, experimental studies)
2. Nutrition (e.g., diet, food, beverage)
3. Population (e.g., preschool, toddler and parent, family)
4. Dairy/Calcium (e.g., yogurt, dairy, milk).

The databases searched included ProQuest, Web of Science, Cochrane Database, Cumulative
Index to Nursing and Allied Health Literature, CAB Direct, and PsycINFO. Varying combinations of
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search terms and keywords were applied to each of the six databases searched (see Supplementary
Materials). This allowed for Medical Subject Headings (MeSH) terms to be used along with keywords,
where permitted. The final literature search was conducted on 14 June 2018. It included all papers
published between 1998–2018, and was restricted to English publications. Grey literature and reference
lists of review papers were searched for additional intervention studies focused on dairy consumption.
All of the study protocols were registered on 17 July 2018 in PROSPERO (international database of
prospectively registered systematic reviews) under the study identification code CRD42018099909.

2.2. Inclusion Criteria

Inclusion criteria limited the selection of studies to: (i) intervention studies with or without
control groups, (ii) intervention studies modifying dietary intakes (specifically including dairy and/or
calcium intake as a measurement), (iii) the primary or secondary aim of the study being an increase in
dairy and/or calcium consumption in preschool-aged children (1.5 to 5 years), including any studies
that targeted families (parents and/or children), schools, and/or early education centers, and (iv)
intervention studies reporting changes in dairy and/or calcium intakes at either the individual and/or
group level.

2.3. Exclusion Criteria

Exclusion criteria included: (i) studies targeting clinical populations (i.e., obese or lactose
intolerant groups), (ii) case studies, (iii) studies focused on breast-feeding, allergies, or calcium
supplementation, (iv) studies aimed at changing the type of dairy consumption (i.e., regular-fat dairy
to low-fat dairy, but not total dairy), (v) publications older than 20 years (i.e., published prior to 1998),
and (vi) non-English publications.

2.4. Data Extraction and Synthesis

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram
summarizing the search outcomes is presented in Figure 1. A total of 7178 records were screened
(7176 records identified through database searching, two records [19,20] identified through grey
literature searching), with 138 articles assessed in full-text based on the specified inclusion and
exclusion criteria. A total of 124 articles were excluded based on a lack of access to full-text English
publication (n = 18), incorrect age range (n = 38), not aiming to increase the consumption of dairy
and/or calcium (n = 23), aiming to change the type of dairy consumption (n = 16), focusing on dairy
and/or calcium supplementation (n = 6), being a case study (n = 1), or no intervention (n = 22). A total
of 14 intervention studies were included in the final analysis.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) four-phase
flow diagram of the literature search results. From: Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.;
The PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA
statement. PLoS Med. 2009, 6, e1000097, doi:10.1371/journal.pmed1000097 [21]. For more information,
visit www.prisma-statement.org.

Two independent reviewers (VS, IJ) extracted data from the studies, including the author name and
date, population characteristics, description of the intervention, relevant outcome measures, effect size,
and effectiveness of the intervention (Table 1). Five assessment tools, including (1) Intervention
Intensity Analysis, (2) Coventry, Aberdeen, and London—Refined Taxonomy of Behavior Change
Techniques, (3) Workgroup for Intervention Development and Evaluation Research Recommendations,
(4) Cochrane Collaboration Risk of Bias Tool, and (5) Grades of Recommendation, Assessment,
Development and Evaluation were used to evaluate all of the intervention studies included in the
analysis. The five assessment tools are described below.
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2.5. Intervention Reporting

2.5.1. Intervention Intensity

Intervention intensity scales have been employed in scientific literature to enhance comparisons
of interventions between studies [17]. An intervention intensity scale is a point-scale assessment tool
that evaluates the characteristics and degree of an intervention [17]. The intensity score ranks the
qualities of each individual intervention as high, medium, or low intensity, facilitating straightforward
comparisons of different study designs and/or intervention settings [17].

The intervention intensity scale used was adapted from a recent review [18], assessing four
characteristics of interventions on a 5-point ranking scale (1 = low, 2 = low-medium, 3 = medium,
4 = medium–high, and 5 = high), with the exception of “reach of the intervention strategies” [34].
The four characteristics are detailed below:

(1) Duration of the intervention. This category ranked the length of the intervention using the
following scale: 1 = ≤6 weeks, 2 = 6 to 11 weeks, 3 = 12 weeks to 5 months, 4 = 6 to 12 months,
and 5 = ≥12 months.

(2) Frequency of contact with the intervention. This characteristic assessed the frequency of contact
between participants and the intervention. If the intervention employed multiple points of
contact, an average contact score was computed. If the frequency of contact was not clearly
stated by authors, the points of contact were divided by the overall duration of the intervention
to determine an average frequency of contact. The ranking score that was used for frequency
of contact with the intervention was 1 = annually, 2 = bimonthly to quarterly, 3 = monthly,
3.5 = twice a month, 4 = weekly, 4.5 = multiple times per week, and 5 = daily.

(3) Level of personalization. This characteristic describes the type and/or level of contact with the
intervention. The ranking score used for the level of personalization included: 1 = environmental,
2 = group (parent or child), 2.5 = group (parent and child), 3 = environmental and group (parent or
child), 3.5 = environmental and group (parent and child), 4 = group with an individual component
(parent or child), 4.5 = group with an individual component (parent and child), and 5 = individual
(parent and/or child) or individual, environmental, and group (parent and/or child). If the
parent and child experienced different levels of personalization, they were scored independently,
and the scores were averaged for a total personalization score out of 5. The more personalized
the contact of the intervention, the higher the intensity score.

(4) Reach of the intervention strategies. This characteristic assessed the number of different settings
(i.e., home, school) used by the researchers to reach their target audience, and used a scale where
1 = one setting, 3 = two settings, and 5 = three or more settings. The greater number of settings
used with the intervention, the higher the intensity of the intervention.

The two reviewers (VS, IJ) scored the characteristics and provided an overall intervention intensity
score for each intervention included in the analysis. The overall intensity score was the sum of the
scores of the four characteristics, giving a total score out of 20. An overall intervention intensity score
of greater than or equal to 13.5 was considered a high-intensity intervention, between 10.51–13.49 was
rated as medium intensity, and a score of 10.5 or less indicated a low-intensity intervention.

2.5.2. Behavior Change Techniques

Michie et al. (2011) published the Coventry, Aberdeen, and London-Refined (CALO-RE) Taxonomy
of Behavior Change Techniques to be used in assessment of interventions targeting healthy eating and
physical activity [35]. The refined taxonomy published by Michie et al. (2011) was adopted from the
taxonomy of theory-linked behavior change techniques developed by Abraham and Michie (2008) [36],
which identified specific behavior change techniques in interventions that enabled effectiveness.
The twofold rationale for the use of the CALO-RE Taxonomy is based on determining whether the
differences in behavior change techniques observed across studies impacted the effectiveness of each
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intervention, and secondly, identifying which techniques affected the most significant behavioral
change [36].

The CALO-RE Taxonomy provides a behavior change taxonomy of 40 items, which are defined in
Supplementary Materials Table S1. Two independent reviewers (VS, IJ) evaluated the behavior change
techniques applied in the intervention studies and resolved any discrepancies through discussion.
Behavior change techniques three, six, 11, 12, 14, 17, 18, 31, 32, 33, 34, 37, and 40 were excluded from
analysis, as these techniques were not employed in any of the interventions assessed.

2.5.3. WIDER Recommendations

The Workgroup for Intervention Development and Evaluation Research (WIDER) [37] developed
a framework to assess and report the components of behavior change intervention studies,
recommending a set of four criteria by which to evaluate techniques employed in behavior
change interventions. The WIDER recommendations were developed to compare behavior change
interventions across heterogeneous studies, with the goal of ensuring clarity in reporting of the
components of behavior change techniques to ultimately improve the reproducibility of current
intervention methods. The description of the four criteria of the WIDER recommendations are outlined
in Supplementary Materials Table S2 and detailed below:

(1) The first recommendation addresses the description of the intervention(s) and the level of
detail reported by authors. There are eight supplementary recommendations required for
discussion throughout the intervention study, including the characteristics of those delivering
the intervention, characteristics of the recipients, setting, mode of intervention delivery, intensity,
duration, adherence to delivery protocols, and a detailed description of the intervention content
for each study group.

(2) The second recommendation addresses the change process employed in the intervention and the
design of the intervention. This recommendation requires a description of how the intervention
was developed, the behavior change techniques used in the intervention, and the behavioral
processes being targeted by the change techniques.

(3) The third recommendation addresses the extent to which the intervention protocols and/or
manuals are accessible, as authors must provide easy access to the protocols/manuals for the
interventions as supplementary materials (i.e., online).

(4) The fourth recommendation assesses the control group and the control conditions. Authors must
describe the characteristics of the interveners delivering the control, characteristics of the control
participants, setting, mode of delivery, intensity, duration, compliance to the delivery protocols,
and a detailed description of the control content.

Two reviewers (VS, IJ) independently assessed all of the intervention studies using the four
WIDER recommendations, and reported whether each intervention satisfied all of the subcomponents
of the recommendations [38].

2.6. Quality Criteria

2.6.1. Risk of Bias

The Cochrane Risk of Bias Tool [39] was used to evaluate six types of bias in the individual studies,
including selection bias, performance bias, attrition bias, reporting bias, detection bias, and other bias.
Within the six types of bias, seven domains exist that aid in assessing the risk of each type of bias:

(1) Selection bias: assessed two domains: sequence generation and allocation concealment
(2) Performance bias: assessed the blinding procedures implemented in the study
(3) Detection bias: assessed the adequacy of the blinding of outcome assessors
(4) Attrition bias: assessed all the participant withdrawal from the study that lead to incomplete

outcome data
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(5) Reporting bias: identified the selective reporting of results
(6) Other bias: identified any other sources of bias that may be present in the literature, owing to a

variety of circumstances or events.

The two reviewers (VS, IJ) evaluated the level of bias within each category for each individual
study by assigning a material risk of bias score (high, low, or unclear) for each of the above criteria,
including supporting rationale for this score. Material bias is defined as bias significant enough to
affect the results and/or conclusions of the study. Examples of criteria used to assess material bias are
included in Supplementary Materials Table S3.

The support for the bias judgment is derived from the study and is highlighted by verbatim
quotes from the publication, where possible. In this section, review authors may include personal
comments and any relevant information supporting the rationale for their judgments. The ambiguity
of information within the study can be addressed by indicating ‘probably done’ or ‘probably not done’
in addition to an explanation for why they believe so. Lastly, if the primary authors did not provide
sufficient information to enable review authors to make clearly defined judgments, this should be
clearly indicated.

2.6.2. GRADE

The Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) [40] is
a systematic approach that is used to assess the quality of evidence across studies and evaluate
the strength of clinical recommendations. Prior to their assessment of the quality of evidence,
review authors identify the clinical outcomes on which they will be focusing. If applicable, three items
must be clearly defined for each outcome, including the number of studies addressing the specific
outcome of interest, the treatment comparison, and the number of participants in each comparison.
Then, the quality of evidence addressing the outcomes is evaluated based on the type of evidence
provided, quality points, consistency, directness, and effect size.

Two independent reviewers (VS, IJ) used the GRADE criteria to evaluate the quality of evidence
across studies. The five GRADE criteria outlined by the British Medical Journal (BMJ) (2012) [40] are
detailed in Supplementary Materials Table S4 and summarized below:

(1) Type of evidence. Scientific evidence derived from randomized control trials begins at a rating of
four points; in contrast, evidence from observational studies is assigned a rating of two.

(2) Quality points. A total of three points can be deducted under this category based on inadequacies
in follow-up procedures, sparse data, blinding, allocation concealment, and attrition.

(3) Consistency. Heterogeneous studies are evaluated under this category, as long as they all address
the same outcomes and interventions. A quality point is deducted under this category for
inconsistent results between studies while, in contrast, a quality point is added if a dose-response
effect is observed or if adjustment of confounders increased the effect size.

(4) Directness. A maximum of two points can be deducted for issues affecting the generalizability
of the results to the population of interest. Examples of issues affecting directness include
co-interventions that are being tested alongside the intervention of interest, as well as the use of
samples that are either too broad or too restricted.

(5) Effect Size. The GRADE criteria add a quality point for an odds ratio (OR) or relative risk (RR)
≥2 and adds two quality points for an OR or RR ≥5. One quality point is added for effect
sizes >2 (or <0.5), while two quality points are added for effect sizes that are >5 (or <0.2) and
are all statistically significant. No quality points are added for effect sizes <2 or statistically
insignificant results.

When calculating the final GRADE score for each outcome, a score of at least four points indicates
a high quality of evidence, three points suggests a moderate quality of evidence, two points reflects a
low quality of evidence, and a score of one or less represents a very low quality of evidence. GRADE
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scores for independent outcomes are presented in table format, where explanations for the scores
and judgments about the quality of evidence are provided. The overall interpretation of the GRADE
score does not reflect the methodological quality of a single piece of literature, but rather is a measure
of the quality rating of the overall evidence across studies addressing a specific outcome within the
target population.

3. Results

3.1. Intervention Studies

3.1.1. Study Description

The present review identified 14 intervention studies published between 1998–2018 that aimed to
increase dairy and/or calcium consumption. Of the 14 intervention studies identified, seven (50%)
targeted total dairy intake, six (43%) targeted total milk intake, and one (7%) targeted calcium
intake; all did so as part of a larger dietary intervention. All of the intervention studies targeted
children between the ages of 1.5–5 years, their parents, and/or teachers, as it was acknowledged
that interventions may engage the child’s caregiver(s), but not be applied to the preschool-aged
child(ren). The search methods were exhaustive and retrieved studies conducted globally, allowing for
a comprehensive analysis of interventions for populations with differing baselines and habitual dairy
and/or calcium intake.

3.1.2. Effectiveness

Intervention effectiveness was determined as a statistically significant (p < 0.05) increase in dairy
and/or calcium intake. Of the 14 interventions included in the review, five were effective, eight were
ineffective, and one did not provide any information on the effectiveness of the intervention (Table 1).
Of the five effective interventions, one targeted both parent and child, two targeted only the parent,
and two targeted the child alone; importantly, both interventions targeting the child demonstrated
effectiveness. The overall intervention effectiveness results reported in this review were lower than
those of previously published systematic literature reviews [17,18].

One intervention [30] did not report a statistically significant change in dairy consumption from
baseline to six-week post-intervention follow-up, but reported a statistically significant increase in
dairy consumption using a treatment-by-time interaction model at 28 weeks post-intervention booster
follow-up. (A booster in this context is a reintroduction of the intervention some time after the
initial intervention has concluded; it is used to determine whether the behavior changes that were
taught/implemented in the initial intervention were maintained over time).

3.1.3. Sample Size, Control Groups, Effect Size

The sample size of intervention studies ranged from very small groups of parents (n = 7) and
children (n = 6) as presented in the study of Kopetsky (2017) [25], to large groups of children (n = 3112)
enrolled in the Food and Nutrition Services Food Stamp Nutrition Education Program as studied
by Cason (2001) [19]. In addition, four (29%) interventions did not have a control group, while only
seven (50%) interventions included in the review provided adequate information to calculate effect
size. The other 50% had insufficient data (i.e., did not have a control group), or did not provide the
data in the correct format to enable effect size calculation.

3.2. Intervention Intensity

The summary of the intervention intensity rating categories associated with effectiveness and
overall intervention intensity results are presented in Tables 2 and 3, respectively. In this review,
three (23%) interventions were of low intensity, five (~38%) interventions were of medium intensity,
and five (~38%) interventions were of high intensity. More than half (60%) of the medium-intensity

332



Nutrients 2019, 11, 714

interventions and 66.7% of the low-intensity interventions reported statistically significant (p < 0.05)
increases in dairy and/or calcium intakes, whereas none of the high-intensity interventions were
effective at increasing dairy and/or calcium consumption.

Table 2. Intervention characteristics and intensity rating categories associated with intervention
effectiveness (n = 13).

Effective
Interventions

Ineffective
Interventions

Total 3 % Effective 1

Target of Intervention
Mixed 5 8 13 38.5

Intervention Intensity
Low 2 1 3 66.7
Medium 3 2 5 60.0
High 0 5 5 0.0

Duration
<6 weeks 2 2 4 50.0
6 to 11 weeks 1 0 1 100.0
12 weeks to 5 months - - - -
6 to 12 months 1 5 6 16.7
>12 months 1 1 2 50.0

Frequency of Contact 2

Annually - - - -
Bimonthly to quarterly - - - -
Monthly 0 2 2 0.0
Biweekly 1 2 3 33.3
Weekly 2 5 7 28.6
Multiple times per week 2 0 2 100.0
Daily - - - -

Level of Personalization 2

Environmental 1 1 2 50.0
Group (Parent or Child) 3 3 6 50.0
Group (Parent and Child) - - - -
Environmental + Group
(Parent or Child) 1 1 2 50.0

Environmental + Group
(Parent and Child) 0 2 2 0.0

Group + Individual
(Parent or Child) 1 1 2 50.0

Group + Individual
(Parent and Child) 0 1 1 0.0

Individual or Individual +
Environmental + Group 0 2 2 0.0

Reach
1 setting 5 1 6 83.3
2 settings 0 5 5 0.0
3+ settings 0 2 2 0.0

1 Intervention effectiveness is defined as a statistically significant increase (p < 0.05) in a dairy and/or calcium
related outcome. 2 Total number of studies in Frequency of Contact and Level of Personalization will not sum to
n = 13, because some studies used multiple frequencies of contact and multiple levels of personalization throughout
the intervention. 3 Salehi et al. (2004) was excluded from the chart and analysis, as the authors did not provide the
effectiveness of the intervention.
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When evaluating the individual intensity rating categories, no relationships appear to exist
between duration, frequency of contact or level of personalization, and intervention effectiveness
(Table 2). Only one intervention had a duration of 6 to 11 weeks and demonstrated effectiveness.
Additionally, the two interventions [28,32] involving contact with participants multiple times per week
were effective. None of the levels of personalization were consistently linked with effectiveness, as all
were used in both effective and ineffective interventions. Consistent with a previously published
systematic literature review [18], all of the studies in which the intervention was conducted and
applied in only one setting/environment were effective. Of the six studies using a reach of one setting,
five (83.3%) demonstrated significant increases in dairy and/or calcium consumption.

To further assess intervention intensity, the interventions were divided into four groups based on
the target population(s): parent and child; parent; child; or childcare services (Table 3). Child-focused
interventions had a group score of 9.5 (n = 2), indicating a low overall intervention intensity score;
however, the interventions in both studies resulted in statistically significant increases in dairy
consumption. Interventions that targeted both parent and child had the highest overall group intensity
score of 13.5, although only one (14.3%) of the seven interventions resulted in significantly increased
calcium consumption. Overall, there was heterogeneity in terms of effectiveness across different
categories of intensity and with overall intensity.

3.3. Behavior Change Techniques

The interventions employed a variety of behavior change techniques (BCT). Table 4 outlines the
frequency of BCT associated with intervention effectiveness. Salehi et al. (2004) [31] was not included
in the BCT analysis, as information about intervention effectiveness was not provided.

Table 4. Behavior change techniques associated with intervention effectiveness.

Behavior Change Technique 1 Effective
(N = 5)

Ineffective
(N = 8)

Total
(N = 13) 2 % Effective 3

1. Provide information on consequences of
behavior in general 3 5 8 37.5

2. Provide information on consequences of
behavior to the individual 3 6 9 33.3

4. Provide normative information about
others’ behavior 1 0 1 100.0

5. Goal setting (behavior) 4 8 12 33.3

7. Action planning 5 8 13 38.5

8. Problem solving/barrier identification 2 3 5 40.0

9. Set graded tasks 0 1 1 0.0

10. Review of behavioral goals 1 4 5 20.0

13. Rewards contingent on successful
behaviors 2 2 4 50.0

15. Generalization of target behavior 4 7 11 36.4

16. Self-monitoring of behavior 1 3 4 25.0

19. Provide feedback on performance 1 6 7 14.3

20. Provide information on when and
where to perform the behavior 4 8 12 33.3

21. Provide instruction on how to perform
the behavior 4 8 12 33.3

22. Model/demonstrate the behavior 3 7 10 30.0

23. Teach to use prompts/cues 4 3 7 57.1
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Table 4. Cont.

Behavior Change Technique 1 Effective
(N = 5)

Ineffective
(N = 8)

Total
(N = 13) 2 % Effective 3

24. Environmental restructuring 5 3 8 62.5

25. Agree on behavioral contract 0 1 1 0.0

26. Prompt practice 4 8 12 33.3

27. Use of follow-up prompts 0 2 2 0.0

28. Facilitate social comparison 0 2 2 0.0

29. Plan social support/social change 2 8 10 20.0

30. Identification as a role model 2 7 9 22.2

35. Relapse prevention/coping planning 0 1 1 0.0

36. Stress management/emotional control
training 0 1 1 0.0

38. Time management 0 1 1 0.0

39. General communication skills training 1 2 3 33.3
1 Behavior change technique numbers three, six, 11, 12, 14, 17, 18, 31, 32, 33, 34, 37, and 40 were removed from the
chart and analysis as no studies employed these techniques. 2 Salehi et al. (2004) was excluded from the chart and
analysis, as the authors did not provide the effectiveness of the intervention. 3 Intervention effectiveness is defined
as a statistically significant increase (p < 0.05) in a dairy or calcium outcome.

The most commonly used BCT, which was used in all 13 interventions, was action planning.
Other commonly used BCTs were goal setting (behavior) (n = 12), providing information on when
and where to perform the behavior (n = 12), providing instruction on how to perform the behavior
(n = 12), and prompting practice (n = 12). There was one BCT that was used exclusively in the
effective intervention by Marquis et al. (2014) [27], which was providing normative information about
others’ behavior (i.e., providing information about others’ behaviors and whether they are common
or uncommon in the population). Action planning and environmental restructuring were similarly
used in all five effective studies, although both were also used in several ineffective studies. Action
planning demonstrated 38.5% efficacy, and environmental restructuring demonstrated 62.5% efficacy.
Goal setting (behavior) [19,24,27,28], generalization of the target behavior [19,24,27,28], providing
information on when and where to perform the behavior [19,24,27,28], providing instruction on how
to perform the behavior [19,24,27,28], teaching how to use prompts/cues [19,24,28,32], and prompt
practice [19,24,27,28] were techniques used in four of the five effective interventions. Goal setting
(behavior) demonstrated 33.3% efficacy, the generalization of target behavior demonstrated 36.4%
efficacy, providing information on when and where to perform the behavior demonstrated 33.3%
efficacy, providing instruction on how to perform the behavior had 33.3% efficacy, teaching to use
prompts/cues demonstrated 57.1% efficacy, and prompting practice had 33.3% efficacy. The results
demonstrate that intervention effectiveness is independent of BCT.

3.4. WIDER

Table 5 provides a summary of WIDER recommendations for each intervention study. Only seven
of the 14 studies provided adequate descriptions of their intervention. Similarly, 57% of the studies
adequately classified their change processes and design principles. Only three (21%) interventions
provided access to intervention protocols, which made it difficult to further evaluate the risk of
reporting bias. Four studies (29%) did not have a control group, which classified them under unclear
risk of bias for random sequence generation and high risk of bias for allocation concealment. Of the
10 studies that had a control group, only three (30%) had an active control, with two of them providing
adequate descriptions of the control.
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Table 5. Summary of the Workgroup for Intervention Development and Evaluation Research
(WIDER) recommendations.

Study
(n = 14)

Description of
Intervention

Classification of
Change Process and
Design Principles

Access to
Intervention Manuals

and/or Protocols

Description of
Active Control

Conditions

Akil (2013) [22] N N N N
Bender et al. (2013) [23] Y Y N No Control Group
Cason (2001) [19] N Y N No Control Group
Harvey (2008) [24] N N N No Control Group
Kopetsky (2017) [25] Y Y N Y
Korwanich et al. (2008) [26] N N N No Active Control
Marquis et al. (2014) [27] Y N Y No Active Control
Munday et al. (2017) [28] Y N N No Control Group
O’Sullivan et al. (2016) [29] Y Y Y No Active Control
Roberts-Gray et al. (2016) [30] Y Y N No Active Control
Salehi et al. (2004) [31] N Y N No Active Control
Schwartz et al. (2015) [32] N N N No Active Control
Seward et al. (2018) [20] Y Y Y Y
Vereecken et al. (2009) [33] N Y N No Active Control

3.5. Risk of Bias

All 14 intervention studies [19,20,22–33] included in the review were assessed for risk of bias.
Figure 2 provides a summary of the authors’ (VS, IJ) judgments regarding each risk of bias item for
the included intervention studies. The study with the lowest overall risk of bias was O’Sullivan
et al. (2016) [29], and the study with the highest overall risk of bias was Munday et al. (2017) [28].
Three studies, two of which were dissertations, had all categories classified as either high or unclear
risk of bias [22–24]. Overall, most of the studies had a high or unclear risk of bias in a majority of
the categories.

Figure 3 presents the percentages of each risk of bias item across the 14 intervention studies.
There was a high percentage (71%) of studies with an unclear risk of bias for random sequence
generation. Additionally, six studies inadequately described allocation concealment. All of the studies
either had a high or unclear risk of bias in the blinding of participants and personnel. Similarly,
only two studies had a low risk of bias in the blinding of outcome assessment. Compared to other
categories, there was a high percentage (36%) of studies that had a low risk of bias in incomplete
outcome data. For the selective reporting domain, 11 studies had an unclear risk of bias, as they failed
to provide protocols, and thus reviewers were unable to make clear judgments about bias risk. Half of
the studies (n = 7) had a high risk of other bias due to self-reporting, convenience sampling, crossover
bias, and underreporting. A high risk of bias was reported in 50% of the studies across the categories
‘other bias’ and ‘attrition bias’, resulting in these two categories having the highest percentage of a high
risk of bias. Similarly, the highest percentage (50%) of a low risk of bias was observed in the ‘other bias’
category. Overall, in four of the seven domains, the percentage of studies with an unclear risk of bias
was 50% or greater.

337



Nutrients 2019, 11, 714

Figure 2. Risk of bias summary: review authors’ judgments about each risk of bias item for each
included intervention study. Red, yellow, and green circles represent high, unclear, and low risk of
bias, respectively.

Figure 3. Risk of bias graph: review authors’ judgments about each risk of bias item, which are
presented as percentages across all of the included intervention studies (n = 14).
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3.6. GRADE

Thirteen studies were included in the GRADE analysis. One study could not be included, as it
was the only intervention assessing calcium intake as an outcome [28]. Table 6 provides a summary of
GRADE results for the studies (n = 7) that had total dairy intake as an outcome. The overall quality of
evidence across these studies was very low, as it received an overall score of zero. Table 7 provides a
summary of GRADE results for the studies (n = 6) that had total milk intake as an outcome. Similar to
total dairy intake, the overall quality of evidence across these studies was also very low, receiving an
overall score of one.

Table 6. Summary of Grades of Recommendation, Assessment, Development and Evaluation (GRADE)
results for total dairy intake outcome (n = 7). Intervention studies evaluated: Akil 2013 [22]; Cason
2001 [19]; Harvey 2008 [24]; Kopetsky 2017 [25]; O’Sullivan et al., 2016 [29]; Roberts-Gray et al., 2016 [30];
and Seward et al., 2018 [20].

GRADE
Criteria

Rating Support for Judgment
Overall Quality

of Evidence

Type of
Evidence +4 All of the studies included were intervention studies. High

Quality
Points −3

Multiple studies had <200 participants. The majority
of studies had a high or unclear risk of bias for the
blinding and allocation process, as well as attrition.

Low

Consistency 0

Most of the studies reported the ineffectiveness (n = 5)
versus effectiveness (n = 2) of dairy intervention. Dairy
outcomes assessed are relatively similar, as the
majority of studies reported some variation of the
number of servings of dairy consumed.

Moderate

Directness −1 Generalizability of population was a limitation in
several studies. Moderate

Effect Size 0

n = 3 studies did not provide enough information to
allow for the calculation of effect size. All of the other
studies (n = 4) allowed for the calculation of effect size;
not all of the effect sizes were >2 or <0.5 and
significant.

Low

Overall
Score: 0

Overall Quality of
Evidence: Very Low

Table 7. Summary of GRADE results for total milk intake outcome (n = 6). Intervention studies
evaluated: Bender et al., 2013 [23]; Korwanich et al., 2008 [26]; Marquis et al., 2014 [27]; Salehi et al.,
2004 [31]; Schwartz et al., 2015 [32]; and Vereecken et al., 2009 [33].

GRADE
Criteria

Rating Support for Judgment
Overall Quality

of Evidence

Type of
Evidence +4 All of the studies included were intervention studies. High

Quality
Points −1

All of the studies had a high or unclear risk of bias for
blinding and allocation. Three studies had a low risk
of attrition bias, with the other three studies having
either a high or unclear risk of attrition bias. Generally,
sparse data does not appear to be of concern, as the
majority of studies had >200 participants.

Moderate

Consistency −1

Most studies reported ineffectiveness (n = 3) versus
effectiveness (n = 2) of dairy intervention, with one
study not reporting effectiveness. Variability in
reporting of milk outcomes; studies reported volumes
of milk consumed, times consumed per day, or
quantity of milk consumed in grams.

Low
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Table 7. Cont.

GRADE
Criteria

Rating Support for Judgment
Overall Quality

of Evidence

Directness −1 Generalizability of population was a limitation in
multiple studies. Moderate

Effect Size 0

n = 3 studies did not provide enough information to
allow for the calculation of effect size. All of the other
studies (n = 3) allowed for the calculation of effect size;
not all of the effect sizes were >2 or <0.5 and
significant.

Low

Overall
Score: 1

Overall Quality of
Evidence: Very Low

The type of evidence across both outcomes received a score of +4, as all of the studies that were
included in the review were intervention studies. Total dairy intake received the lowest score (−3) for
quality points, as a majority of the studies had <200 participants and had a relatively high risk of bias.
Conversely, total milk intake had the lowest score (−1) for consistency, as there was variability in the
reporting of milk outcomes. Both outcomes received the same scores for directness (−1) and effect size
(0). Overall, these results demonstrate heterogeneity between intervention studies.

4. Discussion

The objective of this review was to identify the characteristics of effective interventions aimed at
increasing dairy and/or calcium consumption in preschool-aged children. Intervention reporting was
evaluated using intervention intensity analysis, behavior change technique taxonomy, and WIDER,
with risk of bias and GRADE used to assess the quality of the intervention studies. Only five
(35.7%) interventions included in the review reported significant increases in dairy and/or calcium
consumption post-intervention, which was lower than the ~70% reported in previously published
reviews in other populations [17,18]. Characteristics associated with effectiveness included those
interventions delivered in one setting (i.e., preschools, early education centers and/or daycares) versus
those delivered in multiple settings, those that included the selected behavior change techniques of
environmental restructuring and teach to use prompts/cues, and those that targeted both the parent
and child.

The most notable finding was the lack of effectiveness reported by intervention studies aiming
to increase dairy and/or calcium intakes in preschool-aged children. The ineffectiveness of most
interventions may be attributed to the lack of focus on dairy or calcium intake as the targeted message.
All of the interventions in the final analysis included dairy and/or calcium intakes as part of a larger
dietary intervention designed to encourage healthy eating and positive dietary habits in preschool-aged
children. Hendrie et al. (2012) [17] concluded that interventions specifically targeting dairy or calcium
intake independent of other dietary changes were more likely to be effective than those considering
dairy/calcium intake in the context of a broader message, such as general healthy eating. These findings
suggest that mixed dietary interventions may dilute the impact or preclude adequate communication
and/or the adaption of more targeted health and dietary messages. A possible explanation could
be that less time and/or effort are allocated to dairy-specific messaging when presented as part of
a mixed dietary intervention. Resource availability may also be limited when engaging in broader
dietary interventions, directly impacting dairy or calcium messaging and the extent of education and
communication about dairy and calcium consumption. The effectiveness of increasing dairy and
calcium consumption as part of a larger dietary intervention may be influenced by the behavior change
techniques implemented. For example, behavior change techniques that are effective at increasing
fruit and vegetable consumption may not be similarly effective at increasing dairy and calcium intake,
and therefore may impact the communication of dairy and calcium health messages.
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The ineffectiveness of dairy interventions may also be attributed to the heterogeneity of the
interventions. The heterogeneity observed between populations may have introduced variability
in the communication of dietary messages on the basis of cultural and/or societal norms.
For example, Salehi et al. (2004) [31] conducted their interventions on Qashqa’i tribe families
in Iran, while Marquis et al. (2014) [27] studied a cohort of rural Ghanaian children. Salehi et al.
(2004) [31] aimed to change/improve the customs and cultural practices of the Qashqa’i tribe families
through educational program topics such as sanitary waste disposal, water supply, and general dietary
consumption guidelines. In contrast, Marquis et al. (2014) [27] focused on improving entrepreneurial
training and nutrition education to increase household access to animal food products in rural Ghana.
These examples highlight the differences in the availability of resources and/or food sources between
cultures, and how this could impact the extent of the dietary health and messaging provided. Secondly,
heterogeneity was also observed across participants, with variability in the targets of the interventions
(i.e., parent and child, parent, child, or childcare services). The variability observed across intervention
targets may significantly influence dietary messaging given that interventions targeting preschool
children focus more on simply increasing dairy consumption, whereas those targeting adults are more
likely to emphasize the importance or relevance of doing so. Thirdly, heterogeneity existed between
the approaches used to communicate dietary messaging, including mass communication, targeted
communication, or tailored communication [41]. Mass communication is more generic and most likely
used in environmental or group interventions, as this type of communication enables general messages
to be delivered to many individuals; in contrast, tailored communication is used when the health
messages are specifically designed to individual need. The ineffectiveness and heterogeneity observed
across interventions make it difficult to draw reliable conclusions, highlighting the need for future
intervention designs to specifically and solely target dairy and/or calcium intake in preschoolers.

The characteristics of effective interventions were determined using intervention intensity
analysis. No associations were observed between intervention intensity group scores and intervention
effectiveness. Moreover, interventions targeting the parent and child demonstrated the highest
intervention intensity scores, but only one of the seven studies demonstrated effectiveness.
Both interventions targeting the child alone, by comparison, exhibited low intervention intensity
scores, but were effective at increasing dairy intakes. These observations suggest that targeting the
child alone may enhance the effectiveness of interventions; although, based on the young age of the
preschool children, it is unreasonable to assume that these children would be able to change their
intakes without the guidance from their parents and/or caregivers. Targeting both the parent and child
may demonstrate higher efficacy in increasing dairy and/or calcium intakes in preschool children,
as evidence suggests that parents play an important role in developing preschoolers’ eating habits
through a variety of mechanisms, including modeling of dietary behaviors [42,43], parental feeding
behaviors [44,45], and the availability/accessibility of food products in the home environment [46,47].
Recent evidence from the Guelph Family Health Study, Canada, extended these findings: both mothers’
and fathers’ involvement of children in meal preparation was associated with lower child nutrition
risk (mother beta = −3.45, p = 0.02; father beta = −1.74, p = 0.01) and healthy home environment
scores (mother beta = −8.36, p < 0.001; father beta = −2.69, p = 0.04) [43]. These results demonstrate
the strong parental influence on preschoolers’ dietary intakes, supporting the need to target parents
as well as children in interventions aiming to increase dairy and/or calcium intakes. Furthermore,
when considered as independent categories, no associations were evident between intervention
duration, frequency of contact or level of personalization, and overall intervention effectiveness.
In contrast, intervention setting did appear to be associated with overall effectiveness, as it was
observed that the majority of effective interventions used a reach of only one setting. This is consistent
with Marquez et al. (2015) [18], who also reported an 81.8% intervention effectiveness using a reach
of one setting, suggesting that a targeted and focused intervention delivered in a single setting may
be preferable to interventions delivered across multiple settings. Based on the results of this study,
interventions targeting dairy and/or calcium intake should focus on delivery in preschools, early
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education centers, and/or daycares. Nonetheless, despite the inclusion of 14 interventions in this
analysis, the validity of our conclusions regarding the relationship between intervention intensity and
effectiveness is limited by the small number of studies in any given category.

Analysis of behavior change techniques was used to investigate the relationship between the use of
specific techniques and intervention effectiveness. Overall, the main finding from this analysis indicates
some associations between the use of specific behavior techniques and intervention effectiveness.
Specifically, environmental restructuring and teaching to use prompts/cues appear to be associated
with overall intervention effectiveness. These two techniques are also related, because environmental
restructuring prompts the participant to alter their environment to support the target behavior
(i.e., put up posters/images) and teaching to use prompt/cues teaches the individual to identify
environmental cues to prompt the target behavior. Given that these behavior change techniques are
strongly associated with intervention effectiveness, altering the environment to support and encourage
dairy/calcium consumption may be effective in the preschool population. As further support,
Marquez et al. (2015) [18] reported 66.7% intervention effectiveness with the use of environmental
restructuring, which is a result that is comparable to our review. Furthermore, no significant
relationships were observed between the target population (i.e., parent and child, parent alone,
child alone, or childcare services), the effectiveness of the intervention, and the use of behavior change
techniques. These results are consistent with those of Marquez et al. (2015) [18], who concluded that
parental involvement and support was not a significant predictor of intervention effectiveness. These
findings are in contrast to those published by Hendrie et al. (2012) [17], who reported that effective
studies implementing behavior change techniques specifically targeted the parents and/or family,
while ineffective studies targeted only the child. Overall, intervention effectiveness appears to be
independent of the majority of behavior change techniques, although environmental restructuring and
teaching to use prompts/cues may encourage positive behavioral change in the preschool population.

Two assessment tools, risk of bias and GRADE, were used to evaluate the overall quality of the
intervention studies included in the analysis. The majority of interventions demonstrated a high or
unclear risk of bias in most or all of the risk of bias categories, with the quality appraisal of total dairy
and total milk intake outcomes being very low based on the GRADE criteria. This demonstrates
an overall lack of reliability and validity of intervention results and conclusions, suggesting a
need to further develop standards and consistency in intervention design and the reporting of
outcomes related to dairy/calcium intakes. Improving the reporting of outcomes will (i) enable
the identification of the outcomes that are most meaningful and relevant in the preschool population,
(ii) enable the development of a consensus in this field of research regarding definitions and measures
of dairy/calcium outcomes (i.e., servings per day versus amount consumed), and (iii) identify
those outcomes that are most likely to promote increases in the effectiveness of dairy/calcium
interventions [48]. Finally, consistency in the reporting of outcomes and clarity in intervention design
would enable a comparison of study designs, sample sizes, and target populations for the purpose of
determining the factors promoting the effectiveness of dairy/calcium consumption in the preschool
population. Improving clarity and transparency in outcome reporting and intervention design will in
turn increase the reliability and the validity of conclusions about dairy/calcium intakes in preschoolers,
and inform initiatives targeting positive health behaviors.

The results of the review should be interpreted considering the limitations. One limitation was
a lack of disclosure in the methodology across interventions. This made it difficult to compare the
different categories of intervention intensity and determine which behavior change techniques were
implemented in interventions. Studies were restricted to those published in English, which may
have limited the interventions selected for final analysis. As the primary focus of this review was on
interventions aiming to increase dairy and/or calcium consumption, studies that were considered
ineffective in this review may have demonstrated effectiveness in changing other dietary and/or
physical activity targets in the intervention. Moreover, intervention effectiveness must also be
considered in context of study design, as interventions specifically designed to increase dairy and/or
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calcium consumption may demonstrate increased effectiveness when compared to mixed interventions.
Many studies did not report the actual quantities of participants’ dairy/calcium intakes, making it
difficult to report the degree of intervention efficacy. Lastly, gender bias may also be considered as a
limitation, given that some studies included only one parent in the intervention, which was typically
the mother. Despite these limitations, the use of several tools to both quantitatively and qualitatively
review the included interventions provides a comprehensive critique of this body of literature and
yields valuable insight into the characteristics of studies in this research domain.

5. Conclusions

Dietary interventions aiming to increase dairy and/or calcium consumption in preschool-aged
children demonstrate variable success. The evidence presented in this review has identified
characteristics that may enable the intervention effectiveness of increasing dairy and/or calcium intakes
in preschoolers. This includes the delivery of interventions in one setting versus multiple settings,
using specific behavior change techniques (such as environmental restructuring and teaching to use
prompts/cues), and targeting both the parent and child. Future studies should modify interventions
to exclusively target dairy and/or calcium intakes, reduce heterogeneity and/or bias, and improve
transparency in the reporting of interventions. Further investigating the relationship and effect of
target populations, specifically both parent and child, is another consideration, as it may be necessary
and important to work with the parents and/or caregivers of these preschool children to ensure
sustainable changes in dairy and/or calcium intakes. A potential avenue for future research includes
exploring the use and effectiveness of booster periods for sustaining positive behavioral change over
time in the preschool population. In the meantime, public health initiatives should aim to improve the
dairy and calcium intake of preschool-aged children for the purpose of instilling healthy dietary habits
at a young age, and mitigate the health consequences associated with insufficient intakes. Overall,
the findings of this review demonstrate the need for developing effective interventions designed to
increase dairy and/or calcium intakes in preschool-aged children.
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