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Ricardo Jorge, IP

Lisboa

Portugal

Editorial Office

MDPI

St. Alban-Anlage 66

4052 Basel, Switzerland

This is a reprint of articles from the Special Issue published online in the open access journal Nutrients

(ISSN 2072-6643) (available at: www.mdpi.com/journal/nutrients/special issues/Child Obesity).

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

LastName, A.A.; LastName, B.B.; LastName, C.C. Article Title. Journal Name Year, Volume Number,

Page Range.

ISBN 978-3-0365-1354-6 (Hbk)

ISBN 978-3-0365-1353-9 (PDF)

© 2021 by the authors. Articles in this book are Open Access and distributed under the Creative

Commons Attribution (CC BY) license, which allows users to download, copy and build upon

published articles, as long as the author and publisher are properly credited, which ensures maximum

dissemination and a wider impact of our publications.

The book as a whole is distributed by MDPI under the terms and conditions of the Creative Commons

license CC BY-NC-ND.

www.mdpi.com/journal/nutrients/special_issues/Child_Obesity


Contents

About the Editor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

Julianne Williams, Marta Buoncristiano, Paola Nardone, Ana Isabel Rito, Angela

Spinelli, Tatjana Hejgaard, Lene Kierkegaard, Eha Nurk, Marie Kunešová, Sanja
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Abstract: Consuming a healthy diet in childhood helps to protect against malnutrition and
noncommunicable diseases (NCDs). This cross-sectional study described the diets of 132,489
children aged six to nine years from 23 countries participating in round four (2015–2017) of the WHO
European Childhood Obesity Surveillance Initiative (COSI). Children’s parents or caregivers were
asked to complete a questionnaire that contained indicators of energy-balance-related behaviors
(including diet). For each country, we calculated the percentage of children who consumed breakfast,
fruit, vegetables, sweet snacks or soft drinks “every day”, “most days (four to six days per week)”,
“some days (one to three days per week)”, or “never or less than once a week”. We reported these
results stratified by country, sex, and region. On a daily basis, most children (78.5%) consumed
breakfast, fewer than half (42.5%) consumed fruit, fewer than a quarter (22.6%) consumed fresh
vegetables, and around one in ten consumed sweet snacks or soft drinks (10.3% and 9.4%, respectively);
however, there were large between-country differences. This paper highlights an urgent need to
create healthier food and drink environments, reinforce health systems to promote healthy diets, and
continue to support child nutrition and obesity surveillance.

Keywords: nutrition; child; obesity; surveillance; health; noncommunicable diseases; children; fruit;
vegetables; soft drinks

1. Introduction

It is important for a child to eat a healthy diet in order to prevent malnutrition (stunting, wasting,
micronutrient deficiencies, obesity) and noncommunicable diseases (NCDs) [1,2]. Low-quality diets are
now believed to be the single biggest risk factor for the global burden of disease [3]. In recent decades,
changes in dietary patterns and physical activity behaviors have been identified as likely contributors
to a rise in childhood obesity [4,5]. Research from the latest round of the WHO European Childhood
Obesity Surveillance Initiative (COSI) carried out in 2015–2017 indicates that 29% of boys and 27% of
girls aged seven to nine years had overweight and there was a prevalence of obesity of 12% in boys
and 9% in girls [6]. At the same time, in certain parts of the WHO European Region, there is a double
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burden of malnutrition, characterized by the coexistence of undernutrition (being underweight for
one’s age, too short for one’s age (stunted), too thin for one’s height (wasted), or deficient in vitamins
and minerals (micronutrient malnutrition)), along with overweight, obesity, or noncommunicable
diseases, within individuals, households, and populations, and across the life course [7,8].

The prevalence of overweight and obesity is increasing worldwide [9]. According to the WHO
Global Monitoring Framework for NCDs, which is a set of 25 indicators and 9 voluntary targets are
used to track progress toward reaching global targets in 2015–2020, not a single country in the WHO
European Region is likely to meet Global Monitoring Target 7, which aims to “halt the rise in diabetes
and obesity” [10].

Ensuring that children consume healthy diets is important for achieving the UN Sustainable
Development Goals (SDGs) related to no hunger (SDG Goal 2), good health and well-being (SDG
Goal 3), quality education (SDG Goal 4), no poverty (SDG Goal 1), economic growth (SDG Goal 8),
and more [11,12]. Food preferences and eating habits established in childhood and adolescence tend to
be maintained into adulthood [13], making nutrition in childhood an important public health issue.

A healthy diet includes adequate quantities and appropriate proportions of fruit, vegetables,
legumes (e.g., lentils and beans), nuts, and whole grains [14], and limits the intake of free sugars [15,16],
salt [17], saturated fats, and highly processed foods. A healthy diet eliminates trans fats of all kinds.
Consumption of sugar-sweetened beverages should be limited, as it has been associated with increased
body weight [18] and dental caries [19].

The WHO European Childhood Obesity Surveillance Initiative provides data on the eating
behaviors of children across the WHO European Region. Established in 2007, COSI collects high-quality
data on the childhood obesity prevalence and energy-balance-related behaviors [20]. These data enable
countries to set national targets, monitor trends over time, make comparisons between countries,
and over time, to evaluate the effectiveness of obesity prevention efforts. In addition to collecting
high-quality anthropometric measurements from primary-school-aged children, COSI also collects
information on children’s dietary and physical activity patterns, screen time, sleep, and more.

Given the importance of nutrition in childhood, alongside the rising trend in childhood obesity,
this study used the most recent results from the COSI study to describe the eating behaviors of children
aged 6–9 years from across the WHO European Region.

2. Materials and Methods

Data were collected between 2015 and 2017, as part of COSI round four. Among the thirty-six
countries participating in round four, 23 of them collected information on children’s dietary behaviors
using parental reports on a “family form”. These countries were: Albania, Bulgaria, Croatia, Czechia,
Denmark, Georgia, Ireland, Italy, Kazakhstan, Kyrgyzstan, Lithuania, Latvia, Malta, Montenegro,
Poland, Portugal, Romania, Russian Federation (Moscow only), San Marino, Spain, Tajikistan, Turkey,
and Turkmenistan. Children’s parents or caregivers were asked to complete a questionnaire that
contained indicators of energy-balance-related behaviors (including diet) and family socioeconomic
status. Completion of the form was voluntary and participants could opt out or choose not to participate
at any time.

The COSI study follows the International Ethical Guidelines for Biomedical Research Involving
Human Subjects [21]. Local ethics approval was also granted. Details for this approval are found in
Supplementary Box S1. More details on the data collection procedures are provided elsewhere [20,22,23].

Parents were asked: “over a typical or usual week, how often does your child eat or drink the
following kinds of foods or beverages”? This was followed by a tick box, where parents answered
“never”, “less than once a week”, “some days (1–3 days)”, “most days (4–6 days)”, or “every day”.
Parents were asked to report on a number of food items, shown in Supplementary Figure S1. For this
paper, we reported on the consumption of fresh fruits, vegetables (excluding potatoes), savory snacks
(e.g., potato crisps, corn chips, popcorn, peanuts), sweet treats (e.g., candy bars or chocolates),
and sugar-containing soft drinks. These questions were selected because they provided a summary
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that was related to common sources of nutrients of interest [24]. Countries chose country-specific
examples for the food examples for “savory snacks (like potato crisps, corn chips, popcorn, peanuts)”,
or “sweets (like candy bars or chocolate)”. These examples were identified by leading nutrition experts
within the country and approved by the government-appointed principal investigator of the study.
All questionnaires were translated from English into the local language, and then back-translated into
English to check for discrepancies with the original English form.

For each country, we calculated the percentage of children who consumed these foods “every day”,
“most days (four to six days per week)”, “some days (one to three days per week)”, or “never or less
than once a week”. We reported these results stratified by country, sex, and region. Geographic regions
were based on the United Nations Standard Geographical regions, which are based on continental
regions and are further subdivided into sub-regions and intermediary regions that are drawn to obtain
greater homogeneity in the sizes of the population, demographic circumstances, and accuracy of
demographic statistics [25]. We did not include sub-regional pooled estimates because these subregions
include countries that are not participating in COSI, and therefore a sub-regional estimate would not
provide an accurate assessment of the situation in that geographical area.

For each variable, we calculated the frequency of consumption according to country and sex.
We tested for differences between sex in the distribution of the responses using the Rao–Scott chi-square
test, a design-adjusted version of the Pearson’s χ2 test. We applied post-stratification weights to adjust
for the sampling design, oversampling, and nonresponse proportions in order to infer results from the
sample of the population. These were available and applied for all countries, with the one exception of
Lithuania, where an unweighted analysis was carried out. All analyses took account of the complex
survey nature of the data (i.e., multiple stages, clustering, and stratification). Pooled estimates were
calculated, including only one target age group per country in order to balance the contribution of
each country to the pooled estimates and to limit the differences in children’s age as much as possible.
An adjusting factor was applied to the post-stratification weights to take account of differences in the
population sizes of the countries involved. The adjusting factor was based on the number of children
belonging to the targeted age group according to Eurostat figures or national official statistics for 2016.

A p-value of 0.05 was used to define statistical significance. All statistical analyses were performed
in the statistical software package Stata version 15·1 (StataCorp LLC, College Station, TX, USA).

3. Results

A total of 132,489 children from 23 countries were included in the analysis. The number of
participants per country varied widely, from 306 children in San Marino to 43,696 in Italy (Table 1).
Most of the children (75.2%) were seven years of age and 51.3% were boys.

The pooled estimates indicated that most children (78.8%) consumed breakfast every day,
but around 2.3% consumed breakfast “never or less than once a week” and 8.6% consumed breakfast
only on “some days” (one to three days a week). The pooled estimates indicated that 42.5% of children
consumed fresh fruit “every day” and 7.5% “never consumed it or consumed it less than once a week”.
Around a quarter (22.6%) of all children consumed vegetables “every day”, and 14.0% consumed it
“never or less than once a week.” The pooled estimates indicated that 5.2% of children consumed savory
snacks “every day”, but 57.9% consumed savory snacks “never or less than once a week”. Around one
in ten children (10.3%) consumed sweets “every day” and a third (32.8%) consumed sweets “never or
less than once a week”. Around one in ten (9.4%) children consumed soft drinks every day.
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Table 1. Number of children invited to participate in COSI/WHO Europe Round 4 (2015–2017), the number of children included in the analysis, and the percentage of
children participating by sex, age, and country.

Country a Children Invited to Participate b Children Included in the Analysis c Percentage of Children Participating by Sex and Age (%) d

Total Number
Proportion Whose Family

Form Was Filled in (%)
Boys (n) Girls (n) Total (n) Boys (%) 6-Year-Olds 7-Year-Olds 8-Year-Olds 9-Year-Olds

Albania 7113 36.2 1315 1212 2527 52.5 0.1 24.2 52.0 23.7

Bulgaria 4090 83.1 1702 1698 3400 51.5 0 100.0 0 0

Croatia e 7220 76.0 1318 1333 2651 51.1 0 0 100.0 0

Czechia n.a. n.a. 670 736 1406 50.7 49.5 50.5 0 0

Denmark 3202 29.9 511 446 957 52.7 27.4 70.2 2.4 0

Georgia 4143 78.4 1667 1579 3246 51.2 1.6 85.1 13.0 0.3

Ireland 2704 32.4 438 436 874 52.6 38.2 60.2 1.6 0

Italy 50,902 95.2 22,425 21,271 43,696 51.5 0 0.5 66.3 33.1

Kazakhstan 6026 82.3 2149 2162 4311 50.6 0 0.4 51.0 48.6

Kyrgyzstan 8773 86.6 3798 3769 7567 50.7 10.5 43.5 39.5 6.5

Lithuania 5527 69.8 1930 1882 3812 50.6 0.4 66.4 33.0 0.2

Latvia 8143 71.5 2752 2955 5707 48.2 7.9 43.8 9.1 39.3

Malta 4329 73.4 1589 1590 3179 50.0 0.1 69.7 30.1 0.1

Montenegro 4094 66.8 1441 1295 2736 52.8 31.2 48.4 20.1 0.2

Poland 3828 76.9 1451 1494 2945 50.2 0 0 100.0 0

Portugal 7475 85.6 3167 3224 6391 50.7 25.2 49.0 24.0 1.7

Romania 9094 73.6 3312 3298 6610 49.1 0.4 28.4 47.5 23.8

Russian Federation 3900 52.6 1006 1046 2052 50.2 18.8 72.8 8.3 0.1

San Marino 329 93.6 138 168 306 45.1 0 0 64.7 35.3

Spain 14,908 70.1 5290 5163 10,453 50.9 25.4 25.2 24.9 24.6

Tajikistan 3502 93.5 1623 1647 3270 51.6 7.7 90.8 1.4 0.2

Turkmenistan 4085 95.3 1944 1947 3891 49.9 0 79.9 20.1 0

Turkey 14,164 81.7 5335 5167 10,502 50.9 11.4 82.3 6.0 0.3

Total 198,683 79.5 66,971 65,518 132,489 51.3 0 75.2 18.2 6.6

n.a.—not available. a Figures refer to primary school children from Albania (ALB), Bulgaria (BUL), Croatia (CRO), Czechia (CZH), Denmark (DEN), Georgia (GEO), Ireland (IRL), Italy
(ITA), Kazakhstan (KAZ), Kyrgyzstan (KGZ), Lithuania (LTU), Latvia (LVA), Malta (MAT), Montenegro (MNE), Poland (POL), Portugal (POR), Romania (ROM), Moscow city (RUS),
San Marino (SMR), Spain (SPA), Tajikistan (TJK), Turkmenistan (TKM), and Turkey (TUR). b Total figures were calculated including only countries with available information about the
number of children invited to participate in the surveillance. c All children with complete information on sex, whose age was between six and nine years old and with information on eating
habits from the family form. d Pooled values were estimated, including the following age groups/countries: 7-year-olds from Bulgaria, Czechia, Denmark, Kyrgyzstan, Georgia, Ireland,
Latvia, Lithuania, Malta, Montenegro, Portugal, Spain, Tajikistan, Turkey, and Turkmenistan; 8-year-olds from Albania, Croatia, Poland, and Romania; and 9-year-olds from Kazakhstan.
The figures were estimated by applying post-stratification weights. e For Croatia, only data on 8-year-olds were available for comparison at the European level. The proportion of children
whose parents or caregivers filled in the family form was calculated in the whole sample (not only for 8-year-olds).
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3.1. Consumption of Breakfast

The percentage of children who consumed breakfast every day ranged from 48.9% in Kazakhstan to
96.4% in Portugal (Figure 1). Between-country and between-region differences in breakfast consumption
were not tested for significance, although there were visible between countries and no clear patterns
according to region. There were no significant differences in breakfast consumption between boys and
girls (Supplementary Table S1).

3.2. Consumption of Fresh Fruit

The frequency of consuming fresh fruit everyday ranged widely between the regions.
The consumption of fresh fruit every day was highest in the Southern European countries, with
80.8% in San Marino, 72.6% in Italy, and 63.1% in Portugal (Figure 1, Supplementary Table S2).
Meanwhile, the daily fresh fruit consumption was low in the Central Asian countries—Kyrgyzstan
18.1%, Kazakhstan 33.3%, and Tajikistan 33.5%—with an exception of Turkmenistan with 70.1%. The
same trend was visible for differences in the proportion of children who consumed fresh fruit “never
or less than once a week”, ranging from 3.0% in San Marino, 3.3% in Portugal, and 2.2% in Montenegro
to 21.4% in Tajikistan and 22.6% in Kyrgyzstan.

There were significant differences in fresh fruit consumption between sexes, with girls more likely
to eat fruit on a daily basis compared to boys (Supplementary Table S2).

3.3. Consumption of Vegetables

Daily vegetable consumption ranged from 9.1% in Spain to 68.1% in Turkmenistan and 74.3% in
San Marino (Figure 2). The percentage of children who consumed vegetables “never or less than once
a week” was higher in Western Asian countries, with 20.4% in Turkey and 17.1% in Georgia compared
with 1.3% in Czechia and 1.4% in Turkmenistan. There were significant between-sex differences, with
boys tending to eat vegetables less frequently than girls (Supplementary Table S3).

3.4. Consumption of Savory Snacks (Like Potato Crisps, Corn Chips, Popcorn, or Peanuts)

We observed large differences between countries and regions of Europe in the frequency of
consuming savory snacks like potato crisps, corn chips, popcorn, or peanuts. Low values for the daily
consumption of savory snacks were observed in the Northern European countries, where Denmark
reported 0%, Lithuania and Latvia 0.6%, and Ireland 1.5% (Figure 2). In contrast, in the Southern
European and Asian countries, daily consumption of savory snacks was more frequently reported.
Albania reported a percentage of 21.5% of children who consumed savory snacks every day, as well as
Tajikistan with 11.3% and Montenegro and Turkmenistan with 9.0% (Table S4). In Malta, only 7.7% of
the children never or less than once week, while in the Russian Federation, 90.8% of children consumed
these foods “never or less than once a week”. Similar results were seen in Lithuania (83.1% consumed
savory snacks “never or less than once a week”) and in Latvia (80.2% never or less than once a week).
There were no significant differences in the consumption of savory snacks between boys and girls
(Supplementary Table S4).

3.5. Consumption of Sweets (Like Candy Bars or Chocolate)

Daily consumption of sweet snacks like candy bars or chocolate ranged from 0.4% in Denmark to
21.1% in Turkmenistan and 22.8% in Bulgaria (Figure 2). The percentage of children who never or less
than once a week consumed sweet snacks ranged from 3.9% in Malta to 56.7% in Spain and 67.8% in
Portugal. There were no clear regional trends in the distribution of daily sweet snack consumption
and there were no significant sex differences (Supplementary Table S5).
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Figure 1. Frequency of consuming breakfast, fresh fruit, and vegetables among boys and girls by country a. COSI/WHO Europe round 4 (2015–2017). a Pooled values
were estimated, including the following age groups/countries: 7-year-olds from Bulgaria, Czechia, Denmark, Kyrgyzstan, Georgia, Ireland, Latvia, Lithuania, Malta,
Montenegro, Portugal, Spain, Tajikistan, Turkey, and Turkmenistan; 8-year-olds from Albania, Croatia, Poland, and Romania; and 9-year-olds from Kazakhstan.
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Figure 2. Frequency of consuming savory snacks, sweet snacks, and soft drinks among boys and girls by country a. COSI/WHO Europe round 4 (2015–2017). a Pooled
values were estimated, including the following age groups/countries: 7-year-olds from Bulgaria, Czechia, Denmark, Kyrgyzstan, Georgia, Ireland, Latvia, Lithuania,
Malta, Montenegro, Portugal, Spain, Tajikistan, Turkey, and Turkmenistan; 8-year-olds from Albania, Croatia, Poland, and Romania; and 9-year-olds from Kazakhstan.
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3.6. Consumption of Soft Drinks

The frequency of consuming soft drinks every day was lowest in Northern European countries,
with a value of 0.4% in Ireland, 2.0% in Lithuania, and 2.1% in Denmark (Figure 2). In comparison, in the
Central Asian countries of Tajikistan (32.8%) and Turkmenistan (25.8%), daily soft drink consumption
was relatively high among some children. There was a lower percentage of children who never or
less than once a week consumed soft drinks in the Central Asian countries (33.8% in Tajikistan, 34.1%
in Turkmenistan, 40.5% in Kyrgysztan, 50.3% in Kazakhstan) compared to the Northern European
countries (88.0% in Ireland, 72.0% in Lithuania, 62.0% in Latvia, 53.8% in Denmark). We observed no
significant differences between boys and girls (Supplementary Table S6).

4. Discussion

The purpose of this study was to provide a snapshot that updates the general picture of the
dietary habits of European children. Our data present a largely confirmatory picture of the current
understanding, with some bright spots in terms of dietary habits but also many areas of opportunity.

The bright spots include high levels of breakfast consumption, with around 80% of children
consuming breakfast every day. Daily breakfast consumption was the lowest in Kazakhstan, with fewer
than half of the children consuming it every day, whilst almost all the children consumed it every day
in Portugal and Denmark. The pooled results align with findings from another systematic review of
286,804 children and adolescents (2 to 18 years) living in 33 countries, which found that the prevalence
of skipping breakfast ranged from 10–30%, with an increasing trend in adolescents, especially girls [26].
However, there is also evidence to suggest that breakfast consumption may decrease as children get
older. A recent report from the Health Behaviour in School-Aged Children (HBSC) survey of findings
from 227,441 young people aged 11, 13, and 15 years living in 45 countries/regions found that more
than four out of 10 adolescents do not eat breakfast every school day, and that girls across all ages tend
to skip breakfast and eat fewer meals with their family than boys [27].

The areas of opportunity for improving children’s diets are related to increasing the consumption
of fruits and vegetables. We found that only 42.5% of children consumed fruit and 22.6% consumed
vegetables on a daily basis, but there were wide between-country differences. Daily fruit consumption
ranged from 80.8% in San Marino to only 18.1% in Kyrgyzstan and 19.2% in Lithuania. Three-quarters
(74.3%) of the children in San Marino consumed fresh vegetables every day compared to 9.1% of
children in Spain, 11.9% in Turkey, 14.1% in Lithuania, and 14.4% in Georgia. Data on fruit and
vegetable consumption trends from 33 countries participating in the HBSC surveys from 2002, 2006,
and 2010 indicate that many adolescents do not consume fruit and vegetables on a daily basis, but there
was an increase in daily fruit and vegetable consumption between 2002 and 2010 in the majority of
countries [28]. Even so, findings from the latest HBSC report (2017/2018) found that almost two in
three adolescents do not eat enough nutrient-rich foods, such as fruits and vegetables [27]. A recent
review on dietary patterns found that among adolescents, the average fruit and vegetable consumption
is below recommended levels in almost all populations [29].

This study also highlights the need for continued efforts to discourage the consumption of foods
that are high in salt, sugar, and fat, and low in nutritional value. The pooled estimates related to the
frequency of consuming savory snacks, sweets, and soft drinks suggest that 5.2%, 10.3%, and 9.4%
of children consume these foods daily, respectively, but there was a wide between-country variation.
The percentage of children consuming savory snacks every day ranged from 0% in Denmark and 0.1%
in the Russian Federation to 21.5% in Albania. Daily consumption of sweet snacks ranged from 0.4%
in Denmark to 21.1% in Turkmenistan and 22.8% in Bulgaria. Consumption of daily soft drinks ranged
from 0.4% in Ireland to 32.8% in Tajikistan. This aligns with similar findings from the latest results from
the HBSC, which also indicates that one in four adolescents eat sweets and one in six consume sugary
drinks at least once a day [27]. Few available data have been found on savory snack consumption or
sodium intake among children, but for the majority of the included populations, levels were far above
the recommended five grams per day [29].
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Based on the data from 23 countries, this study found wide between-country differences
in children’s healthy and unhealthy eating habits, but few clear patterns according to region.
These differences were likely due to a complex range of factors. Eating patterns and food preferences
in childhood are shaped by individual, interpersonal, and environmental factors, including a child’s
family, cultural background, social environment, socioeconomic status, and school environment [30].
Children today are increasingly exposed to environments where energy-dense and nutrient-poor foods
are promoted [31] and readily available, which can make eating a healthy diet challenging. Other
factors to consider include cultural differences, differences in school food environments, differences
in home food environments, differences in family traditions and mealtimes, differences in the level
of adherence to national dietary guidelines, price differences (which may affect the affordability and
accessibility of healthy or unhealthy foods and differences in the availability of fruit or vegetables),
and more.

These data lend further support to existing calls for urgent action to improve child nutrition.
Schools may improve nutrition by following quality standards for school meals and providing students
with access to healthy foods and beverages (such as fresh fruits, vegetables, and fresh water), and
nutrition education [32]. Examples of successful initiatives include the European Union’s School Fruit
and Vegetable Scheme [33] and the WHO’s Nutrition-Friendly Schools Initiative [34].

Another possible action to improve nutrition is through fiscal incentives or subsidies to promote
better nutrition, both for encouraging the consumption of healthy foods (such as fruit or vegetables,
or discouraging the consumption of unhealthy foods, such as sugary drinks). The United States
Department of Agriculture provides reimbursement to states that operate nonprofit breakfast programs
in schools [35]. Taxation on sugar-sweetened beverages has been shown to be effective in the reduction
of sugar consumption [36,37]. Another potential intervention is the reformulation of processed
foods [38], which has shown promise for the reduction of both sugar [39] and salt [40,41].

Current food and beverage marketing practices predominantly promote low-nutrition foods and
beverages, and have a direct effect on children’s nutrition knowledge, preferences, purchase behavior,
consumption patterns, and diet-related health [42]. Governments should restrict the marketing of
unhealthy foods to children, particularly in the digital world, where advertising may be especially
persuasive [43]. Implementation of the WHO recommendations on the marketing of foods and
non-alcoholic beverages to children is one indicator in the Global Monitoring Framework [44].

A comprehensive approach involving action at many levels is required to improve children’s
diets [45]. In addition to improving food environments (within schools, at home, and in other places
where children gather), action is needed to engage parents and other adults who care for children [46].
Parents or caretakers often play a key role in ensuring the availability of nutritious foods, not only
at home but also at school (in instances when children bring a packed lunch to school). Parents or
caregivers can also help to ensure that children consume appropriate portion sizes, and there may be
opportunities for governments to provide better guidance and support for parents and caregivers [47].
Front-of-pack labeling can help provide parents with information to support healthier eating choices
and food purchases [48], although a recent Cochrane review suggests that more research may be
needed regarding the effects that food labeling may have on consumer choices [49]. Nutritious diets
may be more expensive, and this may contribute to socioeconomic disparities in health [50]; therefore,
efforts must be made to ensure access to healthy and affordable foods, especially for vulnerable groups.
Results from COSI indicate that the prevalence of obesity and severe obesity among children in Europe
was common among children whose mothers had a lower level of education [51].

This study had several limitations. First, this study used a dietary questionnaire that has not been
validated and which did not collect information on the portion sizes of foods. Future work is needed
to validate this questionnaire and identify possible methods of assessing portion sizes of various foods
that are consumed per day in order to identify the prevalence of children meeting certain nutrition
recommendations (such as consuming five portions of fruits and vegetables per day). Further work
is needed to validate questions about “sweets” and “savory snacks” where there may be cultural
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variation in the ways that these categories are understood. Another limitation is that the dietary
indicators used in this paper are not comprehensive. For example, we reported here on “sweet treats,
such as candy bars or chocolate” but there are other sweet foods, such as “biscuits, cakes, or doughnuts”
(Supplementary Figure S1) that were assessed in a separate question but not reported in this paper.

This study was limited by a cross-sectional study design and a reliance on parental reports of
children’s diet behaviors, which may have limited accuracy [52,53]. Other limitations include possible
social desirability bias or non-response bias. We do not know how the responders in this study
varied from non-responders, but previous research indicates that healthier individuals with a higher
socioeconomic status are more likely to respond to health surveys [54] or dietary surveys [55], and
this may result in an overestimation of the prevalence of healthy behaviors. Another limitation is
that this study did not account for seasonal differences in the availability of fruit and vegetables;
responses to this questionnaire were collected during the autumn, winter, or spring months when
fruit and vegetable availability may have been lower than during the summer months, particularly in
Central Asia.

One of the main strengths of this study was that it collected data from a large sample of children
across a diverse range of countries using nationally-representative sampling methods and following a
common protocol.

This project is an ongoing one and will be updated in future years. It is a valuable dataset that
represents the collaboration of many committed experts and provides important visibility into the
habits of European children. Accurate data on children’s weight status, eating habits, and other
energy-balance-related behaviors provide a vital underpinning for government actions to implement
and evaluate effective and appropriate strategies to combat under-nutrition and obesity. Investment
in high-quality surveillance is essential to ensure more children can benefit from good nutrition and
improved health during childhood and onward through the life course.
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and the Ministry of Health in Latvia. The Spanish study was funded by the Spanish Agency for Food Safety and
Nutrition (AESAN). COSI Austria was supported by a grant from the Federal Ministry of Social Affairs, Health,
Care and Consumer Protection, Republic of Austria. COSI Turkey gratefully acknowledges the World Bank for
the survey credit. COSI Lithuania gratefully acknowledges the WHO representative in Lithuania, Ingrida Zurlyte,
for printing the COSI questionnaires. The study in Kazakhstan was funded by the Ministry of Health of the
Republic of Kazakhstan within the scientific and technical program.

Acknowledgments: We gratefully acknowledge support from Liza Villas and Gerben Rienk for making the
COSI project possible. We also acknowledge the leadership of the principal investigators from Ireland (Cecily
Kelleher), Kyrgyzstan (Gulmira Aitmurzaeva), Romania (Constanta Huidimac Petrescu), and Tajikistan (Zulfiya

11



Nutrients 2020, 12, 2481

Abdurrahmonova). The authors alone are responsible for the views expressed in this article and they do not
necessarily represent the views, decisions or policies of the institutions with which they are affiliated.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Park, M.H.; Falconer, C.; Viner, R.M.; Kinra, S. The impact of childhood obesity on morbidity and mortality
in adulthood: A systematic review. Obes. Rev. 2012, 13, 985–1000. [CrossRef] [PubMed]

2. Wijnhoven, T.M.; van Raaij, J.M.; Spinelli, A.; Starc, G.; Hassapidou, M.; Spiroski, I.; Rutter, H.; Martos, E.;
Rito, A.I.; Hovengen, R.; et al. WHO European Childhood Obesity Surveillance Initiative: Body mass index
and level of overweight among 6-9-year-old children from school year 2007/2008 to school year 2009/2010.
BMC Public Health 2014, 14, 806. [CrossRef]

3. Afshin, A.; Sur, P.J.; Fay, K.A.; Cornaby, L.; Ferrara, G.; Salama, J.S.; Mullany, E.C.; Abate, K.H.; Abbafati, C.;
Abebe, Z. Health effects of dietary risks in 195 countries, 1990–2017: A systematic analysis for the Global
Burden of Disease Study 2017. Lancet 2019, 393, 1958–1972. [CrossRef]

4. Freemark, M. Determinants of Risk for Childhood Obesity. N. Engl. J. Med. 2018, 379, 1371–1372. [CrossRef]
[PubMed]

5. Freemark, M. Childhood obesity in the modern age: Global trends, determinants, complications, and costs.
In Pediatric Obesity; Springer: Berlin/Heidelberg, Germany, 2018; pp. 3–24.

6. WHO. WHO European Childhood Obesity Surveillance Initiative: Report of the Fourth Round of Data Collection

(2015–2017); WHO: Geneva, Switzerland, 2020.
7. WHO. The Double Burden of Malnutrition. Available online: https://www.who.int/nutrition/double-burden-

malnutrition/en/#:~{}:text=Double%20burden%20of%20malnutrition,populations%2C%20and%20across%
20the%20lifecourse (accessed on 1 June 2020).

8. Djordjic, V.; Jorga, J.; Radisavljevic, S.; Milanovic, I.; Bozic, P.; Ostojic, S.M. Thinness in young schoolchildren
in Serbia: Another case of the double burden of malnutrition? Public Health Nutr. 2018, 21, 877–881.
[CrossRef] [PubMed]

9. Global Burden of Disease Collaborators Health effects of overweight and obesity in 195 countries over
25 years. N. Engl. J. Med. 2017, 377, 13–27. [CrossRef]

10. WHO. World Health Organization Global Monitoring Framework for NCDs: Target 7: Halt the Rise in
Obesity. Available online: https://www.who.int/nmh/ncd-tools/target7/en/ (accessed on 1 June 2020).

11. United Nations. Sustainable Development Goals. Available online: https://sustainabledevelopment.un.org/
?menu=1300 (accessed on 28 June 2020).

12. Sachs, J.; Schmidt-Traub, G.; Kroll, C.; Lafortune, G.; Fuller, G. Sustainable Development Report 2019;
Bertelsmann Stiftung and Sustainable Development Solutions Network (SDSN): New York, NY, USA, 2019;
Volume 2.

13. Mikkilä, V.; Räsänen, L.; Raitakari, O.T.; Pietinen, P.; Viikari, J. Longitudinal changes in diet from childhood
into adulthood with respect to risk of cardiovascular diseases: The Cardiovascular Risk in Young Finns
Study. Eur. J. Clin. Nutr. 2004, 58, 1038–1045. [CrossRef]

14. WHO. Increasing Fruit and Vegetable Consumption to Reduce the Risk of Noncommunicable Diseases; World Health
Organization: Geneva, Switzerland, 2014.

15. WHO. Diet, Nutrition and the Prevention of Chronic Diseases: Report of a Joint WHO/FAO Expert Consultation;
WHO Technical Report Series, No. 916; World Health Organization: Geneva, Switzerland, 2003.

16. WHO. Guideline: Sugars Intake for Adults and Children; World Health Organization: Geneva, Switzerland, 2015.
17. Mozaffarian, D.; Fahimi, S.; Singh, G.M.; Micha, R.; Khatibzadeh, S.; Engell, R.E.; Lim, S.; Danaei, G.;

Ezzati, M.; Powles, J.; et al. Global sodium consumption and death from cardiovascular causes. N. Engl.

J. Med. 2014, 371, 624–634. [CrossRef]
18. Malik, V.S.; Pan, A.; Willett, W.C.; Hu, F.B. Sugar-sweetened beverages and weight gain in children and

adults: A systematic review and meta-analysis. Am. J. Clin. Nutr. 2013, 98, 1084–1102. [CrossRef]
19. Moynihan, P.J.; Kelly, S.A.M. Effect on caries of restricting sugars intake: Systematic review to inform WHO

guidelines. J. Dent. Res. 2014, 93, 8–18. [CrossRef]
20. Wijnhoven, T.M.; van Raaij, J.; Breda, J. WHO European Childhood Obesity Surveillance Initiative. Implementation

of Round 1 (2007/2008) and Round 2 (2009/2010); WHO Regional Office for Europe: Copenhagen, Denmark, 2014.

12



Nutrients 2020, 12, 2481

21. Council for International Organizations of Medical Sciences, Council for International Organizations of
Medical Sciences, World Health Organization. International Ethical Guidelines for Biomedical Research Involving

Human Subjects; World Health Organization: Geneva, Switzerland, 2002.
22. Wijnhoven, T.M.; van Raaij, J.M.; Spinelli, A.; Rito, A.I.; Hovengen, R.; Kunesova, M.; Starc, G.; Rutter, H.;

Sjoberg, A.; Petrauskiene, A.; et al. WHO European Childhood Obesity Surveillance Initiative 2008: Weight,
height and body mass index in 6-9-year-old children. Pediatr. Obes. 2013, 8, 79–97. [CrossRef] [PubMed]

23. WHO. European Childhood Obesity Surveillance Initiative: Overweight and Obesity among 6–9-year-old Children.

Report of the Third Round of Data Collection 2012–2013; WHO: Geneva, Switzerland, 2018.
24. WHO. Healthy Diet: Key Facts. Available online: https://www.who.int/news-room/fact-sheets/detail/healthy-

diet (accessed on 29 June 2020).
25. United Nations. Statistical Division Standard Country or Area Codes for Statistical Use (M49). Available

online: https://unstats.un.org/unsd/methodology/m49/ (accessed on 6 August 2020).
26. Monzani, A.; Ricotti, R.; Caputo, M.; Solito, A.; Archero, F.; Bellone, S.; Prodam, F. A systematic review of the

association of skipping breakfast with weight and cardiometabolic risk factors in children and adolescents.
What should we better investigate in the future? Nutrients 2019, 11, 387. [CrossRef] [PubMed]

27. Inchley, J.; Currie, D.B.; Budisavljevic, S.; Torsheim, T.; Jåstad, A.; Cosma, A.; Kelly, C.; Arnarsson, Á. Spotlight

on Adolescent Health and Well-Being: Findings from the 2017/2018 Health Behaviour in School-Aged Children

(HBSC) Survey in Europe and Canada; WHO Regional Office for Europe: Copenhagen, Denmark, 2020.
28. Vereecken, C.; Pedersen, T.P.; Ojala, K.; Krølner, R.; Dzielska, A.; Ahluwalia, N.; Giacchi, M.; Kelly, C. Fruit

and vegetable consumption trends among adolescents from 2002 to 2010 in 33 countries. Eur. J. Public Health

2015, 25, 16–19. [CrossRef]
29. Rosi, A.; Paolella, G.; Biasini, B.; Scazzina, F.; Alicante, P.; De Blasio, F.; dello Russo, M.; Paolella, G.;

Rendina, D.; Rosi, A. Dietary habits of adolescents living in North America, Europe or Oceania: A review
on fruit, vegetable and legume consumption, sodium intake, and adherence to the Mediterranean Diet.
Nutr. Metab. Cardiovasc. Dis. 2019, 29, 554–560. [CrossRef] [PubMed]

30. Scaglioni, S.; De Cosmi, V.; Ciappolino, V.; Parazzini, F.; Brambilla, P.; Agostoni, C. Factors Influencing
Children’s Eating Behaviours. Nutrients 2018, 10, 706. [CrossRef] [PubMed]

31. Smith, R.; Kelly, B.; Yeatman, H.; Boyland, E. Food marketing influences children’s attitudes, preferences and
consumption: A systematic critical review. Nutrients 2019, 11, 875. [CrossRef] [PubMed]

32. Micha, R.; Karageorgou, D.; Bakogianni, I.; Trichia, E.; Whitsel, L.P.; Story, M.; Penalvo, J.L.; Mozaffarian, D.
Effectiveness of school food environment policies on children’s dietary behaviors: A systematic review and
meta-analysis. PLoS ONE 2018, 13, e0194555. [CrossRef]

33. European Commission. School Fruit, Vegetables and Milk Scheme. Available online:
https://ec.europa.eu/info/food-farming-fisheries/key-policies/common-agricultural-policy/market-
measures/school-fruit-vegetables-and-milk-scheme (accessed on 25 May 2020).

34. WHO. Nutrition-Friendly Schools Initiative (NFSI). Available online: https://www.who.int/nutrition/topics/
nutrition_friendly_schools_initiative/en/ (accessed on 25 May 2020).

35. U.S. Department of Agriculture. School Breakfast Program. Available online: https://www.fns.usda.gov/sbp/
school-breakfast-program (accessed on 26 May 2020).

36. WHO. Taxes on Sugary Drinks: Why Do It? World Health Organization: Geneva, Switzerland, 2017.
37. Colchero, M.A.; Rivera-Dommarco, J.; Popkin, B.M.; Ng, S.W. In Mexico, Evidence of Sustained Consumer

Response two Years after Implementing a Sugar-Sweetened Beverage Tax. Health Aff. (Millwood) 2017, 36,
564–571. [CrossRef]

38. van Raaij, J.; Hendriksen, M.; Verhagen, H. Potential for improvement of population diet through
reformulation of commonly eaten foods. Public Health Nutr. 2009, 12, 325–330. [CrossRef]

39. Goiana-da-Silva, F.; Cruz, E.S.D.; Gregorio, M.J.; Miraldo, M.; Darzi, A.; Araujo, F. The future of the sweetened
beverages tax in Portugal. Lancet Public Health 2018, 3, e562. [CrossRef]

40. Griffith, R.; O’Connell, M.; Smith, K. The Importance of Product Reformulation Versus Consumer Choice in
Improving Diet Quality. Economica 2017, 84, 34–53. [CrossRef]

41. Macgregor, G.A.; Hashem, K.M. Action on sugar–lessons from UK salt reduction programme. Lancet 2014,
383, 929–931. [CrossRef]

13



Nutrients 2020, 12, 2481

42. Cairns, G.; Angus, K.; Hastings, G.; Caraher, M. Systematic reviews of the evidence on the nature, extent
and effects of food marketing to children. A retrospective summary. Appetite 2013, 62, 209–215. [CrossRef]
[PubMed]

43. WHO. Monitoring and Restricting Digital Marketing of Unhealthy Products to Children and Adolescents;
World Health Organization Regional Office for Europe: Copenhagen, Denmark, 2019.

44. WHO. Noncommunicable Diseases Progress Monitor; World Health Organization: Geneva, Switzerland, 2017.
45. Hodder, R.K.; O’Brien, K.M.; Tzelepis, F.; Wyse, R.J.; Wolfenden, L. Interventions for increasing fruit and

vegetable consumption in children aged five years and under. Cochrane Database Syst. Rev. 2018, 2018,
CD008552. [CrossRef]

46. Mazarello Paes, V.; Hesketh, K.; O’Malley, C.; Moore, H.; Summerbell, C.; Griffin, S.; Van Sluijs, E.M.F.;
Ong, K.K.; Lakshman, R. Determinants of sugar-sweetened beverage consumption in young children:
A systematic review. Obes. Rev. 2015, 16, 903–913. [CrossRef]

47. Kairey, L.; Matvienko-Sikar, K.; Kelly, C.; McKinley, M.C.; O’Connor, E.M.; Kearney, P.M.; Woodside, J.V.;
Harrington, J.M. Plating up appropriate portion sizes for children: A systematic review of parental food and
beverage portioning practices. Obes. Rev. 2018, 19, 1667–1678. [CrossRef]

48. WHO. Report of the Commission on Ending Childhood Obesity; World Health Organization: Geneva,
Switzerland, 2016.

49. Crockett, R.A.; King, S.E.; Marteau, T.M.; Prevost, A.T.; Bignardi, G.; Roberts, N.W.; Stubbs, B.; Hollands, G.J.;
Jebb, S.A. Nutritional labelling for healthier food or non-alcoholic drink purchasing and consumption.
Cochrane Database Syst. Rev. 2018, 2, CD009315. [CrossRef]

50. Monsivais, P.; Aggarwal, A.; Drewnowski, A. Are socio-economic disparities in diet quality explained by
diet cost? J. Epidemiol. Community Health 2012, 66, 530–535. [CrossRef]

51. Spinelli, A.; Buoncristiano, M.; Kovacs, V.A.; Yngve, A.; Spiroski, I.; Obreja, G.; Starc, G.; Pérez, N.; Rito, A.I.;
Kunešová, M. Prevalence of severe obesity among primary school children in 21 European countries.
Obes. Facts 2019, 12, 244–258. [CrossRef]

52. Pérez-Rodrigo, C.; Artiach Escauriaza, B.; Artiach Escauriaza, J.; Polanco Allúe, I. Dietary assessment in
children and adolescents: Issues and recommendations. Nutr. Hosp. 2015, 31 (Suppl. 3), 76–83. [CrossRef]

53. Medin, A.C.; Hansen, B.H.; Astrup, H.; Ekelund, U.; Frost Andersen, L. Validation of energy intake from a
web-based food recall for children and adolescents. PLoS ONE 2017, 12, e0178921. [CrossRef] [PubMed]

54. Cheung, K.L.; Peter, M.; Smit, C.; de Vries, H.; Pieterse, M.E. The impact of non-response bias due to sampling
in public health studies: A comparison of voluntary versus mandatory recruitment in a Dutch national
survey on adolescent health. BMC Public Health 2017, 17, 276. [CrossRef] [PubMed]

55. Berg, C.; Jonsson, I.; Conner, M.T.; Lissner, L. Sources of bias in a dietary survey of children. Eur. J. Clin. Nutr.

1998, 52, 663–667. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

14



nutrients

Review

Food Consumption Patterns and Nutrient Intakes
of Children and Adolescents in the Eastern
Mediterranean Region: A Call for Policy Action

Ayoub Al-Jawaldeh 1 , Mandy Taktouk 2 and Lara Nasreddine 2,*

1 World Health Organization (WHO), Regional Office for the Eastern Mediterranean (EMRO),
Cairo 7608, Egypt; aljawaldeha@who.int

2 Nutrition and Food Sciences Department, Faculty of Agriculture and Food Sciences,
American University of Beirut, Beirut 11-0236, Lebanon; mrt07@mail.aub.edu

* Correspondence: ln10@aub.edu.lb; Tel.: +961-1-350000 (ext. 4547)

Received: 8 October 2020; Accepted: 29 October 2020; Published: 30 October 2020
����������
�������

Abstract: The Eastern Mediterranean Region (EMR) has witnessed significant social and economic
changes that may have influenced the diet of children and adolescents, and increased the risk for obesity
and malnutrition in this age group. This review aims to characterize and assess food consumption
patterns and nutrient intakes amongst school-aged children (5–10 years) and adolescents (10–19 years)
in countries of the EMR. Electronic databases (MedLine, PubMed, Scopus, and Google Scholar)
were searched for relevant articles published between 2005 and 2020; international organizations
and governmental websites were also searched. Available studies documented low intakes of fruits,
vegetables and fiber, inadequate consumption of water, milk and dairy products, coupled with high
intakes of fat, saturated fat, and sugar sweetened beverages, as well as a frequent consumption of
energy-dense, nutrient poor foods such as sweet and savory snacks. Micronutrient inadequacies were
also observed, particularly for calcium, iron, zinc and vitamins A, D, C, and folate. Acknowledging
the impact that nutrition may have on building societies and transforming the lives of children,
adolescents and their families, there is a crucial need for a food system approach in developing
and implementing national and regional policies and interventions aimed at improving the diet of
children and adolescents.

Keywords: food consumption patterns; dietary intakes; macronutrients; micronutrients; children;
adolescents; Eastern Mediterranean Region; review

1. Introduction

The health and well-being of children and adolescents are essential prerequisites for achieving
the Sustainable Development Goals (SDGs), particularly those focusing on poverty, health security,
education and the reduction of inequalities [1]. The World Health Organization (WHO) acknowledged
the importance of adequate nutrition to “enable children and adolescents to enjoy good health while
playing a full role in contributing to transformative change and sustainable development”, in alignment
with the SDGs [2]. Good nutrition during childhood and adolescence is in fact indispensable for growth
and development, health and well-being, and the prevention of obesity and several chronic diseases [3].

Unhealthy diets in childhood and adolescence are associated with immediate as well as long-term
health impacts. In the short term, inadequate dietary intakes of energy, protein, or certain micronutrients
will result in slower growth rates, delayed sexual maturation, lower reserves of micronutrients,
and inadequate bone mass [4]. Dietary intakes of children and adolescents may also affect their risk of
developing a number of health problems, such as iron deficiency and dental caries, while also lowering
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their resistance to infectious diseases and adversely affecting their ability to function at peak mental
and physical capacity [3]. Poor diets in these critical periods of the life course are also linked with
pediatric obesity and its related metabolic abnormalities, such as high blood pressure, type 2 diabetes
(T2D), metabolic syndrome, sleep disturbances, orthopedic problems, and psychosocial problems [5–8],
which all tend to track into adulthood [9].

Dietary practices of children and adolescents may also carry long-term health ramifications,
increasing the risk for several non-communicable diseases (NCDs), and contributing significantly to
the burden of preventable diseases and premature deaths [3]. In the Eastern Mediterranean region
(EMR), which has witnessed over the past few decades important social, economic, and political
changes [10], three of the ten leading causes of death are related to dietary factors, including ischemic
heart disease, strokes, and diabetes. Urbanization, technological development, and modernization, have
in fact instigated significant demographic and epidemiologic changes in most countries of the region,
with parallel shifts in diet, physical activity, and body composition [11]. These shifts represent the basis
of the multidimensional phenomenon of the nutrition transition, which is characterized by increases
in the intakes of energy, fat, added sugars, and salt [11,12]. Some states in the region are classified
as countries in advanced nutrition transition, such as the Gulf Cooperation Council (GCC) countries,
the Islamic Republic of Iran, and Tunisia, while others are classified in early nutrition transition, such
as Jordan, Lebanon, Egypt, Libya, and Morocco [13]. In contrast, political turmoil and economic
challenges have adversely impacted the availability of food in some EMR countries such as Iraq,
Pakistan, occupied Palestinian territory, and Yemen, while some states are categorized as countries in
emergency and humanitarian crisis, such as Afghanistan, Somalia, and Sudan [13,14].

Amidst the threat of transitioning to high-energy, nutrient-poor diets and the parallel hazard of
food insecurity, children and adolescents may be amongst the most vulnerable population groups to
the ongoing societal, lifestyle, and dietary changes in countries of the region [15]. Available evidence
indicates that the region harbors one of the highest rates of pediatric and adolescent obesity worldwide,
while the burden of undernutrition and micronutrient deficiencies persists in many of its countries [16].
Overcoming pediatric and adolescent malnutrition in all of its forms (overnutrition, undernourishment,
and micronutrient deficiencies) entails the development of evidence-based interventions and the
design of related health policies to ensure the availability of and access to healthy diets. Effective
planning for such interventions should be guided by accurate, up-to date and comprehensive data
on food consumption patterns and nutrient intakes. The objective of this review is to characterize
and assess food consumption patterns and nutrient intakes amongst school-aged children (5–10 years)
and adolescents (10–19 years) in countries of the EMR. Findings from this review will characterize food
consumption patterns amongst children and adolescents in the EMR and identify prevalent nutrient
excesses or inadequacies. It will also contribute to the prioritization of research to address current gaps
in knowledge and inform policies and interventions aimed at developing healthy eating habits in these
critical periods of the lifecycle.

2. Approach

The literature search covered the EMR, which according to the WHO, includes 21 countries that
comprise Afghanistan, Bahrain, Djibouti, Egypt, Iran (Islamic Republic of), Iraq, Jordan, Kuwait,
Lebanon, Libyan Arab Jamahiriya, Morocco, Oman, Pakistan, Qatar, Saudi-Arabia, Somalia, Sudan,
Syrian Arab Republic, Tunisia, United Arab Emirates (UAE), and Yemen [17].

Dietary intake data including food group, energy, macronutrient, and micronutrient intakes
were evaluated and compared with reference intake values and/or guidelines (when available).
A comprehensive literature review was conducted, including individual studies and review articles
published between 2005 and 2020, which reported on dietary intakes in children and adolescents aged
5–19 years in any country of the EMR. Electronic databases (MedLine, PubMed, Scopus, and Google
Scholar) were searched between 15 July 2020, and 15 August 2020. The search was restricted to
the English, French, and Arabic languages, and the key terms used in the search strategy were as
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follows: EMR countries and/or each country alone AND “Diet” OR “Dietary” OR “Nutritional”
OR “Nutrient” AND “Intake” OR “Consumption” AND “Children” OR “Child” OR “Adolescent”.
In addition, for the dietary intake, a narrower search was performed while including the following
key terms: “Energy”, “Macronutrient”, “Carbohydrate”, “Fat”, “Saturated Fat”, “trans-fat” “Protein”,
“Fiber”, “Sugar”, “Meats”, “Milk”, OR “Dairy”, “Fruits”, “Vegetables”, “Candy”, OR “Candies”,
OR “Sweets”, “Chips”, “Water”, “Sugar Sweetened Beverage”, “Juice”. A parallel search strategy
was also adopted for micronutrient intake (including iron, iodine, zinc, copper, calcium, sodium,
thiamin, riboflavin, folate, vitamin B12, vitamin A, vitamin D, and vitamin C). The reference lists of
the specific studies were also reviewed to identify additional data sources. Studies were retained if
they reported on children aged 5 to 18 years; studies reporting on under-five children were excluded.
The global school-based student health survey (GSHS) database [18] was also reviewed to obtain data
on the consumption of fruits, vegetables, and carbonated beverages.

Data was presented separately for school-aged children (5–10 years) and adolescents (10–19 years).
Food groups were classified based on the categories proposed by Keats et al. [19] in their systematic
review of dietary intakes amongst adolescent girls in low and middle income countries. Accordingly,
the following food categories were adopted: (1) fruits; (2) vegetables; (3) pulses (beans, peas, lentils);
(4) grains; (5) dairy; (6) meat, poultry, and fish; (7) fast foods; (8) sweet snacks; (9) salty and fried
snacks, and (10) sugar-sweetened beverages (SSBs). Dietary intakes were compared, when possible,
with the WHO recommendations. The recommendations of the WHO for a healthy diet include
the consumption of at least 400 g, or 5 portions, of fruits and vegetables/day to reduce the risk of
NCDs and ensure an adequate daily intake of dietary fiber (>25 g); reducing sodium intake to less
than 2 g/day (5 g of salt), total fat intake to less than 30% of energy intake (EI), reducing saturated fat
(SFA) intake to less than 10% EI, and trans fat (TFA) to less than 1% EI [20], and replacing them with
unsaturated fats including polyunsaturated fats (PUFAs) (6–10% EI), n-6 PUFAs (5–8% EI), and n-3
PUFAs (1–2% EI); consuming protein in the range of 10–15% EI, carbohydrates 55–75% EI, and free
sugars (FS) less than 10% EI.

3. Results

3.1. Food Consumption Patterns Amongst Children and Adolescents in the EMR

3.1.1. School-Aged Children

A striking scarcity is noticed with respect to studies investigating food consumption patterns
amongst school-aged children in the EMR. Many of the available studies were conducted with
the aim of investigating the relationship between dietary factors and health outcome, such as dental
caries [21–23], overweight [24,25], elevated blood pressure [26], or anemia [27], in small samples of
children. The majority of available studies have reported on whether the child consumes a certain food
group (Yes/No) or on only the frequency of intake (per day or per week), which limits the interpretability
of the findings.

In the Levant, a national study conducted in Lebanon showed that fast food alone contributed to
around 11.3% of daily EI, and this was coupled with a high intake of sweets and SSBs, which provided
10.8% and 6.5% EI, respectively [24]. In the GCC, a study conducted amongst children aged six years
and above in the 11 regions of Bahrain (n = 496) reported that only half of the children reported
daily consumption of milk and its products and one fourth reported daily consumption of fruits
and vegetables [28]. In contrast, daily consumption of soft drinks was reported by 50% of the children
and daily consumption of sweets and snacks was reported by 64% of girls and 47% of boys [28].
A study conducted in all the seven emirates of the UAE showed that amongst 6–8 year old children,
more than 90% did not meet the MyPyramid recommendations for vegetables and milk/dairy products,
72–89% did not meet the recommendations for fruits, 49–68% did not meet the recommendations for
grains, and 64–75% did not meet the recommendations for meat and beans [29]. In the Kingdom of
Saudi-Arabia (KSA), a study conducted amongst 7–12 year old children in Al-Baha city indicated

17



Nutrients 2020, 12, 3345

that, 69% and 71% of children did not report daily consumption of fruits and vegetables, respectively,
and that only 0.9% met the recommended intake levels of fruits and vegetables [30]. This study also
showed that 32% of children did not consume milk/dairy products on a daily basis, with only 1.9%
adhering to dairy intake recommendations [30]. In Qatar, a study investigating snack consumption
amongst 9–10 year old students in Doha showed that the most commonly consumed snacks in the study
sample included fruit drinks (consumed by 98.8% of students), and a high percentage of children
reported the consumption of potato chips (81.5%), candy and chocolates (41.7%), and pizzas and pies
(39.8%), while the least consumed snacks were milk (37.1%) and nuts (0.8%) [31].

Studies conducted in Iran reported a relatively high consumption of fruits and vegetables amongst
school-aged children, in the range of 400 g/day [20,32], with more than 60% of children being adherent to
the WHO recommendations [33]. In contrast, the consumption of milk and dairy products was reported
to be low (0.8 servings/day) [34]. A high consumption of sweet snacks (two servings/day) [32], fats
and oils (6.2 servings/day) [34], and salty snacks (1.3–1.4 servings/day) [32] was also noted. The average
consumption of grains met the recommendations (7.4 servings/day) [34], but approximately 60% of
children reported to consume grains in their refined form [35].

3.1.2. Adolescents

The GSHS database provides country-specific information on the consumption of fruits, vegetables,
and carbonated beverages amongst adolescents aged 13–17 years [18]. Figure 1 summarizes data
available from EMR countries. Amongst 13–15 year old adolescents, the percentage of students who
reported the consumption of fruits and vegetables at least five times/day during the month preceding
the survey was low, ranging between 12.6% in Libya and 38.1% in Djibouti. In contrast, higher
proportions of adolescents reported the consumption of carbonated soft drinks once or more times/day.
These proportions ranged between 30.8% and 66.6% amongst 13–15 year old adolescents and between
31.5% and 56.9% in those aged 16 to 17 year old (Figure 2).
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Figure 1. Proportion of students (aged 13–15 years) who had fruits and vegetables at least five times/day
during the 30 days preceding the survey, based on the global school-based student health survey
(GSHS) database [18].
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Research studies have also documented suboptimal dietary practices amongst adolescents in
the EMR. Table 1, shows that the proportions of adolescents reporting daily intake of fruits ranged
between 11% and 33.5% in most countries, except for studies conducted in Iraq [36] and Palestine [37]
where higher estimates were reported. The proportions of adolescents reporting daily consumption of
vegetables ranged between 20% and 43% in countries like Bahrain, Jordan, Kuwait, Morocco, Qatar,
and KSA, while higher estimates were reported from Egypt (78.2%), Iraq (46–62%), Palestine (73%),
and Sudan (70%) (Table 1). In Lebanon, a study investigating the diets of adolescents from contrasting
socioeconomic backgrounds (n = 209, aged 17–19 years) [38] documented low intakes of vegetables,
ranging between 1.4 and 1.9 servings/day, while fruits intake was reported as adequate. Studies
conducted in Oman showed that, amongst adolescents, 52–57% consumed less than three servings
of vegetables/day [39], and more than a third of adolescents consumed less than two servings of
fruits/day [39]. In the UAE, Makansi et al. (2018) indicated that only 28% of adolescents from grades
10–12 (n = 620) met the recommended daily fruit and vegetable intake [40]. In a study conducted
amongst 12–16 year old adolescents in Shiraz (Iran), the intake of fruits and vegetables together was
estimated at 3.27 servings/day [41].

Food consumption patterns amongst adolescents in the region are also characterized by inadequate
intakes of dairy: the proportions reporting daily intake did not exceed a third of adolescents in EMR
countries, except for Egypt and Morocco [42–44]. In Muscat, Oman, 76% of adolescent boys and 83%
of girls were found to consume less than two servings of dairy/day [39], and in Lebanon, the intake of
dairy was estimated to range between 0.5 and 0.7 servings/day [38]. In Iran, Shokrvash et al. (2015)
reported that only 14.2% of adolescents met the recommended daily dairy serving consumption, with
the average being estimated at 1.64 servings/day [45].

Few studies have assessed the intake of grains and pulses amongst adolescents. In Lebanon
and Syria, grains (breads and cereals) were the highest contributor to daily EI, being estimated at
32.7% [24] and 18.4–22% EI [46], respectively. In KSA, the most frequently consumed food items amongst
adolescents were grains (rice and breads), with more than 50.5% of adolescents reporting to consume
rice at least once daily [47]. Studies conducted in Egypt [42], Iran [48], KSA [49], and Sudan [50],
showed that 87–96% of adolescents reported daily consumption of grains (bread, rice, and other cereals).
In Muscat, Oman, Waly et al. showed that the proportion of boys and girls consuming less than six
servings of grains/day did not exceed one fourth of adolescents [39]. Evidence on the consumption of
pulses is scarce. The proportions of adolescents reporting daily consumption of pulses were high in
some countries such as Iran (53.8%) [48] and Sudan (64.9%) [51], while estimates from Bahrain [52],
Palestine [53], and Jordan [54] ranged between 4% and 19%.

Evidence on the intake of meat, poultry, and fish is also scarce in the region. In Oman,
the proportions of adolescents reporting to consume more than three servings of meat, poultry,
and fish/day was high, ranging between 68–78% [39]. In Syria, the meat, poultry, and fish group was
the second largest contributor to EI (18–21%) [46], while in Lebanon this food group provided 10.2%
EI [24]. Despite the fact that the consumption of meat and poultry is frequent in this population
group (Table 1), available studies suggest that the intake of fish is suboptimal. Studies conducted in
KSA [47,55] reported that half of adolescents did not consume any fish or seafood during the week
preceding the survey. In Syria, fish was reported to be rarely consumed by adolescents in Damascus [56],
with only 6% consuming it for two times or more/week.

The consumption of high fat, high sugar, high salt foods (HFSS) is common amongst adolescents
in the EMR. Table 1 shows that the proportions of adolescents reporting daily intake of SSBs ranged
between 37.5% and 80%, except for Palestine and Egypt where these proportions were lower than
20%. A national study in Kuwait [57] has even reported that 43% of adolescents consumed SSBs more
than once/day. Country-specific disparities were observed in the proportions of adolescents reporting
daily consumption of fast foods, which ranged between 9% and 64% (Table 1). For salty and fried
snacks such as potato chips and fries, the proportions of adolescents reporting daily consumption
reached as high as 84% in some countries such as Iran (Table 1). Sweet snacks (Cakes/pastries
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and sweets/chocolates) were also found to be frequently consumed, with the proportions of adolescents
reporting daily consumption ranging between 21% and 49% for sweets/chocolates, and exceeding 40%
for cakes/pastries in some countries such as Sudan. In Kuwait, Honkola et al. (2006) reported that large
proportions of 11–13 years adolescents consumed sweets (42%), SSBs (43%), and cakes (42.5%) several
times a day, and that almost every fourth child reported consuming all of these sugary products more
than once a day [58]. The frequent consumption of these HFSS suggests that these foods may have
significant contributions to EI in adolescents. In Lebanon, fast foods alone were found to contribute
17% EI amongst adolescents [24], and the caloric contribution of sweets and SSBs was estimated at 10%
EI and 6.5% EI, respectively [24]. In Syrian adolescents, potato chips alone provided 5% EI and the
same was observed for chocolates (5% EI), while sweets and SSBs together provided close to 8% EI [46].

Studies examining water intake amongst adolescents showed that in KSA, close to 60% of 12–15
year old adolescents consumed less than 6 cups of water per day [59] and that water provided only
37% of mean daily fluid intake in 12–13 year old adolescents [60]. Similarly, in Jordan, 74% of 6–18 year
olds had fewer than four cups of water daily [61]. A study conducted in Lebanon estimated mean total
water intake (TWI) at 1698 mL/day amongst 9–13 years old, and showed that, compared to the adequate
intake (AI) level proposed by the Institute of Medicine (IOM) [62], only 5% met the recommendations
for daily TWI [63]. In the UAE, mean total daily water intake was estimated at 1116.9 mL amongst
14–18 year old adolescents compared to 922.2 mL amongst 9–13 year olds [64]. The proportion of
participants who met the IOM recommendations ranged between 23% and 24% for 9–13 year olds
and between 1% and 21% for 14–18 year olds [64].

3.2. Macronutrient Intakes Amongst School-Aged Children and Adolescents in the EMR

3.2.1. School-Aged Children

Studies reporting on macronutrient intakes amongst school-aged children in the EMR are scarce.
Close to 88% of 6–12 year old children in Cairo met the Recommended Dietary Allowances (RDA)
for protein and [71], in Jordan, mean intake of protein ranged between 73% and 85% of the RDA
amongst 5–10 year old children from Bedouin or underprivileged communities [27,72]. Another study
conducted amongst five year old children from two cities in Jordan reported a high intake of total fat
(34.3% EI in boys and 33.8% EI in girls) as well as a high intake of SFA (13.7–14.2% EI) [73]. Fat intake
was also found to be high in Lebanese school-aged children, ranging between 35.8% and 39.7% EI, with
more than half of the children exceeding the upper level for SFA intake [24,74,75]. In contrast, more
than 90% of Lebanese school-aged children did not meet the recommended intakes of alpha-linolenic
acid [24,74,76]. In Sudan, Alredaisy and Ibrahim (2011) showed that carbohydrates contributed 58.2%
EI amongst rural school-aged children, while noting a high intake level of total fat (32.3% EI) [77].
As for countries of the GCC, a study conducted amongst 6–12 year old girls in KSA [25] showed
that protein intake contributed 20.5% EI, while carbohydrates and fat provided 55% and 25.9% EI,
repsectively. In the UAE, carbohydrates were reported as the main source of energy in 6–10 year
old children (60% of EI) [78]. This level of carbohydrate intake was confirmed by another national
study amongst children aged 6 to 13 years in the UAE, where carbohydrates provided 57.4–60.4%
of daily EI [29]. It was also reported that 75–92% of participating children had fiber intakes below
the requirements [74], 3.7–23% did not meet the protein requirements [74], while 28–46% exceeded
the upper level for SFA [29,74].

3.2.2. Adolescents

Macronutrient intakes amongst adolescents in the EMR are displayed, by country, in Table 2.
Average protein intakes reported by the various studies were within the 10–15% range suggested

by the WHO. Few countries exceeded this range, and this was particularly true for Oman [79]. In many
countries of the region, the intake of total fat exceeded the upper limit of 30% EI, and this was at
the expense of carbohydrates.
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Table 1. Proportions of adolescents reporting daily consumption (unless otherwise indicated) of various food groups * in countries of the Eastern Mediterranean Region.

Country Fruits Vegetables Dairy Meat, Poultry,
and Fish

Fast Foods SSBs
Sweet Snacks (Including Confectionary) Salty and Fried

SnacksCakes/Pastries Sweets/Chocolates

Bahrain [52]
(National) 25.3% 26.3% 37.1%

Meat: 20%
Fish: 6.9%

Poultry:
18.2%

14.4% 42.2% – Sweets: 31.4%
Chocolates: 32% –

Egypt [42] 29% 78.2% 58.9% – 64.6% 19.7% – – –

Iran [48] 16.2% 16.3% Meat: 31.9% – 75.4% 45.5% 84.7%

Iraq [36] M: 24.3%
F: 46.3%

M: 46.1%
F: 62.3%

Milk:
M: 37.2%
F: 35.2%

–
>3 days/w:
M: 37.1%
F: 24.9%

>3 days/w:
M: 66.9%
F: 60.4%

>3 days/w:
M: 46.1%

F: 55%

>3 days/w:
M: 43.5%
F: 52.2%

>3 days/w:
M: 51%
F: 64.6%

Jordan [54] 20% 43% –

1–3 times/w:
Meat: 47%
Fish: 54%

4–6 times/w:
Poultry: 40%

1–3 times/w:
57% – – Chocolates:

40% –

Kuwait [57] M: 17.5%
F: 11.8%

M: 26%
F: 22.1%

M: 36.3%
F: 25.3% – M: 9.4%

F: 10.4%
M: 42.2%
F: 37.5%

M: 7%
F: 14.7%

M: 21.1%
F: 35.6%

Potato fries/chips:
M: 9.4%; F: 12.4%

Kuwait [58]
(National) – – – – – >1 time/d:

43% >1 time/d: 42.5% >1 time/d:
42% –

Morocco
[43,44]

M: 18.7%
F: 20.4%

M: 33.1%
F: 42.5%

M: 78.1%
F: 76.9% –

>3 times/w:
M: 15%
F: 12.9%

>3 times/w:
M: 37.5%
F: 41.9%

>3 times/w:
M: 66.9%

F: 79%

3 times/w:
M: 66.9%

F: 72%

>3 times/w:
Potato fries/chips:
M: 18.8%; F: 29%

Palestine [53] M: 11.6%
F: 16.2%

M: 27.6%
F: 34.1%

Milk:
M: 33.7%
F: 29.9%
Yogurt:

M: 19.8%
F: 20.8%

>3 times/w:
Meat:

M: 7.3%
F: 7.9%
Poultry:
M: 3.4%
F: 3.8%

– M: 6.2%
F: 9.3%

Cookies:
M: 14.6%
F: 19.6%

Chocolates:
M: 10.7%

F: 17%
–

22



Nutrients 2020, 12, 3345

Table 1. Cont.

Country Fruits Vegetables Dairy Meat, Poultry,
and Fish

Fast Foods SSBs
Sweet Snacks (Including Confectionary) Salty and Fried

SnacksCakes/Pastries Sweets/Chocolates

Palestine [65]
(National) 31% 45% Milk: 22%

Meat
and poultry:

16%
– 24% 35% –

Palestine [37] M: 58.9%
F: 55.2%

M: 72.8%
F:73.8%

Milk:
M: 32.9%
F: 18.3%
Yogurt:

M: 31.8%
F: 28.3%

Meat:
M: 11.4%
F: 10.7%
Poultry:

M: 11.9%
F: 12.2%

– M: 39.6%
F: 28.4%

M: 42.3%
F: 49.2%

Salty snacks:
M: 50.3%
F: 61.5%

Fried potatoes:
M: 20.5%
F: 23.8%

Qatar [66] 13.9% 20.3% 24.1% – ≥4 days/w:
27.3%

≥4 days/w:
48.8% ≥4 days/w: 24.5% ≥4 days/w: 49.4% ≥4 days/w: 28.7%

Saudi [67] M: 16%
F: 9.6%

M: 23.3%
F: 22.3%

Milk:
M: 33.2%
F: 25.1%

–
>3 days/w:
M: 30.2%
F: 24.9%

>3 days/w:
M: 67.3%
F: 57.4%

>3 days/w:
M: 24.8%
F: 28.8%

>3 days/w:
M: 37.3%
F: 52.6%

>3 days/w:
M: 25%
F: 30.7%

Sudan [50] M: 33.5%
F: 31.9%

M: 70.1%
F: 69.7% –

Meat:
M: 55.7%
F: 60.7%

– M: 43.9%
F: 44.8%

Sweets:
M: 55.4%
F: 60.6%

–

Crisps:
M: 38.7%
F: 39.2%

Other salty snacks:
M: 42.9%

F: 32%

Sudan [51] >4 times/w:
30.1%

>4 times/w:
63.9%

>4 times/w:
58.1%

>4 times/w:
Meat: 59.1%
Fish: 11.4%

Poultry:
27.8%

>4 times/w:
26.6%

>4 times/w:
43.4% >4 times/w: 37.1% >4 times/w:

Chocolates: 30.1% –

Sudan [68] – – – – – 80.6%
Dessert: 69.3%
Sweet biscuits:

65.3%

Chocolates: 80%
Popsicles: 61.4%
Sweets: 48.7%

–

UAE [40] – – – –
≥1 time/w:
M: 77.3%
F: 81.4%

≥1 time/d:
M: 41.1%

F: 34%
– – –

Abbreviations: SSBs: sugar-sweetened beverages; M: males; F: females; w: week; d: day; UAE: United Arab Emirates. Salty snacks may include potato chips, French fries, popcorn,
crackers. *: Food items categorization was adopted and modified based on a review by Keats et al., 2018 [19,69,70]. The following categories were not included in the table due to limited
data: Grains, white roots, tubers and plantains; Pulses (beans, peas, lentils); Nuts and seeds; Eggs; Oils and fats.
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Adequacy of macronutrient intake was investigated in some of the reviewed studies. In Iran,
average protein intake was found to represent 165.4% of the RDA for protein and 154.7% of the WHO
recommendations, highlighting an adequate dietary protein intake [80]. In KSA, mean nutrient
adequacy ratio (NAR) of protein was estimated at 1.84, which indicates that protein intake met
the dietary requirement in the majority of subjects [81]. Another study in KSA showed that mean
protein intake (70.8 ± 40.6 g/day) amongst 13–18 year adolescents in Jeddah, was around 1.6 times
higher than that recommended by the Academy of Nutrition and Dietetics (44 and 59 g/day for
males and females respectively) [82]. In Bahrain, adolescent boys and girls consumed 1.5 times
the United Kingdom’s (UK’s) Reference Nutrient intake (RNI) for protein [28,83], and in Kuwait,
86–92% of adolescents met the Acceptable Macronutrient Distribution range (AMDR) of 10–35% EI for
protein [74,84]. In contrast, in Palestine, inadequate protein intake (<80% RDA) was observed amongst
15.1% of boys and 43.1% of girls aged 11–16 years [85], and in Northern Sudan, 50% of adolescents
aged 13–18 years had inadequate protein intake (<80% of RDA) [86].

As for the adequacy of intake for the various subtypes of fat intake, a study conducted amongst
10–19 year old adolescents in Iran [87], showed that the average intake of SFA (10.3% EI) was close
to the upper limit set by the WHO (10%) [88]. Another study in Iran reported that only a third
of 6–18 year old participants, adhered to the WHO recommendations on SFA and half adhered to
the recommendations related to PUFAs intakes [33]. Mirmiran et al. (2019) also reported on TFA,
estimating its average intake at 2.2% EI, with only 6% of the study participants adhering to the TFA
WHO recommendations of less than 1% EI [20,33]. In Lebanon, the average intake of SFA (10.7%)
exceeded the WHO upper limit, while the intakes of Linoleic acid (4.8% EI) and Linolenic acid (0.13%
EI) were short of the respective AMDRs of 5–10% and 0.6–1.2% EI [74,88,89]. In Palestine, the average
intake of SFA amongst 11–16 year old adolescents (10.3% EI) exceeded the WHO maximal intake
recommendations particularly amongst boys (12% EI) [85], while the intake of MUFAs (12.2% EI) was
below the WHO recommendations of 15–20% EI [85,90]. In the UAE, Ali et al. (2013) showed that
amongst 14–18 year old subjects, 12–13% of adolescents exceeded the AMDR for total fat, while 40% of
girls and 60% of boys exceeded the 10% upper limit for SFA [29,74]. Similarly, in KSA, the average intake
of SFA was high (11.3% EI), while that of MUFAs (10.5% EI) and PUFAs (5.8% EI) were suboptimal [82].
In Kuwait, 31–40% of adolescents exceeded the AMDR for total fat (i.e., 20–35% EI), but only 2–6% of
adolescents met the AMDR for n-3 fatty acids, and 16–29% met the AMDR for n-6 fatty acids [74,84].
In Bahrain, the intakes of MUFAs and PUFAs were found to be inadequate, estimated at approximately
9–9.2% EI and 5.2–6.2% EI, respectively [28]. The PUFAs to SFA ratio of 0.6 for both girls and boys
in Bahrain, was lower than the usually recommended value of 1, suggesting higher consumption of
SFA compared to PUFA sources [28]. In contrast to the previous studies, the intakes of dietary fat
subtypes in Tunisia were not far from recommendations, with SFA representing 9% EI, MUFAs 14% EI,
and PUFAs 11% EI [91].

The majority of available studies have reported inadequate intake of dietary fiber amongst
adolescents. Average dietary fiber intake was estimated at 7.5 g/day in Lebanon [89], 9 g/day in
Libya [92], 11.6 g/day in Iran [41], 12.6 g/day in KSA [82], and 12.4–13.5 g/day in Bahrain, which are all
considerably lower than the recommendation of the Food and Agriculture (FAO)/WHO of more than
25 g/day [90]. In countries of the GCC, average dietary fiber intake was estimated to range between 16
and 20 g/day amongst adolescents in Kuwait and between 13.6 and 20.7 g/day in the UAE [29,74,84].
The majority of adolescents (81–91% in Kuwait and 95% in UAE) did not meet the AI for fiber. Higher
estimates were reported from Northern African countries in the EMR. In Morocco, fiber intake was
estimated at 39.6 g/day in adolescent boys and 33.5 g/day in girls, which represented 18.8 g/1000 kcal in
boys and 17.7 g/1000 kcal in girls [93,94]. These estimates are considered adequate when compared with
the recommendation of 14 g fiber/1000 kcal for optimal cardiovascular health [95]. Similarly, in Tunisia,
the average intake of dietary fiber intake was estimated at 36 g/day, thus exceeding the recommended
level of >25 g/day [90,91].
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Evidence on sugar intake amongst adolescents is very limited. A study conducted in Libya [92]
reported that total sugars and FS contributed 20.4% and 12.6% of the daily EI, the latter being above
the upper limit set by the WHO (10% EI) [90]. In Bahrain, the mean daily intake of total sugars
was estimated to range between 98–114.6 g/day for boys and 85.5–93.8 g/day for girls, which were
reported as high when compared with the maximum recommended intake of 60 g/day by the Dietary
Reference Values of UK [28,83]. Adolescents aged 10–13 years from KSA were reported to consume
high levels of total sugar, providing 26% EI [96]. In Iran, FS intake was estimated at close to 7%
EI amongst 6–18 year old children and adolescents, with 81% of boys and 84% of girls adhering to
the FS WHO recommendations [20,33].

3.3. Micronutrient Intakes Amongst School-Aged Children and Adolescents in the EMR

3.3.1. School-Aged Children

In Jordan, a study conducted amongst 5–6 year old children [73] showed that mean intakes of
several vitamins were below their respective Dietary Reference Intakes (DRIs). More specifically,
vitamins A and B12 represented 60–70% of the respective DRIs and similar values were observed for
folate (73–75% DRI) and vitamin C (57–60% DRI). Inadequate intakes of calcium (64–68% DRI), iron
(66–73% DRI), and zinc (56–60% DRI) were also reported [73]. Other studies conducted in Jordan,
especially amongst Bedouins and children from underprivileged areas, reported that mean intakes of
iron, calcium, and vitamin A represented 50%, 70%, and 65–80% of their respective RDAs [27,72,102,103].
Similarly, in school-aged children in Lebanon, 84–95%, 73–88%, and 35% did not meet two-thirds of
the RDA for vitamin D, calcium, and iron, respectively [76,102,104]. In KSA, mean calcium intakes in
children aged 7–12 years old did not exceed 60% of the RDA, and mean vitamin D intake represented
only 23% of RDA [102,105]. In the UAE, a national study showed that more than 76% of 6–8 year old
children did not meet the respective Estimated Average Requirement (EAR) level for vitamin A, while
for vitamin D and vitamin E, more than 93% of 6–8 year old children did not meet the EAR value [29].
In addition, 26% of boys and 43% of girls did not meet the EAR intake level for folate [29]. In Lebanon,
a study conducted amongst 5–12 year olds showed that 23% and 95% did not meet 2/3rd of the RDA
for vitamin E and D, respectively [76]. In Egypt, 44–76% of 6–12 years old children did not meet 50%
RDA for vitamin A [71], and close to a third did not meet 50% RDA for iron and calcium.

High intakes of sodium (Na) coupled with low intakes of potassium (K) were reported by studies
in the region. In Iran, mean intakes of Na and K amongst 3–10 year old children were 2017 mg/day
and 1119 mg/day, respectively [26], while the recommended intakes in this age group ranged from
<1500 to <1900 mg/day and 3000–3800 mg/day, respectively [9]. In Kuwait, 64% of girls and 71% of
boys aged 4–8 years, exceeded the Tolerable Upper Intake Level for Na (1900 mg/day) of the IOM [84].
In Morocco, average intake of Na was estimated at 1800 mg/day amongst 6–8 year old children, with
46.7% exceeding the IOM upper limit [106].

3.3.2. Adolescents

Figure 3 illustrates the proportions of adolescents not meeting the recommended intake levels of
vitamins A, C, E, D and folate [29,48,85,99]. It is important to note that the data reported by the various
studies is not readily comparable given that different studies have used different benchmarks to define
nutrient adequacy. Taken together, the data underline suboptimal intakes for the micronutrients in Iran,
Pakistan, Palestine and the UAE, with high proportions of adolescents not meeting the recommended
nutrient intake levels. Similarly, in KSA, 63% and 87% of adolescents (9–18 year olds) had intakes below
EAR for vitamin A and E, respectively [107]. In Lebanon 55.3% of Lebanese children and adolescents
(6–19 year olds) did not meet 2/3rd the RDA for vitamin A, with 23–26% also not meeting 2/3rd the RDA
for vitamins C and E [89]. Inadequate intakes for thiamin, riboflavin, pyridoxine, vitamin B12 were
also reported by some studies in the region [29,48,85].
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Table 2. Macronutrients intakes amongst adolescents in countries of the Eastern Mediterranean region.

Country Study Area Study Population Dietary Assessment CHO (%EI) Protein (%EI) Fat (%EI)

Bahrain [28] 11 regions of Bahrain 11–18 year old children
and adolescents; n = 496 24-HR M: 45–52.5; F: 52–53 M: 15.5–15.9; F:

15–15.4
M: 31.1–32.5;
F: 32.7–33.9

Egypt [97] Sohag 12–18 year old adolescents; n = 300 24-HR 59.1–61.3 15.7–15.9 26.9–28.5

Iran [80] Lahijan, Northern Iran 14–17 year old girls; n = 400 24-HR 59.3 11.9 28.8

Iran [87] Tehan 10–19 year old girls; n = 717 FFQ – – 30.6

Iran [48] Sistan and Baluchistan 14–18 year old girls; n = 753 2-day 24-HR 54 14 31.9

Iran [33] Tehan 6–18 year old; n = 424 FFQ M: 57.2;
F: 56.8

M: 12.9;
F: 13.2

M: 32.1;
F: 32.4

Iran [34] Isfahan Primary school and junior high school
pupils; n = 4700 FFQ 64.1 12 23.8

Kuwait [98] Different regions in Kuwait 8, 13 and 17 year old students; n = 588 Questionnaire 60.6 13 32.2

Kuwait [84] National 9–18 year old children and adolescents;
n = 614 24-HR M: 53–54;

F: 53
M: 15;

F: 14–15
M: 31–32;
F: 32–33

Lebanon [24] National 12–19 year old adolescents; n = 498 24-HR 51.1 13.5 36.2

Lebanon [89] National 12–19 year old children
and adolescents; n = 3394 24-HR 51.4 13.4 36

Libya [92] Benghazi 12 year old adolescents; n = 180 3-day food record 54 15.7 30.2

Morocco [93,94] Ouarzazate 15–18 year old adolescents;
n = 327 3-day food record M: 58.8;

F: 56.6
M: 12.9;
F: 12.1

M: 28.3;
F: 31.3

Oman [79] Muscat 15–18 year old adolescents;
n = 802 FFQ M: 55.5;

F: 51.1
M: 22.5;
F: 18.7

M: 30.4;
F: 22.6

Pakistan [99] Sialkot Mean age: 14.3 years; n = 328 3-day food record 51.5 12.5 36.3

Pakistan [100] National 6–16 year old children and adolescents;
n = 237 24-HR 60–74 10–12 18–32

Palestine [85] East Jerusalem 11–16 year old adolescents; n = 313 24-HR 54 12.7 34.7

Saudi-Arabia [101] Riyadh and Dawadami 17–19 year old adolescents; n = 600 24-HR R: 54.4;
U: 54.3

R: 16.9;
U: 15.1

R: 29.5;
U: 32.8
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Table 2. Cont.

Country Study Area Study Population Dietary Assessment CHO (%EI) Protein (%EI) Fat (%EI)

Saudi-Arabia [82] Jeddah 13–18 year old adolescents; n = 239 3-day 24-HR 56.6 13 30.5

Sudan [86] Northern State 10–19 year old adolescents;
n = 401 24-HR 77.4 12.6 9.9

Tunisia [91] 3 regions in Tunisia 15–19 year old adolescents;
n = 1019 FFQ 52 12 36

UAE [78] National 11–18 year old adolescents;
n = 276 24-HR M: 59.1;

F: 58.2
M: 16;
F: 14.9

M: 25.8;
F: 27.8

UAE [29] National 11–18 year old adolescents; n = 276 24-HR – M: 15–16;
F: 14.7–15.3

M: 25.2–26.7;
F: 27.6–27.9

Abbreviations: CHO: carbohydrates; EI: energy intake; M: males; F: females; R: rural; U: urban; 24-HR: 24-hr dietary recall; FFQ: food frequency questionnaire.
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Figure 4 displays the proportions of adolescents not meeting the recommended intake levels
of iron, calcium and zinc. The data suggest that high proportions of adolescents do not meet
the recommendations for these nutrients in Iran, Pakistan, Palestine and KSA [48,85,99,107]. A study
conducted in Lebanon of 6–19 year old children and adolescents showed that 27% and 36% do not
meet 2/3rd the RDA for zinc and iron, respectively, while 77% do not meet two-thirds of the RDA
for calcium [89].

Available evidence suggests that sodium (Na) intakes are high in this age group. In Kuwait,
46–61% of females and 73–80% of males aged 9–18 years exceeded the Tolerable Upper Intake Level for
Na (2200–2300 mg/day) set by the IOM [84]. Mean Na intakes amongst adolescents in KSA ranged
between 2209 and 2250 mg/day, exceeding the AI level (1700 mg/day) and the WHO Upper limit (2000
mg/day) [82,107]. In Morocco, Na intake was estimated at 2193.4 mg/day and 2138.0 mg/day in those
aged 9–13 years and 14–18 years, respectively with 26.7–49.3% exceeding the upper intake level set by
the IOM [106]. In parallel, low potassium intakes (K) were reported. In Pakistan, 45% of boys and 51%
of girls had intakes below the EAR for potassium [99]. In KSA, mean intakes of K ranged between 1530
mg and 1961 mg/day, thus being inferior to the AI of 4500–4700 mg/day [82,107], and 87% of adolescents
had intakes less than the AI level for K [107]. In Tunisia, mean K intake was estimated at 1044.5–1053.8
mg/day amongst 15–19 year adolescents [91], and in Morocco, 75% of children and adolescents aged
6–18 year old children and adolescents [106] consumed less than the AI of K [106]. Low intakes of
phosphorous, magnesium, manganese, copper and selenium have also been reported by some studies
in the region [76,85,99,107].
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Figure 3. Proportion of adolescents not meeting the recommendations for vitamins A, E, C, D and folate. The criteria used to assess the proportion of adolescents not
meeting the recommendation, are as follows: Iran, Recommended Dietary Allowances (RDAs); Pakistan, Estimated Average Requirement (EAR)/Average Intake (AI);
Palestine, <80% RDA; United Arab Emirates (UAE), <EAR.
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<80% RDA; United Arab Emirates (UAE), <EAR.
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4. Discussion

The majority of available studies amongst children and adolescents in the EMR have documented
a low intake of fruits, vegetables and fiber, inadequate consumption of water, milk and dairy products,
coupled with a high intake of SSBs, and a frequent consumption of energy-dense, nutrient poor foods
such as sweet and savory snacks. High intakes of fat and SFA were also observed in several studies
conducted in the region, coupled with a number of micronutrient inadequacies, particularly low
intakes of calcium, iron, and zinc and vitamins A, D, C and folate.

These food consumption and dietary intake patterns may be linked with suboptimal nutritional
status and increased risk for obesity and cardiometabolic risk factors. This is of concern to the EMR given
that the region harbors a “triple” burden of malnutrition in children and adolescents, characterized by
the persistence of undernutrition, an alarming escalating burden of overweight and obesity, and a high
prevalence of micronutrient deficiencies [108,109]. A recent review showed that the estimated weighted
regional averages for stunting, wasting and underweight were 28%, 8.69% and 18%, respectively [109].
The prevalence of anemia was found to range between 16% and 81% amongst school-aged children
and adolescents in countries of the region, while that of vitamin D deficiency ranged between 21%
and 83% [109]. Several countries in the EMR reported an increasing trend in the prevalence of
overweight and obesity amongst school-aged children and adolescents, the highest increases being
reported from Iran [110,111], Lebanon [112], Qatar [113,114], Saudi Arabia [115–117], Tunisia [118]
and Bahrain [119,120]. The prevalence of obesity amongst school-aged children and adolescents
reached as high as 29.6% in Kuwait [121] and 21.7% in Bahrain [122]. The escalating and high
prevalence of child and adolescent obesity raises questions about its implications for disease burden in
the region, given its association with metabolic syndrome, insulin resistance, hypertension, dyslipidemia
and hyperglycemia [121,123]. Studies conducted in various EMR countries reported a high prevalence
of metabolic syndrome in obese children and adolescents, ranging between 15% and 30% in countries
of the Levant and reaching as high as 44% in countries of the GCC, such as the UAE [7,8,124–126].
With those younger than 14 years representing approximately 30% of the population of the EMR, these
estimates do not bode well for the future health and well-being of the population, and the development
and building of productive societies [108].

The faulty dietary practices documented in this review, and which are in many instances similar
to those reported by Keats et al. in low and middle income countries [19], may at least partially explain
the increase in pediatric and adolescent adiposity and the persistence of undernutrition in the EMR.
For instance, low intakes of fruit and vegetables may be a risk factor for obesity. In fact, available
evidence suggests that adequate consumption of fruits and vegetables is usually associated with
lower EI and higher intakes of dietary fiber which, through colonic, intrinsic, and/or hormonal effects
may be associated with increased satiety, increased fat oxidation, and increased insulin sensitivity,
all of which may contribute to the prevention of obesity and metabolic abnormalities [95,127–129].
In addition, high intake of SSBs can promote weight gain through their low satiety, incomplete
compensatory reduction in EI at subsequent meals and high content of added sugar [130]. On average,
SSBs provide approximately 140–150 calories and 35.0–37.5 g of sugar per 12-oz serving [131]. In
addition, fructose from sucrose or from high corn fructose syrup has been linked with the development
of visceral adiposity and ectopic fat deposition [132–135]. Several societies and organizations including
the American Academy of Pediatrics and the WHO have advocated for reductions in the intake
of SSBs to help prevent obesity and enhance overall health [136]. The observed high intakes of
fat and SFA may also be linked with the burden of obesity in the region, given their high energy
density and the promotion of adipogenesis [137]. The overall food consumption pattern that is low
in fruit and vegetables, while being high in high fat, high sugar foods and beverages, is a hallmark
of the western dietary pattern, which has been repetitively shown to be associated with increased
adiposity risk [138]. At the same time, such food consumption and dietary patterns are associated with
low dietary diversity, insufficient consumption of nutrient dense foods and suboptimal micronutrient
intakes, which may at least partially explain the persistent burden of undernutrition and micronutrient
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deficiencies in countries of the EMR. The observed high intake of sodium, coupled with low intakes
of potassium, is recognized as a risk factor for raised blood pressure in childhood and adolescents,
and may increase the risk for hypertension and cardiovascular disease later in life [139].

Numerous factors may influence the diets of children and adolescents. These comprise both
individual and socio-cultural factors as well as economic and environmental factors [140]. At
the individual level, poor nutritional knowledge may be associated with unhealthy dietary practices.
Studies conducted in countries of the region have documented significant nutrition knowledge
gaps in children and adolescents, especially in what relates to nutrient sources, the identification
of healthy snacks and diet-disease relationships [38,141,142]. Other factors such as personal likings,
taste preferences, self-efficacy, and body image [143–146] may also play an important role in shaping
the dietary practices in this age group [140]. Children and adolescents are also highly affected by
the food environment, including the affordability, availability, and access to foods [140,147–151].
Marketing and advertising of ultra-processed foods with a high content of fat, sugar and/or salt to
children and adolescents was also recognized as a factor that promotes suboptimal diets amongst
children and adolescents [140,152]. Studies conducted in countries of the region have shown that
the marketing of ultra-processed, nutrient-depleted foods is highly common on television, during
children’s programs and/or children’s viewing time [153,154].

The WHO developed several standards and guidelines for health policies, strategies
and interventions aimed at improving the nutrition status of children and adolescents. Aligned
with the SDGs, and guided by the Global Strategy for Women’s Children’s and Adolescent’s Health
(2016–2030), the WHO Child and Adolescent Health and Nutrition program aims to translate global
nutrition guidelines into actions to address the double burden of malnutrition in various countries of
the world, build capacity for the monitoring of health and nutrition status, and develop evidence-based
policies that contribute to the improvement of health and nutrition of children and adolescents [2].
The WHO has also established the nutrition-friendly school initiative that provides a framework
for ensuring integrated school-based programs that address the double-burden of nutrition-related
ill health [155], and has further articulated priorities related to adolescent nutrition in the Global
Accelerated Action for the Health of Adolescents [156]. In line with its mandate, the regional office of
the WHO has been active in shaping the policy environment in Member States, emphasizing the need
for policies and initiatives that promote a healthier food environment for the population, with a focus on
children and adolescents. The WHO EMR published, in 2018, a set of recommendations on the marketing
of food and non-alcoholic beverages to children in the region [157]. The recommendations aim to guide
Member States on the promotion of responsible marketing and the regulation of the marketing of foods
and beverages that are high in saturated fat, trans fat, free sugar or salt to children [157]. Countries
that have adopted legislation that contributes to the implementation of these recommendations
include Egypt, Iran and Saudi Arabia. The WHO Regional Strategy (2020–2030) [158] also provides
a comprehensive framework for regional and national efforts to reach the various targets on nutrition,
including the promotion of healthier diets amongst children and adolescents. It has mapped existent
nutrition policies in the region and showed that the main action areas included in nutrition policies
across the region are infant and young child nutrition (84%), school health and nutrition programs
(84%), healthy diet awareness (84%), vitamin and mineral nutrition (79%), acute malnutrition (53%)
and nutrition and infectious diseases (37%). In addition, the Regional framework for action on
obesity prevention 2019–2023 [159] provides a set of strategic interventions and progress indicators
related to fiscal measures, public procurement, food supply and trade, food labeling, physical activity
promotion, mass media campaigns, and product reformulation, coupled with continuous assessment
and monitoring to help Member states in their obesity prevention efforts. Moreover, the WHO EMR
office has issued several policy statements related to lowering sugar, fat and salt intakes in countries of
the EMR [160–162], providing a road map for countries of the region for the progressive and sustainable
reduction in national intakes of sugar, fat and salt. Despite the active policy response in several countries
of the EMR, recent reports [140,163] are highlighting the need for a broader food system approach
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in order to improve the diets of children and adolescents. To better address the nutritional needs of
children and adolescents, the food system should be leveraged and aligned along its four determinants
(food supply chains, external food environments, personal food environments, and behaviors of
caregivers, children and adolescents) to improve the quality of the diet in this age group [140].

5. Missing Knowledge and Future Research

Although this review has provided valuable insight into food consumption patterns and dietary
intakes amongst school-aged children and adolescents in the EMR, it has identified several challenges
and gaps in the existing dietary assessment studies. In particular, findings on food consumption
patterns were often limited by the scarcity of data, particularly in school-aged children. This knowledge
gap has been reported by the United Nations Children’s Fund (UNICEF) [140], stating that the age
group of school-aged children is often missing from health and nutrition surveys. The fact that most of
the available studies have reported on daily or weekly frequency of intake, rather than quantifying
consumption, has also often limited the interpretability of the data. Another challenge stemmed
from the fact that most of the available studies were conducted at a small or regional scale, with only
few countries having conducted national surveys on food consumption in children and adolescents.
Political instabilities and turmoil, coupled with limited research funding, are amongst the challenges
that some countries of the region are facing and that may contribute to the scarcity of nationally
representative data. It is also important to mention that dietary assessment in many countries of
the region may be limited by the availability of complete and up-to-date food composition tables,
particularly for traditional foods and composite dishes, highlighting the crucial need for concerted
efforts in this domain. The findings of this review may also be limited by the fact that different dietary
assessment methods (food frequency questionnaires, FFQ; 24-hr recalls, 24-HR; dietary records) were
used by the various countries/studies, which may impact the comparability of the generated food
consumption data [108].

Based on the work undertaken in this paper, opportunities for future research include regional
collaborations to: (1) consolidate and update food composition tables, with a focus on culture-specific
foods and composite dishes; (2) conduct nationwide dietary surveys on children and adolescents using
validated and standardized approaches and methodologies; (3) contribute to a better characterization of
food consumption patterns and dietary intakes in under-represented age groups, such as school-aged
children; (4) assess the intake and sources of free sugar; (5) assess the intake and sources of trans fat;
and (6) gain a better understanding of factors that may be associated with unhealthy food consumption
patterns in the EMR. These priorities may guide policy makers, researchers, funding agencies,
and non-governmental organizations in tackling the identified knowledge gaps and developing culture
specific and evidence-based intervention strategies aimed at improving the nutritional status of children
in the EMR.

6. Conclusions

This review contributes toward the characterization of food consumption patterns and dietary
intakes amongst children and adolescents in the EMR. The findings highlighted poor dietary habits in
these age groups characterized by low intakes of fruit, vegetables, and dairy coupled with high intakes
of SSBs and frequent consumption of sweets and savory snacks. High intakes of fat and saturated
fat were observed, while the intakes of several micronutrients were inadequate. These suboptimal
food consumption and dietary intake patterns represent a public health concern, given that the triple
burden of malnutrition continues to plague most countries of the region. The findings of this review
have therefore broad implications for developing public health strategies and policies to improve
the diet of children and adolescents in the EMR. Acknowledging the impact that nutrition may have
on building societies and transforming the lives of children, adolescents and their families, there is
a crucial need for a food system approach in developing and implementing national and regional
policies and interventions aimed at improving the diet of children and adolescents. Such interventions
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will not only enhance the diet and nutritional status of young people, but will also pave the way
towards the achievement of many sustainable development goal targets, including ensuring healthy
lives, promoting life-long learning, improving economic growth and building inclusive societies [164].
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Abstract: High sodium (salt) consumption is associated with an increased risk of developing
non-communicable diseases. However, in most European countries, Portugal included, sodium intake
is still high. This study aimed to assess the sodium content of school meals before and after the Eat
Mediterranean (EM) intervention—a community-based program to identify and correct nutritional
deviations through the implementation of new school menus and through schools’ food handlers
training. EM (2015–2017) was developed in 25 schools (pre to secondary education) of two Portuguese
Municipalities, reaching students aged 3–21 years old. Samples of the complete meals (soup +main
course + bread) from all schools were collected, and nutritional quality and laboratory analysis were
performed to determine their nutritional composition, including sodium content. Overall, there was a
significant decrease (−23%) in the mean sodium content of the complete school meals, which was mainly
achieved by the significant reduction of 34% of sodium content per serving portion of soup. In conclusion,
EM had a positive effect on the improvement of the school meals’ sodium content, among the participant
schools. Furthermore, school setting might be ideal for nutrition literacy interventions among children,
for flavors shaping, and for educating towards less salty food acceptance.

Keywords: community-based program; childhood obesity; school meals; salt intake; sodium consumption

1. Introduction

Given the well-established evidence that excessive sodium consumption (1 g of sodium per 100 g
represents 2.5 g of salt per 100 g) is linked to an increased risk of developing non-communicable
diseases (NCD) [1], a reduction in population’s sodium consumption has been a key focus of both the
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international and national policy agendas. Reducing salt intake in the general population is not only a
practical action that can prevent adverse health outcomes—such as increased blood pressure—but it is
also a feasible and cost-effective strategy to reduce the growing burden of NCDs and reduce health-care
costs for governments and individuals [2].

The World Health Organization (WHO) recommends a population reduction in salt intake as
one of the ‘best buys’ or cost-effective actions that should be prioritized to tackle the global burden
of NCDs [3–5]. Targets of a daily salt intake lower than 5 g for adults and 2 g for children have been
recommended [6]. In addition, WHO Member States have agreed to work towards the global target of
a 30% relative reduction in mean population intake of salt by 2025 relative to 2010 levels. It is crucial
that this target is met in order to achieve the overall goal of a 25% reduction in premature mortality
from NCDs by 2025 [2].

The overall number of countries implementing a national salt reduction strategy more than
doubled from 2010 to 2015. However, despite the remarkable efforts and actions that have since been
taken, more needs to be done. Data from 2013 revealed that population salt consumption in most
European countries ranged from around 7 g/day (Bulgaria, Cyprus, Germany, and Latvia) to 13 g/day
(Czech Republic) [7,8].

Among all dietary habits, excessive salt intake has the most adverse outcomes. The average daily intake
of salt per capita among the Portuguese population is 10.7 g [9], which is double the level recommended
by WHO (<5 g) [6]. Portugal ranks the highest among European countries regarding salt intake, with
excessive intake reported in 63.2% of women and 88.9% of men [10]. The problem also affects younger
groups, as research shows that most children and adolescents exceed daily recommendations [11–13].

Excessive salt intake is associated with an increased risk of obesity—partially due to poor diets
that are high in both energy and salt, such as regular consumption of breakfast cereals [14] and highly
processed foods [10]. Another reason for this association may be that consumption of salty foods
stimulates thirst and increases fluid intake, thereby increasing the consumption of sugar-sweetened
beverages, which can further fuel obesity [15]. This scenario is of particular interest in Portugal,
where the prevalence of childhood overweight has been among the highest in Europe, affecting
around one in three children [16]. It is, therefore, urgent to tackle this issue, as even small reductions
in salt consumption can bring great health benefits to children by reducing the risk of developing
cardiovascular diseases—the leading cause of death and disability in Portugal and worldwide [17,18].

The Portuguese “National Program for the Promotion of Healthy Eating” [19], in line with
internationally recommended interventions [20], strongly advocates for the implementation of strategies
to reduce dietary salt intake in children by providing information and education on healthy eating
as well as the strengthening of consumer protections, particularly by reducing the salt content of
school meals.

Several attempts have been made to reach children in schools to encourage healthier eating habits
and improve the nutritional quality of the food served to them. These interventions can potentially
impact all children of school age, irrespective of their ethnicity or socioeconomic group [21–25]. Primary
and secondary schools serve at least one meal every day and can also determine the types of food
and beverages that are available or served at schools (i.e., schools’ cafeterias and vending machines).
Schools can positively impact eating behaviors and promote healthier eating [26–28], for example, by
deploying nutrition education classes.

School is a key setting to deliver health education to children, promote healthy lifestyles and social
equality, and to ensure access to nutritionally balanced meals, regardless of the family’s socioeconomic
status [29]. In Portugal, municipalities are responsible for providing school meals (lunch) for pre-school
and primary schools as well as for the management [30] of the menu. During secondary education, the
supply of school meals is supported by the Directorate General of Education Institutions (DGEstE) [31],
except for schools with their own cooking facilities. In Portugal, a set of guidelines for the school
food supply has been established, which includes limits on the salt content of the school meal’s
components—bread, soup, and the main dish [31].
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Assuming that lunch represents 30% of the total energy value [32] and considering the WHO
recommendation [6], 1.5 g of salt should be the maximum level in this meal. In Portugal, little is known
about the nutritional composition of the complete school meal. The amount of different nutrients in food
samples can be measured through laboratory analyses, using standardized techniques recommended by
international organizations [33]. In the few studies that have been conducted to estimate sodium content
of school meals in Portugal, mean salt content has ranged from 2.83 and 3.82 g [34–36], which clearly
should be reduced.

Eat Mediterranean—A Program for Eliminating Dietary Inequalities in Schools (EM) [37], was a
European Economic Area (EEA) Grant funded project developed as a Portuguese community-based
intervention (2015 to 2017) through a multi-sectorial approach involving health, education, and political
stakeholders. The program’s goal was to reduce nutritional inequalities among school-aged children
through the promotion of the Mediterranean diet. The program comprised a comprehensive approach
both at the individual level (child and family) and at the group/community level (nutritional education
sessions at schools and improvement of school food environments). One of the objectives and key
priority areas in the implementation of EM at the community level was to evaluate and improve
the nutritional quality of food available in school meals. Within the school food environment,
the EM program proposed a qualitative and quantitative (laboratory) analysis and evaluation of
the nutritional adequacy of school meals. The aim was to identify nutritional deviations, according
to international/national recommendations [29,31,38,39] and correct them by modifying the food
composition of school meals through both training of the schools’ food handlers and through the
development and implementation of new menus.

2. Materials and Methods

2.1. Program and Participant Schools

The EM program was implemented over two school years (2015/2016 (Y1) to 2016/2017 (Y2)) in
two Portuguese municipalities: Santarém and Alpiarça. In total, 25 individual public schools and 5773
students (3–21 years old), from pre-school to secondary education, participated in EM.

The entities responsible for the supply of school meals in both pre-schools and primary schools
were Santarém Municipality (17 schools) and Alpiarça Municipality (three schools). For secondary
schools, DGEstE supplied meals to four schools, while one had their own cooking service.

The specific evaluation and intervention on nutritional adequacy of served school meals (lunch)
were organized in three phases:

• Evaluation (Y1): 386 school menus were analyzed qualitatively. Thirty-nine school meal samples
were collected from 10 kitchens that served all 25 Schools for analysis during the period between
March and June 2016. A report on qualitative and quantitative nutritional adequacy of school
meals was presented to school communities.

• Intervention (Y1/Y2): From July 2016 to March 2017, a working group was established to discuss
the results of the report from the evaluation phase and to develop a new proposal for school
menus. The working group included public health professionals, nutritionists, a municipal
food engineer, school cooks, teachers, and parents. The new school menus were developed
according to the WHO recommendations [29,38] and national guidelines [32,40], and these were
implemented in all participant schools. Additionally, training was provided for the schools’ food
handlers in order to implement the new changes. During the intervention period, nutritionists
from the working group closely followed and guided every step of the process, including food
preparation, cooking and serving of the meals while, at the same time, providing training to the
food handlers. The training covered topics, such as food safety, cooking methods, and portion
guidance (for example, to estimate the amount of salt that could be added to food, a standard
measuring spoon or cup was introduced for all food handlers to use). Additionally, technical
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sheets of the new menus were developed, and their implementation was conducted under the
supervision of members of the working group.

• Post-intervention (Y2): A new set of 39 school meal samples was collected from the same kitchens
from April to June 2017, and a qualitative and quantitative evaluation of the changes was performed.

Ethical approval was granted by Lisbon and Tagus Valley Regional Health Administration Ethical
Committee (089.CES/INV/2015).

2.2. Food Samples and Sample Preparation

Food samples were collected from all 10 kitchens that served meals to the 25 schools. Of the 10
kitchens, nine served meals at their own schools, so samples were collected at the moment of serving.
One school was served by transporting meals from a central kitchen outside the city. In this case, food
samples were collected at the school immediately prior to serving.

The samples consisted of the food portions that were served to children at lunchtime. Each food
sample consisted of three main items: bread, soup, and the main course (including salad or cooked
vegetables and one piece of fruit). These were collected during both evaluation and post-intervention
phases in a total of 39 samples in each phase. In one of the schools (school B), it was not possible to
analyze the bread samples, as they were not sent to the laboratory. The meal items were weighed
on a Mettler-Toledo PB3002-S/FACT (Mettler-Toledo, Inc., Columbus, OH) laboratory scale, with an
accuracy of 0.01 g. Samples were collected using latex gloves, placed in sterile polythene bags, and
alphabetically coded to maintain confidentiality. The samples were transported to the laboratory,
refrigerated, homogenized, and milled using a high-speed grinder, a knife mill Grindomix GM 200;
Retsch, Haan, Germany equipped with titanium knives to prevent contamination. The prepared
samples were stored in vacuum bags at the freezing temperature (−20 ◦C) until processing.

2.3. Laboratory Analysis and Interpretation

The analysis was performed in accordance with the methodology recommended by the Official
Methods of Analysis of AOAC International [33], under quality assurance conditions complying with
the requirements described in standard EN ISO/IEC 17025: 2005 [41]. For sodium determination,
the samples were analyzed in triplicate using an inductively-coupled plasma optical emission
spectrometer, ICP OES, model iCAP 6000, Thermo Fisher Scientific, Madison, WI, USA for the
determination of sodium (Na) content. There are several common sources of sodium in food, including
from salt added during preparation or during processing, as well as from the sodium in seasoning (e.g.,
sodium phosphate, sodium bicarbonate, MSG mono-glutamate, etc.). However, this study assumed
that all sodium in food was in the form of sodium chloride and equivalents, so all results were expressed
in terms of “salt”.

The salt content in g/100 g of food was calculated by the formula: salt (g) = sodium (g) × 2.5 [41].
Considering a school meal (lunch) makes up 30% of the daily total energy intake [32], 1.5 g of salt was
the reference value used in the present study (according to the WHO recommendation of salt intake [6]:
0.30 × 5 = 1.5 g).

2.4. Statistical Analysis

Data sets were produced using Microsoft Excel® spreadsheets, and statistical analyses were
performed using IBM SPSS® statistics for Windows, version 22.0, Armonk, NY, USA [42]. Results were
reported as mean (+ standard deviation). Non-parametric tests for comparing means were carried out
for paired samples. A significance level of α = 0.05 was considered statistically significant.

3. Results

The quantitative analysis of the school menus found that the standardized serving portions collected
during the evaluation phase and the post-intervention phase were similar. Regarding the reduction in
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sodium and salt equivalent of the individual meal components, there was a 34% reduction per serving
portion of soup. There were no significant changes in sodium and salt equivalent per serving portion of
bread or per serving portion of the main course. In the complete meal, including the three components,
there was a 23% reduction in sodium and salt equivalent per serving portion (Table 1).

Table 1. Sodium and salt content of school meals components (soup, main course, and bread) and of
the complete meal (all components) analyzed at the evaluation and the post-intervention phases of the
eat Mediterranean program.

Serving Portion (g) (a) Sodium (g/Serving Portion) Salt (g/Serving Portion) (b)

n Evaluation
Post-

Intervention
Evaluation

Post-
Intervention

p-Value Evaluation
Post-

Intervention
p-Value

Soup 10 227.10 ± 30.24 220.30 ± 37.08 0.59 ± 0.12 0.39 ± 0.24
0.017

Change
0.20~34%

1.48 ± 0.29 0.98 ± 0.59
0.017

Change
0.49~34%

Main course 10 262.30 ± 51.71 269.80 ± 61.28 0.68 ± 0.21 0.60 ± 0.25 0.169 1.70 ± 0.54 1.50 ± 0.63 0.169

Bread 9 46.00 ± 14.80 46.56 ± 16.08 0.19 ± 0.09 0.18 ± 0.11 0.441 0.48 ± 0.21 0.45 ± 0.27 0.514

Complete
meal

10 - - 1.50 ± 0.30 1.16 ± 0.45
0.028

Change
0.34~23%

3.75 ±0.40 2.90 ± 1.12
0.047

Change
0.85~23%

(a) There were no statistically significant differences between serving portions (g) (p > 0.05); (b) The salt content was
calculated by the formula: salt (g) = sodium (g) × 2.5 [35].

Changes in the mean salt content of the complete school meal in grams (g) at evaluation and at
the post-intervention phase are shown, for individual schools and for all schools combined, in Figure 1.
For all schools except for two (B and J), there was a decrease in salt content between the two time-points.

 

1.

Figure 1. Mean salt content (g) of the complete school meals analyzed at the evaluation phase and the
post-intervention phase of the eat Mediterranean program and its adequacy regarding the reference
value (maximum 1.5 g of salt/meal), by the school.

4. Discussion

While community-based programs designed to improve the nutritional quality of school meals
have been shown to be effective previously [43,44], EM was one of the first programs in Portugal to
address qualitative and nutritional laboratory analysis together. Through a multidisciplinary approach
targeting the school food environment, a key objective of the program was to improve the nutritional
composition of school meals served to young people during lunchtime. In Portugal, addressing the
quality of school meals is an important way to promote healthy diets as at least one meal is offered
every day, and at pre- and primary education levels, almost every child has lunch at school [45].
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The qualitative assessment of the 386 school menus has been presented elsewhere [46]. As part
of evaluating EM, this study focused on identifying the nutritional deviations of sodium and salt
equivalent content of school meals from international and national recommendations [29,31,38,39]
and aimed to correct them by modifying the nutritional composition of school meals. This was done
through training of the schools’ food handlers and the development and implementation of new menus.
The results showed that EM had a positive effect on the improvement of the school meals’ salt content
among the participating schools, achieving an overall reduction of 23% of the salt content of school
meals served at lunchtime.

At the beginning of the EM program, the mean salt content of school meals was 3.75 g of salt per
meal. These findings were similar to those reported in previous Portuguese studies [34–36], as well as
in studies from other countries that assessed the salt content in school meals served in canteens [47].
Interventions as part of the EM program led to a significant reduction (p < 0.05) of salt content (from
3.75 g to 2.90 g of salt per meal, i.e., ~23%); however, it was still far from the reference value of lunch
salt content (1.5 g of salt), and it was estimated that it would need to be met to achieve recommended
salt consumption levels.

Looking separately at each component of the meal, the main dish was the component with the
highest contribution to the salt content of the whole meal. This was also found in the study conducted
by Barbosa et al. 2018 [48] in Portuguese University Canteens, in which it was suggested that one
possible explanation for this result was the presence of intrinsic sodium in foods, such as meat and fish,
which is higher than the sodium intrinsically present in vegetables used for soups [49]. However, we
found a significant reduction in the salt content of soup from 1.48 g per serving portion before the
intervention to 0.98 g per serving portion after the intervention (~34% reduction).

The values for lunch salt content, after EM intervention, are yet slightly higher than those reported
by other Portuguese studies [50,51]. According to the Portuguese 2018 guidelines for menus and school
canteens [31], the maximum value that can be added to soups and main dishes during the cooking
process is 0.2 g of iodized salt. In addition, it is recommended that salt be replaced by glasswort
or aromatic herbs. Regarding the serving of bread included in the school meals, according to the
recommendations for Portuguese school meals [31], it should be one small piece of bread of 25 g for
pre-school and primary school and 45 g for elementary and secondary school, with a maximum salt
composition of 1%, meaning 0.25 g and 0.45 g of salt per serving of bread, respectively. As there was
no intervention targeted at reducing bread provided during school meals, this study observed that,
despite the level of education, the mean serving of bread was around 45 g, and the salt content of
bread per serving, both before and after the intervention, was above the guidelines (0.46 g–0.49 g).
In Portugal, there is a culture of always serving bread at mealtime, which is reflected in the official
guidelines [31]. It could be suggested that if there was a non-mandatory offer of bread at school meals,
at least for young children, and if carbohydrate intake recommendations were met through foods with
less salt, a further reduction on overall salt intake could have been observed through this action alone.

There were several challenges in the implementation of the EM program. One of these was to
reduce the amount of salt added by cooks while preparing the meals, as while the technical guidance
clearly requires that the amount of salt added during meal preparation be accurately measured, several
cooks still opted to measure by “hand”. This was also described by Gonçalves et al. [52], who found
that the amount of added salt was influenced by the taste of the cook, even though many food handlers
acknowledged that they did not taste the food before adding salt. That study also pointed out that
food handlers were aware of the health problems associated with excessive salt intake as well as the
recommended salt intake values, but they mentioned that the greatest difficulty in salt reduction was
the opinion and acceptance of the consumers toward less salt in foods [52]. Such limitations reinforce
the importance of educating both consumers and food handlers so that programs aiming at reducing
the salt content in school meals and other settings can be more effective.

Action to reduce salt consumption is urgent, including among younger populations, in order to
reduce the risk of developing cardiovascular diseases. The offer of high sodium meals in a school
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environment can contribute to individuals acquiring long-term poor eating habits, including increased
consumption of processed food, which is already a pattern in Portuguese children [10]. Additionally,
emerging evidence suggests dietary sodium intake may be associated with obesity, both through
pathophysiological mechanisms and through the induction of thirst and increased consumption of
high energy drinks [53–57], enhancing the need to address and tackle this public health issue.

The improvement of the menus introduced by the EM program has shown that it is possible
to successfully reduce the salt content of school lunches through existing mechanisms. To ensure
school meals are nutritionally adequate, it is essential that trained cooking staff and all responsible
parties strictly comply with the technical sheets provided. It is also crucial to continue the education
of students, parents, educators, teachers, as well as the monitoring of all stages of preparing and
serving meals by the cooking staff. The integrated and concerted work among health departments,
research institutions, municipalities, and educational communities was a strong part of the success of
the EM program.

Among the common challenges educators face when trying to reduce the amount of added salt to
meals is rejection by consumers due to “lack of flavor” [52]. However, the adaptive capacity of the
flavors-linked neurological system to small reductions in salt in meals has been well described [57].
Thus, school settings may be ideal not only for nutrition literacy interventions among children but also
for flavors, shaping and educating towards less salty food acceptance.

One of the pitfalls of this study was the limited time frame of the intervention to carry out
all the activities projected in this comprehensive program without including a post-intervention
longer monitoring period. This would have been important to continuously assess the adaptation
to the changes implemented in the context of the new school food environment, in particular, the
acceptance/preference of less salty meals by the children.

Nonetheless, recognizing the relevance of consumer acceptance in order to obtain long-lasting
changes, EM paved the way for further work towards providing healthier meals in the participating
schools, including a monitoring system to assess students’ acceptance of school meals changes and
also regarding food waste. The training, capacity building, and nutritional education offered during
the EM intervention to all school community (teachers, parents, children, food handlers, and others)
would hopefully contribute to the sustainability of the progress achieved in improvements and support
continuous improvements.

5. Conclusions

This study demonstrated the success of the EM program in reducing the salt content of lunch
meals served in schools. School meals must be nutritious, and reinforcement of this through regular
monitoring and evaluation is a key factor to ensure school food quality. In order for school meals
to be nutritionally adequate, trained cooking staff and all responsible parties would need to strictly
comply with the provided technical sheets. It is crucial that the health literacy of students, parents,
educators, and teachers is developed through continuous education, and the monitoring process at all
stages of preparing and serving meals by school food handlers is strengthened. This comprehensive
program was built through a collaboration between different stakeholders (health departments and
units, research institutions, municipalities, and educational communities), which was both key to its
success and ensured a holistic approach towards promoting healthier behaviors.
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Abstract: Background: Few investigations have studied the relationship between home and school
food environments, fruit intakes, and prevalence of overweight in children and adolescents from
disadvantaged backgrounds. This study aimed to determine whether food environments for fruit
intake at household and school levels affect fruit intakes and risk of overweight among children and
adolescents with low household income. Methods: Students (n = 3148) in Seoul, Korea completed
questionnaires pertaining to select aspects of their food environments, frequency of fruit intakes,
and weight status. Chi-square tests and logistic regressions evaluated associations between the
aforementioned variables. Results: Participants consumed fruit an average of 0.77 times per day,
though its frequency increased when fruit accessibility was perceived positively. The percentage of
overweight participants was 23.5% for boys and 22.8% for girls. Generally, fruit intake frequency
was linked to a lower prevalence of overweight. Regular provision of fruit in school lunches was
associated with a reduced risk of overweight among elementary school girls (odds ratio (OR): 0.52,
95% confidence interval (CI): 0.30–0.92), and having someone at home to prepare fruit was associated
with a reduced risk of overweight in elementary school boys (OR: 0.64, 95% CI: 0.43–0.94) and
girls (OR: 0.63, 95% CI: 0.43–0.93). Conclusions: The frequency of fruit intake was low among
disadvantaged youth. Increasing access to fruit in their food environments appears to enhance
consumption and lower the risk of overweight, especially for elementary school girls.

Keywords: food environment; fruit; children; adolescents; obesity; overweight; home; school

1. Introduction

The epidemic of pediatric overweight and obesity has expanded steadily over the past few
decades, currently reaching more than 370 million children worldwide [1]. Consequences of early
excess adiposity include a heightened risk of psychological problems such as depression, low self-esteem,
and disordered eating in the immediate term, as well as cardiovascular disease and various cancers
upon adulthood [2–5]. Adult obesity, implemented in child obesity, makes it difficult to lose weight [6].
Therefore, it is important to prevent obesity in childhood [6]. The prevalence of obesity among children
and adolescents has increased in Asia [7]. Although the rising trends of body mass index (BMI) have
flattened in high-income countries, the prevalence of obesity is still high in worldwide [7].

Obesity has been explained with reduced intakes of healthy foods and unhealthy eating
behaviors [8–11]. Especially fruit, which are rich in water and fiber, to enhance satiety, and low in
energy density [12], have been known to prevent obesity, coronary heart disease, stroke, cardiovascular
disease, total cancer, and all-cause mortality [13–16]. Obesity prevention interventions that take into
account healthy food intake, such as fruit, are needed. For effective obesity intervention, it is important
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to identify the relationship between eating healthy foods and obesity and to find the main determinants
that affect obesity. Previous intervention methods for eating healthy foods to prevent obesity have
focused on individual behavior changes. However, individual level interventions fundamentally could
not change the obesogenic environment, which have been reported to have little effect on long-term
improvement [17,18]. In recent years, the ecological model has been applied to promote health in
the public health sector. The multilevel interventions that take an account for both individual and
environmental factors have been paid attention for effective behavior change. Among environmental
factors, food environments include political, economic, social, physical, and natural environment factors
which affect accessibility, availability, and affordability of foods [19,20]. The food environments have
been known as an important factor related to food choice and dietary intakes [19,20]. For children and
adolescents, the household is the first physical and social environment to learn about food intake [21],
and the school is responsible for their lunches and another setting to make them eat healthy food [21].
Thus, for effective intervention, factors at household and school levels that affect the availability and
accessibility of foods as well as at the individual level should be included [22].

It has been reported that the food environment has a greater effect on health and nutritional status
in the vulnerable group than in the general group [23], but most of the studies have been conducted on
the general group [24], and there is a dearth of research exploring how food environments at home
and school affect fruit intakes and risk of overweight among disadvantaged children and adolescents.
Therefore, research is needed to determine how the food environments of vulnerable children is related
to healthy food intake and obesity. For this study, we surveyed low socioeconomic status youth to
determine how select aspects of their food environments associate with consumption of fruit and
weight status. Therefore, the objective of this study was to investigate whether food environments at
household and school levels affect fruit intakes and risk of overweight among disadvantaged children
and adolescents.

2. Methods

2.1. Study Population

Participants were recruited in 2015 from the Community Childcare Center, located in Seoul,
Korea. They provide welfare services (e.g., protection, education, and meals) after school to youth
from disadvantaged backgrounds (e.g., beneficiaries of national basic livelihood or single-parent
families, etc.) [25]. During this time, the Community Childcare Center participated in the Healthy
Fruit Basket Program, which aims to prevent the development of chronic diseases by providing access
to fresh fruits [25,26]. In total, 4154 students (mean age; elementary school: 10.4 y, middle and high
school: 14.3 y) were recruited; however, only 3148 were included in the final analyses because they
supplied information for all the variables of interest and were of an eligible weight status (i.e., normal
and overweight) [27,28]. The Institutional Review Board approved this study, and all participants gave
written informed consent and assent (DKU 2015-10-016).

2.2. Weight Status

Height and weight were measured by a trained measurer at the public health centers or the
Community Childcare Centers using a nationally certified weight and height scale. BMI was calculated
as weight (kg) divided by height squared (m2). According to the 2007 Korean National Growth
Charts for children and adolescents [29], classification of normal weight was defined as having a body
weight between the fifth and eighty-fourth percentiles, based on one’s gender and age; classification
of overweight was defined as having a body weight in the eighty-fifth percentile or above, or BMI
25 kg/m2 or greater, based on one’s gender and age.
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2.3. Fruit Intakes

Fruit frequency questionnaires examined fruit intakes from the month preceding study enrollment.
Scoring ranged from 0 (never) to 9 (3+ times per day). All responses were converted into times per
day and collapsed into two categories (<0.5 times per day vs. ≥0.5 times per day) to determine the
association with overweight.

2.4. Food Environments

Participants were asked five questions about their food environments, adapted from those
employed in a previous investigation [30]. Here, three dimensions of the physical environment were
evaluated: (1) Availability of fruit at home, (2) accessibility of fruit at home (i.e., is there someone who
prepares fruit for children to eat?), and (3) accessibility of fruit at school (i.e., does the school provide
fruit twice a week?). For the social environment, questions inquired about the habit of frequently
eating fruit among parents and friends. Responses for the questions ranged from 1 (strongly disagree)
to 5 (strongly agree), and all were collapsed into categories of disagree (strongly disagree, disagree),
neutral, and agree (agree, strongly agree).

2.5. Statistical Analysis

Chi-square tests assessed the distribution of participants’ general characteristics, the food
environment, and weight status according to the frequency of fruit intakes and aspects of the
food environment. T-tests evaluated differences in the frequency of fruit intakes by sex and grade
level. An analysis of variance and Scheffe’s post-hoc test determined differences between the food
environments. Logistic regressions analyzed the effects of fruit intakes and food environments on
weight status, showing odds ratios (ORs), 95% confidence intervals (95% CI). All analyses were
performed by SPSS Statistics (v. 23.0); p ≤ 0.05 was considered statistically significant.

3. Results

General characteristics of the participants are shown in Table 1. Overall, 49.0% were boys and
71.5% were in elementary school. The percentage of overweight for boys and girls was 23.5% and
22.8%, respectively. The percentage of overweight for elementary school, and middle and high school
students was 24.3% and 20.4%, respectively. There was a significant difference of weight status between
grades, and the percentage of overweight was high in elementary school students.

Table 1. General characteristics of subjects 1.

All
(n = 3148)

Normal Weight
(n = 2419)

Overweight
(n = 729)

p 2

Sex
Boys 1542 (49.0) 1179 (76.5) 363 (23.5)

0.617Girls 1606 (51.0) 1240 (77.2) 366 (22.8)

Grade
Elementary school 2251 (71.5) 1705 (75.7) 546 (24.3)

0.021Middle and high school 897 (28.5) 714 (79.6) 183 (20.4)

Sex, grade
Boys

Elementary school 1061 (68.8) 797 (75.1) 264 (24.9)
0.065Middle and high school 481 (31.2) 382 (79.4) 99 (20.6)

Girls
Elementary school 1190 (74.1) 908 (76.3) 282 (23.7)

0.142Middle and high school 416 (25.9) 332 (79.8) 84 (20.2)
1 Qualitative variables are presented as n (%). 2 p-values for differences between the weight statuses were obtained
by a chi-square test.
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Table 2 details aspects of the participants’ food environments. Overall, 59.5% to 63.2% of
participants responded positively (i.e., affirmed the availability of fruit at home, a regular provision
of fruit in school lunches, having someone at home to prepare fruit for them, and a family habit of
frequently eating fruit). Between the sexes, girls perceived their food environments more positively
than boys (p < 0.001). Between the grade levels, elementary school students perceived their food
environments more positively than middle and high school students (p < 0.001).

Table 2. Select aspects of participants’ food environments 1.

All
Sex Grade

Boys Girls Elementary School Middle and High School

Availability of fruit at home
Disagree 458 (14.5) 238 (15.4) 220 (13.7) 313 (13.9) 145 (16.2)
Neutral 816 (25.9) 441 (28.6) 375 (23.3) 557 (24.7) 259 (28.9)
Agree 1874 (59.5) 863 (56.0) 1011 (63.0) 1381 (61.4) 493 (55.0)

p 2 <0.001 0.004

Regular provision of fruit in school lunches
Disagree 259 (8.2) 155 (10.1) 104 (6.5) 145 (6.4) 114 (12.7)
Neutral 959 (30.5) 504 (32.7) 455 (28.3) 624 (27.7) 335 (37.3)
Agree 1930 (61.3) 883 (57.3) 1047 (65.2) 1482 (65.8) 448 (49.9)

p 2 <0.001 <0.001

Having someone at home to prepare fruit
Disagree 439 (13.9) 226 (14.7) 213 (13.3) 295 (13.1) 144 (16.1)
Neutral 718 (22.8) 393 (25.5) 325 (20.2) 471 (20.9) 247 (27.5)
Agree 1991 (63.2) 923 (59.9) 1068 (66.5) 1485 (66.0) 506 (56.4)

p 2 <0.001 <0.001

Family habit of eating fruit frequently
Disagree 282 (9.0) 143 (9.3) 139 (8.7) 193 (8.6) 89 (9.9)
Neutral 954 (30.3) 518 (33.6) 436 (27.1) 618 (27.5) 336 (37.5)
Agree 1912 (60.7) 881 (57.1) 1031 (64.2) 1440 (64.0) 472 (52.6)

p 2 <0.001 <0.001

Friends’ habit of eating fruit frequently
Disagree 544 (17.3) 299 (19.4) 245 (15.3) 364 (16.2) 180 (20.1)
Neutral 1378 (43.8) 710 (46.0) 668 (41.6) 936 (41.6) 442 (49.3)
Agree 1226 (38.9) 533 (34.6) 693 (43.2) 951 (42.2) 275 (30.7)

p 2 <0.001 <0.001
1 Values are presented as absolute numbers and percentages. 2 p-values for differences between sexes or grade
levels, obtained by a chi-square test.

Table 3 shows the relationship between aspects of participants’ food environments and frequency
of fruit intakes. Regardless of sex or grade level, fruit intakes differed according to how one’s food
environment was perceived. Here, the group who perceived their food environments positively
was found to consume fruit 0.87 to 0.95 times per day, whereas the group who perceived their food
environments negatively was found to consume fruit 0.42 to 0.67 times per day (p < 0.001). Interestingly,
there were no differences in fruit intakes between sexes when they shared the same perception about
their food environments. However, when both grade levels responded positively about their food
environments, consumption of fruit was found to be higher among elementary school students. For
groups displaying a negative or neutral perception, frequency of fruit intakes was comparable.
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Table 3. Relationship between aspects of participants’ food environments and frequency of fruit intakes 1.

All
Sex Grade

Boys Girls Elementary School Middle and High School

All 0.77 ± 0.17 0.74 ± 0.02 a 0.80 ± 0.02 b 0.85 ± 0.02 a 0.59 ± 0.02 b

p 2 0.036 <0.001

Availability of fruit at home
Disagree 0.47 ± 0.03 a 0.46 ± 0.04 a 0.49 ± 0.04 a 0.51 ± 0.04 a 0.39 ± 0.03 a

Neutral 0.55 ± 0.02 a 0.54 ± 0.03 a 0.55 ± 0.03 a 0.60 ± 0.03 ab 0.44 ± 0.03 a

Agree 0.95 ± 0.02 b 0.92 ± 0.03 b 0.96 ± 0.03 b 1.03 ± 0.03 c 0.71 ± 0.03 b

p 2 <0.001 <0.001 <0.001

Regular provision of fruit in school lunches
Disagree 0.65 ± 0.05 a 0.62 ± 0.06 a 0.69 ± 0.08 ab 0.64 ± 0.07 acd 0.66 ± 0.06 ad

Neutral 0.62 ± 0.02 a 0.62 ± 0.03 a 0.63 ± 0.03 a 0.70 ± 0.03 a 0.47 ± 0.03 cd

Agree 0.87 ± 0.02 b 0.83 ± 0.03 b 0.89 ± 0.03 b 0.93 ± 0.02 b 0.64 ± 0.03 ad

p 2 <0.001 <0.001 <0.001

Having someone at home to prepare fruit
Disagree 0.60 ± 0.04 a 0.55 ± 0.05 a 0.64 ± 0.05 a 0.67 ± 0.05 ae 0.43 ± 0.03 ad

Neutral 0.53 ± 0.02 a 0.52 ± 0.03 a 0.55 ± 0.04 a 0.58 ± 0.03 ac 0.44 ± 0.03 cd

Agree 0.90 ± 0.02 b 0.88 ± 0.03 b 0.91 ± 0.03 b 0.97 ± 0.02 b 0.70 ± 0.03 e

p 2 <0.001 <0.001 <0.001

Family habit of eating fruit frequently
Disagree 0.42 ± 0.04 a 0.42 ± 0.05 a 0.43 ± 0.05 a 0.46 ± 0.05 ab 0.33 ± 0.03 ab

Neutral 0.54 ± 0.02 a 0.55 ± 0.03 a 0.53 ± 0.03 a 0.59 ± 0.03 bc 0.45 ± 0.03 ab

Agree 0.94 ± 0.02 b 0.91 ± 0.03 b 0.97 ± 0.03 b 1.01 ± 0.02 d 0.72 ± 0.03 c

p 2 <0.001 <0.001 <0.001

Friends’ habit of eating fruit frequently
Disagree 0.67 ± 0.03 a 0.63 ± 0.04 a 0.71 ± 0.05 ab 0.75 ± 0.04 a 0.49 ± 0.03 bd

Neutral 0.67 ± 0.02 a 0.68 ± 0.03 a 0.67 ± 0.03 a 0.73 ± 0.03 a 0.56 ± 0.03 bd

Agree 0.93 ± 0.03 b 0.89 ± 0.04 bc 0.96 ± 0.04 c 1.00 ± 0.03 c 0.69 ± 0.04 ad

p 2 <0.001 <0.001 <0.001
1 Values are fruit intake per day, presenting as means ± standard errors. 2 p-values for differences between sexes or
grade levels, obtained by ANOVA; letters (a,b,c,d,e) indicate significant differences between groups (Scheffe’s post-hoc
test, p < 0.05).

Table 4 shows the relationship between aspects of participants’ food environments, frequency of
fruit intakes, and weight status. The fruit intake frequency was not related to weight status in total
subjects but as classified by grade; the lower intake frequency was shown in overweight groups of
elementary school students. In terms of fruit environments and overweight, regular provision of
fruit in school lunches and having a person at home to prepare fruit were negatively correlated to
an overweight status for all participants. A low frequency of fruit intakes was associated with an
overweight status among elementary school students. The proportion of overweight students was
lower among those who perceived their food environment at school positively compared to those
who did not (p = 0.044), especially for girls (p = 0.047) and elementary school students (p = 0.005).
In addition, the proportion of overweight students was lower among those who had someone at home
to prepare fruit compared to those who did not (p < 0.001), notably again for girls (p = 0.007) and
elementary school students (p = 0.001).

59



Nutrients 2020, 12, 3324

Table 4. Relationship between aspects of participants’ food environments, frequency of fruit intakes, and weight status 1.

All
Sex Grade

Boys Girls Elementary School Middle and High School

Normal
Weight

Over
Weight

Normal
Weight

Over
Weight

Normal
Weight

Over
Weight

Normal
Weight

Over
Weight

Normal
Weight

Over
Weight

Fruits intakes per day
<0.5 1194 (49.4) 378 (51.9) 610 (51.7) 191 (52.6) 584 (47.1) 187 (51.1) 771 (45.2) 274 (50.2) 423 (59.2) 104 (56.8)
≥0.5 1225 (50.6) 351 (48.1) 569 (48.3) 172 (47.4) 656 (52.9) 179 (48.9) 934 (54.8) 272 (49.8) 291 (40.8) 79 (43.2)
p 2 0.238 0.770 0.179 0.043 0.554

Food environments

Availability of fruit at home
Disagree 348 (14.4) 110 (15.1) 181 (15.4) 57 (15.7) 167 (13.5) 53 (14.5) 232 (13.6) 81 (14.8) 116 (16.2) 29 (15.8)
Neutral 629 (26.0) 187 (25.7) 335 (28.4) 106 (29.2) 294 (23.7) 81 (22.1) 420 (24.6) 137 (25.1) 209 (29.3) 50 (27.3)
Agree 1442 (59.6) 432 (59.3) 663 (56.2) 200 (55.1) 779 (62.8) 232 (63.4) 1053 (61.8) 328 (60.1) 389 (54.5) 104 (56.8)

p 2 0.892 0.929 0.768 0.713 0.838

Regular provision of fruit in school lunches
Disagree 187 (7.7) 72 (9.9) 115 (9.8) 40 (11.0) 72 (5.8) 32 (8.7) 99 (5.8) 46 (8.4) 88 (12.3) 26 (14.2)
Neutral 723 (29.9) 236 (32.4) 380 (32.2) 124 (34.2) 343 (27.7) 112 (30.6) 454 (26.6) 170 (31.1) 269 (37.7) 66 (36.1)
Agree 1509 (62.4) 421 (57.8) 684 (58.0) 199 (54.8) 825 (66.5) 222 (60.7) 1152 (67.6) 330 (60.4) 357 (50.0) 91 (49.7)

p 2 0.044 0.535 0.047 0.005 0.775

Having someone at home to prepare fruit
Disagree 310 (12.8) 129 (17.7) 160 (13.6) 66 (18.2) 150 (12.1) 63 (17.2) 204 (12.0) 91 (16.7) 106 (14.8) 38 (20.8)
Neutral 539 (22.3) 179 (24.6) 297 (25.2) 96 (26.4) 242 (19.5) 83 (22.7) 342 (20.1) 129 (23.6) 197 (27.6) 50 (27.3)
Agree 1570 (64.9) 421 (57.8) 722 (61.2) 201 (55.4) 848 (68.4) 220 (60.1) 1159 (68.0) 326 (59.7) 411 (57.6) 95 (51.9)

p 2 <0.001 0.055 0.007 0.001 0.135

Family habit of eating fruit frequently
Disagree 211 (8.7) 71 (9.7) 107 (9.1) 36 (9.9) 104 (8.4) 35 (9.6) 141 (8.3) 52 (9.5) 70 (9.8) 19 (10.4)
Neutral 730 (30.2) 224 (30.7) 393 (33.3) 125 (34.4) 337 (27.2) 99 (27.0) 454 (26.6) 164 (30.0) 276 (38.7) 60 (32.8)
Agree 1478 (61.1) 434 (59.5) 679 (57.6) 202 (55.6) 799 (64.4) 232 (63.4) 1110 (65.1) 330 (60.4) 368 (51.5) 104 (56.8)

p 2 0.629 0.780 0.778 0.141 0.339

Friends’ habit of eating fruit frequently
Disagree 421 (17.4) 123 (16.9) 233 (19.8) 66 (18.2) 188 (15.2) 57 (15.6) 275 (16.1) 89 (16.3) 146 (20.4) 34 (18.6)
Neutral 1051 (43.4) 327 (44.9) 541 (45.9) 169 (46.6) 510 (41.1) 158 (43.2) 697 (40.9) 239 (43.8) 354 (49.6) 88 (48.1)
Agree 947 (39.1) 279 (38.3) 405 (34.4) 128 (35.3) 542 (43.7) 151 (41.3) 733 (43.0) 218 (39.9) 214 (30.0) 61 (33.3)

p 2 0.796 0.798 0.702 0.415 0.652
1 Values are presented as absolute numbers and percentages. 2 p-values for differences between sexes and grade levels, obtained by a chi-square test.
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Table 5. Relationship between aspects of participants’ food environments and odds of being overweight.

Boys Girls

Elementary School Middle and High School Elementary School Middle and High School

OR 1 (95% CI)
Adjusted OR 2

(A95% CI)
OR (95% CI)

Adjusted OR
(A95% CI)

OR (95% CI)
Adjusted OR

(A95% CI)
OR (95% CI)

Adjusted OR
(A95% CI)

Availability of fruit at home
Disagree 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Neutral 0.87 (0.56–1.35) 0.87 (0.56–1.34) 1.41 (0.69–2.90) 1.41 (0.69–2.88) 1 (0.63–1.60) 1.02 (0.64–1.62) 0.61 (0.29–1.29) 0.61 (0.29–1.27)
Agree 0.8 (0.54–1.19) 0.79 (0.53–1.18) 1.44 (0.74–2.80) 1.41 (0.72–2.77) 1 (0.67–1.50) 1.08 (0.72–1.63) 0.77 (0.40–1.48) 0.7 (0.36–1.37)

p-trend 3 0.278 0.246 0.342 0.392 0.988 0.652 0.701 0.464

Regular provision of fruit in school lunches
Disagree 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Neutral 0.87 (0.52–1.47) 0.87 (0.52–1.47) 0.98 (0.49–1.96) 1 (0.50–1.99) 0.72 (0.39–1.30) 0.72 (0.40–1.31) 0.66 (0.30–1.44) 0.71 (0.32–1.55)
Agree 0.71 (0.43–1.16) 0.7 (0.43–1.15) 1.01 (0.52–1.98) 1.01 (0.52–1.98) 0.52 (0.30–0.92) 0.54 (0.31–0.95) 0.7 (0.34–1.46) 0.71 (0.34–1.49)

p-trend 3 0.081 0.075 0.939 0.963 0.005 0.01 0.527 0.492

Having someone at home to prepare fruit
Disagree 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Neutral 0.76 (0.49–1.19) 0.76 (0.49–1.19) 0.85 (0.44–1.64) 0.85 (0.45–1.64) 0.95 (0.60–1.50) 0.93 (0.59–1.47) 0.56 (0.27–1.16) 0.55 (0.27–1.14)
Agree 0.64 (0.43–0.94) 0.63 (0.42–0.93) 0.72 (0.40–1.32) 0.7 (0.38–1.29) 0.63 (0.43–0.93) 0.65 (0.44–0.96) 0.57 (0.30–1.05) 0.51 (0.27–0.96)

p-trend 3 0.023 0.019 0.275 0.223 0.004 0.009 0.122 0.06

Family habit of eating fruit frequently
Disagree 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Neutral 1.16 (0.69–1.93) 1.15 (0.68–1.92) 0.63 (0.29–1.36) 0.63 (0.29–1.36) 0.81 (0.48–1.37) 0.82 (0.49–1.38) 1.08 (0.45–2.58) 1.03 (0.43–2.46)
Agree 0.83 (0.51–1.36) 0.81 (0.49–1.33) 1.01 (0.48–2.12) 1.00 (0.47–2.13) 0.78 (0.49–1.25) 0.84 (0.52–1.36) 1.09 (0.47–2.50) 0.96 (0.41–2.25)

p-trend 3 0.097 0.081 0.301 0.346 0.357 0.649 0.879 0.835

Friends’ habit of eating fruit frequently
Disagree 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Neutral 1.06 (0.72–1.56) 1.06 (0.72–1.56) 1.26 (0.69–2.31) 1.25 (0.69–2.29) 1.06 (0.70–1.59) 1.04 (0.69–1.58) 0.86 (0.45–1.65) 0.85 (0.44–1.63)
Agree 1.02 (0.69–1.52) 1.02 (0.69–1.51) 1.31 (0.67–2.57) 1.29 (0.65–2.54) 0.84 (0.56–1.27) 0.86 (0.57–1.31) 1.13 (0.59–2.17) 1.07 (0.55–2.08)

p-trend 3 0.962 0.977 0.459 0.496 0.204 0.302 0.586 0.699
1 Odds ratios (ORs) were derived from logistic regression models. 2 Adjusted ORs adjusted for fruit intake frequency and were derived from logistic regression models. 3 p-values
for trends.
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Table 5 shows the relationship between aspects of participants’ food environments and odds
of being overweight, unadjusted and adjusted for fruit intake frequency. For boys, those who had
someone at home to prepare fruit were unlikely to be overweight (OR = 0.64, 95% CI = 0.43–0.94,
p-trend = 0.023), and these results remained significant after adjusting for frequency of fruit intakes
(OR = 0.63, 95% CI = 0.420.93, p-trend = 0.019). For elementary school girls, regular provision of fruit in
school lunches (OR = 0.52, 95% CI = 0.30–0.92, p-trend = 0.005) and having someone at home to prepare
fruit for them (OR = 0.63, 95% CI = 0.43–0.93, p-trend = 0.004) were negatively related to an overweight
status, even after adjusting for frequency of fruit intakes (OR = 0.54, 95% CI = 0.31–0.95, p-trend = 0.01
for regular provision of fruit in school lunches; OR = 0.65, 95% CI = 0.44–0.96, p-trend = 0.009 for having
someone at home to prepare fruit). Among middle and high school girls, having someone at home to
prepare fruit was significantly associated with a lower risk of being overweight after adjusting for
frequency of fruit intakes (OR = 0.51, 95% CI = 0.27–0.96, p-trend = 0.06).

4. Discussion

Because of the prominent influence that food environments exert on an individual’s tendency
toward obesity, we explored the relationship between aspects of the home and school food environments,
fruit intakes, and overweight status among disadvantaged children and adolescents. We found that the
frequency of fruit intakes increased when participants perceived their food environments positively,
and this was associated with a reduced prevalence of overweight. In particular, regular provision of
fruit in school lunches and having someone at home to prepare fruit was associated with a healthier
body weight among elementary school students and girls.

Fruit was consumed an average of 0.77 times per day by our participants, which was below
the recommended level of the Dietary Reference Intake for Koreans of at least twice per day [31].
According to the Korea National Health and Nutrition Examination Survey [32], low-income families
consume less fruit than medium-income families (100.1 vs. 135.2 g/day). In this study, frequency of
fruit intake varied according to a participant’s perception of their food environment, with higher rates
of consumption among those who responded positively. These results provide evidence that food
environments to increase fruit intakes would play an important role in fruit consumption.

Previously, review papers and meta-analyses have shown that increasing the availability and
accessibility of fruits and vegetables for children at school is effective at preventing obesity [33,34].
In this study, regular provision of fruit in school lunches was positively related to fruit intakes among
elementary school students, but not middle and high school students. These findings do not align with
those from a related investigation in the United States, wherein high school students who received
fruits and vegetables from The Fresh Fruit and Vegetable Program were likely to eat fruit more often
than those who did not (59.1% vs. 40.9%) [35]. Given that middle and high school students appear to
have more established eating habits, it may be necessary to provide fruit at a higher frequency in order
to enhance intakes [35,36]. The school lunch service in Korea could provide fruits as a dessert within
the school budget, but the current frequency of provision of fruit at school lunch would not be enough
to meet the consumption of fruit for the disadvantaged middle and high school students in Korea.
Therefore, additional funding for more frequent provision of fruit at school lunch should be needed to
increase their fruit consumption.

Regarding the food environment at home, having someone to prepare fruit for students was found
to relate favorably to fruit intakes and weight status. This result was consistent with those from other
studies reporting that social support for healthy food intakes aides in the prevention of obesity among
vulnerable children [37,38]. A few reasons might explain this. First, caregivers give children fruit in a
form that allows them to eat it easily. Several studies have shown that providing fruit in a ready-to-eat
form or making it visible to children promotes fruit intakes [39,40]. Because the process of washing,
cutting, and peeling fruit has been described as an impediment to consumption, providing or storing
it in an accessible form may help children eat fruit more frequently [40,41]. Indeed, analyses from
the Healthy Habits randomized trial [42] revealed that the frequency of fruit provision from a parent
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positively impacted their children’s fruit intakes after 12 months. Second, caregivers could promote
fruit intakes simply by encouraging their children [43]. Considering that participants in our study
hailed from disadvantaged backgrounds, it is unlikely that their caregivers purchase much fruit for
them or monitor their intakes at home. Thus, incorporating the Healthy Fruit Basket Program into all
Community Childcare Centers and related institutions nationwide may help these individuals increase
fruit intakes and attenuate risk of overweight or obesity [25,26].

It is well established that availability of food in the home is a key determinant of consumption
among children and adolescents [44–46], and our analyses confirmed this phenomenon for fruit,
in particular. Additionally, we observed that a family’s habit of eating fruit frequently was connected
to high fruit intakes across all participants, similar to findings from other publications [39,42,43].

Interestingly, this investigation detected no difference in fruit intakes between sexes sharing the
same perception about their food environments. However, with respect to the grade levels, elementary
school students were found to consume fruit more frequently than middle or high school students
when their food environment was perceived positively. Childhood is a period of social modeling,
as individuals learn how to interact with their environments and behave appropriately [11,47,48].
Hence, the benefits of food environments on fruit intakes may apply more strongly to children than
adolescents. For another explanation, a recent study of adults with low socioeconomic position found
that self-efficacy on fruit and vegetable consumption was more strongly associated with fruit and
vegetable consumption than perceived food environments, which implies the importance of capacity
building to partially overcome the poor food environment [49]. As several studies have shown the
positive effect of nutritional education on fruit and vegetable intakes [50–52], nutritional education
intervention should be included for adolescents with negative perception of food environment who
especially have low self-efficacy to increase their fruit and vegetable intakes.

When we examined the relationship between fruit intakes and weight status, a high frequency
(>0.5 times per day) was tied to a lower prevalence of overweight in girls. According to systematic
reviews, consumption of fruit as a means to prevent pediatric obesity did not always produce consistent
results in terms of gender or amount (38,39). For example, one investigation noted that eating fruit more
than twice a day was only protective against obesity in boys [53], and another showed that excessive
fruit intakes actually engendered obesity [54]. Heeding our results and those from earlier studies,
consumption of fruit alone may not be adequate to prevent obesity. Specifically, our investigation
found that the effects of some aspects of the food environment on the prevalence of obesity remained
significant after adjusting for fruit intake frequency, and a related study observed a positive link
between parental concern for their children’s diet and fitness practices (r = 0.552, p < 0.001) [55].
It could suggest that the home environment supporting children to eat fruits could also support
other behaviors that can prevent obesity in children, such as encouraging exercise. Further research
exploring caretakers’ interest in their children’s health will provide a more holistic understanding of
how environments moderate their risk of obesity.

The present study had several limitations and strengths. Concerning limitations, this was
a cross-sectional study, so any causal associations between food environments, fruit intakes,
and overweight status have yet to be determined. In addition, the questionnaire evaluating fruit
availability and accessibility in the home and school food environments was not validated, although it
had been employed in a previous study [30]. Moreover, we did not collect information pertaining to
other confounders of overweight, which could offer deeper insight into factors underlying the present
findings [25,26]. Granted, this was a highly homogenous cohort since all participants were recruited
from the Community Childcare Center, so it is unlikely they possessed any remarkable characteristics
that would alter our results. Nonetheless, future studies examining a more diverse population are
needed to confirm the relationship between the food environment and risk of obesity by adjusting the
confounding factor. Despite limitations, these results provide evidence that food environments play an
important role in overweight prevention as well as fruit consumption among underprivileged Asian
children and adolescents, using a relatively large sample size.
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5. Conclusions

This study found that the frequency of fruit intakes was generally low among children and
adolescents from disadvantaged backgrounds; however, those who perceived their food environments
positively consumed more fruit and were less likely to be overweight than those who perceived
them negatively. Noteworthily, regular provision of fruit in school lunches and having someone at
home to prepare fruit were predictive of a high frequency of fruit intakes and lower prevalence of
overweight, and these discoveries were most apparent among elementary school students and girls.
On the whole, our findings demonstrate that augmenting access to fruit within any realm of the food
environment is associated with increased consumption and healthier body weights for low-income
youth. Going forward, the school lunch service in Korea could consider increasing fruit servings since
current provisions are not sufficient for enabling disadvantaged middle and high school students
to meet the dietary guidelines. In addition, a nation-wide program to increase fruit consumption
at the Community Childcare Center where they usually spend time would be essential to improve
their health.
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Abstract: Minority children and children living in under-resourced households are at the greatest
risk for obesity and diet-related disparities. Identifying effective strategies to reduce these risks is an
important step in child obesity prevention. Parents influence the home environment and play a critical
role in child obesity prevention. Eighteen parent–child dyads living in under-resourced Houston
area communities participated in a mixed methods study (online surveys, telephone interviews).
The purpose of the research reported here was to conduct a secondary analysis of the qualitative data
to explore Black/African American and Hispanic parent and child perspectives of the ways in which
parents could help their children make healthy food choices. Descriptive statistics were calculated for
parent and child demographic characteristics; hybrid thematic analysis was used to code and analyze
the interview transcripts. Frequencies were calculated for children’s interview responses to rating
scales and the grade they gave their eating habits. Mothers’ responses were grouped into two broad
categories: facilitators (modeling, availability, and teaching) as ways parents could help their child
eat healthy, and barriers (lack of time, cost of healthy foods, and lack of knowledge) to helping their
child eat healthy. Alternatively, child responses focused on ways in which parents could provide
support: environmental support (home availability, home cooking, and introducing new foods) and
personal support (providing child choice, teaching, and encouragement). Most children reported
that eating healthy was easy, and most rated their personal eating habits as an A or B. These findings
suggest that understanding the perspectives of Black/African American and Hispanic parent–child
dyads can provide insight into the development of culturally and economically relevant healthy
eating strategies and interventions for families living in under-resourced communities.

Keywords: minority; parents; children; obesity; prevention; diet; nutrition promotion; Black/African
American; Hispanic; qualitative

1. Introduction

The high prevalence of child obesity in the United States is a significant public health issue [1],
with the highest prevalence among Black/African American and Hispanic children [2,3] and children
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living in low-income households [4]. Identifying effective strategies to reduce the risk of child obesity
and related disparities is an important step in child obesity prevention [5].

Several factors influence child obesity risk, including diet, physical activity, and sedentary
behavior [6,7]. Through excessive caloric intake, diet plays a significant role in obesity risk [6,7].
Several factors influence dietary intake, including the home food environment [8], parenting styles [9],
family meals [9], personal food preferences [10], and household income [11]. Furthermore, the diet
quality of children in the United States falls below the national dietary recommendations [12].

Similar to obesity-related disparities, diet-related disparities exist, and it is imperative to address
them as well. Racial and ethnic minorities (i.e., Black/African American, Hispanic) experience
diet-related disparities and tend to have poorer diet quality compared to their white counterparts [13].
In addition, these disparities exist in low-income populations, as poor diet quality is associated with
socioeconomic status [14]. For example, a study found that lower-income individuals ate lower-quality
foods than their higher-income counterparts [14]. Families living in under-resourced communities
are more likely to be exposed to advertising of less healthy foods and beverages [15], have more
access to fast food restaurants [16], and less access to stores with affordable healthy foods [17]. Thus,
minority, under-resourced families may be at the greatest risk for experiencing diet-related disparities.
Understanding how these factors influence child dietary behaviors is essential in developing effective
interventions to reduce poor diet quality for children.

Parents exert a strong influence on the home food environment [9,18]. Therefore, they play an
important role in child obesity prevention. It is critical for parents to encourage children to engage in
healthy dietary behaviors at an early age to reduce children’s risk of obesity and related diseases and
to help them develop and maintain a healthy lifestyle into adulthood. Previous research identifies
the challenges that families living in under-resourced communities experience accessing healthy
foods [11,19]. In addition, previous studies have identified parents’ perspectives on strategies to
promote healthy eating behaviors [20–23]. However, few studies have explored perspectives of racial
and ethnic minority parent–child dyads regarding ways parents can help their children practice
healthy eating behaviors. The perspectives of parents and children in minority and under-resourced
communities are essential for developing effective, culturally appropriate, and acceptable obesity
prevention and nutrition promotion interventions. Thus, the purpose of this research was to expand
the voices of minority families in the literature by investigating both parent and child perspectives of
the ways in which parents can help their children make healthy food choices.

2. Materials and Methods

This is a secondary data analysis of data from a larger, mixed methods study designed to
identify thoughts, expectations, and preferences of parents and children toward cooking and nutrition
education programs promoting healthy eating. This paper was guided by the following research
question: From the perspectives of both parents and children, how can parents help their children
make healthy food choices?

2.1. Design

This study re-examined qualitative data from a larger mixed-methods study. The protocol was
approved by the institutional review board at Baylor College of Medicine (H-44683).

2.2. Study Participants

Inclusionary criteria for the families included: child 8–13 years old; parent/guardian of a child
8–13 years old; both parent and child fluent in English or Spanish; child receives and/or is eligible for
free or reduced price meals at school; healthy (i.e., no physical, health, or medical condition that would
affect diet or participation in a telephone interview or focus group); parent and child living in the same
household; the parent has primary responsibility for family food shopping/acquisition and/or meals;
transportation to focus group (focus group participation only); families also needed to be willing
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to provide contact information, to participate in study activities, and have focus group/telephone
interview audio recorded. Exclusionary criteria included unwillingness to have the telephone interview
or focus group recorded and to take photos for the study.

2.3. Recruitment

Families living in under-resourced communities in the Greater Houston, TX metropolitan
area were recruited for this study. A more detailed description of the recruitment procedures is
reported elsewhere [24]. Briefly, recruitment started in early May 2019 and ended in mid-August
2019. Recruitment methods included contacting potential families from the volunteer database at
the USDA/ARS Children’s Nutrition Research Center (CNRC) and referrals from recruited families.
All families provided written informed consent prior to participation. During the consent process,
parents had the option for their family to participate in either separate telephone interviews or
focus groups in their preferred language (English or Spanish). All families chose to participate in
telephone interviews.

2.4. Data Collection

Data collection for the larger study began in June 2019 and ended in October 2019. In that
study, parents and children completed online surveys, took photographs of situations that made
it easy or hard to make healthy food choices, and completed telephone interviews. Surveys were
available in English and Spanish, and telephone interviews were conducted in participants’ preferred
language (English or Spanish). Trained research coordinators conducted semi-structured telephone
interviews [25]. Interviews were scripted and contained open-ended, non-leading questions; probes and
prompts were used to clarify, expand, and understand responses. Separate scripts guided parent
and child interviews. This paper reports demographic data, as well as parent and child responses to
the following interview questions: “How can parents help their children to eat healthy?” (parents);
“How could your parents help you make healthy food choices at home?” (child). To explore children’s
perspectives related to their personal eating habits, child responses to the following interview questions
are also reported: (1) “On a scale of 1 (hard), 2 (not hard or easy), 3 (easy), how easy or hard is it to eat
healthy?” (2) “What grade would you give your eating habits (i.e., A, B, C, D, F like in school grades)?”
Each interview was digitally recorded, transcribed, and reviewed for accuracy prior to analysis.

2.5. Data Analysis

2.5.1. Surveys

A single dataset was created by combining the English and Spanish language surveys. Parent and
child data were analyzed separately. Descriptive statistics (frequencies, percentages) were calculated
for demographic and household characteristics.

2.5.2. Interviews

Two independent coders used hybrid thematic analysis to code and analyze verbatim
transcripts [26]. Transcripts were reviewed for accuracy prior to analysis. To provide structure
to the coding process, transcripts were initially coded using a priori codes guided by the research
question. Emergent codes were generated as transcripts that were reviewed and coded to provide
flexibility to the coding process and ensure that parent and child perspectives were fully captured.
After coding was complete, the codes were reviewed for relevance to the research question. During this
process, some codes were dropped, and others were grouped into categories based on their similarities.
Then, categories were reviewed and grouped into higher-order categories as appropriate. Analysis was
conducted on English language transcripts (i.e., English language transcripts and translated Spanish
language transcripts). Separate parent and child codebooks were maintained and routinely updated to
reflect new emergent codes, definitions, and key decisions. Frequencies were calculated for children’s
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responses to rating scales and the grade they gave their eating habits. Their reasons for selecting a
rating or grade were used to expand the findings and provide additional insight.

Verbatim quotes, used to support qualitative findings, were labeled as follows: P = Parent;
C = child; A = Black/African American; H = Hispanic. To help differentiate the quotes, a number
(from 1–18) was assigned to each parent/child dyad.

3. Results

3.1. Family Characteristics

Eighteen parent–child dyads enrolled in the study. All participating parents were mothers (100%),
mostly 40–49 years old (61%), Black/African American (56%), Hispanic (44%), and married/living with
significant other (61%). Over half of the children were female (56%) and Black/African American (56%).
Half of the children’s ethnicity (50%) was reported as Hispanic by the mothers. The ages of children
participating included 8–10 years old (22%) and 11–13 years old (78%).

The highest level of household education varied, with 33% of families having less than a college
education, 33% having some college coursework, 22% having a college degree, and 11% having a
postgraduate degree. Annual household income for the majority of families (66%) was below $41,000.
To add context, 39% of mothers reported two adults in the household, and 50% reported having two
children under the age of 18 living in the household. Although the majority of mothers reported
high/marginal food security (89%), more than half reported using one to three food assistance programs
(67%). The majority of families (61%) spoke mostly English at home. All families recruited for the
study met the inclusionary criteria.

3.2. Interview Findings

Interviews ranged from an average of 43 min (children) to 56 min (mothers). As previously stated,
the a priori codes were generated from the research question prior to coding. Then, emergent codes
were added throughout coding based on parents and children responses. After coding all transcripts,
the emergent codes were reviewed, collapsed, and grouped into categories. Parents’ responses
were grouped into two categories: facilitators (what made it easy to help their child make healthy
food choices) and barriers (what made it difficult to help their child make healthy food choices).
Children’s responses were also grouped into two categories: environmental support (how parents
create healthy eating choices at home) and personal support (how parents actively influence the child
to eat healthy). The categories are presented in Figure 1 (parent) and Figure 2 (child).

 

Figure 1. Visual representation of mothers’ perspectives on ways parents can help their children eat
healthy. (Note: Red font indicates the categories. Bold black font indicates the supporting categories
that emerged.)
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Figure 2. Visual representation of children’s perspectives on ways parents can help their children eat
healthy. (Note: Red font indicates the categories. Bold black font indicates the supporting categories
that emerged.)

3.2.1. Parents

When parents were asked, “How can parents help their child eat healthy?” two main categories
emerged: facilitators and barriers to helping their child eat healthy (Figure 1). Each is described in
more detail below in order of prevalence and presented in Table 1.

Table 1. Categories and subcategories from qualitative data analysis of interviews with parents on
ways parents can help their children eat healthy.

Categories Subcategories Definitions

Facilitators

• Modeling
• Availability
• Teaching

• Modeling healthy eating behaviors
• Having healthy foods easily available
• Teaching healthy eating behaviors

Barriers

• Lack of time
• Cost of healthy foods
• Lack of knowledge

• Lack of time to prepare or serve healthy foods
• High cost of healthy foods
• Lack of knowledge about healthy eating and cooking

Facilitators. Three ways parents could help their children make healthy food choices were
mentioned: (1) modeling healthy eating behaviors, (2) having healthy foods easily available for the
child (availability), and (3) teaching the child about healthy eating. Several mothers shared that
modeling healthy eating is beneficial to a child: “By eating healthy themselves. Kids follow what we

do. And if they see a parent eating healthy, they are more likely to follow in their parent’s footsteps” (P.15A).
Mothers shared examples of ways to make healthy foods easily available for their children. One mother
mentioned, “I think that . . . the healthy way depends on what kind of food. Because I try to use those tricks

in the soup so that they eat it. So that they can eat healthier. And with fruit, I try to keep as many containers

full of fruit as possible, so that they don’t have to wash them, so that they can see it [as] appetizing there, in the

refrigerator” (P.6H). A few mothers shared their perspective about teaching healthy eating habits to
their children. For example, one mother taught her children about the benefits of healthy eating:
“By explaining to them that our food is our medicine, and our medicine has to be our food, because we are what

we eat. By showing them the effects that diseases caused by unhealthy food have on different people”(P.17H).
Another mother shared teaching children about preparing healthy foods: “I think that as a parent, we help

them package up food portions, be it in Ziploc bags or in Tupperware, teaching them how to divide up food and

have it prepared for when they come back from school, or some sport, grab it and eat” (P.18H).
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Barriers. Parents mentioned three types of barriers to helping children eat healthy: (1) lack of
time, (2) cost of healthy foods, and (3) parent’s lack of knowledge about healthy eating and cooking.
Lack of time to prepare or serve healthy foods was noted as a barrier by several mothers. For example,
one mother shared how time affects working mothers: “Sometimes, you know, when the mother works

or both parents work, especially the mother, there is no time to prepare, like, maybe healthy food. So, maybe,

you know, ‘cause you need to cook or to grill or whatever. So the things that are not healthy in a can or fast

food that you buy, you know, it’s easier, so the family ends up eating unhealthy because their mother would be

tired and all that. But I think time really plays a role, especially if the mother is working” (P.2A). However,
stay-at-home mothers did not see lack of time as a barrier: “Time? No, not right now because the children

are on vacation. I’m here with them, I don’t work. So, of course I can go to the store to buy the ingredients or

whatever I need. No, time is no obstacle” (P.12H).
The high cost of healthy foods was also seen as a barrier for some mothers: “Economics. If a parent

feels as though they don’t have the money for the healthy food, they’re likely to buy what’s cheap” (P.15A).
One mother shared her personal experience with household finances impacting eating choices for her
family: “Yes, one of the first obstacles is that sometimes... The day you don’t eat healthy at home is for lack of...

it’s because our budget is really low. But, we try to do the best we can” (P.3H).
Knowledge also emerged as a barrier to helping children make healthy food choices. For example,

one mother shared how lack of knowledge of “ . . . how to cook [or] prepare . . . food” was a barrier to
helping children eat healthy (P.11A). Another shared how some parents are not knowledgeable about
healthy ingredient substitutions for meals they enjoy cooking: “And they may not know that you can cook

the foods you love but you don’t have to use—you can use different ingredients to get the flavor and the taste you

want” (P.1A).

3.2.2. Children

When children were asked, “How could your parents help you make healthy food choices at
home?” two main categories emerged: environmental and personal support by parents (Figure 2).
Each is described in more detail below in order of prevalence and presented in Table 2.

Table 2. Categories and subcategories from coding of interviews with children on ways parents can
help their children eat healthy.

Categories Subcategories Definitions

Environmental
Support

• Home availability
• Home cooking
• New foods

• Healthy foods easily available at home
• Cooking foods at home
• Introduction to new or different foods

Personal Support

• Child choice
• Teaching
• Encouragement

• Giving child the opportunity to choose foods,
preparation methods, and meals

• Teaching healthy eating behaviors
• Encouraging child to practice healthy

eating behaviors

Environmental support. Three ways parents could encourage a child’s healthy eating choices in
the home environment were mentioned by children: (1) home availability (i.e., healthy foods easily
available at home), (2) home cooking, and (3) introducing new foods. Several children suggested that
their parents could make healthy foods more available. For example, one child shared, “Maybe by like

buying more healthier food like more fruits and vegetables” (C.15A). Another child shared how their mother
makes healthy foods available at home: “Well, she would help me by like at home, we would find things in

the house that would be healthy. Like, fruit in yogurt and stuff. Sometimes, we’ll make, like, smoothies, like,

but they would have, like, lots of vegetables. Well, like, vegetables and things inside. Plus, we have a lot of

vegetable things we cook with” (C.16A).
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For home cooking, children also noted that preparing foods in a healthy way would be helpful:
“Or maybe when we cook not putting as much grease and butter and unhealthy foods like that” (C.15A).
Some children also suggested including more vegetables in meals. For example, one child shared,
“ . . . my mom and my dad could help me in the kitchen with different types of vegetables and different types of

protein, things that I need” (C.8A).
Introduction to new or different foods was also suggested by children: “And—but I think to

help us more she could, like, start influencing us by giving us more creative things and different foods that

sometimes we’ve never tried. Because if you keep eating the same thing over and over, even though it’s healthy,

it might get boring and you don’t want to eat it anymore” (C.10H). Children shared examples of how their
parents introduced new foods, including through sharing new recipes, watching their mothers cook,
and cooking foods from different cultures. For example, one child shared her experience with cultural
foods: “Mainly, my mom influences me to try new food because since she’s, like, from . . . she’s from Mexico, she,

like, influenced me to try a lot of new foods from other places” (C.10H). It is worth noting that a majority of
children identified their mothers as an influence to try new foods.

Personal support. Children mentioned three types of personal support parents could use to
help children eat healthy: (1) giving the child choice, (2) teaching, and (3) providing encouragement.
Giving the child choice (i.e., opportunities to choose foods, preparation methods, and meals) was
recommended by a few children. For example, one child shared how parents could ask questions
about making healthy food choices: “I think if they asked more about what type of food we want to eat that is

healthy” (C.2H). A few children expressed interest in making choices at the grocery store: “Going with

her to the grocery store to pick out the vegetables and fruits I want” (C.7H).
For teaching, a child was interested in her mother teaching her to cook healthy: “My mom could

teach me how to cook healthier meals so that way when I [get] hungry I could just cook that and I would

be able to eat healthy” (C.13A). A few children shared that their mothers taught them about cooking
through showing them: “Mom teaches us how she does things. And then my mom does it” (C.12H).
For encouragement, one child shared how his mother encouraged him to make healthy snack choices:

“Well, sometimes . . . because most of the time, I like to walk to the store and buy chips, but my mom told me that

I shouldn’t be walking to the store and getting chips because chips are unhealthy, so she just doesn’t give me the

money. She says if you go to the store you better come back with some fruit cups or something.” A child also
shared how her mother encouraged her to make healthy choices at restaurants: “So when we go places,

like, for example Chick-fil-A and all that stuff that has a lot of grease, she encourages me to try, like, salads and

stuff” (C.16A). Simple words of encouragement with reasoning were also noted as helping a child with
eating healthy: “She says you won’t know if you won’t taste it” (C.11A).

3.2.3. Children’s Perspectives on Making Healthy Dietary Choices

Ease and Difficulty of Healthy Eating

When children were asked, “on a scale of 1 (hard), 2 (not hard or easy), 3 (easy), how easy or hard
is it to eat healthy,” the following ratings were reported: rating of 1 (n = 3), rating of 2 (n = 5), and rating
of 3 (n = 10). Reasons for choosing the ratings varied. For example, one child who gave a rating of
1 noted eating habits as a reason healthy eating was difficult for the general population: “Well, I think

it’s hard to eat healthy because some people might be so used to eating unhealthy that they’ll just like they’re are

going to keep eating unhealthy. But they might eat something healthy not very often, but they’ll probably eat it

every once in a while” (C.1A). Children shared a variety of reasons for choosing a rating of 2. A child
mentioned how temptation can influence eating healthy: “Because it’s not hard to eat healthy, but it’s not

also easy to eat healthy. Because if it’s easy to eat healthy but if you see stuff that’s unhealthy and it looks good or

smells good, you might want it” (C.9A). Another shared how types of foods can influence eating choices:
“I chose two because it can be easy sometimes but not always is, but it’s not hard either. It depends on the food

I’m eating and the taste” (C.14H).
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Children also shared a variety of reasons for choosing a rating of 3. A few children noted parental
and/or family influences on their eating choices. For example, one child shared how the entire family
encourages healthy eating: “Because in my household, my family, like my sisters, especially my older sister,

my dad, my mom, they really, like, encourage us to eat foods that don’t contain things that are bad for your body

and healthy things” (C.10H). Another child shared that her mother “buys fruits and vegetables” (C.4A).
Some children also noted their eating habits as a reason for choosing a rating of 3: “Because I like eating

lots of apples and salads so it’s much easier to do that” (C.11A) and “Because I normally eat healthy” (C.13A).
The benefits of healthy eating were also mentioned as a reason: “Three cause it doesn’t really matter really

what you eat, you have to have a lot of—I mean, not a lot, less calories and you have to have a lot of vegetables

and stuff like lettuce, carrots, tomatoes, a lot of things that will help your body” (C.16A).

Personal Eating Habits Assessment

When children were asked, “What grade would you give your eating habits?” they reported the
following grades: A (n = 3), B (n = 10), C (n = 2), and D (n = 2). Reasons varied for choosing the
grades. For example, a child who reported an A for their eating habits mentioned his mother’s cooking:

“‘Cause most of the things I eat, my mom cooks and she cooks a lot with a lot of vegetables and stuff so to help be

healthy” (C.16A). Similarly, a child with an “A” grade mentioned eating healthy foods at home and
school: “At school, the food is very healthy. They give us balanced meals, but sometimes the taste just isn’t so

great. Sometimes it’s a bit hard to eat. And at home it’s an A, because most of the time, almost all the time it’s

very healthy and the taste is good so it’s easier to eat” (C.14H). Another described their favorite types of
foods, while also noting fruit purchases made by his mother as the reason for reporting an A.

Several children who reported a “B” or “C” grade for their eating habits mentioned mixed eating
habits (i.e., eating healthy and unhealthy foods) as a reason. One child shared the following: “Because I

don’t, like, all the time it won’t always be healthy food but sometimes it’s healthy food. And then sometimes I do

have sweets now and then” (C.8A). One child noted differences in foods eaten in the home and school
environment as a reason for a “B” grade: “Because I eat great at home, but at school not that well” (C.17H).
Interestingly, one child compared their eating habits to their friends as the reason for a “B” grade:
“ . . . because I’m not that healthy that I over overpass everything. But I do consider myself eating healthier

than a lot of my friends” (C.10H). Both children who reported a “D” grade shared a lack of vegetable
consumption as the reason.

4. Discussion

The purpose of this research was to investigate the perspectives of minority parents and children
on the ways in which parents could help their children make healthy eating choices. Although a
few studies [27,28] have presented interview findings from parent–child dyads regarding healthy
eating, this study is unique in that it highlights both parent and child perspectives of the ways parents
could help their children eat healthy. This study is also distinctive as it presents interview findings
from children about the ease and difficulty of eating healthy and an assessment of their personal
eating habits.

For mothers in this sample, modeling, availability, and teaching served as the main facilitators for
parents to help children practice healthy eating behaviors. Similar to our research, parental roles of
modeling healthy eating behaviors [29,30], making healthy foods available [8,29], and teaching about
healthy eating [29] have been reported by parents in other studies. Previous studies have also found
that availability of healthy foods [8,31] in the home and modeling [31] have been associated with
child’s diet quality. Contrary to previous research, child’s weight was not mentioned as a motivation
to encourage healthy eating behaviors in children [27]. These findings suggest that interventions
promoting healthy eating behaviors for minority children living in under-resourced communities
should promote strategies such as modeling, making healthy foods available at home, and teaching
children how to eat and cook healthy, while avoiding an emphasis on child’s body weight.
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For mothers in this sample, lack of time, cost of healthy foods, and lack of knowledge were
highlighted as barriers to helping children practice healthy eating behaviors. Lack of time to prepare
healthy meals [27,30,32–34] is consistently reported by parents as a barrier to healthy eating. This could
be due to parents from under-resourced families working long hours and/or having multiple jobs [32].
However, a few mothers in our study did not report a lack of time as a barrier due to their role as
stay-at-home mothers. Similar to mothers in our study, parents from previous studies, including those
with limited income, also identified the cost of healthy foods as a barrier and also believed that healthy
eating is expensive [21,27,30,32–34]. Lack of knowledge was also reported as a barrier by parents
with limited income [32] and minority families [27]. These findings highlight the need for developing
parent-focused interventions for minority and under-resourced communities with a focus on teaching
time management strategies for preparing healthy meals, providing affordable options for purchasing
healthy foods (e.g., purchasing fresh fruits and vegetables in season), and promoting nutrition and
cooking skills knowledge.

Children reported that home availability, home cooking, and new foods were environmental
support factors to be practiced by parents to help children eat healthy. Home availability [35],
home cooking [36], and willingness to try new foods [37] were reported by children in other studies
as ways in which parents helped them make healthy eating choices. In our study, both mothers and
children reported that home availability of healthy foods can support the creation of a healthy home
food environment. The availability of healthy foods is consistently supported in the literature
as an agent for changing children’s dietary behaviors [9,29]. In addition to availability, it is
imperative that nutrition education/promotion interventions are inclusive of strategies on home
cooking (e.g., healthful preparation methods, cooking with the child) and how to introduce new foods.

Children also reported that giving the child choice, teaching, and encouragement were personal
support factors to helping children eat healthy. These factors were found to be similar to concepts in
previous research, including instrumental and emotional social support for healthful eating from the
parent’s perspective [38] and positive parental parenting (i.e., feeding practices) [39]. Comparable to
our study, middle school aged children in the northeastern United States noted that their food choices
were influenced by their parent’s guidance [40]. Interestingly, child choice was seen differently by
children in Spain, as they did not have a choice in how the foods were prepared, but they were given
an option for the amount and type of foods eaten [37]. Similar to our study, children noted that parents
shared advice on fruit and vegetable consumption and encouraged them to eat foods prepared at home
instead of foods prepared outside of the home [36].

Furthermore, similar to our study, teaching and encouragement were identified as active guidance
in five research studies, and a positive relationship was found with vegetable consumption in one
study [29]. In our study, the environmental and personal support factors were primarily influenced
by mothers. The literature consistently supports mothers influencing the eating behaviors of their
children [9]. It is important to note that both children and mothers mentioned teaching as a way
parents can help their children eat healthy. Future research should explore the role of fathers in the
environmental and personal support factors for children’s dietary behaviors. Based on the above
findings, intervention programs should include strategies for parents on ways to offer choices in healthy
foods, teaching about them (e.g., types of healthy foods, benefits of healthy eating), and encouraging
their child to eat them.

Our study highlighted another contribution to the literature: children’s perspectives on the ease
and difficulty of eating healthy. A variety of reasons (i.e., eating habits, benefits of healthy eating,
and temptations) were mentioned in considering healthy eating choices. It is critical to note that
a few of the children’s responses reflected parental influences (i.e., maternal encouragement and
purchasing of fruits and vegetables). Children’s perspectives on their personal eating habits also
contribute to the literature. A majority of the children rated their eating habits highly, while only a
few rated their eating habits below a B. Similar to reasons for the ease and difficulty of eating healthy,
children noted parental influences (i.e., home cooking, mother purchasing fruits) attributing to their
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eating choices. Comparable to our study, children in England shared parental influences on their
eating choices [41]. Food choices at school, mixed eating habits, and a lack of vegetable consumption
were also mentioned as reasons for the personal eating habits grade. Further investigation is needed
into children’s perspectives on their personal eating habits. Although parents believed that they
needed to make ample effort to help their children eat healthy, children simply wanted environmental
modifications (e.g., having healthy foods available, home cooked meals, introduction of new foods) and
personal support from parents (e.g., the freedom to make their own food choices, lessons on healthy
eating, healthy eating encouragement). This suggests that future interventions to encourage healthy
eating among minority children and children living in under-resourced communities should focus on
encouraging these types of changes.

The strengths of this study included semi-structured interviews and interviewers trained in
qualitative methods. One limitation included the differences in mothers’ responses to the interview
question; there was a lack of clarity in whether mothers were speaking of their personal experiences or
their beliefs about the experiences of other parents. A second limitation included children’s responses
to the interview questions on the ease and difficulty of healthy eating; the data did not lend itself to
hybrid thematic analysis. Despite the limitations, the findings provide an opportunity to identify
parent and child perspectives of the ways in which parents can help their children make healthy
dietary choices.

5. Conclusions

Insights from minority parents and children are critical to the development of effective child obesity
prevention and nutrition education programs for families living in under-resourced communities.

Strategies centered on environmental and personal support are needed for parents to help their
children develop and practice healthy eating behaviors. It is important that child nutrition promotion
strategies tailor to the perspectives of families with the priority of reducing diet-related disparities
among racial/ethnic minorities and under-resourced communities.
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Abstract: The prevalence of childhood overweight has increased considerably in the past three
decades and there is evidence that childhood obesity can persist into adulthood. A simple tool to
identify relevant risk factors may alert families and prevent overweight and obesity. This study aims
to develop a pre-school screening tool to assess the risk of childhood obesity. Child anthropometric
measurements and several risk factors for childhood obesity factors were obtained. The effect of the
variables on the outcome of obesity (defined as increased anthropometry-estimated adiposity) was
assessed by binary logistic regression analyses. The identified variables were submitted for expert
panel validation and combined for the tool development. A total of 304 children were included.
Eight items were included in the tool. A higher score of the tool indicates a greater risk for obesity
in childhood with the cutoff point set at 0. The tool sensitivity for obesity was 95%, specificity was
74.4%, the positive predictive value was 37.3%, and negative predictive value was 98.9%. The Risk of
childhood Obesity In the Community (RisObIn.Com) tool is proposed to be a comprehensive tool
to identify children at high risk for late childhood obesity at admission to primary school. Further
studies are needed to assess the performance of the tool.

Keywords: childhood overweight; children; risk; community; screening; tool

1. Introduction

The prevalence of childhood overweight and obesity has increased considerably in the past
decades, mostly in high-income countries but recently also rising in low- and middle-income countries.
Although in high-income countries, a recent decrease has been observed [1], prevalence remains very
high [2,3]. Obesity is defined as an abnormal fat accumulation that impairs health [4] but it has
been shown that obesity defined by Body Mass Index (BMI) alone is a remarkably heterogeneous
condition with varying cardiovascular and metabolic manifestations across individuals, which may
differ according to age and gender [5]. This is a chronic disease that increases heavily the burden on
citizens, health care systems, productivity, cities, and society and should be considered a top priority
and main target to combat the increasing non-communicable diseases epidemic [6]. There is evidence
that childhood obesity can persist into adulthood [7], lead to physical obesity-related complications,
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and affect psychological health and social and emotional well-being [8]. This emphasizes the importance
of early intervention to prevent the onset of obesity in childhood. A comprehensive and proactive
strategy to deal with the challenges imposed by the obesity epidemic is needed and requires the
development and implementation of programs for prevention, early diagnosis, and treatment, especially
in children [6]. However, interventions to reduce childhood obesity show limited effectiveness,
particularly for weight-related outcomes [9].

Therefore, sustainable and effective interventions to prevent childhood obesity should target
higher-risk children [10]. Obesity development involves a complex interplay between physiological
environmental, psychological, social, and behavioral exposures [11,12]. There is evidence of epigenetic
processes in utero that contribute to infant obesity, including DNA methylation, and gut microbiome
alterations [13]. Breastfeeding is also associated with obesity protection [14,15]. Additional life course
exposures include socio-economic status, food production and marketing, food insecurity, and obesogenic
environments, that can promote unhealthy lifestyles. In this environment, some individuals are genetically
more susceptible to develop obesity [16].

A simple tool to identify relevant obesity risk factors early in life may alert families and caretakers
into positive changes, improving a child’s weight trajectory and preventing overweight and obesity.
Tools to identify children at risk for obesity have been published [17–19]. To our best knowledge,
none of these include a large diversity of parameters known to affect weight gain trajectory; the broad
variables related to obesity require a more comprehensive tool.

This study aims to develop a pre-school screening tool to assess the risk for childhood obesity
based on a broad spectrum of risk factors considering peri-natal, anthropometric, sociodemographic,
past eating habits, current eating habits, subjective anthropometry perception, subjective eating habits
perception and physical activity, and sleeping habits, at a multivariable level.

2. Materials and Methods

Data from the community-based participatory research Sintra Grows Healthy (SGH) [20] was
used for independent analysis, as a cross-sectional with nested case-control study. The study sample
comprises schoolchildren aged 6–12 years attending the first to fourth grades of six public primary
schools in Sintra municipality, Portugal. Anthropometric measurements of children were assessed and
a wide set of data was obtained by the application of a questionnaire to the children’s legal guardian,
mainly their parents. For the purpose of the present study, an additional set of questions relevant for
the study of obesity risk factors was collected by applying a second questionnaire to the children’s
legal guardian. Only children for whom both these questionnaires were filled, were selected for this
study. Data were collected between 2017 and 2018. Written informed consent was obtained and the
safety and confidentiality of all the collected and archived data were ensured. Approval was obtained
from the National Commission of Data Protection and the Ethics Commission of Lisbon Academic
Medical Center.

Anthropometric measurements were obtained directly by trained members of the SGH research
team, using standardized anthropometric procedures [21]. Children were barefoot and wearing minimal
clothing to assess height and weight. Height was assessed using a portable stadiometer to the nearest
0.1 cm (SECA 213®) in the vertical position, with feet together and the head in the Frankfort plane.
Weight was assessed through a portable calibrated scale (SECA Robusta 813®, SECA Deutschland,
Hamburg, Germany), expressed up to 0.1 kg. Body Mass Index (BMI) was calculated as weight (kg)
divided by height squared (cm2). BMI was classified according to age and gender z-scores of the
World Health Organization for children aged 5 to 19 years old [22]. Waist circumference was directly
measured on the skin to the nearest 0.1 cm according to the World Health Organization method
with a non-extensible and flexible tape (SECA 201®, SECA Deutschland, Hamburg, Germany) [23].
Waist-to-Height Ratio (WtHR) was calculated as waist circumference (cm) divided by height (cm) and
classified as an indicator for early health risk as ≤0.5 or >0.5 [24].
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The set of questions specifically included for the present study were gathered and developed
through a literature review regarding childhood obesity [11,12,16]. Children were asked to fill the
questionnaire at home with their parents. To assure data confidentiality, each child was assigned a
subject identification code. The questionnaires were collected by teachers and sent back to the SGH team.
Data entry and revision was conducted through a standardized procedure. The information collected
for the present analysis included (a) parental nationality; (b) parental level of education; (c) family
type (nuclear/extended two-/one-parented); (d) number and age of siblings; (e) mean monthly income;
(f) parental current employment status; (g) present parental weight and height (from which BMI was
calculated and categorized into underweight, normal weight, overweight, or obese) and (h) father’s
and mother’s body image perception. The caretakers were asked to recall peri-natal information:
(a) maternal weight before and after pregnancy (from which BMI pre-pregnancy and adequacy of weight
gain during pregnancy were calculated according to the Institute of Medicine recommendations [25]);
(b) maternal tobacco consumption during pregnancy; (c) diagnosis of gestational diabetes and/or
pre-eclampsia; (d) information given by the assistant physician during pregnancy on adequateness
of the fetus for gestational age; and (e) the gestational age in complete weeks (to determine if the
birth was pre-term or term). Information regarding anthropometric data throughout childhood was
retrieved from the records in the child health bulletin: (a) birth weight and length [from which BMI
was calculated through World Health Organization Anthro software for Windows, version 3.2.2.
(World Health Organization—Department of Nutrition, Geneva, Switzerland), and classification
into small for gestational age (SGA, < 10th percentile), appropriate for gestational age (10th–89th
percentile), and large for gestational age (LGA, > 90th percentile) were obtained]; (b) weight and length
at the ages of 12, 18, and 24 months and 3 and 5 years old [from which BMI z-score was calculated
through the World Health Organization Anthro software for Windows, version 3.2.2. (World Health
Organization—Department of Nutrition, Geneva, Switzerland)]. Overweight (including obesity) was
defined according to age and sex z-scores (above 2) of the World Health Organization for children up
to 5 years old [26]; since the medical visits from birth to 5-years-old may not have occurred at the exact
dates selected to recall anthropometric data, the health record information closer to those ages and
respective dates were collected to correctly assess z-scores. To classify anthropometric measurements at
each visit, the exact age was calculated by the difference between birth date and the records visit date.

We collected data on child and family feeding patterns at two moments. We asked about
breastfeeding (total and exclusive duration) and the introduction of solid foods (age, appetite,
and type of meal first introduced). For present feeding pattern, we asked about: child’s appetite,
the Mediterranean diet pattern index of the child (KIDMED [27]) through adapted questions, and its
family (PREDIMED [28]), and one question to both child and caretakers regarding child’s intake when
worried, irritated, or anxious, extracted from the from Child Eating Behaviour Questionnaire [29].
To assess the child’s and caretaker’s perception of the quantity of child usual intake, we used images
of four meal plates with different portions of food (A to D, ascendingly). According to children’s
height-for-age, we determined the two images closer to their recommended portion (z-score ≤ 1
corresponded to images A and B; z-score > 1 corresponded to images B and C). Image D represented
an excessive food portion for any children of our sample. We compared the adequacy of the caretaker’s
answers and classified them as adequate, excessive, or lower. Caretakers were asked to select an option
regarding the child’s nutritional status for age between “low weight,” “adequate weight,” or “excessive
weight” and compared to the child’s BMI. This perception was categorized as correct, underestimated,
or overestimated.

Children and caretakers identified the child’s body figure through body image scales [30].
We compared that perception with the corresponding child’s BMI and categorized it as incorrect,
relatively correct, or correct to child’s BMI, as previously done [31]. The perceptions were additionally
categorized as correct, underestimated, or overestimated. Caretakers also identified their own body
figures through body image scales [32]. We compared that perception with the corresponding parental
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BMI and categorized it as incorrect, relatively correct, or correct to child’s BMI, as previously done [33].
The perceptions were additionally categorized as correct, underestimated, or overestimated.

We questioned about the physical activity and sedentary behaviors of the child, the frequency of
consumption of meals in front of a screen, and the number of hours of sleep.

Variables were grouped into eight dimensions: peri-natal, anthropometric, sociodemographic,
previous eating habits, current eating habits, subjective anthropometry (perception), subjective eating
habits (perception), physical activity, and hours of sleep.

2.1. Development of the Risk Index Tool and Scoring

As the BMI, as a single measurement of obesity, does not reflect the whole complexity of the
condition [6], the European Association for the Study of Obesity proposed to improve the diagnostic
criteria for obesity with the inclusion of other dimensions, including the degree of adiposity [34].
Therefore, to increase the accuracy of the outcome measure, to reflect an adiposity-based condition,
a composite variable was created using BMI and WtHr. Thus, the primary outcome measure in this
study is increased adiposity, defined as overweight (including obesity) with WtHr > 0.5, while in
primary school. To test the effect of the factors under investigation on the primary outcome, binary
logistic regression analyses were performed. Exposures were tested within the aforementioned
dimensions (dependent variable: overweight (including obesity) with WtHr > 0.5; factors: all risk
factors by dimension).

The regression analysis was used to identify factors associated with the primary outcome on each
of the eight dimensions. The studied risk factors that showed an association with our primary outcome
were presented to an expert pediatric panel (nutrition, education, nursing, pediatrician, and exercise
physiology experts) for external construct validation with the purpose of developing the proposed
tool: RisObIn.Com (Risk of childhood Obesity In the Community).

The most agreed risk factor variables were then combined to develop the RisObIn.Com tool.
At least one item from every considered dimension was included in the score if any of the items
revealed significant statistical relevance. The Beta (β) values to a decimal case were used to generate
the scoring system as an indicator of the association between each variable, and 0 and 1 scores were
assigned to the response option regarding their association with the outcome variable (overweight
including obesity with WtHr > 0.5). As an example, on the physical activity item, a score of 0 was
assigned to the response option “plays regular and programmed physical activity,” and a score of 1 to
the response option “doesn’t play regular and programmed physical activity.” This score was then
multiplied by 1.6 to obtain the item’s score, as β was 1.642. The final score of the RisObIn.Com tool
was obtained by the sum of all item scores and a correction factor was added to obtain zero as the
cut-off value.

2.2. Statistical Analysis

All data were checked for entry errors. Statistical analysis was done using IBM SPSS Statistics
for Windows, version 26 (IBM Corp, Armonk, NY, USA). OpenEpi Version 3.01 was used to calculate
confidence intervals (CI) [35]. Continuous data were checked for normal distribution using the
Kolmogorov-Smirnov test and graphically by evaluating histograms and expressed as mean and
standard deviation. Non-normally distributed data were expressed as median (Min-Max). Comparisons
between the participants studied and those not included were made by using t-tests for normally
distributed continuous variables, Mann-Whitney rank-sum tests for non-normally distributed continuous
variables, and χ2 tests for categorical variables.

Cutoff point analysis was performed to identify the optimal value that differentiates the risk of
obesity from non-risk of obesity in children. The threshold was defined by the largest distance from
the diagonal line of the receiver operating characteristic (ROC) curve (sensitivity × (1 − specificity)).
Using the cutoff point obtained, both sensitivity and specificity and positive and negative predictive
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values were calculated, with their 95% CI. All P values reported were based on two-sided hypotheses
and compared to a significance level of 5%.

3. Results

3.1. Study Sample Characteristics

Data was collected from 593 subjects. From those, 289 had incomplete data on crucial information
to proceed with the analysis (for example, sex information) and therefore were excluded. The remain
304 gathered anthropometric measurements and data regarding our set of questions and therefore
were included, despite some were not complete. In the portion of not included subjects, the children’s
median age was 8.0 (5.8–10.8) years old (missing 162), 7.8 (5.9–10.8) for girls, and 8.1 (5.8–10.4) for boys.
The mother’s median age was 39.0 (25.0–54.0) years old (missing 62), and father’s was 41.0 (25.0–66.0)
years old (missing 62). There were no significant differences between the child’s age (U = 2371.0,
p = 0.166), mother’s age (U = 41,256.5, p = 0.153), child’s BMI z-score (U = 23,156.0, p = 0.204), mother’s
(U = 38,080.0, p = 0.240) or father’s nationality (U = 33,481.5, p = 0.207), parental current employment
status (U = 30,097.5, p = 0.308), mean monthly income (U = 33,703.5, p = 0.510), and father’s level
of education (U = 36,689.0, p = 0.939) between the children included in the sample and those not
included. The father’s age (U = 33,362.5, p = 0.021) and the mother’s level of education (U = 39,273.0,
p = 0.035) was significantly different between the children included in the sample and those not
included. The sociodemographic characteristics of the sample are presented in Table 1.

Table 1. Sociodemographic characteristics of the study sample.

Sample Characteristics n %
Girls Boys

n n

Child

Age
n = 300 Median 8.0 (5.9–10.2) years old

Sex
n = 304

Girls 148 48.7 n/a n/a

Boys 156 51.3 n/a n/a

Body Mass Index
n = 304

Underweight 4 1.3 1 3

Normal weight 208 68.4 95 113

Overweight 63 20.7 38 25

Obesity 29 9.5 14 15

Caretakers

Mother’s age
n = 300 Median 38.0 (26.0–52.0)

Father’s age
n = 280 Median 40.0 (26.0–63.0)

Mother’s Body Mass Index
n = 288

Underweight 9 3.1 3 6

Normal weight 165 57.3 82 83

Overweight 84 29.2 43 41

Obesity 30 10.4 14 16

Father’s Body Mass Index
n = 275

Underweight 0 0 0 0

Normal weight 104 37.8 57 47

Overweight 132 48.0 55 77

Obesity 39 14.2 22 17

Mother’s nationality
n = 290

Portuguese 270 93.1 137 133

Non-Portuguese 20 6.9 9 11

Father’s nationality
n = 277

Portuguese 265 95.7 131 134

Non-Portuguese 12 4.3 6 6
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Table 1. Cont.

Sample Characteristics n %
Girls Boys

n n

Caretakers

Mother’s education
n = 297

Basic education or lower 62 20.9 32 30

Higher secondary education or a
professional course 119 40.1 68 51

Graduation or bachelor’s degree 99 33.3 44 55

Master or doctoral degree 17 5.7 3 14

Father’s education
n = 280

Basic education or lower 91 32.5 48 43

Higher secondary education or a
professional course 129 46.1 59 70

Graduation or bachelor’s degree 46 16.4 22 24

Master or doctoral degree 14 5.0 6 8

Professional situation
n = 263

Both parents are employed 209 79.5 108 101

Only one parent is employed 44 16.7 21 23

Both parents are jobless 10 3.8 3 7

Mean monthly household
income
n = 271

Less than €500 9 3.32 4 5

€500–€1000 80 29.52 40 40

€1000–€1500 80 29.52 36 44

€1500–€2000 52 19.18 28 24

€2000–€3000 41 15.12 17 24

Above €3000 9 3.32 3 6

n/a—not applicable.

The overall prevalence estimates of underweight, normal weight, overweight, and obesity,
and central adiposity are shown in Table 2. Overall, the prevalence rate was 20.7% for overweight and
9.5% for obesity. Most children (80.8%, n = 244) had WtHr ≤ 0.5. Combining BMI and WtHr, 16.8%
[95% CI 13.0–21.4] (n = 51) children were overweight (including obesity) with WtHr > 0.5. Only seven
children had a WtHr > 0.5 with a normal weight and four children had a WtHr ≤ 0.5 with obesity.

3.2. Risk Factors for Overweight (Including Obesity) with WtHr > 0.5

Risk estimation models for overweight (including obesity) with WtHr > 0.5 were explored within
each dimension of variables. The significant risk factors on each of the eight dimensions are presented
in Table 3 and Supplementary Table S1.

3.2.1. Peri-Natal Dimension

The only variable retained in the final peri-natal dimension estimation model was maternal
pre-pregnancy BMI; being classified as overweight increases, in mean, 2.6-fold the risk of overweight
(including obesity) with WtHr > 0.5, and being classified as obese increases, in mean, 4.1-fold the risk
of overweight (including obesity) with WtHr > 0.5.

3.2.2. Anthropometric Dimension

For the anthropometric dimension, the retained variable was the BMI at 5 years old; being
classified as overweight increases, in mean, 4.2-fold the risk of overweight (including obesity) with
WtHr > 0.5.
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Table 2. Characterization of anthropometric measurements and calculated indexes.

Total Girls Boys

n %
95% Confidence Interval

n %
95% Confidence Interval

n %
95% Confidence Interval

Lower Level Upper Level Lower Level Upper Level Lower Level Upper Level

Body Mass Index z-Score Median 0.36 (−2.77–3.89)

Body Mass Index Class

Underweight 4 1.3 0.5 3.3 1 0.68 0.1 3.7 3 1.92 0.7 5.5

Normal Weight 208 68.4 62.9 73.4 95 64.19 56.2 71.5 113 72.44 64.9 78.8

Overweight 63 20.7 16.6 25.6 38 25.68 19.3 33.3 25 16.02 11.1 22.6

Obesity 29 9.5 6.7 13.4 14 9.45 5.7 15.3 15 9.62 5.9 15.3

n Total 304 100.0 - - 148 100.0 - - 156 100.0 - -

Waist Circumference Median 58.5 (37.5–91.5)

Waist-to-Height ratio

Median 0.46 (0.34–0.66)

≤0.5 244 80.8 75.9 84.8 110 74.8 67.2 81.2 134 86.5 80.2 90.9

>0.5 58 19.2 15.5 24.4 37 25.2 18.9 32.8 21 13.5 9.0 19.8

n Total 302 100.0 - - 147 100.0 - - 155 100.0 - -

Overweight (Including Obesity)
with Waist-to-Height ratio

>0.5 51 16.8 13.0 21.4 31 20.9 15.3 28.4 20 12.8 8.5 18.9

n Total 304 - - - 148 - - - 156 - - -
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Table 3. Variables retained in the statistical models.

Dimension Variables
Exp(β)

(95% Confidence Interval)
p-Value

Peri-natal

Pre-pregnancy Body Mass Index
Pre-pregnancy Body Mass Index of Overweight 2.591

(1.164–5.766) 0.020

Pre-pregnancy Body Mass Index of Obesity 4.145
(0.925–8.570) 0.063

Body Mass Index z-score 5-years-old 4.159
(2.404–8.497) 0.000

Paternal Body Mass Index
Paternal Body Mass Index of Overweight 0.772

(0.252–2.364) 0.650

Paternal Body Mass Index of Obesity 4.041
(1.271–12.844) 0.018

Type of meal introduced in solid food introduction Soup 0.401
(0.176–0.914) 0.030

Current eating habits

Child’s appetite Would eat only with insistence or frequently would not eat in totality; Would
eat all and be satisfied

0.174
(0.050–0.603) 0.006

Caretaker’s perception of child’s intake through image 1.489
(0.985–2.249) 0.059

Family Mediterranean pattern (PREDIMED)

How many vegetable servings do you consume
per day?

0.624
(0.389–0.999) 0.050

How many servings of butter, margarine, or
cream do you consume per day?

1.535
(0.976–2.413) 0.063

Subjective anthropometry
perception

Adequacy of father’s body image perception vs. actual Body
Mass Index

Relatively correct 4.902
(1.116–21.536) 0.035

Correct 2.597
(0.634–10.643) 0.185

Adequacy of the caretaker’s opinion on the child’s nutritional
status vs. child’s Body Mass Index

Relatively correct 3.483
(0.882–13.753) 0.075

Correct 31.605
(6.055–164.951) 0.000

Subjective eating habits
perception

Caretaker’s perception regarding child’s intake when anxious No 0.260
(0.056–1.204) 0.085

Caretaker’s perception of the adequacy of the child’s food
intake for age Inferior or adequate 0.083

(0.024–0.286) 0.000

Physical activity and hours
of sleep Child’s participation in programmed sport activity Yes 0.194

(0.052–0.724) 0.015
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3.2.3. Sociodemographic Dimension

The sociodemographic variable retained in the final estimation model was paternal BMI; paternal
BMI reflecting overweight decreases, in mean, 33% the risk of overweight (including obesity) with
WtHr > 0.5, and paternal BMI reflecting obesity increases, in mean, 4-fold the risk of overweight
(including obesity) with WtHr > 0.5.

3.2.4. Past Eating Habits Dimension

For the past eating habits dimension, the only variable included in the final model was the type of
meal used for solid foods introduction; if soup (rather than cereals) was the first solid food introduced,
it decreases, in mean, 60% (the risk of overweight (including obesity) with WtHr > 0.5.

3.2.5. Current Eating Habits Dimension

For current eating habits, the variables child’s appetite, the caretaker’s perception of the child’s
intake through image, and the PREDIMED questions regarding vegetable daily intake and butter,
margarine, and cream daily intake were included in the final model. The child’s appetite decreases,
in mean, 83% the risk of overweight (including obesity) with WtHr > 0.5. The caretaker’s perception of
the child’s intake through image increases, in mean, 1.5-fold the risk of overweight (including obesity)
with WtHr > 0.5. The PREDIMED question regarding vegetable daily intake decreases, in mean,
38% (the risk of overweight (including obesity) with WtHr > 0.5, and the PREDIMED question regarding
butter, margarine, and cream daily intake increases, in mean, 1.5-fold the risk of overweight (including
obesity) with WtHr > 0.5.

3.2.6. Subjective Anthropometry Perception Dimension

For subjective anthropometry perception, the two variables retained in the final model were (1) the
adequacy of father’s own body image perception in comparison to his real BMI; and (2) the adequacy
of the caretaker’s opinion regarding the child’s nutritional status in comparison to the child’s real BMI.
The relatively correct adequacy of father’s own body image perception compared to real BMI increases,
in mean, 4.9-fold the risk of overweight (including obesity) with WtHr > 0.5, and the correct adequacy
of father’s own body image perception compared to real BMI increases, in mean, 2.6-fold the risk of
overweight (including obesity) with WtHr > 0.5. Regarding the adequacy of the caretaker’s opinion
regarding the child’s nutritional status compared to the child’s real BMI, correct adequacy decreases,
in mean, 31.6-fold the risk of overweight (including obesity) with WtHr > 0.5.

3.2.7. Subjective Eating Habits Perception Dimension

In the eating habits subjective data, the variables retained in the final estimation model were the
caretaker’s perception of child’s food intake when worried, irritated, or anxious and the caretaker’s
perception of the adequacy of the child’s food intake for age. The caretaker’s perception that the
child’s food intake when worried, irritated, or anxious is not affected decreases, in mean, 74% the risk
of overweight (including obesity) with WtHr > 0.5. The caretaker’s perception that the child’s food
intake is inferior or adequate for age decreases, in mean, 92% the risk of overweight (including obesity)
with WtHr > 0.5.

3.2.8. Physical Activity and Sleeping Habits Dimension

For physical activity and hours of sleep, the variables included in the final model were the child’s
participation in programmed sports activity, the number of sedentary hours in a weekday, the number
of sedentary hours on a weekend day, and the total number of sedentary hours in a week. The child’s
participation in programmed sports activity decreases, in mean, 81% the risk of overweight (including
obesity) with WtHr > 0.5.
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3.3. Scoring and Risk Index

The set of 13 variables identified for the items of the screening tool were submitted to the pediatric
expert panel.

The variable father’s BMI from the sociodemographic dimension was excluded as two members
of the panel did not agree with its inclusion in the tool, for lack of evidence of the variable impact in
childhood obesity.

The current eating habits dimension variables for PREDIMED vegetable servings daily intake and
butter, margarine, and cream servings daily intake, and the caretaker’s perception of the child’s intake
through image were excluded. One member of the panel did not agree with the inclusion of the butter,
margarine, and cream daily intake variable in the tool, for lack of evidence of the variable impact in
childhood obesity.

The adequacy of the father’s body image perception vs. BMI from the subjective anthropometry
perception was excluded as two members of the panel did not agree with its inclusion in the tool,
for lack of evidence of the variable impact in childhood obesity.

For the physical activity and sleep hours dimension, only the programmed physical activity practice
variable was included. The remaining were excluded due to the observed lack of measurable effect.

Eight items were included in the tool and all dimensions except the sociodemographic were
included. The items and respective scores are presented in Table 4.

Table 4. Items included in the Risk of childhood Obesity in the Community (RisObIn.Com) tool,
categorization, and scoring.

Dimension Item Response Options and Scoring Scoring

Anthropometric Body Mass Index at 5 years old
0—Overweight −2.3

(p = 0.031)1—Underweight, Normal weight

Peri-natal Mother’s pre-pregnancy Body Mass Index
0—Obesity

−1.0
(p = 0.063)1—Underweight, Normal weight,

Overweight

Current eating habits Child’s appetite

0—Would eat only with insistence or
frequently would not eat in totality;

Would eat all and be satisfied 1.5
(p = 0.015)

1—Would eat more than what is
offered

Previous eating habits Type of meal introduced in solid food introduction
0—Soup −0.9

(p = 0.030)1—Infant cereal

Subjective eating habits
perception

Caretaker’s perception of the adequacy of the child’s
food intake for age

0—Less than adequate; Adequate 2.5
(p = 0.000)1—More than adequate

Caretaker’s perception regarding the child’s higher
intake when worried, irritated, or anxious

0—No 1.4
(p = 0.085)1—Yes

Subjective anthropometry
perception

Adequacy of the caretaker’s opinion on the child’s
nutritional status vs. child’s Body Mass Index

0—Correct 3.4
(p = 0.000)1—Incorrect

Physical activity and hours
of sleep

Child’s participation in programmed sport activity
0—Yes 1.6

(p = 0.015)1—No

Applying the tool items to every child who gathered responses to all the tool items (n = 145),
the sum of the items ranged from −4.20 to 4.60. Higher values of the tool indicated a greater risk
of obesity in childhood. The area under the ROC curve was 0.897 [95%CI 0.825-0.968; p < 0.001] for
girls and 0.779 [95%CI 0.612–0.947; p = 0.016]—Figure 1. The uncorrected optimal cutoff point of the
RisObIn.Com tool was -1, thus, a correction factor (+1) was applied to obtain a cutoff point value of
zero. The tool sensitivity, based on the optimal cutoff point, was 95.0%; that is, 95.0% of children who
had overweight (including obesity) with WtHr > 0.5 while on primary school, got a score greater than 0
in the transition from pre-school to primary school had overweight (including obesity) with WtHr > 0.5
while on primary school. The specificity was 74.4%, meaning that 74.4% of children who did not
have overweight (including obesity) with WtHr > 0.5 while on primary school, got a score equal or
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less than 0 in the transition from pre-school to primary school did not have overweight (including
obesity) with WtHr > 0.5 while on primary school. The positive predictive value was 37.3%, meaning
that among those who had a score greater than 0, the probability of having the condition was 37.3%.
The negative predictive value was 98.9%, meaning that among those who had a score equal or less
than 0, the probability of not having the condition was 98.9%.

−

  

Figure 1. Performance of the proposed screening tool (RisObIn.Com) to identify girls (a) and boys (b)
in the transition from pre-school to primary school that had overweight (including obesity) with WtHr
> 0.5 while in primary school. The receiver operating characteristic (ROC) curves were calculated
for the cutoff point value of zero. The area under the ROC curve was 0.897 (95%CI 0.825–0.968;
p < 0.001) for girls; and the area under the ROC curve was 0.779 (95%CI 0.612–0.947; p = 0.016) for boys.
CI: Confidence Interval; WtHr: Waist-to-Height Ratio.

4. Discussion

Preschool and primary school ages are among the most critical periods for determining obesity
later in life [36]. A screening tool applied at this occasion will signal cases that will benefit from general
and customized intervention, improving resources to prevent child obesity.

This new proposed tool combines elements that reflect the multifactor nature of obesity: maternal
BMI before pregnancy; the child’s own BMI at 5 years old; the first solid food introduced for diversification;
the caretakers perception of the current appetite of the child; the parental opinion regarding the child’s
intake adequacy; the child’s food intake when worried, irritated, or anxious; the parental perception
of the child’s nutritional status; and the regular practice of programmed physical activities. Through
this weighted combination, RisObIn.Com provides a score that estimates the risk of obesity through
school age.

To the best of our knowledge, this is the first screening tool to assess the risk of obesity in children at
the entrance of primary school that includes a set of parameters from different dimensions and specific
periods, acknowledged to affect weight gain trajectory. The development of this tool contrasts with
other existing tools, which selected items through the opinion of experts [17] or literature review [37],
focusing only on a specific period of childhood, such as the peri-natal period [18] or the present
moment of assessment [19]; others attempted to associate a large number of variables to childhood
obesity risk through data mining [38]. The inclusion of all these dimensions can justify the large areas
under the ROC curve obtained by RisObIn.Com, larger than other tools [18,19,38]. We observed a
difference between boys and girls regarding the ROC findings considering the sex variable, but we
consider that it is not possible to infer this difference is maintained when the tool is applied in samples
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differ in dimension or population characteristics. RisObIn.Com achieves 95% sensitivity and 74.4%
specificity despite the tool having been developed using a smaller sample than other studies.

4.1. Peri-Natal Dimension

Maternal pre-pregnancy BMI was the only variable retained in the final estimation model from the
peri-natal dimension set. This variable has been shown to be positively associated with infant adiposity,
as well as childhood obesity and overweight [12]. A recent meta-analysis identified significantly
higher odds for childhood obesity with higher pre-pregnancy maternal BMI, 89% for the offspring of
overweight women before pregnancy and 264% for those who were obese before pregnancy [39].

4.2. Anthropometric Dimension

On the anthropometric dimension, the retained variable was the BMI at 5 years of age. The growth
patterns of BMI during childhood, particularly during critical periods, are closely related to adult obesity
risk [40]. The second physiological rise in BMI occurs, in general, between 3 and 7 years [41]. Pei et al.,
in 2013, on the German birth cohorts GINIplus—The German Infant Study on the Influence of Nutrition
Intervention plus Air pollution and Genetics on Allergy Development, and LISAplus—Influence of
Life-style factors on Development of the Immune System and Allergies in East and West Germany
plus Air Pollution and Genetics on Allergy Development, also found that BMI at 60–64 months of age
was significantly associated with overweight at the age of 10 years [42]. Children with higher BMI at
5 years of age probably have already experienced an adiposity rebound, and early age at adiposity
rebound is known to be a risk factor for later obesity [43].

4.3. Previous Eating Habits Dimension

Evidence shows that breastfeeding is a protective factor for obesity [14,15]. However, in this
study, regarding previous eating habits, we found that only the type of first complementary solid food
introduced was associated with overweight (including obesity) with WtHr > 0.5 while in primary
school. Recent data does not support the hypothesis that the quality of complementary foods has a
direct effect on the risk for later obesity [44]. Soup can be prepared using many different vegetables as
ingredients; the quality and quantity of vegetables and fat used have a strong influence on its nutritional
value. By opposition, infant cereals do not allow nutrient composition modifications, thus having a
more constant energy value. In countries [45] such as Portugal, the traditional recommendation of the
first complementary food to be introduced is infant cereals [46]. One can only speculate that, in infants
that present a higher BMI or rapid weight gain [47], health professionals will recommend that the
first food to introduce should be soup, since it allows to manipulate the amount of vegetables and fat
content, in the attempt to reduce energy intake.

4.4. Current Eating Habits Dimension

In the current eating habits dimension, the parameters retained in the final model were the child’s
appetite and the caretaker’s perception of high, low, or adequate appetite of the child. These measures
relate to appetite and reflect self-regulation of energy intake. Biological regulation of appetite is very
complex, engaging a number of tissues, organs, hormones, and neural circuits with several feedback
pathways between the brain and peripheral tissues [48]. These mechanisms can be influenced and
modulated by several factors, beyond the aim of the development of a screening tool. Adequate nutritional
status children eat smaller portions at lunch/dinner and may eat more snacks throughout the day; the
energy of those snacks is usually greater than the energy of lunch or dinner meals [49].

When parents perceive their child as having increased appetite, they may try to implement
restrictive feeding practices. These practices can increase the preoccupation of the child with food and
affect eating behaviors, eventually leading to paradoxical weight gain [50]. As both extremes of feeding
practices could shape children’s relation to food, we cannot exclude that, in the past, parents may
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have forced their children to eat after they are satisfied, promoting a dysregulation on this equilibrium,
once the tendency to encourage children to clear their plate is reported to be associated with obesity [51].

The variables from the PREDIMED index, collected in the SGH study, while explored in the
analysis, were excluded, because this Mediterranean diet assessment tool is not yet validated for
Portugal; therefore, it may not be adapted to Portuguese food habits. The caretaker’s perception of the
child’s intake through image was also excluded. We presented caretakers a set of four images of a
lunch/dinner plate. By presenting an even number of options instead of an odd number, we avoid the
tendency for the selection of the central option, improving the reliability of the answer. However, since
the need to use images will be a challenge for the application of this tool and the removal of the item
had a small effect in the final model, it was removed.

4.5. Subjective Perception of Anthropometry Dimension

Regarding the subjective perception of anthropometry, this study found a high proportion of
parents that misclassified the nutritional status of their child. It has been speculated that the high
prevalence of overweight and obesity in children in the last decades can influence the misinterpretation
of the child’s normal weight [52], leading to the perception of “normal” weight despite the BMI
indication of overweight. If parents cannot recognize their child as overweight, they will not act to
change behaviors and the situation can exacerbate, leading to obesity.

4.6. Subjective Perception of Eating Habits Dimension

Adequate dietary habits are important for health throughout life, but particularly during childhood,
considering that the dietary habits during this specific period are potentially perpetuated into
adulthood [53]. In the dimension related to the subjective perception of eating habits, the variables
retained in the final estimation model were the caretaker’s perception of the child’s food intake while
worried, irritated, or anxious and the caretaker’s perception of the adequacy for age of the child’s
usual food intake. Previous studies have shown psychopathology to be associated with overweight
in children [54,55]; validity data indicate that children as young as 4 years old can report on their
own anxiety symptoms [56]. In reaction to anxiety, emotional eating acts as a biological response that
provides temporary feelings of gratification/satisfaction [57]. The intervention approach for children
with anxiety symptoms and emotional eating should be adapted to address the negative emotions
underlying eating behaviors as well as teaching healthy coping strategies for these emotions [58].
Parents and their own perception of the child’s dietary habits is one of the most important factors for
the dietary habits of children [59]. Childhood obesity experts recommend that childhood overweight
prevention should focus on parents, according to the growing evidence of the role of parental practices
and family environment in promoting effective changes [11,12].

4.7. Physical Activity and Sleeping Habits Dimension

For the dimension concerning physical activity and sleeping habits, the variables included in
the final model were the child’s participation in programmed sports activity. The levels of physical
inactivity are rising in many countries with major implications for general health and the prevalence of
non-communicable diseases, such as obesity. The association had already been identified in a similar
population living in Portugal’s capital (Greater Lisbon) [60]. A recent multinational cross-sectional
study demonstrated that low levels of moderate-to-vigorous physical activity or high sedentary levels
during weekdays and weekends were associated with higher odds of obesity in 9–11-year-old children
in 12 countries [61].

The RisObIn.Com tool seems to be a comprehensive tool to identify, at school entrance,
5-to-6-year-old children at higher risk for late childhood obesity. It was conceived to be applied either
by the parents or by teachers or school health professionals, such as a school nurse, school nutritionist,
or school social worker, with parental feedback and the child’s health bulletin for easier recall of
mother pre-pregnancy BMI and anthropometric measures at the age of 5 years. The tool carries a
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small and simple set of instructions for its effective use. A web-based tool allows a quick, simple,
and automated form of application. RisObIn.Com is hosted in Health & Technology Research Center
webpage available at https://htrc.estesl.ipl.pt/risobin-com/.

The synergy between the authors of this study and the SGH research team benefited from the
logistics associated with data collection and allowed the enhancement and efficiency of resources.
The methodology included direct anthropometric measurements, assessment of a set of variables
identified as influent in obesity development (from peri-natal to the present moment, including
sociodemographic, anthropometric, past and current eating habits, subjective anthropometry, and eating
habits perception, and physical activity and hours of sleep) and had the endorsement of an expert
panel group composed by skilled professionals from different areas. As a positive asset, the selected
outcome measure reflects adiposity by the cumulative outcome of overweight (including obesity) with
WtHr > 0.5, which allows both a better characterization of the nutritional status and better accuracy.
On the other hand, the mixed design of case-control study nested on a cross-sectional study is a
limitation, due to recollection bias, and causal inferences to be made, just epidemiologic and statistic
associations. Another source of bias was related to maternal weight before and after pregnancy that
was reported and not measured. The local nature of the sample and the differences observed between
the children included and not included in the study do not allow immediate generalization of the
findings to other populations; therefore, external validation of the screening tool and the study of its
performance in different samples is required. Eventual ethnic differences were not explored, due to
national ethical and legal restrictions related to data protection. The effective sample size was smaller
than expected and it probably affected the ability to identify more exposure variables significantly
associated with the study outcome; a larger sample would probably have improved the observed
results. Longitudinal data analysis would allow evaluating the tool’s ability to predict BMI change
over time.

The RisObIn.Com screening tool is proposed to be routinely used by teachers and other school
personnel with the participation of parents or caretakers for early identification of children who
might benefit from preventive actions, but its use could also be extended to health care professionals
such as nurses, family physicians, or pediatricians. The RisObIn.Com screening tool is a simple and
inexpensive tool that can provide an evaluation of the risk factors for pediatric obesity and may identify
those in need for healthy lifestyle changes.

5. Conclusions

The RisObIn.Com tool is proposed to be a comprehensive tool to identify children at high risk for
late childhood obesity at admission to primary school, by the age of 5 to 6 years old. Further studies are
needed to assess the external validity and the generalization of the findings, as well as to confirm both
the performance of this tool to identify children with obesity risk at admission into primary school and
the effect of the subsequent intervention to prevent obesity in children.
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Abstract: Despite a tradition of consuming fish in Denmark and despite the health benefits of
eating fish, Danish children consume only one-third of the officially recommended amount of fish.
The objective of this study was to explore an experiential and sensory-based exercise in a school setting
with focus on tactile play and cooking as a way of promoting 11- to 13-year-old children’s acceptance
of fish. The design was a qualitative exploratory multiple-case design using participant observation
in a school setting. Six classes were recruited from the Eastern part of Denmark (n = 132). Based on
an exercise with cooking fish and gyotaku (fish print), four meta-themes were identified by applying
applied thematic analysis: rejection, acceptance, craftsmanship, and interaction. Rejection and
acceptance appeared along a rejection–acceptance continuum related to how the fish was categorised
(animal, non-animal, food) in different phases of the experiment. Rejection was promoted by mucus,
smell, animalness, and texture, whereas helping each other, tactile play, and craftsmanship promoted
acceptance. In conclusion, this study found that tactile play combined with cooking could be a way
of promoting acceptance of fish. The findings also support a school setting as a potential gateway in
promoting healthy food behaviour.

Keywords: food acceptance; tactile play; cooking; children; fish; health promotion

1. Introduction

1.1. Background

Children aged 11 to 13 years are in the early adolescent life phase [1], a phase defined by a
developmental plasticity [2], where lifelong habits can be established [3]. The adolescent life phase is
critical when it comes to behavioural changes in, for example, dietary habits [4]. The changes in dietary
habits are due to, for example, an increase in autonomy and a decrease in family influence [5,6].

Consumption of fish provides valuable nutrients. Especially fatty fish have a high content of
vitamin D, which is important for e.g., calcium (Ca) absorption, bone health, and childhood growth
stages [7,8]. Regular consumption of fish, especially those high in n-3 poly unsaturated fatty acids
(PUFA), also reduce incidences of, for example, diabetes mellitus, systemic arterial hypertension,
central obesity and hyper-lipidemia [9,10], and seem to positively influence intestinal microbiota [11].
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Furthermore, the macro nutrient content of fish with regard to protein is 15–20% and fish contains
all the essential amino acids [12], which is beneficial for the diet as the sulphur-containing amino
acids, cysteine and methionine, are absent in plant protein. Furthermore, proteins from fish have
a high degree of digestibility i.e., 85–95% [12,13]. Studies have shown positive health effects as a
result of fish protein intake e.g., by decreasing the risk of metabolic syndromes and increasing insulin
sensitivity [14–17].

1.1.1. Acceptance and Rejection of Food

This study focuses on fish as part of a healthy diet. According to a national study, Danish children
aged 10 to 17 years eat only 105 g of fish per week [18], one-third of the Nordic recommendations of
350 g per week [19]. The intake of fish among Danish early adolescent phase children corresponds
with international observations [20–22]. Furthermore, to the authors’ knowledge, little research has
been conducted in the area of early adolescent phase children’s acceptance of fish.

Rozin and Fallon [23,24] have developed a framework in which they have identified three principal
motivations within the taxonomy of food acceptance and rejection, which drive food acceptance and
rejection: sensory-affective factors (e.g., liking/disliking taste or smell), anticipated consequences
(e.g., negative/positive physiological or social), and ideational factors (e.g., knowledge of the
nature or origin of a food). These motivations and attributes can lead to either rejection or
acceptance: the psychological rejection categories are distaste (the concept distaste includes all
sensory characteristics, real or imagined [25,26]), danger, inappropriateness, and disgust, and the
acceptance categories are good taste, beneficial, appropriate, and transvalued [25,27]. Furthermore,
Rozin and Vollmecke [27] point out that the influence of culture and context are predominant factors
influencing acceptance and rejection, and that acquired likes can be promoted by social encounters
with people outside the family, especially peers. The framework of rejection and acceptance developed
by Rozin and colleagues [23,24,27] has been applied repeatedly in studies investigating food behaviour
(e.g., [25,26,28,29]).

Based on the limited research conducted within and around the target group of this study, Prell,
Berg, and Jonsson [30] identified a negative attitude towards the smell, the fear of finding bones,
the accompaniments, and friends’ behaviour as primary barriers to eating fish. In a study focusing
on foods in general, Frerichs et al. [31] found that appearance and texture were primary drivers for
accepting or rejecting food. Furthermore, Mitterer-Daltoé, Latorres, Treptow, Pastous-Madureiraa,
and Queiroz [32] and Latorres, Mitterer-Daltoé, and Queiroz [33] found that young children had a
higher acceptance of fish than older children. This might be due to the older children’s cognitive
maturation, leading to food-related cognitions increasing and becoming more complex [34]. The animal
origin of fish could also play a role in rejection, since foods of animal origin tend to promote an
attitude of disgust more than those of vegetable origin [24,25,35,36]. Increasing acceptance of food
through tactility (the sense of touch by using the hands) or tactile play is a research area that has yet to
be explored in greater depth. Five recent studies have been conducted in this research area [37–42],
but these studies all fall outside the age-related sample of this study. Nevertheless, the results are
interesting and relevant to this study as they point to a positive impact of tactile play on food neophobia
and/or food acceptance.

Another way of influencing food behaviour and promoting acceptance of healthy foods has been
sought through a hands-on approach and cooking programmes. A review of the effect of cooking
programmes by Utter, Fay, and Denny [43] concluded that cooking programmes may have a positive
impact on food-related beliefs, knowledge, skills, and behaviours. Of the 20 studies included in
the review, only three were on children in the age range of the sample group in the present study.
However, none of the studies included in the review focused on foods of animal origin. Furthermore,
observations of children’s food behaviour and learning processes have been included in studies by,
for example, Block et al. [44], Fisher and Birch [45], and Gibbs et al. [46]. The relevance of applying
observation as a research method relates to the objective of revealing actual behaviour.
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Nelson, Corbin, and Nickols-Richardsson [47] argue that culinary skills education offers a unique
opportunity for experiential learning, which they illustrated through the use of the Kolb Cycle of
Experiential Learning [48] combined with culinary skills education (Figure 1).
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Figure 1. Model of culinary skills education as a process for Kolb’s cycle of experiential learning
developed by Nelson, Corbin, and Nickols-Richardsson [47]. Figure by first author R. Højer.

According to Nelson et al. [47], culinary skills education promotes knowledge through experience,
as illustrated in Figure 1. As students move from observational to experiential learning stages
and engage in culinary concepts, a foundation for promoting critical thinking and learning
skills and technical proficiencies is laid out, all aimed at promoting healthy food behaviour.
Furthermore, Nelson et al. [47] conclude that nutrition knowledge alone, aimed at promoting healthy
food behaviour, seems incomplete without the dimension of experiential learning via interactions with
food and cooking equipment.

1.1.2. The Subject Food Knowledge

In 2014, the subject Food Knowledge replaced the subject Home Economics as part of a reform
of the Danish compulsory primary and lower secondary schools. The subject is mandatory for one
year and can be taken in 4th, 5th, or 6th grade. In the subject Food Knowledge, students focus on four
areas of competencies: Food and Health, Knowledge of Food, Cooking and Dining, and Food Cultures.
The purpose of the reform was to ensure that Food Knowledge provides students with an opportunity
to work with senses and experiences. Experimentation, creation, and communication in relation to
food and meals are also key elements, as is the development of, for example, new skills and knowledge
through motor skills, cognition, and perception [49].

1.1.3. Gyotaku Explained

Gyotaku is a traditional Japanese art form (see Figure 2); gyo is the Japanese for fish and taku for
rubbing or printing: fish rubbing or fish printing [50].

Gyotaku was used by Japanese fishermen more than a hundred years ago [51]. To avoid
misunderstanding, the fishermen used it to replicate the correct size of the fish, whereby it became a
documentation method. During the twentieth century, the practice of gyotaku has been turned into an
art form.
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As an example of an experiential exercise, gyotaku was adapted to firstly include a tactile art
exercise, which was the traditional part of the exercise to be explored in this study. Secondly, after the
art part of the exercise in which the fish served as an art medium, the fish would then be included in a
cooking exercise. The gyotaku exercise was chosen for its novelty in a Danish context and for its tactile
hands on approach to the fish.

                   

 

 
                         

                             
                                 

                           
     

                               
                                 

                                         
                                     

             

     

                                 
                                 

                        ‐    
                                  ‐    ‐

‐                                
                                 
  ‐                    

         

     

              ‐                  
                         

                             
               
                         
                                 
                               

 

   

                               
                           

  ‐ ‐  

Figure 2. Gyotaku of flounder (Platichthys flesus), artist: R. Højer, photo: Marilyn Koitnurm.

1.2. Study Aim

The aim of this study was to promote children’s acceptance of fish. Based on the hypothesis that
through hands on experience with fish it is possible to promote acceptance of fish, the objective of this
study was, through an intervention, to explore the potential of a sensory-based experiential exercise
in a school setting with focus on cooking and tactile play as a way of promoting 11- to 13-year-old
children’s acceptance of fish. The two main research questions to be answered were: (1) how do
children respond to handling, preparing and cooking fresh fish? and (2) how does the process of the
sensory-based tactile experiment gyotaku affect children’s acceptance of fish?

2. Materials and Methods

2.1. Study Design

This study was an intervention with a multiple-case study design [52]. Six cases in six different
classes from six different schools were included in the intervention. All participating classes underwent
the experiential gyotaku exercise one class at a time. The qualitative method used to collect data
consisted of participant observation [53].

The gyotaku exercise was integrated into the (in Denmark) compulsory subject Food Knowledge
(Danish: Madkundskab) [49] in the fifth and sixth grades and it meets the official learning goals
(for 2017–2018 and 2019) for the subject Food Knowledge set by the Ministry of Children and
Education [54].

Ethics Approval

Ethics approval for this study was given by the joint Research Ethics Committee of the
Faculty of Science and the Faculty of Health and Medical Sciences, University of Copenhagen,
Denmark (reference 504-0005/17-5000).

2.2. Participants

We recruited six classes from fifth and sixth grades (11 to 13 years of age) from six different Danish
public schools (n = 132). Four classes were from the capital region and two from the region of Zealand
(see Table 1 for participant characteristics). Recruitment was geographically limited to the eastern part
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of Denmark due to convenience. The recruitment was done by sending out information letters via
e-mail to schools in the eastern part of Denmark addressed to the school’s Food Knowledge teachers.
For all participating children, written informed consent was given by the legally appointed caregiver
parent or either parent if the parents were married or had joint custody. Children’s refusal to touch,
handle, and/or taste the fish was respected by the researchers.

Table 1. Participant characteristics.

School Classes Grade n Sex (♀/♂) Teachers *

School SA ** 1 6th 32 21/11 2
School SB 1 6th 24 14/10 2
School SC 1 5th 18 10/8 2

School MB *** 1 6th 21 13/8 1
School MC 1 5th 18 9/9 1
School MD 1 6th 19 11/8 1

Total 6 132 78/54 9

* Number of teachers present during the gyotaku exercise. ** Schools SA, SB, and SC are schools from workshops
during Science Week 2016. *** Schools MB, MC, and MD are schools from the main study 2017.

2.3. Setting and Gyotaku Exercise

School SA, SB, and SC took part in gyotaku workshops in a teaching kitchen at the Department
of Food Science at the University of Copenhagen, Frederiksberg, Denmark, in a field trip setting.
School MB, MC, and MD were in their natural educational setting, since the gyotaku exercise took
place on three different occasions at schools in the ordinary school teaching kitchen. This differentiated
setup was due to practical organization as the classes SA, SB and SC participated as part of Science
Week 2016, a yearly returning science festival in Denmark, whereas the classes MB, MC, and MD did
not participate in Science Week 2016 and data were collected during early spring 2017. All classes
carried out the gyotaku exercises based on the same exercise guide.

The sensory-based experiential exercise was a four-phase exercise consisting of a) gyotaku
(fish printing), which also gave its name to the complete experiment, b) filleting a fish, c) cooking the
fish fillets by a commonly used Danish method, and d) tasting.

Materials for the gyotaku experiment (per group of four children): one fresh whole flatfish with
head (either dab (Limanda limanda) or flounder (Platichthys flesus)), one lemon, squid ink diluted with
tap water in a cup, a small sponge, five A4 pieces of paper cut into eight equal parts, paper towels,
printing paper, a cutting board, a sharp filleting knife, rye flour, salt, pepper, butter, rye bread, a frying
pan, a stove and written experimental instructions.

General organisation: all of the children worked in groups of four. Each group received one fresh
fish to be shared during printing, filleting, and cooking (1 fish = 4 fillets).

Phase a: Gyotaku (printing): The printing procedure was the actual gyotaku exercise. The children
chose and picked up their group’s fish from a box containing fresh fish on ice. The fish was then cleaned
by washing it under cold running water while rubbing it with a slice of fresh lemon (this dissolves the
fish’s natural mucus cover). The fish was then dried with paper towels and placed on a cutting board.
Paper squares were placed around the edge of the fish to avoid getting squid ink on the cutting board.
Diluted squid ink was applied with a sponge to the surface of the fish until it was covered with ink.
The paper squares around the fish were removed, and printing paper was placed on top of the fish.
The print was transferred to the paper by stroking the fish on top of the paper. The paper was gently
pulled off the fish, and a mirrored print of the fish had been transferred to the paper (see Figure 2).

Phase b: Filleting: If they wanted to, each child in the group filleted their own fish fillet by
following the handout picture instructions. After the child had felt the fillet with his/her fingers to
ensure that no fish bones were present, the fillet was ready to be cooked.
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Phase c: Cooking: The fish fillets were turned in rye flour containing salt and pepper and were
then fried in butter on a hot pan. This is the traditional way of cooking fish fillets in Danish cuisine.

Phase d: Tasting: The fried fish fillets were served on a slice of rye bread with butter and a slice of
lemon. Tasting/eating was voluntary. This is a common way of serving fish fillets in Danish cuisine.

After the experiment, the children could take the gyotaku home, or the school could use it,
for example in an art exhibition.

2.4. Data Collection—Participant Observation

The participant observation was primarily concept-driven [55] and based on the framework of
Rozin and Fallon’s [23] and Rozin and Vollmecke’s [27] taxonomy of food rejection and acceptance.
Therefore, a loosely structured observation guide, with room for exploratory inquiry, was constructed
based on the main framework of acceptance and rejection with the following themes: (1) the social/group
interaction element, (2) the children’s interaction with the fish, (3) the process of the exercise, and (4)
development/changes in attitude throughout the experiment. Documentation methods used during
the participant observation were in the form of written field notes and situational photos to document
the setting, various situations, and child–fish interactions. The field note strategy was inscription and
transcription [55], in which descriptions of behaviours (inscriptions) and informants’ own words and
dialogues (transcription) were recorded in an observational journal based on the loosely constructed
and pre-thematised observational guide.

The same researcher participated in all gyotaku exercises by observing and interacting with the
children through informal conversations based on the observation guide. In all cases except two
(school MB and MD), observation assistants were present throughout the gyotaku exercise. At schools
SA, SB, SC, three observation assistants were present, and at school MC one observation assistant was
present. In all cases, the observation assistants had a semi-participatory role while also documenting
the gyotaku exercise through photos. During the participant observations, researchers and assistants
interacted with the children through informal conversations based on the situation while the children
were working with the fish. Questions were based on “free narrative” [56] to promote situational
comfort and to get and keep the conversation flowing. The questions were directed towards the
children’s perspectives of the situational experiences; for example (to the whole group): “How is it
going here?” and “How do you feel about filleting a fish?”. Probing [53] was used to follow up on short
answers, for example “Can you tell me some more about that?”. The focus was on informality and
conversations steered by the children and their point of view. If a child asked what had been written
down during a conversation, he/she was given the opportunity to read it. After each observation
session, observational journals and photos were compared and evaluated. Post-intervention notes
were documented by the research group. Furthermore, the field notes in the observational journal were
immediately after the observation separated into direct observations of behaviour, dialogues based
on children’s peer-to-peer dialogues and researcher–child dialogues, and researcher reflections.
A pre-coding was conducted based on concept-driven coding [55]; for example based on the framework
of acceptance and rejection [25,27], fish handling, sensory aspects, and group work.

2.5. Data Analytical Method

Data analysis was conducted by using Applied Thematic Analysis (ATA) developed by Guest,
MacQueen, and Namey [57]. ATA was applied to identify themes and to analyse patterns of meaning
in relation to the research questions under study and was chosen for its flexibility with regard to type
of texts, for example field notes [57], and its ability to highlight similarities and differences across
cases [58].

Through a concept-driven [55] processing of data based on the research questions, four meta-themes
were identified by organizing the pre-coded text into a matrix based on the frequency of re-occurrence
of documented observed behaviours and dialogues. The identified meta-themes were rejection,
acceptance, craftsmanship, and interaction. A thematic map was constructed to create a visual outline
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of possible sub-themes [57,58]. Finally, themes were re-considered to ensure accurate representation by
re-reading the data set [57,58]. (See Figure 3 for presentation of the ATA data processing. This resulted
in the appearance of sub-theme clusters as situational events, behaviours, etc. (see Figure 4).
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Figure 3. The ATA (Applied Thematic Analysis) data processing.
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Figure 4. ATA frame for presentation of data: main category, meta-themes, sub-themes, and related clusters.

Data not relevant for the research questions were excluded from the data set and analysis after
being re-read to ensure lack of relevance. Furthermore, the ATA frame (analysis, results, and discussion
hereof) was read by and discussed with researchers within the research group, but for those who
had not been present at the interventions the frame was read by and discussed with an experienced
researcher outside of the research group.

The essence of meta-themes and sub-themes are presented in Table 2. Data were not only sorted
by meta-theme and sub-theme but also by exercise phase (see Table A1: Data set).
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Table 2. Essence of meta-themes and sub-themes.

Meta-Theme/Sub-Theme Essence

1. Rejection: distaste and disgust

The theme ‘rejection’ concerns children’s behaviour and verbal expressions that can be
characterised as distaste or disgust as defined by Martins and Pliner [25], Rozin and Fallon
[24], and Angyal [35]; distaste is defined as a sensory-driven reaction (e.g., smell, touch,
taste, appearance, texture, sound), and disgust as a concern with contamination or being
soiled as a result of contact with what is perceived as animal bodily waste products. The
latter is defined by observed body language, for example turning away, holding a hand in
front of the mouth and/or nose, mimicking nausea and/or vomiting, etc. [24,35]. The theme
refers to observed behaviour and verbal expressions motivated by any interaction with the
fresh fish, which could promote or is a direct rejection of tasting the cooked fish at the end
of the experiment. Rejection could also be a result of a perception of a food [27].

2. Acceptance: tactility, exploration,
and liking

The theme “acceptance” concerns children’s behaviour and verbal expressions concerning
tactility, limited to include the sense of touch with the hands, exploration driven by
curiosity, and liking, which refers to a positive affective response to food. Acceptance is
understood as a willingness to taste the food, but it can then be rejected. Acceptance does
not depend on liking, since other motives can exist for accepting a food (e.g., for its health
benefits) [24,27].

3. Craftsmanship: autonomy and skills

The theme “craftsmanship” concerns observed behaviour and verbal expressions
related to the defined activity of preparation and cooking. Craftsmanship is
understood as a physical, bodily practice that leads to a tactile experience and
relational understanding [59]. Craftsmanship covers a tacit experience-based set of
knowledge and skills within cooking – in this case, the fish. Even though Sennett [59]
defines craftsmanship as “the skill of making things well”, in this case the effort and
attempt matter just as much, and maybe more than the outcome, an approach also
supported by Martin [60]. In craftsmanship, Martin [60] underlines the importance of
creating an environment in which the child feels independent and thereby learns by
making decisions. In this space of autonomy, intrinsic motivation may promote pride
in the work, thereby increasing curiosity with regard to tasting the fish.

4. Interaction: helping each other and
peer influence

The theme “interaction” refers to observed behaviour and verbal expressions related to
social facilitation either related to the children helping each other or by peer influence.
Through behaviour and verbal expressions, the children might influence each other
with regard to accepting or rejecting the fish at the end of the experiment [27,61,62].

3. Results

In Figure 4 two main categories, four meta-themes, nine related sub-themes, and sixteen clusters
(italic) are presented.

Data are presented according to the ATA frame (Figure 4) by including relevant examples
from the data set to support the ATA. Abbreviations applied in the analysis: Obs: observation, ic:
informal conversation. Phases of the exercise: #1 = Before printing; #2 = During printing; #3 = Between
printing and filleting; #4 = During filleting; #5 = Frying; #6 = Tasting.

3.1. Meta-Theme 1: Rejection

3.1.1. Sub-Theme: Distaste

Rejection based on distaste, which includes all sensory characteristics, both real or imagined [25,26],
was based on two main sensory characteristics: smell and texture. Rejection based on smell was
primarily present in two phases of the experiment. Firstly, at the beginning of the printing phase when
the children were presented with the fresh fish:

#1 When the lid is removed from the fish on ice, several children say: “Ugh, it smells fishy”

[in a bad way] (School all, obs.)

Secondly, smell was a source of rejection based on distaste in the final experiment phase (tasting):
#6 Some children do not want to taste the fish. Int.: “Why?” Response: “It smells of fish.

We know we do not like fish because it feels weird in the mouth”. A girl says: “That is also why my

dad does not like fish” (School MC, ic).

Furthermore, the texture of the fish in the mouth was a factor in rejecting the fish based on distaste:
#6 A girl nibbles on the fried fish: “I don’t like the fish. It is kind of . . . mushy”. (School MD, obs).
#6 Everyone in the class tastes the fried fish, but three boys spit it out and agree that they do
not like to chew it as it is too mushy and soft in the mouth. (School MB, obs).
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3.1.2. Sub-Theme: Disgust

Apart from behaviours and verbal expressions promoting rejection based on distaste, rejection was
also observed for the affective response of disgust.

Fear of contamination was observed primarily in two situations. Firstly, at the beginning of the
experiment (phase a) when children picked up the fresh fish using only the tips of their thumb and
index finger as shown in Figure 5. Most often the task of picking up the fish would be done by two
children going to the fish box. One would pick up the fish (as illustrated in Figure 5) while the child
not picking up the fish would often stand in the background in order to not get too close to the fish,
although still leaning forward to have a look.
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Figure 5. A display of disgust: picking up the fish, photo: R. Højer.

Secondly, in relation to filleting (phase b):

#4 Several children put on latex gloves before starting filleting (School MB, obs.).

Rejections driven by disgust also appeared as a reaction to the idea of “animalness”. These reactions
were also predominant at the beginning of the experiment (phase a) and during the filleting phase
(phase b):

#1 Girl, when fish has been collected: “Yuck! Look, it has eyes” [pinches her nose] (School SC, obs).

#4 Int.: How is it going with filleting the fish? The girl cutting responds: “I think that sound when

you kind of hit the bone with the knife and that sound it makes . . . ugh” [shrugs] (School MD, ic).

#4 Girl, during filleting: “Yuck, it has fish guts inside [viscera]” [she pinches her nose and turns
away, holding her hands in front of her mouth] (School MD, obs).

3.2. Meta-Theme 2: Acceptance

3.2.1. Sub-Theme: Tactility

Acceptance through tactility was observed in two forms: “sensing a transformation” and
“reduction of animalness” through the sense of touch and a re-categorisation of the fish from animal to
non-animal. The former displayed itself at the beginning of the experiment (phase a) after the fish’s
natural mucus layer had been washed and removed:

#1 Boy group after washing the fish: they stroke it and agree that it is weird because it was so
slimy before but now it is soft to the touch (School MD, obs).

When the children started the printing process (phase a), it seemed like the fish had been
re-categorised from animal to an art medium. Touching the fish was no longer an issue:

#2 During the printing process, great attention is given to getting the right amount of ink on the
eyes, fins, and the mouth to get them onto the paper. This is done by unfolding the fins with
their fingers and dabbing the sponge lightly on the eyes, fins, and the mouth (School all, obs.).
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#2 Between prints, the fish is gently patted and stroked by several children; it is “tickled”
between the eyes and around the mouth (School all, obs).

3.2.2. Sub-Theme: Exploration

Exploration was predominant in two main scenarios: exploring the fish before and after filleting
(phase b). There were clear signs of curiosity, as shown in the following example:

#3 A girl is exploring the fish. She opens the fish’s mouth and looks into it: “I just had to look

inside. You can see its teeth . . . I just had to touch”. Another girl in the group: “Ohh yes, its mouth

can get really big”. The first girl replies: “Yes, it can eat big fish” (School MC, ic).

This exploratory scenario is also seen in Figure 6 with children putting their fingers in the fish’s
mouth to feel its teeth.
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Figure 6. Children exploring the fish, photo: R. Højer.

After filleting, children explored the fish:

#4 Roe in fish: at first the children do not want to touch or even look, but after a while they
start to pick at it with the knife tip, and then cut it, mash it, and study the small eggs (School
SA, SB, SC, obs.).

Both exploratory scenarios led to a greater child interaction with the fish.

3.2.3. Sub-Theme: Liking

Acceptance due to liking was primarily driven by the sensory characteristic “taste” (the fish tasted
good). It also seemed like taste familiarity was a factor in liking it.

#6 A girl is eating her fish fillet: “Mmm, I love fish fillet” Int.: “Why?” Girl: “It is kind of a little

bit sweet but also just good. We also get it at home” (School MD, ic).

#6 A girl tastes a little bit of roasted fish roe and says: “Mmm, it actually tastes like cod roe . . .

but it is a little bit grainy and dry in the mouth” (School MD, obs).

3.3. Meta-Theme 3: Craftsmanship

3.3.1. Sub-Theme: Autonomy

Throughout the experiment, autonomy was a sub-theme, since all of the assignments were
carried out through group negotiation and decision-making; there was freedom to organise the work
themselves (no teacher involvement), for example, who should pick up the fish, who should fry the
fish etc. Pride in their work was especially evident during printing (phase a) and filleting (phase b):

108



Nutrients 2020, 12, 3180

#3 After the printing, children show their self-made print to teachers and other groups (School
all, obs).

#4 They want to try to fillet the fish themselves. The experimenter (first author) is not allowed
to help too much, only to correct them if they have made a wrong cut (School all, obs).

3.3.2. Sub-Theme: Skills

Skills were developed, particularly in the filleting process (phase b). It was observed that the
children initially had difficulties in holding the knife correctly and actually filleting the fish. During the
filleting process, they became more confident in using the knife and in how to fillet the fish (School all,
obs.). During cooking (phase c), skills were developed when they were trained how to cook a fish for
the correct amount of time:

#5 While frying the fish, the children are very preoccupied with cooking it for the right
amount of time so it is not raw, but they are also focused on not cooking it for too long. They
comment on the colour and use it as a way of telling if it is done (School all, obs).

A clear indication of the acquired skills can be seen in the following extract:

#5 After frying the fish, a girl says: “Ah, now I know how to make fish fillet. I would like to try it at

home if mom will buy a fish” (School MC, ic).

3.4. Meta-Theme 4: Interaction

3.4.1. Sub-Theme: Helping Each Other

The sub-theme “helping each other” appeared primarily as “us against them/the fish” and giving
advice. A concept of “we are in this together” and “us against the fish” appeared, particularly at
the beginning of the experiment (phase a), where the children had to pick up the fish and prepare it
for printing:

#1 Two girls are washing and drying a dab before printing. They help each other by holding
the fish at each end and carrying it together to the printing table (School MC, obs.).

Children also helped each other when washing the fish to remove the fish skin mucus prior to
the printing (phase a). For example, one child supported the fish’s tail, while another rubbed it with
a lemon slice to remove mucus from the fish. Furthermore, helping each other was observed when,
for example, applying the ink and giving advice on how to apply ink to the fish during printing,
and giving advice on how to make a correct cut with the knife during the filleting phase (phase b):

#4 The girls give advice on how and where to cut: “You have to start with the moon-shaped cut

there”. The boys correct each other more often (School MB, obs).

3.4.2. Sub-Theme: Peer Influence

Peer influence was observed throughout the exercise and resulted in the other children in the
group reacting either positively or negatively to the fish. The following two extracts illustrate peer
influence leading to a positive reaction to the fish (the first extract) and a negative reaction to the fish
(the second extract):

#3 After printing, two girls in a group of four are touching the fish, while the other two do
not want to touch it. After observing the girls touching the fish for a little while, the other
two girls change their mind and come over to the fish and try to touch it (School MB, obs.).
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#6 Everyone in the class tastes the fried fish, but three boys from the same group spit it out
and agree that they do not like to chew it as it is too mushy and soft in the mouth (first one
boy spits it out, then the rest of the group) (School MB, obs).

The ATA is summarised visually in Figure 7, which shows meta-themes, sub-themes,
and predominant clusters within identified sub-themes related to the different phases in the experiment.

                   

 

 
               

   

                         
       

 

Figure 7. Applied thematic analysis (ATA) summary visualised.

4. Discussion

Based on thematic analysis, we propose the following diagram to explain a rejection–acceptance
continuum (Figure 8).

Figure 8. A rejection–acceptance continuum based on fish categorisation with examples of elements
driving acceptance forward or backwards. Developed by first author Højer, inspired by and Rozin and
Fallon [24].
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Figure 8 illustrates elements which drive either rejection or acceptance along the continuum.
Our observations on the categorisation and re-categorisation of the fish as animal, non-animal, and food
were in line with what Rozin and Fallon [63] and Martins and Pliner [25] refer to as “animalness”.
This animalness can be reduced in a fish by, for example, removing the head and bones, cutting it up,
cooking it, and serving it without it resembling what it is: a fish and an animal [63].

At the beginning of the exercise, the fish was categorised as an animal due to its smell, slimy texture,
and visual appearance (whole animal with head, fins, blood, etc.) and thereby promoted rejection.
The whole fish represented a high degree of animalness, since it did not resemble what the children
would typically eat (a breaded fish fillet). According to the results of a Danish citizen science project
on Danes’ fish eating habits, the hot fish dish most often eaten by children was breaded fish fillet
(39%), and in the form of cold cuts (eaten on rye bread) the favourites were mackerel in tomato sauce
(33%) and fish cakes (21%) [64]. According to Fischler [65], this could be categorized as gastro-anomie,
because the consumer has problems in identifying food and food origin as a result of processing [65].
Rejection based on animalness was also found in a Norwegian study on adolescents’ (16 to 17 years
of age) attitudes towards meat from farm animals. Females, in particular, rejected meat due to its
association with, for example, blood and animal parts [66]. The study also found that participants
in regular contact with farm animals displayed no disgust reaction and had a more relaxed attitude
towards meat production [66]. In an empirical study on what motivates food disgust, Martins and
Pliner [25] found that animalness was not the complete explanation for a food disgust reaction,
as non-animal food products were also capable of promoting disgust. According to Martins and
Pliner [25], an explanation could be found in the experienced texture of, for example, slime, as it could
be related to decay. Through multidimensional scaling analysis, they were able to identify independent
(i.e., unique) dimensions, suggesting that both aversive textural properties and the reminders of
animalness are primary variables accounting for perceptions of food disgust [25,67]. Egolf, Siegrist,
and Hartmann [28] also found in their study on how people’s food disgust sensitivity shapes eating
and food behaviour that surface texture of food was capable of promoting disgust.

According to our observations during the printing phase, the fish was re-categorised from animal
to non-animal, because it was perceived as an art/play medium and rejection cues were not evident. In
this phase, tactility through touching the fish, as part of the assignment of printing, appeared to promote
acceptance of the fish. This observation correlates with the findings of Coulthard and Sealy [38], who
found that pre-school children tried more fruits and vegetables after participating in a sensory play
activity with real fruits and vegetables than children in a non-food sensory play task (p < 0.001) and in
a visual exposure task (p < 0.001). Similar results were also found by Nederkoorn, Theiβen, Tummers,
and Roefs [41]: tactility increased the acceptance of food with the same texture.

The observed acceptance could also be promoted by the reduction in mucus on the fish after
washing, which would reduce the texture-induced disgust as proposed by Martins and Pliner [25].
Nevertheless, this does not account for the following tactile exploration of the fish, where the children,
driven by curiosity about something unfamiliar, put their fingers in the fish’s mouth, touched the gills,
eyes, tongue, etc., with all parts of the fish still covered by or containing mucus (see Figure 6).

At the beginning of the filleting phase of the exercise, the fish was again categorised as an animal,
and rejection was promoted. A behavioural example was the observation of the children putting on
latex gloves in this phase, although this behaviour could also be a result of peer influence.

Rejection was primarily due to the cutting through of the skin of the fish and cutting close to the bones.
Both sound and visual cues reminded them that they were cutting into an animal, thereby increasing
the perceived animalness. Later in the filleting phase, the fish were re-categorised from animal to food,
because the fish was now fish fillets. The bones, skin, viscera, head, etc. were disposed of. What remained
was a form of the fish that was familiar to the children: fish fillets. Applying Lévi-Strauss’ [68] concept of
nature-culture, we see that, through the filleting process, the fish had gone from a natural form to a more
cultivated form, and through the frying of the fish the final step in the cultivating process had been reached.
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Furthermore, during the filleting and cooking phase, the children started to learn technical skills,
and they clearly took pride in their work, which could be an expression of what Sennett [59] calls the
emotional reward for attaining a skill and doing it well, like a craftsman. This finding of promoted
self-efficacy, as defined by Bandura [69], is supported by the findings of Cunningham-Sabo and
Lohse [70] in an interventional study with fourth-graders. Not only did they find an increase in cooking
and food self-efficacy but also an increase in fruit and vegetable preference. Most notable is the finding
that non-cookers particularly benefitted from the intervention [70]. An increase in cooking efficacy
was also confirmed in a similar study including an experiential approach by Jarpe-Ratner, Folkens,
Sharma, Daro, and Edens [71], although no definition of the concept experiential was given.

At the end of the experiment, the fish were fried, and the re-categorisation from animal to food
was complete. Observations showed that the majority of children chose to taste and eat the fish fillet on
rye bread; the reason given was the good taste, a reason corresponding to the findings of Sick, Højer,
and Olsen [29] in a study on children’s self-evaluated reasons for accepting and rejecting foods.

Rejection was promoted by, for example, the texture of the cooked fish in the mouth. Rejection of
fish based on texture was found by Donadini, Fumi, and Porretta [72], where fish was rejected due to
softness, a jelly-like texture, fast melting, and tendency to fall apart easily textures. Texture was also
found to be a key rejection characteristic by Sick, Højer, and Olsen [29]. For the children that showed
reluctance throughout the experiment and ended up tasting the fish fillet, an “I filleted and cooked it
myself” effect could be a possible explanation. A similar effect of “I cooked it myself” was found by
Dohle, Rall, and Siegrist [73] and Allirot, da Quinta, Chokupermal, and Urdaneta [74]. Allirot et al. [74]
and van der Horst, Ferrage, and Rytz [75] also point to the context or atmosphere in which the food
exposure took place and the “cooking together” factor as relevant factors impacting food likes and
dislikes and thereby promoting acceptance or rejection. Since the gyotaku experiment took place in a
school(-like) setting, the “cooking together” and “helping each other” factors promoted acceptance of
fish. According to Lukas and Cunningham-Sabo [76], there is a difference between cooking with friends
and classmates. In a qualitative study, they found that classmates were typically associated with rules,
structure, and restrictions, while friends are defined by fun and freedom [76]. Yet, when Lukas and
Cunningham-Sabo [76] compared data across focus groups, they found that the cooking and tasting
group did not make a clear distinction between classmates and friends, and the children in this group
seemed to consider their classmates as friends in this “cooking together” context. This was not the
case in the two other groups. However, other studies [77,78] have not found a correlation between an
experience-based approach and positive change in acceptance, preference or liking of foods.

5. Strengths and Limitations

This section considers the credibility, transferability, dependability, and confirmability [53,79] of
the study findings.

Credibility was sought in this study by comparing the findings with those of previous studies
that have focused on similar research. Furthermore, to reduce observer bias, observer assistants
were present in all but two cases, and after the experiment had ended, dialogues took place between
the experimenter and assistant regarding what had been observed. Dependability was sought via a
thorough description of the study design and the gyotaku experiment itself in order to ensure that other
researchers are able to execute a study in a similar way. Even though true objectivity of the researcher
rarely exists, confirmability was sought through a sampling process, whereby the participating classes
entered the study according to the rule of “first responders to the information letter” sent out via email
(regional) and shared in a Food-Knowledge-specific Facebook group for teachers (national).

Geographically, the data were only collected in the eastern part of Denmark. Therefore, in terms
of transferability, it could be said that this case study is not representative of the general population
of children in Denmark. Nevertheless, the findings can be seen as indications transferable to similar
contexts, since the observations seemed stable and comparable across the cases (schools and classes).
Furthermore, even though the experiment varied in terms of setting, the observations across the two
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settings seemed stable and comparable. Additionally, a research participation effect [80] cannot be
completely eliminated as the presence of the research and assistant group in the gyotaku experiment
situation is an addition to the typical setting situation. Furthermore, analysis and ATA frame was
validated by a researcher not part of the study, but with extensive research experience to reduce bias.

Even though more research in this area is needed, this finding opens up the possibility of
transferring the gyotaku exercise and the expected outcome to settings outside the conventional
school setting.

We recognise that the present study holds certain limitations investigation-wise that need to
be addressed in future research. One such limitation is the aspect of how children categorise and
re-categorise fish and how this is connected to the experimental context, the school arena. Furthermore,
a more focused investigation of how tactile play might influence children’s acceptance of food,
especially outside the area of fruit and vegetables, is warranted.

6. Conclusions

With regard to how children responded to handling, preparing, and cooking the fish and how the
process of the gyotaku experiment affected the acceptance, we identified that response of rejection and
acceptance moved back and forth on a continuum. Rejection was driven by slimy touch, whole animal,
smell, cutting through skin, texture of fish meat in the mouth, and taste, and acceptance was promoted
by togetherness, helping each other, tactile play, re-categorisation of the fish, exploration, pride, skills,
and was self-made. Furthermore, the movement back and forth was determined by how the fish
was categorised (as animal, non-animal, or food). The study revealed that autonomy, skills, pride,
and helping each other in the groups were important factors in promoting acceptance, whereas the
texture of the fish, for example, led to rejection. Furthermore, we found that using the fish as a creative
medium for tactile play became an important motivator in promoting acceptance. The findings in this
study highlight that cooking combined with tactile play could be a way of promoting acceptance of
fish, and as such serve as a potential strategy in promoting healthy food behaviour. The same exercise
could be used with other food groups as well, for example with vegetables, fruit, chicken (e.g., print of
feet or wings before preparing) etc. where the squid ink is substituted with berry juice or beet root
juice. At the same time, our findings support the importance of the school setting and the subject Food
Knowledge as a potential experiential learning gateway to promoting healthy food behaviour through
focusing on children’s food and culinary knowledge and skills, which has also been recommended by
Nelson et al. [47].
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Appendix A

Table A1. Data set: Meta-themes, sub-themes, and data extracts from field note journal (obs: observation *, ic: informal conversation **).

Meta-Theme Sub-Theme Data Extract

1. Rejection Distaste

#1. When the lid is removed from the fish on ice, several children say “Ugh, it smells fishy” [in a bad way]. (School MB, MC, MD, SA, SB, SC, obs *).
#6 Some children do not want to taste the fish.

Int.: “Why?”

Response: “It smells of fish”, “We know we do not like fish because it feels weird in the mouth”. A girl says: “That is also why my dad does not like fish” (School MC, ic**).
#6 Int.: “Do you like the fish?” (asked to a girl group after frying the fish). Girl, not eating her fish fillet: “I do not like the smell of fish”. (School SB, ic).

#6 After tasting the fried fish fillet, a boy said: “Arhh, that is not for me”.

Int.: “How come?”

Boy: “It feels mushy in my mouth and tastes fishy”. (School SA, ic).
#6 Two girls absolutely do not want to taste the fried fish, because they know that they do not like fish. (School SB, ic).

#6 A girl nibbles at the fried fish: “I don’t like the fish. It is kind of . . . mushy”. (School MD, obs).
#6 Three boys did not want to taste the fish: “We do not like the taste and smell of fish”. (School SC, ic).

#6 Everyone in the class tastes the fried fish, but three boys spit it out and agree that they do not like to chew it as it is too mushy and soft in the mouth. (School MB, obs).
#1 When the lid is removed from the fresh fish, many children react by turning away from the fish, holding their hands in front of their mouth and/or nose, pinching

their nose, mimicking vomiting, making “yuck” noises, closing their eyes, etc. (School MB, MC, MD, SA, SB, SC, obs).
#1“Ugh, it is GROSS and soooo slimy . . . ”

Some children mimic vomiting (School SA, obs **.).
#1 Girl, after fish has been cleaned and is placed on the cutting board: “It is not normal”. (School MD, obs.)

#1 Girl, when fish has been collected: “Yuck! Look, it has eyes” [pinches her nose]. (School SC, obs).
#1 A boy does not want to touch the fish: “It is slimy”. [no special facial expression/body language]. (School MD, obs).

#1 A boy pokes the fish before washing: “Ugh, it is sticky”. (School MB, obs.)

Disgust

#1 Several children try to pick up the fish from the box using only the tips of their thumb and index finger (School MB, MC, MD, SA, SB, SC, obs).
#2 A boy says that the fish is really disgusting, makes “yuck” sounds, but at the same time he cannot help himself poking it in the eye followed by big arm swings and

screeching. Then he runs over to wash his fingers and goes back and pokes the fish again. (School MD, obs).
#4 A group of girls purse their lips at the sight of blood from the fish. Some close their eyes and turn away from the fish. (School MD, obs.).

#4 Int.: How is it going with filleting the fish? (Question to a girl group).The girl cutting responds: “I think that sound when you kind of hit the bone with the knife and that sound
it makes . . . ugh” [shrugs] (School MD, ic).

#4 During filleting. Girl: “Yuck, it has fish guts inside [viscera]”. [she pinches her nose and turns away while holding her hands in front of her mouth]. (School MD, obs).
#4 Several children put on latex gloves before starting filleting. (School MB, obs.).

#5 When the fillets have to be turned in breadcrumbs, they are moved/lifted by holding the fillet in the tail end with the tip of the thumb and index finger (to touch as
little meat as possible). (School MB, MC, MD, SA, SB, SC, obs.).
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Table A1. Cont.

Meta-Theme Sub-Theme Data Extract

2. Acceptance

Tactility

#1 After washing the fish. Girl, stroking the fish: “It is kind of rough but now it is soft”. (School MB, obs).
#1 Boy group after washing the fish: they stroke it and agree that it is weird because it was so slimy before but is now soft to the touch (School MD, obs).

#1 Int.: “What was it like to touch the fish?”

Girl: “It was fun because when you stroke it in the opposite direction, it was . . . kind of rough”. (School MC, ic).
#2 During the printing process, great attention is given to getting the right amount of ink on the eyes, fins and the mouth to get them onto the paper. This is done by
unfolding the fins with the fingers and dabbing the sponge lightly on the eyes, fins and the mouth (the girls are more aware of this than the boys). (School SA, SB, SC,

MB, MC, and MD, obs.).
#2 Girl: “Use your fingers, it’s much easier”.

The group quickly shifts from using a spoon to using their fingers to ensure that the paper absorbs ink during the printing [stroking the fish on top of the paper].
(School MD, obs.).

#2 Between prints, the fish is gently patted and stroked by several children; it is ‘tickled’ between the eyes and around the mouth. (School MB, MC, MD, SA, SB, SC, obs).
#3 A girl group are stroking their fish and give it a name (School SA, obs).

#3 A girl group are gently stroking their fish, and a girl says: “I can’t eat it now” (School SB, obs.).
#4 After the filleting process, they use their fingers to check for small bones in the fillets (School SA, SB, SC, MB, MC, and MD, obs.).

Exploration

#2 A boy turns the fish to its white side and asks: “Why is it white underneath?” Int.: [gives an explanation]. Boy: “Ohh, that is smart”. (School MC, ic).
#3 A girl is exploring the fish. She opens the fish’s mouth and looks into it: “I just had to look inside. You can see its teeth . . . I just had to touch”.

Another girl in the group: “Ohh yes, its mouth can get really big”.

The first girl replies: “Yes, it can eat big fish”. (School MC, ic).
#3 The children open the mouth of the fish and feel inside with their fingers. Feeling the teeth, in particular, makes them more curious, and they keep exploring, also by

touching the tongue. (School SA, SB, SC, MB, MC, and MD, obs.).
#3 Girl: “Can you eat the squid ink?”

Int. “Yes, you can. Do you want to taste it?”

More children gather around the table, and several of them taste the ink.

“Ugh, it is very salty”. (School MC, ic).
#3 After printing, a boy asks: “Can you eat the eyes . . . and may I?” (School MB, obs).

#3 Int.: “Have you ever tried to open the mouth of a fish?”

Boy group: “Nooo . . . ”. Int.: “Try it”. A boy holds the fish, while another boy opens the mouth. All: “Whoa!”. (School MB, ic).
#4 A girl says: “The viscera are not disgusting but mysterious”. (School MD, obs).

#4 Boys start to explore the viscera of the fish. They ask what parts they are and whether they can be eaten. (School MB, MC, MD, SA, SB, SC, obs).
#4 Boys start to pull out the intestines in their full length. (School SA, SC, obs.)

#4 Girls cutting roe out from the fish.

Int.: “Do you know what that is?”

Girl: “No . . . ”
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Meta-Theme Sub-Theme Data Extract

Other girl in group: “I do . . . it is roe. Can you eat it?”

Int.: “Yes”

Girl: “Let’s try and fry it and taste it”. (School SC, ic).
#4 Roe in fish: first the children do not want to touch or even look, but after a while they start to pick at it with the knife tip and then cut it, mash it and study the small

eggs. (School SA, SB, SC, obs.).

Liking

#1 Girl: “It smells good and bad at the same time” (School MD, obs.).
#1 Girl, when the lid is removed from the fish: “It smells fresh . . . of the sea and salt”. (School MB, obs).

#6 A girl who says that she does not like fish chooses to taste it anyway: “Ohh, but it tastes like chicken”. (School MB, obs.).
#6 A girl eats fried roe: “Ohh, it tastes OK—just like the rest of the fish”. (School SB, ic).

#6 A boy fries the liver: “It tastes like chicken—not bad . . . like chicken and a little bit of blood”. (School SB, obs).
#6 A girl tastes a little bit of roasted fish roe and says: “Mmm, it actually tastes like cod roe . . . but it is a little bit grainy and dry in the mouth”. (School MD, obs).

#6. After the fish has been fried, a group of boys are talking about the taste of the fish. Boy: “It actually tastes good”. Another boy replies: “Yes, much better than the ones I
get at home”. (School MC, ic).

#6 Four boys taste the fried fish: “Yes, it is good”. The other boys agree by nodding their heads. (School MD, obs.).
#6 A girl is eating her fish fillet: “Mmm, I love fish fillet”

Int.: “Why?”

Girl: “It is kind of a little bit sweet but also just good. We also get it at home”. (School MD, ic).
#6 Most children choose to taste the fried fish. Only a few do not eat all of it (School SA, SB, SC, obs).

3. Craftsman-
ship

Autonomy

#all All assignments are carried out through group decision making and negotiation in the group (no teacher involvement), for example, who should pick up the fish, or
who should fry the fish. (School MB, MC, MD, SA, SB, SC, obs).

#2 A teacher wants to help a group with the printing, but the group says that they want to do it themselves. (School MC, obs).
#3 After the printing, children show their self-made print to teachers and other groups. (School MB, MC, MD, SA, SB, SC, obs).

#4 They want to try to fillet the fish themselves. I (the experimenter) am not allowed to help too much, only to correct them if they have made a wrong cut. (School MB,
MC, MD, SA, SB, SC, obs).

#4 A group asks for help with the filleting process, but the child holding the knife does not want to let it go (School MD, obs).
#4 All of the children who filleted their own fish take great pride in their work; they show me their fillet and want me to praise them (prior to the filleting I made it clear

that it was difficult and nobody can do it perfectly the first time they try it). (School MB, MC, MD, SA, SB, SC, obs.).

Skills

#1 Before printing, groups evaluate the freshness of the fish based on what they remember from the theme course material (they remember the video material better
than that from the booklet). They evaluate the freshness by smelling and agree that the fish should smell of salt and seaweed. (School MC, obs).

#2 During the printing process, great attention is given to applying the right amount of ink to the fish and getting ink on all parts of the fish—this is more pronounced
among the girls than the boys, who are more concerned with getting it done; a lot of them call me to show me their work. (School MB, MC, MD, SA, SB, SC, obs).

#4 While filleting, several children refer to the You Tube video on filleting flatfish (a part of the theme course material): “You just have to let the knife do the work for you”
becomes a phrase they repeat in the groups. (School MB, MC, MD, obs).

#4 It is evident that the children are not used to filleting fresh fish; one class has been on a cooking camp where they worked with fish, but they did not try to fillet their
own fish. (School MB, MC, MD, SA, SB, SC, obs/ic).
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#4 When the children start to fillet, they have great difficulty in holding the filleting knife correctly. However, when they try to fillet their own fish, they become more
confident in using the knife and hold it more correctly. (School MB, MC, MD, SA, SB, SC, obs).

#5 When frying the fish, the children are very preoccupied with cooking it for the right amount of time, so it is not raw, but they are also focused on not cooking it for
too long. They comment on the colour and use that as a way of telling if it is done. (School MB, MC, MD, SA, SB, SC, obs).

#5 After frying the fish, a girl says: “Ahh, now I know how to make fish fillet. I would like to try it at home if mom will buy a fish”. (School MC, ic).

4. Child
interaction

Helping each other

#all Groups are very preoccupied with justice; that all group members get to make a print, fillet and get to taste an equal amount of fish. (School MB, MC, MD, SA, SB,
SC, obs).

#1 Two girls are washing and drying a dab before printing. They help each other by holding the fish at each end and carrying it together to the printing table (School
MC, obs.).

#1 Two boys are collecting the fish from the box. They end up picking it up together and carry it to the sink. (School SA, obs).
#1 A boy and a girl are helping each other, holding the fish and washing it under running water; one of them holds the fish, while the other rubs it with lemon. (School

SB, obs).
#2 During printing, the group members give advice to the child applying the ink, for example in order to get ink on the eyes, mouth and fins. Advice is also given to

avoid large ink blobs on the finished print. (School MB, MC, MD, SA, SB, SC, obs).
#2 During printing, they help each other apply the paper and place it correctly on the fish; they also help each other rub the paper and lift the fish print. (School MB,

MC, MD, SA, SB, SC, obs).
#2 The boys seem to correct each other, whereas the girls support each other (School MC, obs).

#4. During the filleting, the group members give advice to the child filleting, for example, on how and where to cut. (School MB, MC, MD, SA, SB, SC, obs).
#4 The girls give advice on how and where to cut: “You have to start with the moon-shaped cut there”. However, the boys correct each other more often. (School MB, obs).
#6 Before eating, the children help arrange the fish fillets on small platters, so it looks like a small dish, while others set the table. They all sit down and eat at two tables

laid with cutlery, glasses, water jugs and napkins. (School MD, obs).

Peer influence

#1 When the lid is removed from the box containing fish, the disgust behaviour spreads in small groups—if one person in the group reacts, the others react too. (School
MB, MC, MD, SA, SB, SC, obs).

#3 After printing, two girls in a group of four touch the fish, while the other two do not want to touch it. After observing the girls touching the fish for a little while, the
other two girls change their mind and come over to the fish and try to touch it (School MB, obs.)

#4 While a group of boys explore the viscera and eyes of the fish, they challenge each other to touch the eye (School MC, obs).
#4 During the filleting process, when children find viscera and roe in the fish, they start to react to it in the group. If one person reacts by holding a hand in front of the

mouth, other group members react in a similar way. (School MB, MC, MD, SA, SB, SC, obs).
#4 A girl does not want to fillet a fish, but after observing the other girls in her group, she ends up doing it (and even eating it after it has been fried). (School MB, obs).
#6 Everyone in the class tastes the fried fish, but three boys from the same group spit it out and agree that they do not like to chew it as it is too mushy and soft in the

mouth (first one boy spits it out, then the rest of the group). (School MB, obs).

Phase in the experiment: #1 = Before printing; #2 = During printing; #3 = Between printing and filleting; #4 = During filleting; #5 = Frying; #6 = Tasting; #all = All phases of the experiment.
obs: observation *, ic: informal conversation **.
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Abstract: Intro: Globally, the prevalence of overweight and obesity is increasing among children and
younger adults and is associated with unhealthy dietary habits and lack of physical activity. School
food is increasingly brought forward as a policy to address the unhealthy eating patterns among
young people. Aim: This study investigated the evidence for the effectiveness of school-based food
and nutrition interventions on health outcomes by reviewing scientific evidence-based intervention
studies amongst children at the international level. Methods: This study was based on a systematic
review using the PRISMA guidelines. Three electronic databases were systematically searched,
reference lists were screened for studies evaluating school-based food and nutrition interventions that
promoted children’s dietary behaviour and health aiming changes in the body composition among
children. Articles dating from 2014 to 2019 were selected and reported effects on anthropometry,
dietary behaviour, nutritional knowledge, and attitude. Results: The review showed that school-based
interventions in general were able to affect attitudes, knowledge, behaviour and anthropometry,
but that the design of the intervention affects the size of the effect. In general, food focused interventions
taking an environmental approach seemed to be most effective. Conclusions: School-based
interventions (including multicomponent interventions) can be an effective and promising means for
promoting healthy eating, improving dietary behaviour, attitude and anthropometry among young
children. Thus, schools as a system have the potential to make lasting improvements, ensuring healthy
school environment around the globe for the betterment of children’s short- and long-term health.

Keywords: school children; food and nutrition; intervention; healthy eating

1. Introduction

Childhood is one of the critical periods for good health and development in human life [1,2].
During this age, the physiological need for nutrients increases and the consumption of a diet high in
nutritional quality is particularly important. Evidence suggests that lifestyle, behaviour patterns and
eating habits adopted during this age persist throughout adulthood and can have a significant influence
on health and wellbeing in later life [3,4]. Furthermore, the transition from childhood into adolescence
is often associated with unhealthy dietary changes. Thus, it is important to establish healthful
eating behaviours early in life and specially focus on the childhood transition period. A healthy diet
during the primary age of children reduces the risk of immediate nutrition-related health problems of
primary concern to school children, namely, obesity, dental caries and lack of physical activity [5–7].
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Furthermore, young people adopting these healthy habits during childhood are more likely to maintain
their health and thus be at reduced risk of chronic ailments in later life [7–9]. Thus, healthy behaviours
learnt at a young age might be instrumental in reaching the goals of good health and wellbeing of the
2030 Sustainability Agenda which has implications at the global level.

Globally, the prevalence of overweight and obesity rose by 47.1% for children and 27.5% for
adults between 1980 and 2013 [10]. A recent WHO (World Health Organization) Commission
report [10] stated that if these same trends were to continue, then by 2025, 70 million children are
predicted to be affected [11]. Hence, the increased prevalence might negatively affect child and adult
morbidity and mortality around the world [12,13]. Worldwide the dietary recommendations for healthy
diets recommend the consumption of at least five portions of fruits and vegetables a day, reduced
intake of saturated fat and salt and increased consumption of complex carbohydrates and fibres [14].
However, studies show that most children and adolescent do not meet these guidelines [15,16] and,
thus, as a result, childhood and adolescent obesity are alarming nearly everywhere [17]. Recent figures
show that the prevalence has tripled in many countries, making it the major public health issue in the
21st century [18–21]. According to WHO [4], 1 in 3 children aged 6–9 were overweight and obese in
2010, up from 1 in 4 children of the same age in 2008.

The increased prevalence of overweight and obesity has fuelled efforts to counteract the
development, as seen for instance in the action plan on childhood obesity [17]. Increasingly policy
makers have been turning their interest to the school setting as a well-suited arena for the promotion
of healthier environments [18]. As a result, schools have been the target of increased attention from
the research community to develop interventions and to examine the school environment to promote
healthful behaviours including healthy eating habits.

Globally, interventions in the school environment to promote healthier nutrition among young
people have received considerable attention from researchers over the past years. But there is far from a
consensus on what are the most effective ways to make the most out of schools’ potential to contribute
to better health through food-based actions. Is it the environment that makes a difference? Is it the
education or is it the overall attention given to food and eating that plays the biggest role? School food
and nutrition intervention strategies have witnessed a gradual change from knowledge orientation to
behavioural orientation [22] and from a focus on the individual to the food environment. Research
evidence has shown that adequate nutrition knowledge and positive attitudes towards nutrition do not
necessarily translate to good dietary practices. Similarly, research has shown that the food environment
plays a far bigger role in behaviour than originally believed [23,24].

School-based interventions can a priori be considered as an effective method for promoting
better eating at the population level. Schools reach a large number of participants across diverse
ethnic groups. It not only reaches children, but school staffs, family members as well as community
members [8,25]. Schools can be considered a protected place where certain rules apply and where
policies of public priority can be deployed relatively easily. In addition, schools are professional spaces
in which learning and formation is at the heart of activities and guided by a skilled and professional
staff. Schools, as such, represent a powerful social environment that hold the potential to promote and
provide healthy nutrition and education. Besides the potential to create health and healthy behaviours,
good nutrition at school has, according to more studies, the potential to add to educational outcomes
and academic performance [26–28].

However, taking the growth in research studies and papers in the field into account, it is difficult for
both the research community and for policy makers to stay up to date on how successful school-based
interventions have been in improving dietary behaviours, nutritional knowledge and anthropometry
among children. Also, the knowledge and insights into how it is possible to intervene in the different
corners of the school food environment has developed which obviously has influenced over recent
decades how programs and interventions can be designed. It has also become clear that food at school
is more than just the food taken but includes curricular and school policy components. The findings
from school-based studies on the relationship between school, family as well as community-based
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interventions and health impact suggest that health impacts are dependent on the context in which
they have been carried out as well as the methodology. Thus, an updated overview as well as a more
detailed analysis of initiatives is needed in order to develop our understanding of the nature of the
mechanisms through which the school can contribute to the shaping of healthier dietary behaviour
among children and adolescents before more precise policy instruments can be developed. Our study
attempted to fill the need for better insight into which of the many intervention components works
best. It attempted to look at school food and nutrition interventions reported in the literature that have
been looking at healthy eating programmes, projects, interventions or initiatives.

School-based interventions in the Western world are traditionally targeted at addressing obesity
and over-nutrition, but school food interventions are also addressing under nutrition and, as such,
their role in a double burden of disease perspective should not be underestimated. Many studies
have reported on micronutrient malnutrition among school-aged children in developing countries
(for instance [29–31]) but it has also been reported in the context of developed countries [32]. Against this
backdrop, the aim of this study was to provide an analysis of the evidence of the effectiveness of
school-based food interventions by reviewing recent scientific, evidence-based intervention studies
on healthy eating promotion at school. The specific objectives of the study were to identify which
interventions had an effect on primary outcomes, such as BMI, or on secondary outcomes such as
dietary behaviour, nutritional knowledge and attitude.

2. Materials and Methods

The functional unit of the review were healthy eating programmes, projects or initiatives that have
been performed using the school as a setting. We included only programmes, projects or initiatives that
were studied in a research context, in the sense that they were planned by researchers, carried out under
controlled settings using a research protocol, and reported in the literature. School-based programmes,
projects, interventions or initiatives are, per definition, cluster samples where a number of schools
first were chosen for intervention followed by performing an outcome measurement before and after
the intervention and, in most cases, also in one or more control schools. The outcome measurement
in the studies reviewed was performed on a sample of students that was drawn from each school
(cluster).For this, the systematic review and meta-analysis (PRISMA) guidelines and the standardised
quality assessment tool “effective public health practice project (EPHPP) quality assessment tool for
quantitative studies” were used for analysing the quality assessment of the included studies [33].
This EPHPP instrument can be used to assess the quality of quantitative studies with a variety of
study designs.

2.1. Literature Search

The literature review involved searches in PubMed, Web of Science and Cochrane Library database.
The search strategy was designed to be inclusive and focused on three key elements: population
(e.g., children); intervention (e.g., school-based); outcome (e.g., diet and nutrition, knowledge, attitude
and anthropometrics). The search terms used in PubMed database were: “effectiveness of school food
AND nutrition AND primary school children”, “effectiveness of school food AND nutrition AND
interventions OR programs AND among primary school children AND increase healthy consumption”,
“primary school children and education and food interventions”, “Effectiveness of school-based food
interventions among primary school”, “effectiveness of school-based nutrition and food interventions”,
“primary school interventions and its effectiveness”, and “obesity prevention intervention among
Primary schools”. Search terms such as: “effectiveness of school-based food interventions among
primary school”, “effectiveness of school based food and nutrition interventions”, “primary school
interventions and its effectiveness” and “obesity prevention interventions”, were used in the Web
of Science database. Lastly, search terms such as: “nutrition interventions in primary schools” and
“Nutrition education interventions in school” were used in the Cochrane Library database to find the
articles. In addition, reference lists of all retrieved articles and review articles [34] were screened for
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potentially eligible articles. The search strategy was initially developed in PubMed and adapted for use
in other databases. In addition, snowballing of the reference list of the selected articles was conducted.

2.2. Inclusion Criteria

Studies selected for the inclusion were studies which investigated the effectiveness of a school-based
interventions targeting food and nutrition behaviour, healthy eating and nutrition education as a
primary focus during the intervention. Also, to be included in this review, only articles from
2014 to 2019 were selected and of those inclusion criteria included articles targeting primary
school children aged between 5 and 14 years. Participants included both boys and girls without
considering their socio-economic background. Study design included randomized controlled trial
“RCT”, cluster randomized controlled trial “RCCT”, controlled trial “CT”, pre-test/post-test with and
without control “PP”, experimental design “Quasi”. Studies which did not meet the intervention
components/exposures, such as information and teaching (mostly for the target group and parents were
additional), family focus on social support and food focus (which mainly focuses on the availability
of free foods including food availability from school gardening), were excluded. Systematic review
papers and studies written in different language except for English were excluded as well. Studies
which met the intervention criteria but had after school programs were excluded.

2.3. Age Range

Since the review covers a broad range of different countries and since school systems are quite
different, the sampling principle had to include some simplification and standardisation. The goal
of the review was to cover elementary (primary) and secondary education and, as a result, the age
range of 5–14 was chosen to be the best fit, although it should be noted that secondary education in
some countries also covers those 15–18 years of age. In most countries, elementary education/primary
education is the first—and normally obligatory—phase of formal education. It begins at approximately
age 5 to 7 and ends at about age 11 to 13 and in some countries 14. In the United Kingdom and some
other countries, the term primary is used instead of elementary. In the United States the term primary
refers to only the first three years of elementary education, i.e., grades 1 to 3. Elementary education is,
in most countries, preceded by some kind of kindergarten/preschool for children aged 3 to 5 or 6 and
normally followed by secondary education.

2.4. Assessment of Study Eligibility

For the selection of the relevant studies, all the titles and abstracts generated from the searches
were examined. The articles were rejected on initial screening if the title and abstract did not meet
the inclusion criteria or met the exclusion criteria. If abstracts did not provide enough exclusion
information or were not available, then the full text was obtained for evaluation. The evaluation
of full text was done to refine the results using the aforementioned inclusion and exclusion criteria.
Thus, those studies that met predefined inclusion criteria were selected for this study.

2.5. Analytical Approach

The first step of data collection was aimed at organizing all studies with their key information.
In the second step, we created coded columns. A coded column served as a basis for being able to do
further statistical analysis. In other words, in a coded column we added a new construct not originally
found in the papers as a kind of dummy variable that standardized otherwise non-standardized
information, allowing us to treat otherwise un-calculable data statistically. For the impact columns,
we used the following approach to construct codes where impacts where put on a 1–4-point Likert
scale with 1 being “ineffective”, 2 “partially effective”, 3 “effective” and 4 “very effective”.

For the design column, the following approach was adopted as illustrated in the Table 1. Quasi
experimental/pre–post studies were labelled QED and were considered to always include a baseline
and follow-up outcome measurement. As the simplest design with no comparison but just a pre/post
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study of the same group, we constructed a power column and assigned 1 to this for a QED design.
For the controlled trial (CT), we assigned the power 2. A controlled trial is the same as QED but with a
comparison/control in which no interventions are made and with no randomization. We considered a
study to be of that kind if some kind of controls were made which could be, for instance, matching.
All CTs in our study included 2 types of comparisons: pre and post (baseline and follow-up) as well
as a comparison between intervention/no intervention. For the RCT/RCCT—a trial that is controlled
through the randomization—we assigned the power 3. This “top of hierarchy” design includes the
case (intervention) and a control (no intervention) and normally two types of comparisons (pre and
post) as well as an intervention/no intervention. For the context of this study, we did not differentiate
between RCTs and RCCTs. The latter is sometimes used to stress the fact that the school (or the class) is
the sampling unit from which the subjects are recruited. But since in the context of schools RCCT is
simply a variation of RCT, we coded them in the same class of power. We simply assumed that when
authors spoke about an RCT, they in fact meant an RCCT since they could not have been sampling
subjects without using the school as the unit.

Table 1. Coding table for study designs. The table shows the types of studies examined in the review
and the power assigned to them.

Code Design Power

PP Pre-Test/Post-Test 1
OBS Observational 1
CT Controlled Trial 2
RCT Randomized Controlled Trial 3
RCCT Randomized Controlled Cluster Trial 3

Codes and categorization were used to standardize the information found in the papers for our
statistical analysis. Categorisation of the age/class level, such as EA—Early age, EML—Early middle
late, EL—Early late, was used.

For the intervention components (“what was done”) we translated all studies into three columns:
information and teaching, family and social support and environmental components, food provision
and availability. The latter was further expanded into three columns labelled as: focus on and
provisioning of F & V; free food availability through school gardening and availability of food and
healthier food environment. Our inclusion criteria were that studies should contain at least one of
these components. For the environmental component—food provision and availability intervention
components—we identified 2 distinct types: either a broad healthier eating focus or a narrow and
more targeted fruit and vegetable focus. After the coding, we started to ask questions about the data.
Most importantly, we were interested in knowing whether there existed a relationship between “what
was done” and “what was the impact”. In other words, we were interested in knowing more whether
there was a pattern in the way the studies intervened and the outcomes.

2.6. Queries Made

We performed queries for each intervention component (the independent variable in columns K,
L and M) for each single outcome measure.

Is there a relationship between age and outcome? We used the coded column (EA, EML, etc.) to
study that relationship.

In addition, we made queries regarding the relationship among study designs. For instance,
would the duration of studies influence whether an effect could be found or not? Would more powerful
designs result in more impact?

Furthermore, we made queries on the relationship between one intervention and a
multi-interventional component and their effect on the outcome measure. Also, the queries on
target groups were made. Codes such as S and NS (refer Table 4) in the column were used to study the
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relationship. In our analysis a distinction was made between “standard” and “extreme” (special cases).
From the reviewed papers, it was clear that some studies put little emphasis on the school selected.
We classified those as standard (S). However, a few papers used a stratification approach and case/cluster
selection that can be classified as an “extreme” or non-standard case. We coded these as non-standard
(NS). For instance, studies could be targeted to include only refugees or subjects of low socio-economic
status. It can be speculated that being a “special case” or extreme case could have an influence.
As a result, we reserved a code for these cases, although it became clear that they represented only
a minority.

In our study, availability plays a central role, since it is used in many food-at-school intervention
studies. Availability signals that food is “pushed” as opposed to being used in the “pull” mode,
where individuals are expected to request food in the sense that is the behaviour of the individual
that becomes the driving force rather than the “out thereness”. Availability is in most studies used
in combination with the idea of a food environment. The literature shows that availability can be of
two types. One is when food is made available for the individual to take where visibility, salience,
product placement, etc., are used as factors. The other type of availability is when it is made free
and the individual as a result does not have to pay. Free availability has been studied extensively in
intervention studies but for obvious reason it is difficult to implement “post-study” since there needs
to be a permanent financing present. The only exceptions to this are the collective meal models found
in countries such as Sweden, Finland, Estonia and Brazil as well as in the EU scheme where the EU
subsidizes the fruit.

Study design and other characteristics are provided in Table 2, and their findings are provided in
Table 3.
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Table 2. The review sample: study design/characteristics. The table shows the 43 studies of the review Illustrating study design and study characteristics of the
included studies.

Author Year Title/Reference Main Aim (from Abstract)
Main Aim in

Brief
Program

Name
Location &

Country
Study Design

Study Design
Coded

Power Intervention Components

Acronym Column I
RCT, PP, CT, RCCT,

Quasi

Information
and

Teaching

Food Focus

Family/Social
Support

Environmental/Food
Focus on Healthy
Meal Availability

Environmental/Food
Focus through

School Gardening

Harake et al.
[35] 2018

Impact of pilot school-based
nutrition intervention on
dietary knowledge,
attitudes, behaviours and
nutritional status of Syrian
refugee children in the
Bekaa, Lebanon

This study aimed to
evaluate the impact of a
six-month pilot
school-based nutrition
intervention on changes in
dietary knowledge, attitude,
and behavior of Syrian
refugee children enrolled in
informal primary schools
located in the rural region
of the Bekaa in Lebanon. A
secondary objective of the
study was to explore the
effect of the intervention on
the dietary intake and
nutritional status of
children.

Nutritional
knowledge,
attitude, HE &
FV

GHATA Bekaa Lebanon Quasi
experimental QED 1 x x

Adab P, et al.
[36] 2018

Effectiveness of a childhood
obesity prevention
programme delivered
through schools, targeting
>6 (more than 6 years) and
7 years old cluster
randomised controlled trial
(WAVES study)

To assess the effectiveness
of a school and family
based healthy lifestyle
programme (WAVES
intervention) compare with
usual practice, in
preventing childhood
obesity.

Anthropometry,
HE & FV WAVES

UK primary
schools from the
West Midlands
within 35 miles of
the study centre

Randomized
Controlled Cluster
Trials

RCCT 3 x

Harley A, et al.
[37] 2018

Youth Chef Academy: Pilot
Results From a Plant-Based
Culinary and Nutrition
Literacy Program for Sixth
and Seventh Graders

The study aim was to
examine the effectiveness of
Youth Chef Academy
(YCA), a classroom-based
experiential culinary and
nutrition literacy
intervention for sixth and
seventh graders (11- to
13-year-old) designed to
impact healthy eating.

HE & FV,
Nutritional
knowledge

YCA US (exact location
is missing)

Controlled Trial
(CT) CT 2 x

Hermans R.C.J.
et al. [38] 2018

Feed the Alien! The Effects
of a Nutrition Instruction
Game on Children’s
Nutritional Knowledge and
Food Intake

The aim of this study was to
test the short-term
effectiveness of the Alien
Health Game, a videogame
designed to teach
elementary school children
about nutrition and healthy
food choices.

HE & FV,
Nutritional
knowledge

AHG Dutch, Netherland
Pre-test post-test,
experimental
study design

QED 1 x
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Teaching

Food Focus
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Focus on Healthy
Meal Availability

Environmental/Food
Focus through

School Gardening

Piana N., et al.
[39] 2017

An innovative school-based
intervention to promote
healthy lifestyles

To describe an innovative
school-based intervention
to promote healthy
lifestyles. To evaluate its
effects on children’s food
habits and to highlight the
key components which
contribute most to the
beneficial effects obtained
from children’s, teachers’
and parents’ perspectives.

HE & FV,
Nutritional
knowledge,
Physical
activity

Kidmed
test Spoleto, Umbria Pre-test post-test PP 1 x x

Battjes-Fries
M.C.E., et al.
[40]

2017

Effectiveness of Taste
Lessons with and without
additional experiential
learning activities on
children’s willingness to
taste vegetables

The aim of this study was to
assess the effect of Taste
Lessons with and without
extra experiential learning
activities on children’s
willingness to taste
unfamiliar vegetables, food
neophobia, and vegetable
consumption.

HE & FV,
attitude TLVM Dutch province of

Gelderland

Quasi
experimental
design

QED 1 x

Bogart L.M., et
al. [41] 2014

A Randomized Controlled
Trial of Students for
Nutrition and eXercise
(SNaX): A
Community-Based
Participatory Research
Study

To conduct a randomized
controlled trial of Students
for Nutrition and eXercise
(SNaX), a 5-week
middle-school-based
obesity-prevention
intervention combining
school-wide environmental
changes, multimedia,
encouragement to eat
healthy school cafeteria
foods, and peer-led
education.

HE & FV,
Nutritional
knowledge

SNaX
Los Angeles
Unified School
District

Randomized
Controlled Trial RCT 3 x

Shriqui V.K., et
al. [42] 2016

Effects of a School-Based
Intervention on Nutritional
Knowledge and Habits of
Low-Socioeconomic School
Children in Israel: A
Cluster Randomized
Controlled Trial

Examining the effect of a
school-based
comprehensive intervention
on nutrition knowledge,
eating habits, and
behaviours among low
socioeconomic status (LSES)
school-aged children was
performed

Anthropometry,
HE & FV,
Nutritional
knowledge

NRI & PA
Beer Sheva, a big
metropolis in
southern Israel

Randomized
Controlled Cluster
Trial

RCCT 3 x x
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Sharma S.V. et
al. [43] 2016

Evaluating a school-based
fruit and vegetable co-op in
low-income children: A
quasi-experimental study

The purpose of this study
was to evaluate the
effectiveness of a new
school-based food co-op
program, Brighter Bites
(BB), to increase fruit and
vegetable intake, and home
nutrition environment
among low-income 1st
graders and their parents.

HE & FV,
Nutritional
knowledge

BB Houston, Texas
Quasi-experimental
non-randomized
controlled study

QED 1 x x x

Lawlor A.D. et
al. [44] 2016

The Active for Life Year 5
(AFLY5) school-based
cluster randomised
controlled trial: effect on
potential mediators

To determine the effect of
the intervention on
potential mediators

Anthropometry,
HE & FV AFLY5 South East of

England Cluster RCT RCCT 3 x x

Steyn P.N. et al.
[45] 2016

Did Health kick, a
randomised controlled trial
primary school nutrition
intervention improve
dietary quality of children
in low-income settings in
South Africa?

To promote healthy eating
habits and regular physical
activity in learners, parents
and educators by means of
an action planning process

HE & FV, PA HK Western Cape
(WC) Province Cluster RCT RCCT 3 x

Jones M. et al.
[46] 2017

Association between Food
for Life, a Whole Setting
Healthy and Sustinable
Food Programme, and
Primary School Children’s
Consumption of Fruit and
Vegetables: A cross
Sectional Study in England

The aim of the study was to
examine the association
between primary school
engagement in the Food for
Life programme and the
consumption of fruit and
vegetables by children aged
8–10 years.

HE & FV,
Nutritional
knowledge

FLP England

Cross sectional
school matched
comparison
approach

Cross-sectional
study design 1 x x

Larsen L.A. et
al. [47] 2015

RE-AIM analysis of a
randomized school-based
nutrition intervention
among fourth-grade
classrooms in California

To promote healthy eating
behaviours and attitudes in
children

HE & FV,
Nutritional
knowledge,
Attitude

NPP California

RCT with pre-,
post-, and
follow-up
assessments

RCT 3 x x
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Shen, Hu and
Sun [48] 2015

Assessment of School-Based
Quasi-Experimental
Nutrition and Food Safety
Health Education for
Primary School Students in
Two Poverty-Stricken
Counties of West China

Aimed to assess the
reliability of the knowledge,
attitude and behaviour of
nutrition and food safety
questionnaire for primary
school students (Grade 4 to
6) in poverty-stricken
counties of China, and
evaluate the effectiveness of
health education through a
quasi experiment, in order
to promote policy
establishment for child and
adolescent health in the
future

HE & FV,
Nutritional
knowledge,
Attitude

NFSE
West China
(Shaanxi and
Yunnan provinces)

Quasi-experimental
design QED 1 x

Gallotta C.M.
et al. [21] 2016

Effects of combined
physical education and
nutritional programs on
schoolchildren’s healthy
habits

To evaluate the efficacy of
three 5-month combined
physical education (PE) and
nutritional interventions on
body composition, physical
activity (PA) level,
sedentary time and eating
habits of schoolchildren

Anthropometry,
HE & FV,
Nutritional
knowledge,
PA

ESFS Rome (Italy)
Randomised
Controlled Cluster
Trial

RCCT 3 x x

Fairclough J.S.
et al. [49] 2013

Promoting healthy weight
in primary school children
through physical activity
and nutrition education: a
pragmatic evaluation of the
CHANGE! randomised
intervention study

To assess the effectiveness
of the CHANGE!
intervention on measures of
body size, PA and food
intake

Anthropometry,
HE & FV, PA CHANGE

Wigan Borough in
northwest
England, UK

Cluster
randomised
intervention

RCCT 3 x

Cunha B.D. et
al. [50] 2013

Effectiveness of a
randomized school-based
intervention involving
families and teachers to
prevent excessive weight
gain among Adolescents in
Brazil

To evaluate the
effectiveness of a
school-based intervention
involving the families and
teachers that aimed to
promote healthy eating
habits in adolescents; the
ultimate aim of the
intervention was to reduce
the increase in body mass
index (BMI) of the students

Anthropometry,
HE & FV, PA PAPPAS

Duque de Caxias,
Rio de Janeiro,
Brazil

Paired cluster
randomized
school-based trial

RCCT 3 x
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Focus through

School Gardening

Aviles O.A. et
al. [51] 2017

A school-based intervention
improved dietary intake
outcomes and reduced
waist circumference in
adolescents: a cluster
randomized controlled trial

The program aimed at
improving the nutritional
value of dietary intake,
physical activity (primary
outcomes), body mass
index, waist circumference
and blood pressure
(secondary outcomes)

Anthropometry,
HE & FV, PA ACTIVITAL Urban area of

Cuenca, Ecuador

Pair-matched
cluster
randomized
controlled trial

RCCT 3 x x

Muros J.J. et al.
[52] 2013

Results of a seven-week
school-based physical
activity and nutrition pilot
program on health-related
parameters in primary
school children in Southern
Spain

To determine the effect of
nutrition education
combined with sessions of
vigorous extracurricular
physical activity (VEPA) on
the improvement of
health-related parameters
in children in primary
education

Anthropometry,
HE & FV, PA VEPA Southern Spain Pilot study, PP QED 1 x

Moss A et al.
[53] 2013

Farm to School and
Nutrition Education:
Positively Affecting
Elementary School-Aged
Children’s Nutrition
Knowledge and
Consumption Behavior

To introduce the CATCH
nutrition curriculum and
Farm to School program to
assess nutrition knowledge
of 3rd grade students, and
increase their fruit and
vegetable consumption
behavior

HE & FV,
Nutritional
knowledge

CATCH Southern Illinois Quasi-experimental
design QED 1 x

Zota D. et al.
[54] 2016

Promotion of healthy
nutrition among students
participating in a school
food aid program: a
randomized trial

To evaluate the potential
benefits on students’ eating
habits, of incorporating
healthy nutrition education
as part of a school food aid
program

Anthropometry,
HE & FV DIATROFI Greece

Randomised
Controlled Trial
with the aspects of
pre and post
intervention
questionnarie

RCT 3 x x x

Gold A. et al.
[55] 2017

Classroom Nutrition
Education Combined With
Fruit and Vegetable Taste
Testing Improves
Children’s Dietary Intake

To test the classroom
curriculum, go wild with
fruits & veggies! (GWWFV)
effectiveness to increase FV
intake of third graders in
rural and urban
communities in North
Dakota

HE & VF GWWFV North Dakota

Intervention study
with RCT aspects
(the schools were
randomized to
control and
intervention
school)

RCT, Intervention
study 3 x

Mbhatsani
H.V., et al. [56] 2017

Development and
Implementation of
Nutrition Education on
Dietary Diversification for
Primary School Children

To ensure that people
consume a variety of foods
that, together, provide
adequate quantities of all
the essential micronutrients
necessary for health

HE & FV,
Nutritional
knowledge

NET &
HBoIF

Vhembe District of
Limpopo Province
in South Africa

Quasi-experimental,
with a one-group
pre-test/post-test
intervention

QED 1 x
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Hutchinson J.
et al. [57] 2015

Evaluation of the impact of
school gardening
interventions on children’s
knowledge of and attitudes
towards fruit and
vegetables. A cluster
randomised controlled trial

To evaluate whether
ongoing gardening advice
and gardening involvement
from the Royal
Horticultural Society (RHS)
gardening specialists was
associated with better fruit
and vegetable outcomes in
children than those at
teacherled schools that
obtained standard advice
from the RHS Campaign for
School Gardening

Nutritional
knowledge,
Attitude

CFSG

London boroughs,
Wandsworth,
Tower Hamlets,
Greenwich and
Sutton

Randomised
Controlled Cluster
Trial

RCCT 3 x x

Viggiano A et
al. [58] 2018

Healthy lifestyle promotion
in primary schools through
the board game Kaledo: a
pilot cluster randomized
trial

The board game Kaledo
seems to improve
knowledge in nutrition and
helps to promote a healthy
lifestyle in children
attending middle and high
schools. So, this study was
conducted to investigate
whether similar effects of
Kaledo could be found in
younger children in
primary school.

Anthropometry,
HE & FV,
Nutritional
knowledge

Kaledo Campania, Italy Pilot cluster
randomized trial RCCT 3 x

Waters E. et al.
[59] 2017

Cluster randomised trial of
a school-community child
health promotion and
obesity prevention
intervention: findings from
the evaluation of fun ‘n
healthy in Moreland!

Fun ‘n healthy in Moreland!
aimed to improve child
adiposity, school policies
and environments, parent
engagement, health
behaviours and child
wellbeing

Anthropometry,
HE & FV FHM Victoria, Australia

Randomised
Controlled Cluster
Trial

RCCT 3 x

Xu F et al. [60] 2015

Effectiveness of a
Randomized Controlled
Lifestyle Intervention to
Prevent Obesity among
Chinese Primary School
Students: CLICK-Obesity
Study

To evaluate whether the
lifestyle intervention was
able to reduce obesity risk
and increase healthy
behaviors and knowledge

Anthropometry,
Nutritional
knowledge

CLICK-ObesityMainland China
Randomised
Controlled Cluster
Trial

RCCT 3 x x

Jung et al. [61] 2018

Influence of school-based
nutrition education
program on healthy eating
literacy and healthy food
choice among primary
school children

To examine the
effectiveness of a
school-based healthy eating
intervention program, the
Healthy Highway Program,
for improving healthy
eating knowledge and
healthy food choice
behavior among elementary
school students

Nutritional
knowledge,
HE & FV

Healthy
highway
program

Oswego County,
New York State Pre-/post-test QED 1 x
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Jhou W et al.
[62] 2014

Effectiveness of a
school-based nutrition and
food safety education
program among primary
and junior high school
students in Chongqing,
China

To examine the effectiveness
of a school-based nutrition
and food safety education
program among primary
and junior high school
students in China

Nutritional
knowledge,
attitude

school-based
nutrition
and food
safety
education

Chongqing, China Pre-/post-test QED 1 x

Anderson EL,
et al. [63] 2016

Long-term effects of the
Active for Life Year 5
(AFLY5) school-based
cluster-randomised
controlled trial

To investigate the long-term
effectiveness of a
school-based intervention
to improve physical activity
and diet in children.

HE & FV, PA AFLY5 Southwest of
England

Randomised
Controlled Cluster
Trial

RCCT 3 x

Griffin T.L. et
al. [64] 2015

A Brief Educational
Intervention Increases
Knowledge of the Sugar
Content of Foods and
Drinks but Does Not
Decrease Intakes in Scottish
Children Aged 10–12 Years

To assess the effectiveness
of an educational
intervention to improve
children’s knowledge of the
sugar content of food and
beverages

Nutritional
knowledge,
attitude

NEMS Aberdeen,
Scotland

Randomised
Controlled Cluster
Trial

RCCT 3 x

Kipping R.R.
et al. [65] 2014

Effect of intervention aimed
at increasing physical
activity, reducing sedentary
behaviour, and increasing
fruit and vegetable
consumption in children:
Active for Life Year 5
(AFLY5) school-based
cluster randomised
controlled trial

To investigate the
effectiveness of a
school-based intervention
to increase physical activity,
reduce sedentary behaviour,
and increase fruit and
vegetable consumption in
children

HE & FV, PA AFLY5 South west of
England

Randomised
Controlled Cluster
Trial

RCCT 3 x

Gaar V.M. et al.
[66] 2014

Effects of an intervention
aimed at reducing the
intake of sugar-sweetened
beverages in primary school
children: a controlled trial

Aimed at reducing
children’s SSB consumption
by promoting the intake of
water

Nutritional
knowledge,
attitude

Water
campaign

Rotterdam,
Netherland Controlled trial CT 2 x

Moore GF et al.
[67] 2014

Impacts of the Primary
School Free Breakfast
Initiative on socio-economic
inequalities in breakfast
consumption among
9–11-year-old
schoolchildren in Wales

To examine the impacts of
the Primary School Free
Breakfast Initiative in Wales
on inequalities in children’s
dietary behaviours and
cognitive functioning

HE & FV FSM Wales, UK
Randomised
Controlled Cluster
Trial

RCCT 3 x
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Nyberg G. et
al. [68] 2016

Effectiveness of a universal
parental support
programme to promote
health behaviours and
prevent overweight and
obesity in 6-year-old
children in disadvantaged
areas, the Healthy School
Start Study II, a
cluster-randomised
controlled trial

To develop and evaluate the
effectiveness of a parental
support programme to
promote healthy dietary
and physical activity habits
and to prevent overweight
and obesity in six-year-old
children in disadvantaged
areas

Anthropometry,
HE & FV

A Healthy
School
Start

Stockholm,
Sweden

Randomised
Controlled Cluster
Trial

RCCT 3 x

Mittmann S.,
Austel A., and
Ellrott T. [69]

2016

Behavioural effects of a
short school-based fruit and
vegetable promotion
programme: 5-a-Day for
kids

To evaluate the acceptance
of the scheme as well as the
short- and
intermediate-term effects of
the German “5-a-day for
kids” project

HE & FV 5-a-day for
kids

Hannover,
Germany Pre-/post-test PP 1 x x

Huys N. et al.
[70] 2019

Effect and process
evaluation of a real-world
school garden program on
vegetable consumption and
its determinants in primary
schoolchildren

To investigate the
effectiveness of a school
garden program on
children’s vegetable
consumption and
determinants and to gain
insight into the process of
the program

HE & FV,
Nutritional
knowledge

Taste
Garden Ghent, Belgium

Non-equivalent
pre-test. Post–test
control group
design

PP 1 x x

Weber K.S. et
al. [71] 2017

Positive effects of
promoting physical activity
and balanced diet in a
primary school setting with
a high proportion of
migrant school children

To evaluate the effects of a
school-based intervention
offering additional hours of
supervised physical activity
and dietary education for
3rd and 4th graders in
primary schools

HE & FV,
Nutritional
knowledge

‘Be smart.
Join in. Be
fit.’

Düsseldorf,
Germany Controlled trial CT 2 x

Llargue’s E. et
al. [72] 2016

Four-year outcomes of an
educational intervention in
healthy habits in
schoolchildren: the Avall 3
Trial

To investigate the impact of
the intervention on physical
activity, BMI and
prevalence of overweight
and obesity after 4 years

Anthropometry The Avall
project Granollers, Spain

Randomised
Controlled Cluster
Trial

RCCT 3 x

Martins M.L.
et al. [73] 2015

Strategies to reduce plate
waste in primary
schools—experimental
evaluation

To determine and compare
the effect of two
interventions in reducing
the plate waste of school
lunches

Nutritional
Knowledge

Reduce
plate waste

City of Porto,
Portugal Controlled trial CT 2 x x
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Table 2. Cont.

Author Year Title/Reference Main Aim (from Abstract)
Main Aim in

Brief
Program

Name
Location &

Country
Study Design

Study Design
Coded

Power Intervention Components

Acronym Column I
RCT, PP, CT, RCCT,

Quasi

Information
and

Teaching

Food Focus

Family/Social
Support

Environmental/Food
Focus on Healthy
Meal Availability

Environmental/Food
Focus through

School Gardening

Rosario R. et al.
[74] 2016

Impact of a school-based
intervention to promote
fruit intake: a cluster
randomized controlled trial

To examine the effects of a
six-month dietary
education intervention
programme, delivered and
taught by trained teachers,
on the consumption of fruit
as a dessert in children aged
6–12 years

HE & FV

Dietary
education
intervention
programme

City in north of
Portugal

Randomised
Controlled Cluser
Trial

RCCT 3 x

Zafiropulos V.
et al. [75] 2015

Preliminary results of a
dietary intervention among
primary school children

To evaluate the
effectiveness of the dietary
intervention by measuring
body composition and
dietary behavior of children
prior to and after the
intervention

Anthropometry,
HE & FV WBDI central/eastern

Crete Greece

RCT with the
aspects of pre and
post intervention

RCT 3 x

Table 3. The review sample-findings. The table shows the findings from the 43 studies of the review.

Author Year Age Age Coded Sample Size, n
Time

Duration/Month
Outcome Measures Effectiveness Among Children Target Group

Target Group
Coded

Years EA EML EL Anthropometry HE/FV
Nutritional
Knowledge

Attitude Anthropometry HE/FV
Nutritional
Knowledge

Attitude S NS

Harake et al.
[35] 2018 6–14 years x x x 183 6 x x x x 3 3 4 2

Syrian refugee
children in grade 4 to 6
from three informal
primary schools (2
intervention and one
control)

x

Adab P, et al.
[36] 2018 6–7 years x 1392 12 x x 1 1 UK primary schools x

Harley A, et al.
[37] 2018 11–13 years x 248 1 and half x x 4 4 8 public kindergarten x

Hermans R.C.J.
et al. [38] 2018 10–13 years x x 108 N.A. x x 1 1

Dutch children
(elementary school
children)—3 primary
school in the souther
part of Netherland

x

Piana N., et al.
[39] 2017 7–9 years x x 190 4 x x 4 4 11 primary school

classes in five schools x

Battjes-Fries
M.C.E., et al.
[40]

2017 10–11 years x x 1010 3 X X 1 1
children of 34
elementary school
grade 6 and 7

x

Bogart L.M., et
al. [41] 2014 N.A. 2997 41 x x 4 4 10 schools x

Shriqui V.K., et
al. [42] 2016 4–7 years x 240 10 x x x 2 4 4 Children attending

LSES school classes x
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Table 3. Cont.

Author Year Age Age Coded Sample Size, n
Time

Duration/Month
Outcome Measures Effectiveness Among Children Target Group

Target Group
Coded

Years EA EML EL Anthropometry HE/FV
Nutritional
Knowledge

Attitude Anthropometry HE/FV
Nutritional
Knowledge

Attitude S NS

Sharma S.V. et
al. [43] 2016 N.A. (first grade

students) x 172 24 x x 3 3

Public or charter
schools 1st grade
students and their
family members

x

Lawlor A.D. et
al. [44] 2016 9–10 years x

2221 (valid
data for the 10
mediators were
available for
87% to 96% of
participants

36 x x 1 1 primary school
children x

Steyn P.N. et al.
[45] 2016 Mean age 9.9 years x

500
intervention
and 498 control

36 x 1
primary school
children from low
income settings

x

Jones M. et al.
[46] 2017 8–10 years x 2411 24 x x 4 4

schools engaged with
the Food for Life
programme

x

Larsen L.A. et
al. [47] 2015 (fourth grade students)

average 9 years x 1713 2 x x x 4 4 3 47 fourth-grade
California classrooms x

Shen, Hu and
Sun [48] 2015 10.80 ± 1.14 x 478 8 x x x 4 4 1 Twelve primary

schools in west China x

Gallotta C.M.
et al. [21] 2016 8–11 years x x 230 5 x x x 3 4 3

three primary schools
in the rural area in the
north of the city of
Rome (Italy)

x

Fairclough J.S.
et al. [49] 2013 10–11 years x x 318 6 x x 3 1 12 primary schools x

Cunha B.D. et
al. [50] 2013 10–11 years x x 574 9 x x 1 3 20 schools with fifth

grade classes x

Aviles O.A. et
al. [51] 2017 12–14 years x 1430 28 x x 2 3 20 schools x

Muros J.J. et al.
[52] 2013 10–11 years x x 54 2 x x 2 2

2 schools from rular
environment with
same socio economic
status

x

Moss A et al.
[53] 2013 N.A. 3rd grade

students 65 1 x x 3 4 3rd grade students x

Zota D. et al.
[54] 2016 4–11 years x x x 21261 12 x x x 3 4 3

students attending
both elementary and
secondary schools in
areas of low
socioeconomic status
(SES)

x
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Table 3. Cont.

Author Year Age Age Coded Sample Size, n
Time

Duration/Month
Outcome Measures Effectiveness Among Children Target Group

Target Group
Coded

Years EA EML EL Anthropometry HE/FV
Nutritional
Knowledge

Attitude Anthropometry HE/FV
Nutritional
Knowledge

Attitude S NS

Gold A. et al.
[55] 2017 8–9 years x 662 12 x 4 3rd grade children

from 26 schools x

Mbhatsani
H.V., et al. [74] 2017 9–14 years x x 172 6 x x 3 3

2 rural primary
schools with similar
socioeconomic
backgrounds

x

Hutchinson J.
et al. [57] 2015 7–10 years x x 1256 12 x x x 3 3 2 21 London schools x

Viggiano A et
al. [58] 2018 7–11 years x x x 1313 2.5 x x x 2 3 3 10 primary schools x

Waters E. et al.
[59] 2017 5–12 years x x x 2965 42 x x x 1 3 3 24 schools of Moreland

municipality x

Xu F et al. [60] 2015 Mean age 10.2 x 1182 10 x x 2 3
4th grade students
from 8 schools of
Nanjing, China

x

Jung et al. [61] 2018

NA (elementry
school-kindergarden,
2nd, 3rd, 4th, 5th and
6th graders)

x x x 646 12 x x x 2 3 2 2 elementary schools x
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The information from abstracts were organized in a table with the following information:
Column A: Authors. The column lists the researchers/authors conducting the study.
Column B: Year. The column shows the year of the publication of the article.
Column C: Title/Reference. The column lists the title of the article.
Column D: Main aim. The column lists the main aim presented by authors in the abstract of

each article.
Column E: Main aim in brief. This column is a constructed variable that refers to the main aim of

each study. The idea was to give in brief the study idea and which outcome measures was focused on
in the study.

Column F: Program name. The column gives the name of the project, program or intervention
reported in in the article.

Column G: Location and Country. The column lists the specific place or location where the study
was performed.

Column H: Study design. The column shows research design of the study according to authors.
Column I: Study design coded. This column is a constructed variable to capture the research

design of the study and used to make an analysis of power possible, see Column J.
Column J: Power. The column was constructed to express the strength of the design. It is a dummy

variable that was assigned a numerical value that allowed for a quantitative analytical approach.
Column K, L and M: Intervention components. The column shows which intervention components

that was used in the study. We used a model that categorizes components into three different mechanisms
of influence: cognitive (K), environmental (L, M, N) and social (O).

The environmental component includes actions where availability of meals—or fruit and vegetable
(F & V)—were increased. Either through passive provision (F & V and meals) or through active
participation such as gardening. The social category included actions where families and/or peers were
actively influencing the participants. The cognitive category included teaching and learning.

Column L: Environmental/food focus on F & V. In this column, interventions which were targeted
towards fruits and vegetables were flagged. This includes interventions whose focus was providing
cooking lessons and maintaining healthy cafeterias during the intervention periods. Also, maintaining
healthy cafeteria here refers to school canteens providing healthy options to its menu where children’s
while buying food have healthier options to choose.

Column M: Environmental/food focus on increasing availability through school gardening. In this
column, interventions which provided free foods among participants through gardening within the
school were listed.

Column N: Environmental/food interventions focused on healthy meal availability. Interventions
which provided healthy meals, breakfast, snacks during the school hours and distributed fresh fruits
among the participants were listed in this column.

Column O: Family/social support. In this column interventions that included social components
were flagged. These interventions included peer and family influence mechanisms.

Column P: Age. The column lists the age of the targeted groups of the intervention expressed in
years according to the primary article data provided by authors.

Column Q: Age construct EA. This column shows a constructed variable for the age categorization
based on the primary data given by authors. The constructed code was made to make statistical
analyses possible. The construct Early Age (EA) was assigned if intervention were carried out in
early school.

Column R: Age construct EML. This column shows a constructed variable for the age categorization
based on the primary data given by authors. The code Early Middle Late (EML) was assigned if
intervention was targeted all age groups.

Column S: Age construct EL. This column shows a constructed variable for the age categorization
based on the primary data given by authors. The code EL refers to Early late and was assigned if the
intervention was targeted early and early and late school.
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Column T: Sample size. The number of young people enrolled in the intervention was listed in
this column.

Column U: Time duration. This column shows the length of the intervention expressed in months.
It is a constructed variable based on the primary data given by authors and was made to standardize
duration and make it ready for cross study analysis.

Columns V, W, X, Y: Outcome measures. In Columns T, U, V, W, the outcome measures named as
Anthropometry, HE/FV (healthy eating fruits and vegetables), Nutritional knowledge, and Attitude,
respectively, were listed according to our outcome model shown in Figure 1. Only a few include all
outcome measures, but all studies included at least one of them.

Figure 1. Outcome measures model. The figure illustrates the four types of outcome measures found
in the interventions.

Columns X, AA, AB, AC: Effectiveness. The effectiveness as measured by the outcomes
measured are listed in this column. Each outcome measure was rated using a Likert scale from
0–4. The effectiveness of outcome measures among participants as measured by the measures in our
model (Figure 1): attitude, anthropometry, HE/FV, nutritional knowledge and attitude were listed in
the Columns X, Y, Z, AA, respectively.

Column AD: Target group. This column provides information on the target group of interventions
such as information on grades of subjects and municipalities.

Columns AE, AF: Target group. This column is a constructed variable created to capture if the
intervention had a special ethnic or socio-economic focus. Columns AC and AD consisted of coded
target group named as Standard (S) and Non-Standard (NS). The “NS” here represents the target group
either from refugees or immigrants or lower socio-economic classes.

Column AG: Keywords. This column lists the keywords found in the interventions.
Ordinary least squares regression was applied in this study; specifically, we used the linear

regression function in IBM SPSS 22. We opted for a multi-variate approach; i.e., multiple linear
regression was used. Anthropometry, behaviour (healthy eating and food focus), attitude and
nutritional knowledge were used as dependent variables. In order to better account for control
variables, such as sample size and study length, a dummy variable was introduced for study
length of one year and more; and a logarithm of the sample size was used instead of the actual
sample size to eliminate scaling effects. We grouped countries by continents (while splitting Europe
into North and South as there were enough studies and no countries in between) and introduced
related dummy variables. The remaining variables were used as independent variables without any
additional manipulations.

Since the aim was to create models consisting only of independent variables that significantly
influence the dependent variables, we used the backwards function. Because there were too many
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independent variables for the backwards function for the attitude model (with only eight observations),
the stepwise function was used instead.

Information and teaching was present in all but one study. Free food was found only in two
studies and focus on fruit and vegetables in three studies. Therefore, it is not surprising that neither of
the three variables were found to be significant in any of the models.

2.7. Study Sample

The search strategy resulted in 1826 titles which were screened for duplicates and potential
relevance. After this initial screening, 345 titles and abstracts were assessed against the inclusion
and exclusion criteria. Articles that studied school interventions after school hours were excluded.
In addition, articles which studied interventions among children in out of school context such as at
community level were excluded. The justification is that both “after school” and “out of school” since
can be regarded as non-typical school environments. We aimed to study the “school” as an artefact
that can be considered as a “standard” across countries despite some national differences. For both
“after school” and “out of school”, we argue that there are considerable differences among countries
and that an inclusion of such studies would negatively influence our analytical approach. In total,
42 articles were identified as relevant and full papers were obtained as the final sample. Figure 2 below
illustrates the search terms and selection process of articles.

 

Figure 2. Review flow chart. The figure shows the progress of the literature review process following
the PRISMA 2009 approach.

2.8. Intervention Study Characteristics

For all 43 items in our sample, Table 2 provides the information about the study, intervention
methodologies, characteristics strategies, etc. In our extract of studies, the sample size ranged
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from 65-2997 subjects/participants, and the intervention duration ranged from 1 and half
month to 36 months. The systematic review locations identified by the author were: 26
from Europe [21,36,38–40,44,46,49,52,54,57,58,63–75], six from Asia [35,42,48,59,60,62], 10 from
America [37,41,43,45,47,50,51,53,55,61] and one from Africa [56]. We categorized all interventions
according to their intervention components. To this end, we had constructed three classes: Information
and Teaching, Food Focus and Family/Social support as illustrated. The interventions characteristics of
each included study are shown in Table 2.

Of the total study sample, the majority of studies (n = 41) involved “Information and Teaching”
components consisting mainly of classroom-based activities (e.g., an adapted curriculum and
distribution of educational materials, health and nutrition education program). Another 12 studies
along with “Information and Teaching” involved a food focus and availability component. These food
and availability components which consisted mainly of supervised school gardening, environmental
modifications to stimulate a more healthful diet, such as increased availability and accessibility of
healthy foods, distributions free food programmes, school provided free breakfast, school lunch
modifications and incentives. Only two studies combined all the three intervention components of
this study. Family/social support intervention was clearly focused on in nine study. In other studies,
even though their interventions were not primarily or secondarily focused on family/social support
component, they indirectly acknowledged the importance of parents and included them in their studies.

All of the reviewed studies included intervention components that were delivered in school
settings and within school hours. Our sample showed that consumption of fruit and vegetables
was the most used intervention component and was include in more than half of the interventions.
Most studies were designed and carried in a way where a research assistant was trained by senior
researchers/co-authors to ensure that each members of the research team followed same procedures
for data collection. Since all studies were “in situ” studies included a close researcher/school staff
cooperation component. In most of the listed studies, teachers being the responsible person to
implement the interventions were trained beforehand.

2.9. Types of Interventions

Table 2 shows an overview of the programmes and their intervention components. From the
table, it can be seen that studies differed according to how broadly they intervened. Some studies have
included a narrow intervention (i.e., only one intervention components which targeted behavioural
components), whereas others included multicomponent approaches where all three intervention
components were used in the study.

3. Results

Finding the right approach to intervening for healthier eating at school is a major challenge.
In other words, which interventions create which impacts and how should the public best invest in
new policies, strategies, and practices at school if long term health is the intended end point?

The purpose of this review was to compile the evidence regarding the effectiveness of successful
school-based interventions in improving dietary behaviours, nutritional knowledge, attitudes and
anthropometry among children. The analysis of the data showed a number of relationships between
outcome effect and a number of other characteristics of the intervention (i.e., age, location/region,
intervention type, duration). Descriptive statistics are provided in Table 4.
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Table 4. Descriptive statistics.

N Minimum Maximum Mean Standard Deviation

Power 42 1.00 3.00 2.2619 0.91223
InfoAndTeach 42 0.00 1.00 0.9762 0.15430
FandV 42 0.00 1.00 0.0714 0.26066
FreeFood 42 0.00 1.00 0.0476 0.21554
AvailFood 42 0.00 1.00 0.1667 0.37720
FamilySocialSupport 42 0.00 1.00 0.2143 0.41530
EA—early age 42 0.00 1.00 0.3810 0.49151
EML—early middle late age 42 0.00 1.00 0.7381 0.44500
EL—early late age 42 0.00 1.00 0.5476 0.50376
SampleSize 42 54.00 21261.00 1464.2619 3277.18184
log10SampleSize 42 1.73 4.33 2.7904 0.54986
Months 41 1.00 112.00 14.6585 19.00245
YearOrMore01 41 0.00 1.00 0.4390 0.50243
AnthropometryScale 18 0.00 4.00 2.0000 1.13759
HEFVScale 36 1.00 4.00 2.5556 1.27491
NutritionalKnowledgeScale 26 1.00 4.00 3.1923 0.89529
AttitudeScale 9 1.00 3.00 1.7778 0.66667

The linear regression models carried out for each intervention component is added in the text
and the tables have been referred to each associated result. Out of 42 studies, 36 studies reported
the outcome on HE/FV behaviour scale while anthropometry and attitude impacts were observed in
18 and six studies, respectively. The item one of the results in this article presents the most general
finding from the literature review, item two describes the variable found significant in two cases, while
the remaining variables were significant in once case each. Additionally, item four, five and six are
related “design” phenomena effects in the sense that they are not related to intervention components
but to the study was designed your study. The rest is related to (intervention components rather than
designs. In Table 5, the outcome measures for which an effect could be seen has been listed. The linear
regression model describing what influences the attitude is provided in Table 6.

Table 5. Linear regression model for attitude.

Model
Unstandardized Coefficients Standardized Coefficients

t Significance
B SE Beta

(Constant)
FamilySocialSupport

EA—early age

1.250 0.177 7.071 0.000
1.000 0.395 0.500 2.530 0.045

0.750 0.250 0.593 3.000 0.024

Table 6. Linear regression model for anthropometry.

Model
Unstandardized Coefficients Standardized Coefficients

t Significance
B SE Beta

(Constant)
Power

AvailFood
YearOrMore

log10SampleSize

4.140 1.008 4.109 0.001
1.511 0.468 0.859 3.231 0.007
3.432 0.804 0.976 4.267 0.001
0.870 0.403 0.384 2.161 0.050
−2.437 0.503 −1.267 −4.846 0.000

With regards to the explanatory power of the model, R2=0.789, R2 adj. =0.719, and significance = 0.009.
The linear regression model describing what influences the anthropometry is provided in Table 6.
With regards to the explanatory power of the model, R2 = 0.683, R2 adj. = 0.586, and significance = 0.003.
The linear regression model describing what influences the behaviour is provided in Table 7.
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Table 7. Linear regression model for behaviour.

Model
Unstandardized Coefficients Standardized Coefficients

t Significance
B SE Beta

(Constant)
FamilySocialSupport

2.321 0.229 10.131 0.000
1.054 0.486 0.348 2.168 0.037

With regards to the explanatory power of the model, R2 = 0.121, R2 adj. = 0.096,
and significance = 0.037.

An alternative linear regression model describing what influences the behaviour is provided in
Table 8.

Table 8. Alternative linear regression model for behaviour.

Model
Unstandardized Coefficients Standardized Coefficients

t Significance
B SE Beta

(Constant)
Neurope

3.227 0.205 15.761 0.000
−1.727 0.328 −0.670 −5.260 0.000

With regards to the explanatory power of the model, R2 = 0.449, R2 adj. = 0.432,
and significance < 0.001.

3.1. School-Based Interventions in General Create Impact

Looking across the whole study sample, it can be seen that in general the interventions created
an impact in one or more ways either on knowledge, intentions, eating habits and/or anthropometry.
In other words, it was hard to find studies that created no impact. This finding adds to the body of
evidence that suggests that food-based interventions are a well-suited and effective policy tool when it
comes to promoting healthier eating among young people.

3.2. Family Support Affects Healthier Eating Behaviour and Attitude

Out of all the included studies, nine studies focused on family support as an intervention
component. But out of those, our analysis showed that the family involvement was impactful among
participants when it comes to promoting healthier food choices. Parents being influencers and role
models in the family in these studies seemed to help to influence children’s dietary habits. Studies
which involved participants’ parents in the intervention and provided them with nutritional knowledge
and healthy cooking skills (i.e., knowledge about the importance of healthy food and nutrition during
the early age of their children), seemed to be able to help young people prepare more healthy and
nutritious food at home. As studies showed, this seemed to increase children’s intentions towards
eating more fruits and vegetables and eventually resulted in consumption of more healthy foods.
However, this did not seem to be the case for all ages. Intention to eat more fruits and vegetables was
seen among early age participants (EA) either alone or with family support. It should be noted that
the regression models did not include interactions, since the number of analysed studies was only
~40. It was not possible to include age as a continuous variable in the models because (as it can be
seen in Table 5) age was a range, and sometimes even a wide range, e.g., 8–11 or 4–11. Family support
increases the outcome measure by approximately 1 in both cases. Please refer to Tables 5 and 7 for
detailed linear regression model used for attitude and behaviour.

3.3. Interventions Done in Northern Europe (7 Studies) Had a Smaller Impact on Behaviour than the Studies
Conducted in the Rest of the World (22 Studies)

The results from the models which was created to measure the efficiency of HE/FV highlighted
the fact that HE/FV scale depends only on region where the intervention was done. The behaviour

145



Nutrients 2020, 12, 2894

outcome for Northern Europe was on average 1.5 while the average for the rest was 3.2 (please refer to
Table 8).

3.4. Effect of Anthropometry Measures Increases with Study Power

The results suggested that the design of the study plays a role when it comes to be able to show
impact of interventions. From the findings, it was clear that the anthropometry measured among the
participants were increasing with the power of the study. That is, the stronger the design the greater the
likelihood of being able to measure impact on anthropometric outcomes—a unit increase in the design
power is associated with an outcome increase of approximately 1.5 (please refer to Table 6). To examine
the influence of study design we used the score that was constructed for the purpose (please refer to
Table 1). This score assigns a higher power to randomized designs than non-randomized ones.

3.5. Study Duration Impacts Anthropometric Outcomes

It was also clear that the intervention duration does have impact on the outcome, i.e., the longer
the duration better the anthropometric results among the children. Interventions that lasted a year or
more, had the outcome measure on average almost one unit higher than shorter studies (please refer to
Table 6).

3.6. Larger Samples Impacts Anthropometry Measures

Results showed that anthropometric outcome decreased within the sample size. Increasing the
sample size by a factor of 10, from approximately 100 to 1000, decreased the outcome measure by
almost 2.5 (please refer to Table 6). Thus, bigger the sample size a reverse effect on outcome was
obtained. The studies whose intervention was done for long period of time (i.e., couple of months or
year and among small participants) were found to be effective in the outcome. It might be the case that
it was hard to administer the same thing to large sample size post intervention and thus could have
decreased the anthropometry outcome among the participants.

3.7. Food Availability Interventions Influence Anthropometric Outcomes

Our analyses showed that a food focus, specifically healthy meal availability had an impact on the
children’s anthropometric outcomes—increasing it by almost 3.5 on average (please refer to Table 6).

3.8. Interventions among Younger Students Influence Attitude Among Participants

Results showed that the younger the study subjects were, the more influence interventions had
on attitudes (the outcome was on average 0.75 higher than for other age groups). Thus, the result
suggests that the participants’ attitude increases when they are in their early age (EA) i.e., 4–7 years
old. Furthermore, results suggest that increased family support associated with participants’ attitude
towards healthy eating helps in changing the behaviour among them. Early age (EA) and family
support seemed to impact positively both alone and together. Meaning that the intervention had
positive impacts on participants (i.e., EA participants) attitudes towards healthy eating either with the
involvement of their family support or without the involvement of family support. Please refer to
Table 5 for detail linear regression model for attitude.

3.9. No Effect of School Based Interventions on Nutritional Knowledge

Findings showed that nutritional knowledge among participants (i.e., of all age group) does
not depend on school-based interventions. Thus, none of the collected variables have influences on
nutritional knowledge.
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4. Discussion

4.1. Discussion of Results of This Review in Relation to Others

In the discussion we aim to relate our findings with what has been found in previous studies,
discuss our methodological approach and reflect on what are the policy implications. Since the
discussion on how to counteract the unhealthy eating pattern and the worrying increase in nutrition
related disorders among young people is attracting much attention and since the discussion on how
the school could contribute we aim to give policy makers and practitioners an up to date insight into
the potentials of the school to act as a hub for promotion of healthier eating and provide inspiration for
the development of new types of school-based interventions and strategies.

The huge interest in using the infrastructure of the school to initiate and promote healthier eating
among young people has resulted in a large number of interventions studies over the past decades.
This research interest per definition as the same time creates a need for syntheses of the findings in
order to make them feed into the public health and school policy cycle and to “send the results to
work”. Taken the huge investment that better food at school strategies at school will cost for states it
is worth appreciating that the Evidence-Informs-Policy pathway seems to be working. At the same
time the conceptual approaches and the understanding of what intervention components might work
better than others, which age groups might benefit the most etc. as developed considerably which
again adds to the rationale for synthesis of intervention study findings. Most recent reviews by Julie
et al. [76], Noguera el al. [77], Evans et al. [78], Cauwenberghe et al. [34] and Brown et al. [79] has
created a time gap of almost five years. Covering the last five years of research our review makes a
needed contribution and in addition we argue it makes a needed contribution to a standardization and
conceptualization of both sampling and intervention design methodologies.

Overall, the findings from this review suggest that school-based interventions that include
intervention components such as information and teaching, food focus and family support are effective
in improving the HE/FV, anthropometric measurements and attitude towards healthy dietary behaviour
among the participants. On the other hand, nutritional knowledge among participants did not seem to
be influenced much by any of the intervention components used.

Impacts on HE/FV behaviours were observed, but mostly among early age children revealing
a distinct age pattern in the findings. Thus, age was seen as a significant factor in determining
effectiveness in several study [35,37,39,42]. Impact was greater on young children in the 4–7 year old
age range, suggesting that dietary influences may vary with age.

Multicomponent approaches that includes good quality instruction and programs, a supportive
social environment both at school and home, family support has been effective in addressing childhood
related diseases through focusing on diet and physical activity. Most of the studies in this review
implemented with combination of school staff and intervention specialists provide evidence for the
effectiveness of the program. Thus, evidence supports that family involvement and nutrition education
curriculum delivered by the teacher under supervision of intervention specialists can alter the intake
of fruit and vegetables while impacting positively on anthropometric measurements. Teacher led
interventions have been effective and can be the most sustainable approach for long term impact of
the program. The same conclusion was found in a review done in investigating the effectiveness of
school-based interventions in Europe which provided the effectiveness of multicomponent intervention
promoting a healthy diet in school aged children in Europe [34].Studies with a food focus in their
intervention approaches showed significant improvements in BMI [35,54,58]. Significant improvements
in BMI here refers to the studies whose probability value was less or equal to 0.05. This means that the
interventions in that case showed reduction in body mass of participants. We looked at studies whose
aim was to focus on interventions of obesity prevention or reduction among primary school children’s.
Thus, search term such as: “obesity prevention intervention among primary schools”, was used as
explained in the methods section. When performing the search for school-based interventions we did
not encounter any studies that were focusing on underweight. Making the options for healthy choices
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of food in the school cafeterias and having the option of free food from the school gardens decreases the
sugar sweetened beverages and junk options among the children’s and thus resulting in improvements
in BMI. This review evidence further highlights that duration of the intervention, i.e., a year or more
has an impact on anthropometric measurements. This is in contrast to reviews of Julie et al. [76] and
Cauwenberghe et al. [34] review that found that making the better options of food choices and duration
of the studies were effective in reducing the sedentary behaviour and noting improvements in BMI.
This study also found that larger sample sizes reverse the outcome of anthropometric measurements
(i.e., sample size negatively influences the outcome). This might be the case because it might be harder
to administer the same thing to more individual. Thus, more studies are needed to examine the effects
of bigger sample sizes.

Our study is far from being the first to create overview of the large number of studies that are
studying interventions that can promote healthier eating habits and that can counteract the worrying
increase in obesity and overweight among young people the general. The huge interest is reflected in
the number of studies trying to assess the impact and effectiveness of school-based interventions as
well as in the number of reviews aiming to synthesize the findings from the growing body of evidence
of the effect of school-based food interventions into actionable school food policies. Our study adds to
this body of knowledge and fills a gap since our study looks at the most recent studies.

Comparing our review with others we find that the majority of the studies on school food-based
interventions have been conducted in high income countries. This is also the case in our study and
this fact is important to keep in mind since it introduces a bias in the insight created from school
food effectiveness reviews. It is also important to keep in mind that studies—and as a result also
reviews-covers different types of school food cultures. These cultures can roughly be divided in
collective, semi collective and non-collective types. In the collective type found in countries such as
Sweden, Finland, Estonia and Brazil school food provision is an integrated—and mainly free—part
of the school day. In semi-collective approaches food is in most cases traditionally a part of what
is offered at school, but due to payment. In the non-collective approach found in countries such as
Denmark, Norway and the Netherlands there is little infrastructure and tradition for school organized
foodservice. In this approach parents organized lunch boxes as well as competitive foods traditionally
play a bigger role.

A further important note to make is the distinction between narrow F & V approaches and broader
healthier eating intervention approaches. This classification can also be seen in previous studies and
in more recent reviews. The first type of interventions that follow the six-a-day tradition that to
some extent has been fuelled by the European School Fruit program introduced by the EU in 2009
was reviewed by Noguera et al. [77] and by Evans et al. [78]. In a study by Noguera el al. [77] a
meta-analysis on F&V interventions was done but limited to educational interventions in the sense that
it only looked at computer-based interventions and covering mostly European research. The study
showed that this targeted but narrowed approach was effective in increasing FV consumption but
that broader multicomponent types of interventions including free/subsidized FV interventions were
not effective. In the review paper from 2012 by Evans et al. [78] examined studies done in United
Kingdom, United States, Canada, Denmark, New Zealand, Norway and the Netherlands. Evans and
co-workers [78] found that school-based interventions were able to moderately improve fruit intake
but that they had only minimal impact on vegetable intake. These reviews and previous ones generally
conclude that F&V targeted interventions are able to improve young people’s eating patterns towards
higher intake of fruit.

In the category of reviews taking a broader approach to healthier lifestyle promotion we find
studies and reviews that looks at promotion of healthier eating in general—and that in some cases
include physical activity. A review by Julie et al. [76] covered studies from United States, United
Kingdom, Australia, Spain and the Netherlands. This review also included physical activity as part of
broader school-based obesity prevention interventions. In particular, interventions should focus on
extending physical education classes, incorporating activity breaks, and reducing sedentary behaviours
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to improve anthropometric measures. Julie et al. concluded that interventions taking a broader
approach should include employing a combination of school staff and intervention specialists to
implement programs; that they should include psychosocial/psychoeducational components; involve
peer leaders; use incentives to increase fruit and vegetable consumption and should involve family.
In a study by Cauwenberghe et al. [34] intervention studies done in a European union studies were
reviewed. This review—as our study do—made an age distinction in the sense that a categorization was
done between children and adolescents. Among children the authors found a strong evidence of effect
for multicomponent interventions on fruit and vegetable intake. For educational type of interventions
Cauwenberghe et al. [34] found limited evidence of effect as found when looking at behaviour and
fruit and vegetable intakes. The study found limited evidence on effectiveness of interventions that
specifically targeted children from lower socio-economic status groups. For adolescents Cauwenberghe
et al. [34] found moderate evidence of effect was found for educational interventions on behaviour
and limited evidence of effect for multicomponent programmes on behaviour. In the same way as
our review authors distinguished between behaviour and anthropometrics and found that effects
on anthropometrics were often not measured in their sample. Therefore, evidence was lacking and
resulted in inconclusive evidence. Cauwenberghe et al. [34] concluded that there was evidence was
found for the effectiveness of especially multicomponent interventions promoting a healthy diet but
that evidence for effectiveness on anthropometrical obesity-related measures was lacking. In a review
by Brown et al. [79] studies mostly from Europe but also covering United States, New Zealand, Canada
and Chile it was found that intervention components most likely to influence BMI positively included
increased physical activity, decreased sugar sweetened beverages intake, and increased fruit intake.

Our review adds to the increasing support for the idea that school should play a role in promoting
healthier eating habits among young people. As such the school can be seen as an important actor when
it comes to the promotion of human rights. In particular; the right to adequate food, the right to the
highest attainable standard of health and right to the education, school plays an integral part which has
also been highlighted in the “United Nations System Standing Committee on Nutrition” new statement
for school-based and nutrition interventions [25]. Furthermore, Mikkelsen and colleagues [80] in their
study have also suggested the fact that the international framework of human rights should invoke its
strategies, policies, and regulations in the context of school and that national, regional, and local level
actors has important roles to play. Additionally, they have highlighted that ensuring healthy eating in
school environment can be a good investment in children short- and long-term health and education
achievements. Thus, schools, as a system have the potential to make lasting improvements in students
nutrition both in terms of quality and quantity and simultaneously contribute to realization of human
rights around the globe [25].

4.2. Discussion of Methods

Strengths and Limitations

All attempts to reduce complexity of research studies in a research field suffers from in built
weaknesses. Standardising the work of others in attempts to make generalizations is always difficult.
As per definition a review includes attempts to standardize its study material in order to create an
overview of “what works” and what “this that works” depends on. For obvious reasons research
protocols depends very much on the context of the study: What is doable in one study setting
on one country might not work on other settings. Additionally, reporting procedures vary among
authors. The aim of a review is to standardize this heterogeneity to something that is homogenous
and computable. So, in our case our constructs represent an attempt to make different studies with
similar but slightly different approaches and methodologies comparable by making them computable.
This has obviously some disadvantages.

Another limitation is that our review restricted itself to cover only published English language
articles. Therefore, publication bias cannot be excluded, as it is possible that the inclusion of unpublished
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articles written in other languages than English will have affected the results of this review. Second,
most of the studies included in the present were carried out in countries from Southern and Northern
parts of Europe. This raises questions about the generalisability of these results to other countries in
Europe, especially because contextual variables were often lacking in the included studies. And the
same questions about the generalisability could be raise in other parts of the world i.e., in Latin America,
North America, Asia and Africa, as very few studies were reported from this part of the world.

On the other hand, large dropouts were reported in many listed studies and the study follow
up were reported in few studies and was for short time period. Among these studies which did
follow up, was right after the end of the intervention period and thus this could have affected the
effectiveness among this study outcomes. Long-term follows-up post-interventions would help to
study the retention of behaviour change and effect on the body composition among the participants.
Thus, long terms studies post interventions are needed to draw the conclusion about the sustainability
of an intervention. Additionally, in future studies to improve the quality of the evidence of effectiveness
in this kind of interventions, studies with high quality, rigorous design, appropriate sample size,
post interventions long term follow up, assessment of implementation issues and cost effectiveness of
the intervention should be executed.

On the strength side the standardisation approach helps to find patterns and to create overview of a
large material within a given field of research. The strength of this study is that it provides a broad up to
date overview of what is known about the relationship between school-based intervention and policies
and healthy eating outcomes among children and that it contributes to the deeper understanding of the
fact that current research findings are quite limited. This is among the very few recent reviews which
evaluated the effect of school-based food at nutrition interventions among children only. A systematic
review approach of this study attempted efficiently to integrate existing information and provide
data for researchers’ rationale in the decision making of future research. Furthermore, the applied
explicit methods used in this limited bias and, contributed to improved reliability and accuracy of
drawn conclusions. Other advantages are that this study looks specifically at the evidence available in
Northern and Southern Europe. Statistical analyses of pooled data have facilitated a more through
synthesis of the result is one of the biggest strengths of this study.

4.3. Policy Implications

The evidence of the impact of school intervention derived from our review suggests several topics to
be dealt with in future research not only in Europe but also the other part of the world. First, this review
highlights the need for researchers to recognize the importance of further investigations on the measures
of anthropometrics, nutritional knowledge, and attitude. Among these 42 studies carried out in different
regions very few looked upon the effects on participants’ attitudes and anthropometrics measures.
And of those showed positive impact if family support was provided, if started at early age and lastly
if food focus was part of the intervention. Additionally, most of the included studies were not aiming
to contribute to obesity prevention. Thus, it is highly recommendable that there is urgent need for
more studies to be done that includes more measures of efficiency of participants’ attitude towards
the healthy behaviour and healthy lifestyle and measures for anthropometrics. Second, to increase
the comparability between studies and to facilitate the assessment of effectiveness, more agreement is
needed for best measures of the diet and questionnaires. Third, more research is needed to be done
among specific groups like low socio-economic group, immigrants or minorities. As mention earlier,
only few listed studies included this specific group in their studies. Furthermore, evidence suggest
that health inequalities such as prevalence of overweight are as a result of dietary habits and ethnicity
and socio-economic status are identified as determinants of health eating. Thus, future research should
not exclude these specific groups as European countries have become ethnically diverse.

To improve or decrease childhood diseases such as overweight and obesity and other aspects of
health, many policy documents have been calling for the development of the effective strategies among
children’s and adolescents. Even though the limited to moderate impact and evidence was found
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among these school-based interventions, it should be noted that interventions were not primarily
targeting obesity prevention but, in many cases, had a broader scope. Thus, in order to deliver these
evidence-based recommendations to policy makers factors such as sustainability of intervention,
context and cost effectiveness should be considered. Additionally, the policy makers should ensure
school policies and the environment that encourage physical activity and a healthy diet.

5. Conclusions

Findings from this systematised review suggest that applying multicomponent interventions
(environmental, educational, and physical strategies) along with parental involvement and of long-term
initiatives may be promising for improving dietary habits and other childhood related diseases among
primary school children. Despite being challenging to find experimental studies done in related fields,
those studies found showed positive trend. Thus, to conclude, evidence of the effect was found among
school-based food and nutrition initiatives among primary school children. However, to strengthen
the perspectives of this study, further systematic review targeting the more long-term studies assessing
the long-term sustainability of the interventions should be considered. Also, studies with goal to
increase efficiency of anthropometric measurements in their future school-based interventions could
include increasing PA, increasing fruit and vegetable intake and decreasing sedentary behaviour.
This study has provided fundamentals background on which further research could be done in
this area of school-based food and nutrition interventions. Thus, the findings from this systematic
review can be used as guidelines for future interventions in school settings related to food and
nutrition. Also, the categorization of intervention components we see as useful for the planning of
future interventions.
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Abstract: The study examines the effects of a preschool-based family-involving multicomponent
intervention on children’s energy balance-related behaviors (EBRBs) such as food consumption,
screen time and physical activity (PA), and self-regulation (SR) skills, and whether the intervention
effects differed among children with low or high parental educational level (PEL) backgrounds.
The Increased Health and Wellbeing in Preschools (DAGIS) intervention was conducted as a clustered
randomized controlled trial, clustered at preschool level, over five months in 2017–2018. Altogether,
802 children aged 3–6 years in age participated. Parents reported children’s consumption of sugary
everyday foods and beverages, sugary treats, fruits, and vegetables by a food frequency questionnaire,
and screen time by a 7-day diary. Physical activity was assessed by a hip-worn accelerometer.
Cognitive and emotional SR was reported in a questionnaire by parents. General linear mixed models
with and without repeated measures were used as statistical methods. At follow-up, no differences
were detected in EBRBs or SR skills between the intervention and control group, nor did differences
emerge in children’s EBRBs between the intervention and the control groups when stratified by PEL.
The improvement in cognitive SR skills among low PEL intervention children differed from low PEL
control children, the significance being borderline. The DAGIS multicomponent intervention did
not significantly affect children’s EBRBs or SR. Further sub-analyses and a comprehensive process
evaluation may shed light on the non-significant findings.

Keywords: energy balance-related behaviors; self-regulation skills; preschoolers; children;
randomized controlled trial; intervention effects; parental educational level; intervention mapping;
multicomponent intervention
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1. Introduction

Young children’s food intake, screen time, and physical activity (PA), commonly referred to as
energy balance-related behaviors (EBRBs) [1], are of importance since they can predict the future
weight status and health of children [2–4]. A socio-economic status (SES) gradient exists already in
preschoolers’ EBRBs; those with low SES family backgrounds tend to have less healthy EBRBs such as
higher intake of sugary foods or beverages and excessive screen time [5–7].

Home and an early childhood education and care center, hereafter preschool, are the settings where
three to six-year-olds spend most of their time, and it is therefore important that these environments
promote healthy EBRBs including sufficient PA and fruit and vegetable (FV) consumption [8–10].
Reviews have concluded that EBRB interventions should be conducted at preschools and homes
simultaneously in order to be successful [11,12]. Preschool-based family-involving interventions have
been reported to be promising [12–15], although some studies show no effects on EBRBs [12,14,16].
This has raised discussion on intervention design and implementation in families [12]. When designing
interventions for the general population, they should reach and show higher effects on those needing
it most, namely those with low SES backgrounds [5,17]. To date, knowledge of the equity effectiveness
of EBRB interventions among children is sparse [18,19]. Promoting several EBRBs simultaneously is
challenging, as the aim can be to both promote healthy behaviors and discourage unhealthy behaviors.
Strategies can differ, a review concluding that promoting PA among young children is successful when
focusing on the preferred behavior, rather than focusing on decreasing sedentary time such as lying or
sitting down [20].

Strengthening children’s self-regulation (SR) skills in parallel to promoting children’s healthy
EBRBs could be an effective strategy in interventions [21,22]. Self-regulation is a multidimensional
concept, briefly described as the capacity of a goal-directed behavior to regulate actions, emotions,
and cognitions [23]. Cognitive SR skills refer to executive functioning such as self-monitoring to
plan and proceed toward long-term goals [24–26], whereas emotional SR skills refers to capacities
such as being able to recognize one’s own feelings and staying calm in stressful situations [24,25].
Associations between children’s SR skills and less favorable EBRBs and weight status have been
found [21,22,24,25]. The Head Start study tested the strategy of strengthening young children’s SR
skills alongside promoting their healthy EBRBs [27]. The intervention included four arms: intervening
on EBRBs and SR skills; intervening on EBRBs; intervening on SRs skills; and no intervention. Effects
were seen in lower sugar-sweetened beverage consumption in the study arm promoting EBRBs and SR
skills compared with the other arms [27].

The Increased Health and Wellbeing in Preschools (DAGIS) intervention aimed to promote
preschoolers’ (aged 3–6 years) healthy EBRBs and SR skills. The assumption was that there
would be greater effects on children from families with low parental educational levels (PEL),
also assuming a reduction in any health gaps between children with low and high PEL backgrounds [28].
The intervention development process was guided by the Intervention Mapping (IM) framework [29]
and the process is described elsewhere [28]. A cross-sectional study served as the needs assessment [7,28],
and based on these findings, there were three main aims: to reduce children’s screen time; to reduce
the consumption of sugary everyday foods and beverages; and to increase vegetable consumption.
In these three behaviors, the needs assessment showed less favorable behaviors among children with
low PEL background [28]. To promote alternatives to the reductions, additional aims were to increase
fruit and berry consumption and total PA (light, moderate, and vigorous intensity) [28]. In addition,
the intervention aimed to strengthen children’s SR skills. Activities were planned to suit families with
low PEL backgrounds.

In Finland, 78–86% of three to six year-olds attend municipality-driven preschools [30]. Therefore,
preschools offer a good setting for interventions. As screen time and sugary food and beverage
consumption occurs mostly at home [31], homes were considered as an equally important intervention
setting. The developed program lasted 23 weeks, and was divided into five themes: SR skills; PA; fruit
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and vegetables; screen time; and sugary foods and beverages. Each theme was in focus for four to
five weeks.

In this study, we aimed: (1) to evaluate the effects of a preschool-based family intervention on
children’s EBRBs and SR skills, and (2) to evaluate whether effects were stronger among children with
low PEL background than among those with high PEL background.

2. Materials and Methods

The DAGIS intervention study is a preschool-level clustered randomized controlled trial (RCT)
aimed to promote preschoolers’ healthy EBRBs and SR skills so that those from low SES background
would benefit most from the program. The study was conducted between September 2017 and May
2018 including baseline and follow-up measurements [28]. Early educators delivered the program and
all included activities to all preschoolers independently of their participation in the study. Prospective
trial registration number: ISRCTN57165350 (the 8th of January 2015).

2.1. Recruitment

We aimed to invite municipalities that had a high number of preschools and had a large variety in
educational and income levels among inhabitants as well as being located within a convenient distance
from the Helsinki region. Municipalities invited were selected by comparing municipality statistics
from southern and western Finland [32], and excluded municipalities that were already part of the
previous comprehensive DAGIS survey in 2015–2016 [7]. Power calculations prior to the recruitment
for the intervention were based on the DAGIS survey results; specifically, we used the average (about
1.7 times/week for all and about 2 times/week for low PEL group) and standard deviations of children’s
sugary food and beverage consumption frequency [7]. Based on those values, we decided to aim at a
decrease of 0.74 times/day in sugary foods and beverages consumption frequency. To detect a change
of 0.74 times/day less sugary foods and beverages, the required sample size was calculated to be 432
children, considering an attrition rate of 70% (Fpower macro, SAS version 9.4.). The significance level
was set at 5% and the power at 80%.

Altogether, seven municipalities were invited to participate in the study, and an oral presentation
on the study was offered. Five municipalities had an oral presentation; two of these municipalities
chose to participate. One municipality decided that all of its preschools (n = 29, preschool managers
n = 19) would participate, whereas the other municipality allowed its preschool managers to make the
decision individually, as such, the managers of three preschools chose to participate. We decided that
these 32 preschools and 1702 eligible preschoolers were sufficient for our study (Figure 1).

Researchers visited each preschool to inform early educator professionals about the project and
their role in the project. The recruitment phase lasted 1–2 weeks, and families returned informed
consents (or refusals to participate) to preschools in sealed envelopes. Thereafter, the researchers
returned to preschools to distribute the baseline research material for early educators, parents,
and children.
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Figure 1. Flow chart in the Increased Health and Wellbeing in Preschools (DAGIS) intervention study,
in accordance with the Consolidated Standards of Reporting Trials (CONSORT) 2010 statement [33].

2.2. Ethical Issues

The DAGIS intervention study received ethics approval from the Helsinki Ethics Review Board in
humanities and social and behavioral sciences (22/2017; 16 May 2017). Early education professionals
were informed about the study through site visits. The early educators’ questionnaire stated that
participation was voluntary and that the early educators had the option to withdraw at any stage of
the study. Early educators gave their consent by filling in the questionnaire. Families returned written
informed consent, and thereafter, the questionnaires were delivered.

2.3. Data Collection and Measurements

The baseline data collection occurred in four waves over five weeks and the follow-up data
collection in three waves over five weeks. Data collection in waves was necessary due to the limited
number of accelerometers available for measuring children’s PA. Research staff visited each preschool
to instruct early educators and left printed screen time diaries for families, study questionnaires for
families who had requested paper copies, and accelerometers for children. These materials were picked
up from preschools one week later. However, most parents requested that their questionnaires be sent
electronically by sending the parent’s main questionnaire as a personal link and the food frequency
questionnaire link by email.

2.3.1. Measurements

Screen time was assessed by a printed screen time diary. In the diary, parents recorded their
child’s use of screens outside preschool time whenever the child used a screen for more than 10 min in
a row. Screen use was recorded separately for different screens: TV, DVD, computer, tablet, or cell
phone. The screen time diary was a slightly modified version from a previous validated diary [34],
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as the original did not include portable screens and questions about screen contexts. The screen time
diary has shown good reproducibility [35]. Screen time was calculated for children who presented
data for at least three weekdays, and one weekend day. Total screen time (min/day) was calculated as a
weighted mean: (5 ×weekday mean + 2 ×weekend mean)/7.

Children’s PA was assessed by a hip-worn accelerometer, the ActiGraph wGT3X-BT (ActiGraph,
LLC, Pensacola, FL, USA), 24 h/day over seven consecutive days, and parents kept a screen time diary
over the same days. A 15-s epoch length was used for data derived from accelerometers, and more than
ten minutes of consecutive zeroes was set as non-wearing time [36]. In the analyses, the cut-off points
of Evenson et al. [37] for children aged 5–15 years were used, which means that total PA including
light, moderate, and vigorous intensity PA is defined as more than 100 counts/min. Inclusion criteria
for the child’s PA data to be in the analyses were that there were data for at least four days, of which
one was a weekend day. In addition, each day needed to have 600 min or more of awake wearing time.
The mean total PA (min/day) was used in the analyses.

The original 47-item food frequency questionnaire (FFQ) was designed for the DAGIS survey to
particularly measure the consumption frequencies of vegetables and fruits as well as sugary foods and
beverages [38]. It has shown acceptable validity for ranking food group consumption compared with
3-day food records [38], and testing the reproducibility of the items has yielded acceptable results [35].
In the DAGIS intervention, the FFQ was expanded into a 51-item FFQ that included six food groups
(vegetables, fruit, and berries; dairy products; fish meat and eggs; cereal products; beverages; and other
foods such as sweets and snacks). A link to the electronic 51-item FFQ was sent to all parents and hard
copies were sent to those who did not fill in the electronic version. Parents reported how many times
during the past week the child had consumed foods outside preschool hours. The FFQ included three
answer options: 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. The FFQ was intentionally restricted
to not cover municipality-provided foods and beverages consumed during preschool hours because
parents would not have been able to reliably report these foods.

The three food consumption frequency variables (‘sugary everyday foods and beverages’, ‘sugary
treats’, and ‘fruit and vegetables (FV)’) were formed by summing up the consumption frequencies
(times/week). The sugary everyday foods and beverages variable included flavored yogurt and quark;
puddings; sugar-sweetened cereals and muesli; berry, fruit, and chocolate porridge with added sugar;
berry and fruit soups with added sugar; soft drinks; flavored and sweetened milk- and plant-based
beverages; and sugar-sweetened juices. The sugary treats variable included ice cream, chocolate,
sweets, cakes, cupcakes, sweet rolls, Danish pastries, pies and other sweet pastries, and sweet biscuits
and cereal bars. The FV variable included fresh vegetables, cooked and canned vegetables, fresh fruit,
and fresh and frozen berries.

Children’s SR skills were assessed with 10 items derived from the Child Social Behavior
Questionnaire, previously used in the Millennium Cohort Study on 3-year-olds [26]. Five items
assessed cognitive skills and five items emotional SR skills. Each statement had three response options:
disagree; agree to some extent; and fully agree. The mean points for each sub-dimension were
calculated and used in the analyses. The internal consistency reliability as Cronbach’s alphas was 0.68
for cognitive and 0.78 for emotional SR skills.

2.3.2. Parental Educational Level

The parent filling in the guardian’s questionnaire reported his/her own highest educational
achievement and the education of a partner living in the same household. The six answer options
were categorized as follows: low educational level (comprising comprehensive school, vocational
school, or high school); middle educational level (bachelor’s degree or college); and high educational
level (master’s degree or licentiate/doctor). The highest educational level among parents was used
as the parental educational level (PEL) variable in the analyses. In four cases, the highest education
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was not the education level of the mother or the father of the child, but that of a spouse living in the
same household.

2.3.3. Confounding Factors

The parent reported the date of birth and gender of the participating child. In the statistical
analysis, adjustments were made for the child’s gender and age at baseline (continuous) for the
categorical variable PEL and for the municipality.

2.4. Randomization, the Intervention, and the Program Content

Randomization was made at the preschool manager-level, separately for the two municipalities
by an online randomization program (https://www.randomlists.com/team-generator). Preschools were
divided into small and large preschools before randomization. After the baseline measurements,
preschools were informed whether they had been randomized into the intervention (n = 13) or control
(n = 19) group (Figure 1).

In intervention preschools, all early educators received program training. The training was split
into a longer training session after the baseline measurements and a shorter training session around
the middle of the 23-week program, in all, approximately 8 h [28]. Throughout the intervention,
two researchers engaged with early educators conducting the program by email. Basically, the program
at preschools was based on the international MindUp™ program [39]. Healthy EBRBs promoting
strategies and methods were added to the existing ones in the program, and a program for families
was developed [28]. The program was run in both preschools and homes and divided into five themes,
all of which lasted 4–5 weeks: SR skills; physical activity; fruit and vegetables; screen time; and sugary
foods and beverages. SR skills along with each EBRB were emphasized throughout the program in the
preschool activities. SR skills were promoted by brain breaks, which were a few minutes’ calming
down and breathing sessions three times per day, led by early educators. In addition, early educators
were trained to teach children to recognize and reflect on different feelings. In the family activities,
focus was set on the children’s EBRBs, and on how parents, by acting as role models and changing
the availability and accessibility of the home environment, could influence their children’s EBRBs.
The methods used for families were, among others, information letters, emails containing videos
or articles, bingos related to EBRBs, and two fairy tales written for the project. For each of the five
themes, preschools arranged one activity afternoon. Early educators received the instructions and
needed materials for the activities at the program training sessions. The activity afternoons were
conducted as a workshop for children and parents to which all families were invited. An activity
afternoon could consist of a working sheet about vegetable eating habits and favorite vegetables, or a
vegetable tasting session that children and parents conducted together. Materials that were produced
during the afternoons were expected to be displayed at the preschool, so that families could see each
other’s works. The early educators in the control preschools received training for the program after the
intervention was finished.

2.5. Statistical Analyses

Differences between the participants’ characteristics and the two groups (intervention/control) at
baseline were analyzed by the Chi-square test (categorized variables) and t-test (continuous variables).
Our main outcomes were total screen time (min/day), total PA (min/day), two variables related to
sugar consumption (sugary everyday foods and beverages, and sugary treats, as times/week), total FV
consumption frequency (times/week), and SR skills (cognitive and emotional dimensions, as scores).
As a first step, a simple model was used to show the comparison between the intervention and control
groups. To evaluate this, we used the general linear mixed models adjusted for baseline value of the
outcome. This first model was used as a simple description of the results at follow-up. As a second
step, a more complete and appropriate model was used with the major interest to evaluate the results
between follow-up and baseline for the control and intervention groups. For this aim we used the

162



Nutrients 2020, 12, 2599

linear mixed models with repeated measures for all outcomes, taking into account the interaction
between the two groups and two time-points of baseline and follow-up. In the mixed models, normal
distribution was visually checked. The preschool unit was used as a random effect in order to adjust
for variability between the preschools. All aforementioned analyses were adjusted for child’s gender,
age at baseline, municipality, and PEL. Furthermore, accelerometer wearing time was included as
an adjustment variable in the analyses where PA was the outcome. We also evaluated linear mixed
models with three-level interactions: groups (intervention and control), time-points (baseline and
post-intervention), and PEL. For these models, the results for the comparison between the two groups
and time-points were presented as stratified by PEL group. In all analyses, multiple imputation
was applied for independent variables with missing values. The number of children included in the
analysis of each dependent variable and the missing values are presented in Supplementary Table S1
and the complete results for the linear mixed models with repeated measures and the respective effect
size for interaction is presented in Supplementary Table S3.

All analyses were based on the intention-to-treat principle so that all randomized participants
were included in the analysis in their randomized intervention group. General statistical analysis was
performed and tables created using SPSS version 25. Mixed models, effect size for models’ interaction,
and multiple imputation analysis were conducted in R version 3.4.3 using the lme4, MuMIn, and MICE
packages, respectively. For all analyses, a 5% statistical significance level was adopted.

3. Results

The average age of children in the study was 5.24 (±1.06) and 5.14 (±1.04) years for the control
and intervention groups, respectively. Even though most characteristics were similar in the groups, a
higher percentage of children with high educational level parents were found in the control group
(26%) than in the intervention group (18%) (Table 1).

Table 1. Children’s characteristics by the control and intervention group at baseline (n = 802).

Control Intervention
p-Value

n Mean ± SD * n Mean ± SD *

Child’s Age c 441 5.24 ± 1.06 360 5.14 ± 1.04 0.060 a

n % n %
Child’s
gender

girl 203 46.0% 172 47.8%
0.496 b

boy 238 54.0% 188 52.2%
Parental

educational
level d

low 116 29.9% 109 35.4%
<0.001 bmiddle 169 43.6% 143 46.4%

high 103 26.5% 56 18.2%
Municipality Salo 357 81.0% 306 84.8% 0.040 b

Riihimäki 84 19.0% 55 15.2%

* SD, standard deviation; a comparison using t-test; b comparison using Chi-square test; c one missing value for age;
d low educational level (comprehensive school, vocational school, or high school), middle (bachelor’s degree or
college), high (master’s degree or licentiate/doctor).

Table 2 shows the descriptive results for children’s EBRBs and SR skills according to the intervention
and control group, at baseline and at follow-up, whereas the corresponding results according to PEL
are presented in Supplementary Table S2. Children had about the same daily screen time in the
intervention and control groups at baseline (Table 2), but low PEL children had higher screen time
than the other groups (Supplementary Table S2). The FV consumption at baseline was higher in the
high PEL groups than in the other groups (Supplementary Table S2).

Table 3 shows the comparison between the intervention and control groups at follow-up adjusted
for respective baseline outcome values. Figures 2 and 3 present the mean of the main outcomes
(descriptive values from Table 2) at the baseline and follow-up for the intervention and control groups,
and for the PEL subgroups of the intervention group.
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Table 2. Descriptors for children’s EBRBs and self-regulation skills by control and intervention group.

EBRBs and SR Skills *

Baseline Follow-Up

Control Intervention Control Intervention

n Mean ± SD ** n Mean ± SD ** n Mean ± SD ** n Mean ± SD **

Total screen time (min/day) 370 84.87 ± 43.45 303 87.27 ± 44.06 325 88.84 ± 42.47 261 85.37 ± 41.34
Total physical activity a (min/day) 335 412.68 ± 48.40 282 405.66 ± 48.61 270 418.02 ± 45.34 210 414.42 ± 50.42

Sugary everyday food and beverages (times/week) 307 9.70 ± 6.89 293 10.53 ± 7.84 241 10.21± 8.96 200 9.76 ± 6.88
Sugary treats (times/week) 318 5.86 ± 3.99 299 5.77 ± 3.21 236 7.00 ± 5.34 192 6.99 ± 5.34

Fruit and vegetables (times/week) 323 21.79 ± 10.67 298 22.06 ± 13.12 258 22.26 ± 11.38 200 23.22 ± 13.39
Cognitive SR skills (scale 1–3) 383 2.31 ± 0.39 313 2.27 ± 0.43 324 2.32 ± 0.41 256 2.34 ± 0.43
Emotional SR skills (scale 1–3) 383 2.26 ± 0.51 313 2.25 ± 0.52 324 2.25 ± 0.51 256 2.29 ± 0.53

* EBRBs, energy balance-related behaviors; SR, self-regulation. ** SD, standard deviation.

Table 3. Comparison of EBRBs and SR skills between intervention and control, and changes within the groups *.

General Linear Mixed Model c Linear Mixed Models with Repeated Measures

Children’s EBRBs and SR Skills
Comparison between Intervention and Control

Group at Follow-Up c
Change between Follow-Up and Baseline in

Control Group
Change between Follow-Up and Baseline in

Intervention Group

(95% C.I.) p-Value diff F–B (95% C.I.) p-Value diff F–B (95% C.I.) p-Value

Total screen time (min/day) a −4.20 (−9.86; 1.46) 0.146 4.46 (0.48; 8.44) 0.028 −1.42 (−5.86; 3.01) 0.529
Total physical activity (min/day) b −0.56 (−6.65; 5.53) 0.858 23.77 (18.57; 28.97) <0.001 27.30 (21.74; 32.86) <0.001

Sugary food and beverage (times/week) a −0.57 (−2.09; 0.96) 0.466 0.51 (−0.42; 1.43) 0.285 −0.79 (−1.77; 0.19) 0.112
Sugary treats (times/week) a −0.13 (−1.03; 0.78) 0.781 1.20 (0.62; 1.77) <0.001 1.28 (0.67; 1.90) <0.001

Fruit and vegetables (times/week) a 1.43 (−0.64; 3.49) 0.176 −0.37 (−1.63; 0.89) 0.565 1.21 (−0.18; 2.61) 0.088
Cognitive SR skills (scale 1–3) a 0.02 (−0.04; 0.08) 0.505 0.01 (−0.03; 0.05) 0.574 0.06 (0.01; 0.11) 0.011

Emotional SR skills (1–3) a −0.03 (−0.04; 0.10) 0.405 0.004 (−0.04; 0.05) 0.858 0.04 (−0.02; 0.09) 0.195

* (n = 645–737, estimates, and their 95% confidence intervals (C.I.); a models adjusted for gender, age, municipality, and parental educational level; b models adjusted for gender, age,
municipality, parental educational level, and accelerometer wear time; c models adjusted for gender, age, municipality, parental educational level, (accelerometer wear time in PA as
behavior), and baseline value of the outcome.
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Figure 2. Children’s EBRBs (heading (A–E)) and SR skills (headings (F,G)) at the baseline and
follow-up in the intervention and control groups (means). For exact mean values, please see Table 2
(* p-value < 0.05, • p-value < 0.01 for the difference between the follow-up and baseline within
the group).
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Figure 3. Children’s EBRBs (headings (A–E)) and SR skills (headings (F,G)) within the intervention
group separated by highest parental educational level (PEL) (means). For exact mean values, please
see Supplementary Table S2 (* p-value < 0.05 for difference between follow-up and baseline within
the group).

There were no significant differences detected in follow-up between the intervention and control
groups for children’s total screen time, total PA, consumption frequencies of sugary everyday foods
and beverages, sugary treats, and FV, and cognitive and emotional SR skills (Table 3).
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The results between the baseline and follow-up within the control and intervention groups differed
for some EBRBs and SR skills (Table 3, see means in Figure 2). In the intervention group, the change
between baseline and follow-up in total screen time was not significant, whereas there was a significant
increase, approximately 4.5 min/day, in screen time in the control group (p = 0.028, Table 3, Figure 2A).
The control group significantly increased in total PA on average by 24 min/day (p < 0.001), and the
intervention group had a significant increase of 27 min/day (p < 0.001, Table 3 and Figure 2B). There was
an increase in sugary treat consumption frequency in both groups (p < 0.001 in both groups, Table 3).
In the intervention group, there was a trend, albeit not significant (p = 0.088), where FV consumption
frequency increased (Table 3, Figure 2E). A positive significant change in points in cognitive SR skills
was observed in the intervention group (p = 0.011, Table 3, Figure 2F).

Similar comparisons of children’s EBRBs and SRs skills at follow-up stratified by PEL and the
comparison between baseline and follow-up for intervention and control groups stratified by PEL are
presented in Table 4. To illustrate the results within the separate PEL intervention groups, figures are
presented with the mean of main outcomes at baseline and follow-up (Figure 3).

No significant differences were found when examining EBRBs and SR skills stratified by PEL
(Table 4). In follow-up, there was a borderline significant result in cognitive SR skills when comparing
low PEL intervention and control groups (p = 0.051).

Within the groups, the low PEL control group decreased their cognitive SR skills (borderline
significance, p = 0.052). The total PA increased significantly within all intervention and control groups
when stratified by PEL (p < 0.001 for all subgroups, Table 4, Figure 3B). The sugary treat consumption
frequency increased within low PEL control and intervention groups (p < 0.001 in both groups), and in
the middle PEL control group (p = 0.027, Table 4, Figure 3D). Cognitive SR skills strengthened in the
middle PEL intervention group (p = 0.038, Table 4, Figure 3F).
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Table 4. Comparison between the intervention and control group by parental educational level and changes within groups *.

General Mixed Model Linear Mixed Models with Repeated Measures

Children’s EBRBs and SR Skills PEL
Comparison between Intervention and

Control Group at Follow-Up c
Comparison between Follow-Up
and Baseline in Control Group

Comparison between Follow-Up and
Baseline in Intervention Group

(95% C.I.) p-Value diff F-B (95% C.I.) p-Value diff F-B (95% C.I.) p-Value

Total screen time (min/day) a
low −1.69 (−12.30; 8.92) 0.753 1.95 (−5.74; 9.64) 0.619 −3.42 (−11.23; 4.40) 0.391

middle −7.88 (−16.60; 0.84) 0.076 4.05 (−1.87; 9.98) 0.179 −2.00 (−8.57; 4.57) 0.551

high −3.73 (−16.13; 8.66) 0.553 7.65 (−0.10;
15.39) 0.053 2.95 (−6.86; 12.76) 0.555

Total physical activity (min/day) b
low −7.17 (−24.15; 9.80) 0.404 21.41 (11.82; 31.00) <0.001 22.10 (12.89; 31.32) <0.001

middle 1.86 (−11.90; 15.63) 0.787 26.61 (19.56; 33.66) <0.001 30.89 (22.96; 38.83) <0.001
high −0.77 (−19.96; 18.42) 0.937 21.10 (12.08; 30.13) <0.001 27.66 (16.37; 38.95) <0.001

Sugary foods and beverages (times/week) a
low −0.15 (−2.70; 2.41) 0.909 0.83 (−1.07; 2.74) 0.392 0.10 (−1.71; 1.92) 0.911

middle −1.08 (−3.08; 0.93) 0.286 0.61 (−0.75; 1.96) 0.380 −0.88 (−2.26; 0.50) 0.210
high −1.34 (−4.14; 1.45) 0.344 0.09 (−1.64; 1.81) 0.920 −1.91 (−4.12; 0.31) 0.092

Sugary treats (times/week) a
low −0.79 (−2.86; 1.29) 0.454 2.17 (0.97; 3.37) <0.001 2.22 (1.15; 3.29) <0.001

middle 0.52 (−1.19; 2.22) 0.545 0.93 (0.10; 1.75) 0.027 0.74 (−0.17; 1.65) 0.109
high −0.07 (−2.32; 2.18) 0.954 0.89 (−0.18; 1.96) 0.103 1.02 (−0.34; 2.38) 0.140

Fruit and vegetables (times/week) a
low 2.99 (−1.00; 6.98) 0.141 −0.14 (−2.75; 2.47) 0.915 1.51 (−0.98; 3.99) 0.235

middle 0.59 (−2.56; 3.74) 0.710 0.37 (−1.49; 2.23) 0.695 1.43 (−0.61; 3.48) 0.169
high 1.03 (−3.30; 5.37) 0.638 −1.68 (−3.96; 0.60) 0.149 0.31 (−2.74; 3.36) 0.841

Cognitive SR skills (scale 1–3) a
low 0.11 (0.00; 0.21) 0.051 −0.11 (−0.22; 0.00) 0.052 0.04 (−0.08; 0.15) 0.513

middle 0.001 (−0.09; 0.09) 0.987 −0.03 (−0.13; 0.06) 0.468 0.10 (0.01; 0.20) 0.038
high −0.06 (−0.18; 0.07) 0.380 0.04 (−0.09; 0.18) 0.536 −0.04 (−0.18; 0.09) 0.543

Emotional SR skills (scale 1–3) a
low 0.01 (−0.12; 0.13) 0.921 −0.02 (−0.11; 0.08) 0.750 0.03 (−0.07; 0.12) 0.563

middle 0.05 (−0.05; 0.15) 0.313 −0.02 (−0.09; 0.05) 0.547 0.04 (−0.04; 0.12) 0.286
high 0.01 (−0.13; 0.16) 0.861 0.07 (−0.02; 0.16) 0.141 0.03 (−0.09; 0.15) 0.611

* Estimates and their 95% confidence intervals (C.I.); a models adjusted for gender, age in years, municipality, and parental educational level; b models adjusted for gender, age in years,
municipality, parental educational level, and accelerometer wear time; c models gender, age in years, municipality, parental educational level, (accelerometer wear time in PA as behavior),
and for baseline value of outcome.
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4. Discussion

We detected no differences in EBRBs or SR skills between the intervention and the control group
in our preschool-based family-involving RCT. Furthermore, changes in children’s EBRBs according to
PEL did not differ between the intervention and control groups at follow-up, although a borderline
significant result emerged in low PEL children in the intervention group, improving their cognitive SR
skills compared with the corresponding control group (p = 0.051).

A possible reason for not detecting significant intervention effects might be that the goals set
were unrealistic (0.74 times/day decrease in sugary foods and beverages), or it would have required
a higher number of children. Our study was a complex multicomponent intervention of relatively
short duration. Each of the five program themes were focused on for 4–5 weeks, which could have
been too short a duration for changes to occur. Therefore, further evaluation of the effects is needed.
Furthermore, the analysis did not show stronger intervention effects in low PEL children. Still, cognitive
SR skills strengthened in the low PEL intervention group compared with the low PEL control group,
and the results bordered on statistical significance. Within the low PEL control group, cognitive SR
skills decreased; also here the results did border to reach statistical significance. However, a significant
improvement in cognitive SR skills occurred among middle PEL intervention children. Since the
above-mentioned increases in cognitive SR points when comparing control and intervention group were
small, these results might lack practical implication. The Head Start intervention showed improvements
in SR skills and a decrease in sugar-sweetened drink consumption in the group that received the
intervention promoting both EBRBs and SR skills, compared with the other three groups [27]. Although
the aims of that study and ours were similar, the results are not totally comparable. The age group in
Head Start was slightly older (4–9 years), and SR skills were measured by another instrument. In both
studies, activities to strengthen SR skills were mainly conducted in preschools, whereas parents were
the main target when promoting healthy EBRBs. It was discussed that parents might not have been
sufficiently engaged, which may have led to null results regarding the children’s EBRBs, which may
also be the case in the DAGIS.

Within the intervention and control group, several significant changes occurred in the EBRBs.
The control group increased their screen time by approximately 4.5 min/day, whereas no changes were
detected within the intervention group. For the control group, it had about a 30 min/week higher
screen time, which might eventually harm energy balance, weight status, and development of SR
skills. The results of the control children followed the trend that screen time increases with age among
young children [40]. The ToyBox study also did not reveal an overall positive effect on screen time [16],
nevertheless when including a process evaluation, a reduction in computer/video games time was
shown [14]. Subgroup analyses in ToyBox showed less TV time during weekends in the intervention
girls [16], and subgroup analyses should also be considered in the DAGIS study.

The total PA increased in the control and intervention group. A recently published European
study reported that moderate-to-vigorous PA increased from the age group of 2–3 years to 4–5 years,
and further to 6–7 years [41]. The trend might explain the results in the DAGIS. Moreover, the follow-up
occurred in spring, when there are more daylight hours than at the baseline in autumn. Studies have
revealed that the higher the temperature and the more daylight present, the higher the level of PA
among children [42,43]. The municipality, in which all preschools participated, simultaneously runs a
training program for all early educators aimed at increasing preschool PA, which has increased all
children’s preschool PA independently of intervention status. Previous interventions have reported no
effects on children’s PA [44–46], and discussion has ensued on whether short durations such as six
weeks of promoting PA are sufficient to detect an increase in children’s PA [16,47].

The follow-up results for sugary everyday food and beverage consumption outside preschool
hours did not differ between the intervention and control groups. The reduction was mainly supposed
to happen at home, as these foods are seldom served at Finnish preschools [31]. The program
implementation in families might have been weak, leading to no changes. This needs to be further
studied by analyzing the processes in the intervention. We found an increase in sugary treat consumption
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in both the control and intervention low PEL groups (Supplementary Table S2), but no changes in the
middle or high intervention groups. It seems that as children grow older, the consumption increases,
especially in low PEL groups, which might lead to a greater gap between the PEL groups. The change
in FV consumption did not differ between the intervention and control groups. However, while the
control group had a stable consumption of FV at both time-points, the consumption frequency in the
intervention group increased by 1.3 times/week. Similarly, some intervention studies have shown
improvements in FV consumption [48], although a systematic review concluded that multicomponent
FV interventions have provided low evidence of increasing FV consumption [49].

When developing the DAGIS intervention, the focus was set on understanding the low
educational level context and how to, by means of a universal intervention, reach those with low PEL
backgrounds [28]. One strategy was to produce easy-to-read materials as the ToyBox intervention
study discussed that the lack of significant results for children’s food consumption might have been
due to the intervention materials being insufficiently tailored to those with low education levels [13].
The DAGIS logic model of change included primary outcomes, which were seen as the most important
determinants for explaining socio-economic differences in children’s EBRBs. The main primary
outcomes (i.e., adults role modeling and changes in the environment in availability and accessibility of,
for example, foods and screens), should be examined next. It is more likely to see changes in these due
to the relatively short duration of the intervention. Generally, it has been concluded that availability
and accessibility (foods, screens) in the home environment would be of great importance for children’s
health behaviors in low PEL families [13].

As this study includes the intention-to-treat effect analysis, it was assumed that all intervention
preschools and families conducted the program in the same manner and at the same intensity. Further
analysis including fidelity and implementation degree of the program will yield a deeper understanding
of the effects. The importance of the implementation degree has been discussed in conjunction with
null results in multicomponent interventions [50].

The DAGIS intervention study had limitations that should be acknowledged. The short intervention
time, in all, five months, was a limitation, but the project as a whole needed to be conducted during
a preschool year. Previous discussion has questioned whether a short time period is adequate for
children to change their EBRBs [13,44]. In addition, children’s baseline consumption of FV, mean three
times/day outside preschool time, was fairly high, which sets challenges for achieving an increase.
Furthermore, reliably measuring food consumption is challenging. However, reproducibility and
validity of our parental FFQ have been tested [36,38]. Still, the FFQ reflects the foods eaten during the
last week outside preschool time and does not allow for analysis of whether food consumption changed
at preschool. The 10-item questionnaire assessing two dimensions of children’s SR skills had three
answer categories, which might not have been sensitive enough to capture changes. Many instruments
are available to assess children’s SR skills, but no consensus exists on their validity in evaluating this
multidimensional concept [51]. Finally, the sample size might not have been sufficiently large to detect
significant results. The power calculations were conducted based on means and standard deviations
from the DAGIS cross-sectional survey [7]. Some dissimilarities exist between these two studies such
as the number of preschools and municipalities and the proportion of low PEL families participating,
which might have led to an underpowered study.

A strength of the study is that the study development was guided by the IM framework [28], which
enabled systematic planning. The logic model of change was formed on the best existing knowledge,
and on a comprehensive evaluation of the Finnish preschool-family context [10,28]. This enables further
systematic evaluations of the processes. The fairly high response rate of families, 47%, and having
all preschools from one municipality participating including diverse preschools as well as diverse
families can be seen as a strength. The high response rate indicates a lower selection bias among the
participants. In addition, slightly more than 30% of the participating families had low education levels.
It is often seen as a challenge that the less educated tend not to participate in intervention studies [52].
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The study also included a combination of instruments such as the accelerometer for assessing PA,
a validated screen time diary, and a validated FFQ for robust assessment [35,38].

The fairly new approach of simultaneously strengthening children’s SR skills and promoting their
EBRBs can be seen as a strength and also as a risk. To the best of our knowledge, this approach has
been evaluated in one other study [27], where it was discussed that the next step should be integrating
SR skill promotion into the EBRB context. In the DAGIS study, this can be seen as a strength as the
program enhanced SR skills, while simultaneously promoting EBRBs by adding more materials to the
existing program. The materials and methods for the program also underwent pretesting [28].

5. Conclusions

The DAGIS intervention study aimed to promote preschoolers’ EBRBs and SR skills through a
preschool-based family-involving intervention conducted as a clustered RCT. We detected no significant
differences in the preschoolers’ EBRBs between the intervention and control groups at follow up.
No differences at follow-up between the PEL groups were found, except for the cognitive SR skills,
where a borderline significant result emerged between low PEL control and intervention group. Within
the middle PEL intervention group, there was an increase in cognitive SR skills. Even though the
intervention did not achieve its goal and the aims were not attained, further analyses should examine
whether changes can be seen in the determinants of children’s EBRBs, especially those of importance
for children with low PEL. In addition, a thorough process evaluation may provide insight into the
non-significant findings.
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Abstract: The prevalence of childhood and adolescence overweight an obesity is raising at an
alarming rate in many countries. This poses a serious threat to the current and near-future health
systems, given the association of these conditions with different comorbidities (cardiovascular
diseases, type II diabetes, and metabolic syndrome) and even death. In order to design appropriate
strategies for its prevention, as well as understand its origins, the development of predictive models
for childhood/adolescent overweight/obesity and related outcomes is of extreme value. Obesity has
a complex etiology, and in the case of childhood and adolescence obesity, this etiology includes
also specific factors like (pre)-gestational ones; weaning; and the huge anthropometric, metabolic,
and hormonal changes that during this period the body suffers. In this way, Machine Learning
models are becoming extremely useful tools in this area, given their excellent predictive power;
ability to model complex, nonlinear relationships between variables; and capacity to deal with
high-dimensional data typical in this area. This is especially important given the recent appearance
of large repositories of Electronic Health Records (EHR) that allow the development of models
using datasets with many instances and predictor variables, from which Deep Learning variants can
generate extremely accurate predictions. In the current work, the area of Machine Learning models to
predict childhood and adolescent obesity and related outcomes is comprehensively and critically
reviewed, including the latest ones using Deep Learning with EHR. These models are compared with
the traditional statistical ones that used mainly logistic regression. The main features and applications
appearing from these models are described, and the future opportunities are discussed.

Keywords: childhood obesity; obesity; overweight; machine learning; deep learning; statistical models;
data science; BMI

1. Introduction

Obesity and overweight prevalence among children and adolescents has increased to a large extent
during the last four decades [1,2]. For instance, the prevalence of overweight and obese children and
adolescents between 5 and 19 years has soared from about 4% in 1975 to 18% in 2016 [3]. This increase
is especially dramatic in developing countries [4], while in developed countries it seems to be slowing
down and affects mainly the low-income sub-populations [5]. In absolute numbers, it is currently
estimated that about 38 million children under the age of 5 are overweight or obese, while about
340 million children and adolescents aged 5–19 years are overweight or obese [3].

This large prevalence poses a threat to the current and future health systems. Childhood and
adolescent obesity is related to different comorbidities during this age [6–10], as well as to a lower
quality of life [11], but, in addition, it is also associated to adult comorbidities, like metabolic syndrome
and diabetes [12], cardiovascular risk [13,14], and death [15,16]. This is probably due to the difficulty
in its eradication once it is established, justifying the adoption of childhood preventive measures,
rather than therapeutic ones [9].
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Obesity, that is, excess adipose tissue in the body [17], has a complex, multifactorial etiology.
Among the factors involved in its development, the most important ones are genetics, physical activity,
sedentary lifestyle, diet, etc. [18] In addition, obesity has additional complications for its analysis
during childhood and adolescence. This is largely due to the huge changes in height and weight during
this period. If we measure the Body Mass Index (BMI) through it, we see a pattern of an initial increase
until reaching a first peak at about 1 year, followed by a decrease up to the age of about 6 years, where it
starts to rise again (the so-called adipose rebound) [18]. So big are these changes that there is no universal
consensus in the definitions of “overweight” and “obese” based on BMI at these ages [17], and in most
cases, they are defined using sex-, age- and population-specific percentiles, normally ≥ 85th percentile
for overweight, and ≥ 95th percentile for obese, as will be discussed in Section 4 in detail. (It must be
noted that in this Review we use the concept “obesity” in two ways: one is as excess adipose tissue in
the body in general, and the other is a BMI-based category to classify individuals, normally for adults
BMI ≥ 30 kg/m2 and for children with multiple definitions as described in the text.)

Therefore, during this period, there happen large metabolic and hormonal changes that largely
influence the adiposity at different ages. On top of that, there is still a large influence of specific
pre-gestational and gestational factors, especially during early childhood, that have a large impact
at these ages. The additional risk factors for obesity in childhood-adolescence have been reviewed
recently [18,19]. Some of the most outstanding ones are parent’s BMI, gestational weight gain of
the mother, gestational diabetes, maternal smoking, birth weight, rapid infant growth, and high
protein and/or free sugars consumption. There are also psychological factors, especially during the
adolescence period.

In order to prevent childhood and adolescent obesity, the development of predictive models to
identify potential individuals of high risk is of great utility. This allows the focusing of preventive
measures towards the high-risk subpopulation, allowing a more cost-effective and personalized
approach to weight reduction interventions. In addition, the use of predictive models allows, by their
analysis, to rank the different risk factors in order of importance, so that we can identify those that
would be more effective in order to design these interventions. Moreover, the models can be used
as simulation tools where “what-if” analyses can be conducted, by varying one or more predictor
variables and seeing what would be the effect in obesity for particular sub-populations (defined by,
e.g., sex, age, diet, etc.).

Given the large complexity of obesity, especially during the childhood and adolescence period,
with a large number of multidomain influencing factors interacting in convoluted ways, traditional
statistical methods like (generalized) linear models show limitations and have focused mainly in
analyses with a reduced number of predictor variables and with limited predictive power. As we
will see in Section 3, these models in most cases use more or less the same set of predictor variables
transformed in one way or another and aggregated a linear functional form. Another limitation of
these methods is their inability to deal with high-dimensional data, where the number of predictor
variables (columns) is close or even much higher than that the number of dataset instances (rows),
as they typically require many more instances than predictor variables in order to provide reliable
inferences and avoid overfitting. Such situation makes them to need huge samples for they to be used
with large sets of predictor variables, resulting in difficult practical implementations.

In this way, Machine Learning (ML) techniques are especially gifted modelling tools for these
datasets, typically of high-dimensional nature and with complex relationships between many
multidomain variables. This is due to their capacity to deal with high-dimensional data so that
they can be applied to model relatively small datasets having large numbers of predictor variables
and with reduced overfit. In addition, ML methods are able to find complex, nonlinear relationships
between the predictor variables and these and the response variable or variables in an automated
way, not requiring to manually predefine and test a large set of potential relationships between these
variables. Therefore, the predictive capacity, ease of application, and robustness of these models for
complex data far outclasses those of the traditional statistical models. This is even more in the case
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of the recent Deep Learning (DL) branch of ML, which can tap from huge datasets both in instances
and predictor variables to obtain models with extremely good predictive capacities. DL methods,
in addition, are able to directly use complex data like images, text, social media, time series, etc.,
avoiding the need of lengthy feature engineering processes, as we will see in Section 2. This is increasing
dramatically the scope of data sources that can be used in this field, allowing to identify novel
risk factors.

Given the above described advantages of ML over statistical methods for this problem, it is no
surprise that ML have started to be used in the area. Thus, this paper attempts to conduct a critical
and comprehensive review of the work done in ML models applied so far to the area of childhood
and adolescent obesity. This will include a brief unbiased summary of each of the works available
in the area to predict childhood or adolescent BMI and/or obesity/overweight with ML, followed
by a thorough discussion of the collective patterns found, results obtained and novel risks factors
identified, advantages and limitations of the approach, and future perspectives. The discussion will
include also a comparison with the statistical models of the same outcomes, which will have been
briefly reviewed previously. In addition, models to predict related outcomes (e.g., success of weight
decreasing therapies, social obesogenic environments, pediatric attention to obesity, etc.) will also be
reviewed, as they are of increasing interest especially in the area of preventive interventions. We will
see that this is a new field that has experienced a recent explosion, especially during the last five years,
mainly through the use of massive databases of Electronic Health Records (EHR) and the application
for the first time of DL techniques, which is starting to allow a more systematic analysis of large
cohorts with many multidomain predictor variables and the introduction of complex data sources
as predictors. As the reader will see, this is also a very heterogeneous field, both in terms of type of
model (cross-sectional, longitudinal), label predicted by the model (obesity, overweight, success of
obesity therapies, pediatric attention to obesity, etc.), aim of the predictions (explanatory, predictive,
and simulation), and application of the model (prediction of risk subpopulation, optimization of
obesity therapy, suggestion of novel therapeutic approaches, etc.), further extending those typical of
statistical models. It is expected to provide an updated view of the field to researchers within multiple
disciplines and interests: statisticians, engineers, data scientists, epidemiologists, pediatricians, nurses,
and nutritionists.

The article will be organized as follows: after this Introduction, first, a summary of the ML field
will be conducted in order to provide some basic knowledge for readers not experts in the field,
trying to make the work as much self-contained as possible; second, the procedure to search and select
the reviewed works will be described; third, the statistical models in the childhood/adolescence obesity
area will be reviewed, in order to set a comparison point with the ML models; fourth, ML models
targeted to the prediction of BMI or categorized versions of BMI will be reviewed; fifth, ML models
targeted to the prediction of related outcomes will be reviewed; sixth, a final wrap-up discussion of the
main patterns in the models summarized will close the paper.

2. Basic Concepts in Machine Learning

Machine Learning (ML) exploded in the 90s of last century as a new field of data analysis
at the interface between Statistics and Artificial Intelligence. Although the initial concepts like
Rosenblatt’s perceptron [20] (a basic, 1-layer artificial neural network to perform binary classification),
Naïve Bayes [21], Decision Trees [21], and k-Nearest Neighbors date back to the 50s–60s of the 20th
century, it was during the last decade of it when the field started to enter into full maturity and be
massively applied. This happened with the appearance of multi-layer neural networks, thanks to the
invention of the backpropagation training algorithm [22], as well as other ML paradigms like Support
Vector Machines [23] and, in the first decade of the 21st century, Random Forests [24] and Gradient
Boosting Machines [25]. This emergence has been fostered by the confluence of CPU miniaturization
and cheapening, massive accessibility of computational capacity, and the development of completely
new ideas for statistical modeling.
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This explosion has been followed, in the second decade of the 21st century, by the one of
Deep Learning (DL). DL is an outgrowth from ML that comprises mainly artificial neural networks of
very large numbers of layers (the term “deep” comes from here), together with specialized layers,
like convolutional and recurrent ones, and additional adaptations to allow the training of these huge neural
networks: non-saturable activation functions; new weight initialization schemes; faster optimizers;
and the training of the network in small, random batches of the data (the so-called mini-batch training).
The DL models contain typically millions of training parameters. The specialized layers find directly
from complex data like images, sounds, texts, music, etc., patterns (“feature maps”) that are fed
into multi-layer fully-connected perceptrons, allowing the direct modeling of this complex data,
without the need of manually generating compressed representations of these data, the so-called
“feature engineering”.

Again, DL has benefited from an additional increase of computational power easily accessible,
mainly though both the use of GPUs instead of CPUs, and of cloud computing, as well as the availability
of huge public datasets (e.g., YouTube, San Bruno, CA, USA; Wikipedia, Facebook, Menlo Park, CA,
USA; etc.) and open competitions (Kaggle, San Francisco, CA, USA, etc.).

Generally speaking, ML has put more emphasis in prediction rather than testing of a predefined

hypothesis like traditional statistical models, where the emphasis is more in inference. In the same way,
the focus is more in a practical, engineering-oriented approach rather than on a rigorous theoretical
background. ML can be defined as a set of algorithms that automatically learn simplified representations of

the data. For example, we can present the ML algorithm with a set of data instances, like pictures of
animals, together with a label for the species present in each picture. The algorithm would then be
trained by automatically learning some abstract internal rules to associate each image to each label,
by minimizing some kind of measure of the prediction error or loss. When presented with new pictures,
the algorithm would then be able to assign a label (species name) to each of them.

ML models are able to cope with very complex datasets, even those with many more predictor
variables than instances (high-dimensional datasets). For this reason, they tend to be more difficult
to interpret (“black-box” type of models), although as we will see later, new techniques have been
developed to facilitate understanding the inner working of the model.

From our purposes in this Review, we can talk about two main groups of ML models: supervised and
unsupervised. Supervised models are those that use datasets comprising both a set of predictor variables

and one or more target variables or labels. The model would then be trained to be able to predict
the label(s) from new instances of the predictor variables: for instance, to predict if a child will be
obese or not from his age, sex, parent’s BMI, and food consumption. The other type of ML models,
unsupervised ones, attempt to find, without the use of labels, transformations of the input data with
easier visualization, less noise, etc., or try to identify groups in the data. These techniques include
Dimensionality Reduction and Clustering techniques.

Within the area of supervised models, which are the ones we will see in the Review, there are two
main groups: classification models, those where the predicted label is a categorical one (e.g., obese child
yes or not), and regression models, those where the label is a numeric one (e.g., BMI).

The most important type of classification models is binary classification, where the label has only
two categories, for instance “+” and “−”. In this case, the model frequently outputs a probability p of
one of the two classes (e.g., “+”; the probability of the alternate class “−” would be 1 − p). Once we
define a threshold t for this probability, if p ≥ t for a new instance, we would assign the category “+”
to that instance; if, on the contrary, p < t, we would assign the category “−”. At this point, several
concepts are used to characterize the performance of the model (Figure 1), depending on whether the
real category is “+” or “−“, and whether the predicted category is “+” or “−“.
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Figure 1. Measures of the performance of a binary classifier. Class labels are “+” and “−“. Predicted
category by the model is represented vs the real category, for all the possible situations.

Sensitivity (or recall) is the proportion of real positives that are predicted as positives. Specificity is
the proportion of real negatives that are predicted as negatives. Positive Predictive Value (PPV),
or precision, is the proportion of predicted positives that are real positives, and Negative Predictive Value

(NPV) is the proportion of predicted negatives that are real negatives. Accuracy is the total proportion
of correct predictions of all the predicted data.

A perfect model would have all these measures equal to 1. Obviously, this is almost never the
case, and we have to cope with some proportion of errors. We can choose the threshold t so that
it optimizes the purpose of our model. For example, if we are mainly interested in identifying as
many real positives (e.g., future obese children) as possible, in order to apply to them some preventive
weight-loss treatment, we would select a lower t and thus increase the sensitivity, even at the cost of
increasing the false positives and, therefore, decreasing the specificity and the PPV. This approach
would reach a point where we would identify so many false positives that would result in a prohibitive
cost for treating many unnecessary cases or, if applying the treatment to a future normal-weight child
has a negative effect, an unnecessary harm to too many members of our population. Alternatively, if we
are more interested in finding a sample of children most of whom will be obese in the future, even if it
is small (e.g., we can use it later for genotyping purposes), we would be more interested in optimizing
the PPV; in this case, we would use a larger t, therefore increasing the false negatives. This would
result in a decreased sensitivity and NPV. Again, we cannot increase t indefinitely, because there
will be a point where the sample would be so small that would become useless. Therefore, there is
always a balance between the cost and benefit, not just from the statistical point of view but also from
the practical application of the model, which must be taken into consideration when optimizing the
threshold of the model.

In order to characterize the discriminative capacity of the model, before selecting t, it is customary
to use Receiver Operating Characteristic (ROC) curves. In this curve, the sensitivity is plotted against
1-specificity for all the values of the threshold (Figure 2).
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Figure 2. ROC curve of a binary classifier.

For a random classifier, the curve will be a diagonal going from (0, 0) to (1, 1). For a perfect
classifier, the curve would go from (0, 0) to (0, 1) and then to (1, 1). Intermediate classifiers would
have a curve in between these two extremes. A frequent measure of the discriminatory power of
the classifier is the area under the curve of the ROC curve (AUCROC). A random classifier has an
AUCROC of 0.5, and a perfect classifier has an AUCROC of 1. Real-life classifiers would have values
in between, the better the closer to 1. The AUCROC equals the so-called concordance index or c-index.

When the classifier predicts a multi-class label, that is, with more than two classes, a measure of
the prediction performance is the accuracy, defined above as the percentage of instances for which the
label is predicted correctly. Another measure is the categorical cross-entropy. For a prediction instance i

and an M-category label, it is defined as the Equation (1)

−

M
∑

j=1

Ii jlogPi j (1)

where Iij is an indicator variable that is 0 if the predicted class j of instance i is not correct and 1 if it is.
Pij is the predicted probability for class j on the new instance i. For n predicted instances, the categorical
cross-entropy would be the sum of each of the instances categorical cross-entropies. Therefore,
it basically measures the match between the predicted probabilities for the different classes with the
observed frequencies. The better the agreement between predicted and actual labels, the smaller
the categorical cross-entropy, thus being an error or loss function that is minimized as the model is
trained with the training data (in the case of accuracy, it would be maximized). For binary classifiers,
the cross-entropy formula simplifies to M = 2, and we have the binary cross-entropy.
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When we deal with regression, common measures of the error or loss are the Mean Squared Error

(MSE, the Equation (2)):

MSE =
1
n

n
∑

i=1

(yi − ŷi)
2 (2)

where n is the number of predicted instances, yi is the actual continuous label for instance i, and ŷi is the
predicted value of the label for that instance. Another is the Mean Absolute Error (MAE, the Equation (3)):

MAE =
1
n

n
∑

i=1

∣

∣

∣yi − ŷi

∣

∣

∣ (3)

where |.|means absolute value.
When training a model with training data, there is a risk that the model learns too many details

of the latter, which makes it perform worse when presented with new data. In this case, we say that
the model is overfit. Normally, all the models we fit will fit better the training data than new datasets.
Therefore, in order to assess the practical prediction performance of a model, we need to validate it
with new data. We will see that there are different approaches for validation of models, which can be
divided in two groups: internal validation methods and external validation methods.

The main feature of internal validation methods is that we resample several times from the whole
dataset, fit a new model with the resample, and evaluate the model with the instances left out from
the resample. From this repeated resampling, model fit, and evaluation, we get an estimation of the
predictive performance of the modeling process with new data, although we do not really test a final
model with new data. Internal validations are used normally when the data is scarce, so it is very
difficult to obtain a new data set to externally validate the model.

There are two main general approaches for internal validation: cross-validation and bootstrap. In the
former case, in its k-fold version, what we do is divide the total sample into k random subsets (“folds”;
as for k, normally 5 or 10 is used). Then what we do is, for each fold, validate with this fold a model
fitted with the k − 1 remaining folds. The estimated validation measure of the performance of the
model (accuracy, cross-entropy, MSE, etc.) will be the average of the performances of the k models fitted
with each k subsamples, each having with k−1 folds and evaluated in the corresponding hold-out fold.

Cross-validation schemes can also be used to estimate hyperparameters of our model (e.g., number
of nearest neighbors in the k-Nearest Neighbors method, see below). What we do then is perform
the cross-validation with a double loop of folds; in one loop, we vary the hyperparameter among
several options, and in the other, we estimate the validation performance within each hyperparameter
selection. We will select the hyperparameter value that optimizes the cross-validation performance
estimate, and at the same time that performance will serve as estimate of the external performance of
the model (fitted with that optimal hyperparameter value).

It must be taken into account that the models fitted with cross-validation use a smaller dataset
than the whole dataset, so this can be a source of error of estimation of the performance. The other
approach for internal validation, bootstrap, avoids this issue by generating repeatedly samples of the
same size of the original one by sampling with replacement (allowing randomly repeated instances).
The model is refitted for each of these random samples and then evaluated in both that sample and
in the original sample or the left-out instances. By averaging the difference between the training
performance in each sample and the performance in the original sample, we get an estimation of the
so-called optimism in the training performance. Then, we would derive the model with the whole
dataset, evaluate its performance, and correct it by the estimated optimism.

We see that in both cross-validation and bootstrap, we do not make a real evaluation of the
external performance of the model but rather make an estimation of it from data that is used at the end
in the derivation of the final model. The alternative is to use an external validation sample. This is data
that is not used in the derivation of the model and is only used for validating the model. A simple
approach here is to randomly split the original sample into a training dataset (e.g., 60–80% of the data)

181



Nutrients 2020, 12, 2466

to fit the model with it and then a validation/testing dataset (40–20% of the data) to evaluate external
performance. This has two drawbacks when compared with internal validation methods: on one hand,
we miss some of the data in the model derivation; on the other hand, we make the estimation of the
external performance with a normally small dataset, which would result in an estimate with high
variance (depending on how “lucky” we are in the random split, we can have very different estimates).
This is not an issue if we have a very large dataset, and the validation set is quite large. However,
in case we have a small dataset, it is preferable to use internal validation measures, despite being a bit
more optimistic than external validations.

In addition, the random split approach has an additional problem in that both the training and
the validation datasets come from the same sample, and thus, it is likely that they are very similar,
a situation that quite possibly does not to occur when using the model in real life. There are ways
to avoid this issue, like clustering the original sample and then generating training and validation
datasets from different clusters. Another approach is to train the model with one dataset and then
validate it with a different dataset, e.g., a posterior in time dataset, a dataset from another country, etc.
This is a more demanding comparison but is probably the closest to the real performance of the model
in production. Obviously, this approach is very expensive in terms of datasets, so it is only available in
a reduced number of situations.

We will finish this section by briefly describing the ML models we will see in the Review.

2.1. Naïve Bayes (NB)

This method uses Bayes rule together with the approximation of conditional independence of
predictor variables given the response class. Bayes rule establishes the posterior probability of the target
variable y (label) taking the value j, conditioned to the predictor variables x1, . . . , xn (the Equation (4)):

P(y = j
∣

∣

∣x1, . . . , xn) =
P(x1, . . . , xn

∣

∣

∣y = j)P(y = j)

P(x1, . . . , xn)
(4)

where P(y = j) is the prior probability of y taking the value j, P(x1, . . . , xn

∣

∣

∣y = j) is the posterior
probability of the predictor variables conditioned to y taking the value j, and P(x1, . . . , xn) are the prior
probabilities of the predictor variables. These prior and conditional probabilities can be estimated
from the respective empirical frequencies when the predictor variables are categorical. When they
are continuous, they can be approximated by different kernel functions. When the independence
approximation is applied in NB, this simplifies largely (the Equation (5)):

P(y = j
∣

∣

∣x1, . . . , xn) =
P(y = j)

∏n
1 P(xi

∣

∣

∣y = j)

P(x1, . . . , xn)
(5)

The predicted class for a set of x1, . . . , xn predictor values will be the one that maximizes the
productory above, since the other factors are constant.

2.2. k-Nearest Neighbors (kNN)

The idea of this method is quite simple: For a new instance with predictor variables x1, . . . , xn,

assign the label most frequent between the k instances in the training data with predictor variables less
distant (more similar, the k-nearest neighbors) to the new instance predictor variables. This is called the
majority voting class assignment. When the label is a continuous one (regression), the predicted value
is the (weighted) average of the labels of the k-nearest neighbors. In order to measure the distance
between sets of predictor variables, different metrics can be used. Probably the most frequent is the
Euclidean one. The value of k can be quite variable and depends heavily on the dataset. It can be
obtained through cross-validation techniques.
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2.3. Decision Trees (DT)

This method can be used for both regression and classification. The idea here is to generate
rectangular partitions of the space of predictor variables, by successive splitting the data by (usually
binary) splits in one variable that optimize some loss function (e.g., minimization of MSE for regression).
At the end, the label we assign to each partition is one function of the labels of the data instances
belonging to each partition, e.g., its mean, or the majority voting class. Then, for new instances, we will
find the partition it belongs to and assign the label that corresponds to that partition. A simple schema
with only two predictor variables is depicted in Figure 3.

Figure 3. Depiction of Decision Tree for two variables, X1 and X2. R1, R2, R3, and R4 are partitions
generated by the splits s1, s2, and s3. The labels for the partitions would be a function of the labels of
the instances in each partition in the training set.

Obviously, to grow a tree can become a very complicated task, given the combinatorial number
of possible splits and variable sequences that can be created. Therefore, simplified algorithms for
generating the tree have been devised. There are different ones, depending on the criteria for split,
the selection of variables at each split, and the pruning of terminal nodes. These are CART [26], on one
hand, and ID3 [27], which evolved to C4.5 (also called J48 in Weka’s Java implementation) and later to
C5.0. There is also the CHAID [28] algorithm, based on statistical tests and allowing non-binary splits.

The advantage of DT is the ease of interpretation, which can be aided by graphical displays;
however, they are known for the high variance of their predictions, such that little variations of the
dataset can result in very different trees and predictions.

2.4. Support Vector Machines (SVM)

This method was initially developed as a binary classifier. The approach is to build a hyperplane
from the predictor variables with maximal margin, so that one half of the predictor space would
result in a “+” label and the other in a “−” label. By maximal margin is meant a hyperplane that has
the largest distance to the training instances of the infinite possible hyperplanes or, more correctly,
the farthest minimum perpendicular distance to the training instances (since the “margin” is the
minimum distance the training set points have to the hyperplane). Figure 4 displays a dataset of two
predictor variables and the corresponding maximal margin hyperplane for the training instances.
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Figure 4. Maximum margin hyperplane for a predictor space of two variables. Two categories are
perfectly classified by this hyperplane. The hashed lines indicate the maximum margin to the training
set, obtained with this particular hyperplane. Training instances are presented as points in the plane,
blue points corresponding to class “+” and red points to “−”. The points located at a maximum margin
to the hyperplane are the support vectors, since the plane only depends on these points of the training set.

For new testing instances, we just need to find which side of the hyperplane the new point lies in
order to predict a label for it.

As a matter of fact, it is usually the case that the points are not perfectly separable. Therefore,
instead of a maximum margin hyperplane, a “soft” margin one is obtained, by allowing some latitude
for misclassified points with some specific criterion. This also makes the method more robust against
small modifications of the dataset. In addition, in many situations, the boundary regions between
the two classes are not linear. In this case, what we do is include as predictor variables additional
specialized functions of these variables and instances, the so-called kernels, such that the dataset
becomes linearly separable. There is a variety of kernels yielding different types of the SVM method:
linear, polynomial, radial, etc. It turns out also that the computation of the hyperplane only requires
the closest points to the boundary, which are called the support vectors, making the computation much
faster. From this, the method takes its name.

Later developments of the method allowed it to deal with multiclass classification as well
as regression.

2.5. Random Forest (RF)

RF are an example of ensemble methods, where a model of higher quality is built by aggregating
multiple models of lower quality. The prediction for new instances will be obtained by averaging
the prediction of all the simple models in the case of regression or, for classification problems, by the
majority voting. In this way, we make predictions much more robust, with much less variance and
with higher accuracy.

In the case of RF, we use an ensemble of hundreds or thousands of DTs. In addition, these DTs are
built without pruning so that they will have little error, although large variance. However, since we
are averaging many of them, the final variance will also be low. These DTs are built from bootstrap
samples of the original training dataset (this is called bagging or bootstrap averaging). Moreover,
to decorrelate the trees, at each split in the tree, only a random subset of predictor variables is used.
In this way, the reduction of variance by averaging the trees is more efficient.

A very interesting property of the RFs is that they incorporate internally a direct estimation of the
external validation error. Since the DT models are derived using bootstrap samples, for each instance in
the training set, there will be a set of trees (approximately B/3, where B is the number of trees since they
are fit using bootstrap samples) that will have been derived without that instance. By averaging the
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difference in label prediction for that instance in these trees and its actual label, we would have what is
called an out-of-bag (OOB) estimate for that instance. Averaging over all the instances, results in an
estimate of the external performance of the RF without the need to use cross-validation or bootstrap.

RFs are a very powerful predictive method, both for regression and classification, and very robust
irrespective of the type of datasets. The issue with them is the difficulty of interpretation (this is general
for all the ensemble methods), since they contain many different and decorrelated DTs using different
predictor variables. An approach used to analyze them is the so-called variable importance techniques.
The idea here is to analyze the effect that each predictor has (on average over all the DTs) on the error
of the RF. One approach is to calculate, for each predictor, what error reduction it has had each time it
has been used in the trees. This is summed for all the trees, and the largest sum will correspond to
the most important predictor as on average it has produced the largest reduction of errors in all the
trees. Another approach uses permutation of the variables. For each tree, we have its OOB prediction
accuracy after applying it to its OOB samples. After that, the jth variable is permuted and the OOB
prediction is recalculated and subtracted from the previous one. This is averaged over all the trees.
This is also repeated for all the predictor variables. We would then obtain a ranking of the variables,
with those with the largest reduction of OOB performance being the top ranked.

2.6. Gradient Boosting Machines (GBM)

This is another ensemble method, but one that uses boosting instead of bagging. By boosting, it is
meant the iterative improvement of a weak model by adding sequentially new models that improve
the previous fit. In the case of gradient boosting machines, normally the models are DTs, and the
improvement is done by fitting the new model to the residuals of the model so far or, more generally,
to the gradient of the loss function we are using. Newer versions, like XGboost, use the second
derivatives instead of the first ones, in order to improve speed and performance.

GBM, especially XGBoost, are currently the most used ML algorithms for models using numeric
tabular data or (when modeling more complex data) feature pre-engineered data. For problems using
complex data directly (e.g., computer vision, speech recognition, natural language processing, etc.)
Deep Learning methods are used instead (see below).

As it happens with RF, the interpretation of these ensemble models is complicated. However,
in the same way, techniques like variable importance can be used to facilitate interpretation.

2.7. Regularized Linear Models (LASSO)

When fitting linear models, the residuals of the least squares fit decrease as we add more predictor
variables. However, if the number of instances n is not so much larger than the number p of predictor
variables, the estimates of the least squares increase their variance as p becomes closer to n so that the
model becomes overfit, and the external or test performance of the model decreases. In the case of
n < p, the variance become infinite, no unique fit exists, and the method becomes useless. However,
this situation of high dimensionality is very typical in ML datasets. One way to fix this problem is
to shrink or regularize the estimates, so they remain small and with low variance, and in some cases,
they even become zero. One approach to regularization is ridge regression, where all predictor variables
are maintained, but their betas are kept small by restraining the sum of squared betas to be less or equal
than a small value. Although this approach improves external performance of the model, it keeps an
interpretation issue as no irrelevant variables are removed. An alternative approach is the LASSO,
where the sum of the absolute value of the betas is restrained to being less or equal than a small value.
This has the advantage of making some betas equal to zero, thus performing an effective selection of
important variables.

2.8. Bayesian Networks (BN)

A Bayesian Network is a directed acyclic graph of nodes that correspond predictor variables,
plus one or more nodes that represent the label(s). The directed edges between the nodes represent
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causal relationships between the variables, through conditional dependence, and Bayes rule is used to
determine the probability of the different possible values of the labels conditioned to particular values
of the predictor variables. Nodes not connected would be conditionally independent. There is a large
set of techniques to infer the structure and parameters of the network.

2.9. Artificial Neural Networks (ANN)

ANNs are ML methods that mimic the structure and mechanism of the nervous system. They are
composed of layers of artificial neurons, with connections between neurons in consecutive layers.
Each artificial neuron is an abstract unit that applies a weighted sum of its numeric inputs plus a
bias parameter, and the resulting sum is passed to a so-called “activation function” to generate a
numeric output. The first layer corresponds to the input variables; these variables are used as inputs
of the next layer neurons, where each of its neurons generate an output, which is then used as input
of the next layer neurons, and so on. The last layer contains typically one single neuron for one
label or more for multilabel models. Figure 5 displays a typical fully connected, feedforward ANN
(multilayer perceptron).

 

Figure 5. Typical structure of an artificial neuron and a fully connected feedforward neural network.
The xi are the predictor variables, the wi are the weights and b is the biass.

The input layer contains the input variables (no transformation), while the last layer generates the
output of the model and is called the output layer. In between, there are one or more layers, which are
called “hidden” layers. Each neuron has a weight per input plus a bias parameter; all these weights
and biases of all the neurons are the parameters of the network, which are optimized to minimize a
loss function.

The first model or ANN was the perceptron by Rosenblat [20], which was designed as a one-neuron
simple binary classifier after the mathematical neuron devised previously by McCulloh–Pitts [29].
The development of ANN to solve problems not linearly separable was allowed by the invention of
the backpropagation algorithm [22], which allowed the training of multilayer perceptrons.

ANN became very popular in the 90s of last century, when they were amply used in many
areas. At that time, they required feature engineering for many problems, and they were more or less
abandoned in the first decade of the 21st century after the appearance of RF and GBM, since ANNs
were slow to train, expensive computationally, and prone to overfitting. However, they have become
very popular in the second decade of this century with the advent of the field of Deep Learning.

2.10. Deep Learning (DL)

The ML models we have seen so far have two main issues. On one hand, their performance in
many cases shows saturation: This means that they reach a point when, irrespective of how big we
grow the training set, the performance does not increase significantly. On the other hand, they work
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with numeric, tabular data, so they are unable to handle complex data like images, speech, text, etc.
In order to model this type of data, it is required to convert it to numerical predictor variables in a very
ad hoc and manual fashion. This is the so-called “feature engineering” problem. They are “shallow”
methods, that is, unable to learn hierarchical representations of complex data.

These two problems are solved to a large extent with DL. DL consists mainly in ANNs with very
large numbers of layers (that is the reason for the “Deep” in the name) and, therefore, huge numbers of
training parameters. In this way, they are able to tap from huge datasets and increase steadily their
performance without saturation.

On the other hand, some specialized layers have been developed that are able to automatically
generate numerical representations (feature maps) of complex data. That is the case of convolutional layers,
that are able to reformat tensor data of different dimensions. For example, in the case of 1D convolutional
layers, they are able to find representations for serial data like text for language translation models;
2D convolutional layers are appropriate to model images like in computer vision models; while 3D
layers can handle volumetric data like medical 3D images or video data.

Another specialized layers are the recurrent layers, where the output of the layer goes both to
the next layer and to itself, allowing to find long-term and long-distance patterns by the use of ad
hoc developed layers: Long Short-Term Memory (LSTM) [30] and Gated Recurrent Units (GRU) [31].
This type of layers is very appropriate also for serial data and is mostly used in natural language
processing (NLP) applications.

Many of these specialized layers can be stacked sequentially and thus generate automatically
hierarchies of representations with increasing levels of abstraction. This allows the model to learn very
convoluted aspects of the data, which is not possible with the traditional ML methods. In addition,
this hierarchical representation of the data can be applied to generate new specialized models with
small datasets by reusing more general models fitted with much larger datasets. For example, we can
develop one very efficient model to classify cats from a dataset of relatively few pictures of them by
reusing some of the more abstract pre-fit layers of a more general model developed to classify animals
from a huge dataset of pictures and adding to them some new layers that would be fit with the new
small dataset of cat pictures. The previous layers would have learnt to identify the general shape
of an animal, while the new layers would fit the specific features of cats. This is the process called
transfer learning.

At the end of these layers, normally a multilayer perceptron is added to generate the output,
whether numerical (regression) or categorical (classification).

DL is revolutionizing the ML area and is being applied in completely new fields, like drug
discovery, music generation, self-driving cars, etc. They are also applied to biomedicine, [32,33] and as
we will see, they have started to be used in the childhood obesity area.

After this summary of the main types of ML models, we proceed to describe the selection process
of works reviewed in this paper.

3. Bibliographic Search and Selection of Works for Reviewing

An attempt was made for comprehensiveness in the bibliographic search, both in terms of time
and publication media. Since the field of ML/DL applications is a very hot one, growing in an extremely
fast way, it is not infrequent to find material published in congress proceedings, arXiv, etc. In addition,
since this field shows a large interdisciplinarity, being at the interface between statistics, artificial
intelligence, and biomedicine and including statisticians, engineers, pediatricians, nutritionists, and
nurses in its research body, typical search engines used in biomedicine like Scopus, PubMed, etc.,
were not used in the search, as they missed many of the available references. Instead, Google Scholar
was used for the bibliographic search. The search was performed by iteratively querying the engine
with appropriate keywords in order to find papers that applied ML to predict childhood/adolescent
obesity/overweight (e.g., childhood OR child OR adolescent AND machine learning OR data mining,
etc.), extracting the matches and matching references in the corresponding bibliographies, and updating
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the queries after the titles of the matching references if necessary. This procedure was repeated until no
new matches were obtained. Concept papers not applied to a particular dataset were not included.

On next section, the most outstanding statistical models in the literature to predict childhood and
adolescent obesity will be briefly reviewed. These will be used as comparison point to the ML models,
that will be reviewed afterwards.

4. Statistical Models to Predict Childhood/Adolescent Obesity

There has been a lot of work performed to derive statistical models to predict childhood/adolescent
obesity [34–47]. Although in principle it is advisable not to categorize variables when deriving models,
whether predictor or target ones, given that the process results in a loss of information, most of the
work in this area has focused on classification models for overweight, obesity, or combinations of them.
The reason is obviously that most of the clinical interest is in detecting the conditions that can lead
to pathological complications, and these are overweight and obesity, not BMI or similar endpoints
in general. Another pathological nutritional status is undernutrition, but it is outside the scope of
this Review. In the case of children and adolescents, given the large variability of both height and
weight during this period of life, there is no general consensus in the definitions of overweight and
obese [17], and the single-cutoff definitions used with adults, namely BMI ≥ 25 kg/m2 for overweight
and BMI ≥ 30 kg/m2 for obesity, following the WHO definition, [3] are not valid. Instead, the common
practice in the case of children/adolescents is to refer the BMI to an age- and sex-based (in some cases
ethnicity too) distribution of BMI of the population at hand. The most common criterion is to define
as overweight a child whose BMI is equal or above the 85th percentile for that sex and age and as
obese a child whose BMI is equal or above the 95th percentile. As we will see, in most of the cases,
these percentiles are obtained from the Centers of Disease Control (CDC) data if the sample is from the
US [48] or alternatively from WHO growth charts [3], charts from the International Obesity Task Force
(IOTF) [49], or growth charts from samples in other countries (e.g., UK90 for UK [50]).

Previous recent reviews in the area are those of Butler et al. [51], Ziauddeen et al. [52],
and Butler et al. [53], all of them from 2018. Here, we will briefly review all the works found
there and additional ones, in order to provide some sort of baseline predictive models to compare
with the ML ones. A total of 14 papers have been found. Table 1 summarizes the main features of
these models.

The most used tool to develop the statistical models is logistic regression, which is applied
to predict binary outcomes. Here, a linear equation is used to predict the log-odds of a binary
variable displaying one of its two alternative categories vs. the other, like being obese or being
overweight vs. normal weight. This is the case of all the works but two exceptions. One is the work
by Cortés-Martín et al. [47], where proportional-odds ordinal logistic regression is used, which is an
statistical model appropriate to predict ordinal variables. In this case, the predicted outcome was the
three ordered categories of BMI, namely normal weight vs. overweight vs. obese for children and
adolescents (5–17 years). The other case is the work by Mayr et al. [38] where the authors use quantile
regression with boosting to derive prediction intervals (which are at the end quantiles of the BMI for
future observations) for BMI at different ages in childhood.

In addition, in the paper by Pei et al. [40], the standardized BMI at 5 years was also predicted
by means of linear regression, together with obesity at 10 years with logistic regression. Moreover,
in the paper by Druet et al. [35], a metanalysis is performed from the odds-ratios obtained from
several logistic regressions for 10 different cohorts of variable nationality to estimate an odds-ratio for
childhood obesity as a function of the 0–1 year weight gain standard deviation score (SDS).
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Table 1. Summary of statistical models.

Article (year)
Training Set

Size
Number of
Predictors

Country Outcome Predicted *
Statistical
Method

Validation
Type of

Prediction **

Steur et al. [34]
(2011) 1687 6 The

Netherlands OW 8 years
Stepwise
Logistic

Regression
Bootstrap L

Druet et al. [35]
(2012) 47,661; 8236 4

UK, France,
Finland,

Sweden, US,
Seychelles

Childhood OB OR;
Childhood OB

Metanalysis;
Stepwise
Logistic

Regression

External L

Levine et al. [36]
(2012) Not specified 5 UK OB 5 years Logistic

regression None L

Morandi et al. [37]
(2012) 4032 6 Finland

OB 7 years; OW 7
years; OB 16 years;
OW 16 years; OB 7
and 16 years; OW 7

and 16 years

Stepwise
Logistic

Regression
External L

Mayr et al. [38]
(2012) Not specified 10 Germany Childhood OB

prediction intervals

Quantile
regression with

boosting

Simulation
and Internal L

Manios et al. [39]
(2013) 2294 5 Greece OB 9–13 years Logistic

regression None L

Pei et al. [40] (2013) 1515 5 Germany zBMI 10 years; OW 10
years

Linear
regression;

Logistic
regression

Cross-validation L

Weng et al. [41]
(2013) 10,810 7 UK OW 3 years

Stepwise
Logistic

Regression
External L

Santorelli et al. [42]
(2013) 1735 4 UK OB 2 years

Stepwise
Logistic

Regression
External L

Graversen et al. [43]
(2015) 4111 3 Finland OW adolescence Logistic

Regression
Bootstrap,
External L

Manios et al. [44]
(2016) 5946 5 Greece OB 6–15 years Logistic

Regression None L

Robson et al. [45]
(2016) 166 5 US OB 5 years

Stepwise
Logistic

Regression
Bootstrap L

Redsell et al. [46]
(2016) 980 7 UK OW 5 years Logistic

regression

External
validation of
Weng et al.

[41]

L

Cortés-Martín et al. [47]
(2020) 415 7 Spain NW/OW/OB

5–17 years
Ordinal Logistic

Regression Bootstrap CS

* NW = normal weight; OW = overweight; OB = obese; ** L = longitudinal model; CS = cross-sectional model.

The rest of the papers aim at the prediction of overweight or obesity at one or several ages or
a range of ages exclusively by means of logistic regression. Papers focused on the prediction of
overweight are those of Steur et al. [34] (at 8 years), Weng et al. [41] (3 years), Graversen et al. [43]
(at adolescence), and Redsell et al. [46] (5 years). Papers focused on the prediction of obesity are
those of Druet et al. [35] (7–14 years), Levine et al. [36] (5 years, stratified by sex), Manios et al. [39,44]
(9–13 years), Pei et al. [40] (10 years, as said before), Santorelli et al. [42] (2 years) and Robson et al. [45]
(5 years). In the paper by Morandi et al. [37] both endpoints are predicted: overweight and obesity at
both 7 and 16 years; in addition, predictions are made for persistent overweight and obesity, that is,
overweight and obesity at both 7 and 16 years. By considering the definition of overweight and/or
obesity in these works, some [34,35,37,39,41,46] used the IOTF criteria, others [40,44,47] used the WHO
one, and other [45] used the CDC criteria.

When using logistic regression, in most of the cases, [34,35,37,41,42,45,46] a stepwise variable
selection is performed from a pull of predictor variables to select the final ones to use in the definitive
model or models. In one case [39,44], a score is derived “by hand” by combining odds-ratios obtained
from simple logistic regressions of different variables and then used in a simple [39] or multiple [44]
logistic regression to estimate its odds-ratio. In two other cases [36,43], the predictor variables are
predefined, and in one case [40] several predefined predictor variables are used at the beginning,
but then, the model is rederived with only the significant ones.
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As regarding the predictor variables, the most popular ones, in decreasing order, are parental BMI
(8 times), sex and birth weight (7 times), smoking mother during gestation (6 times), weight gain at
some previous period (5 times), parental education (4 times), exclusive breastfeeding during some
initial period (3 times), etc. Sometimes, versions of these variables are used, like categorized ones
(e.g., obesity instead of BMI) or standardized ones. Some other times, mother’s version (instead of
parental ones) are used, e.g., mother’s BMI, or mother’s education. There are two cases where a set
of genetic polymorphisms are used; in one case [37], incorporated as a score obtained as sum of risk
alleles, they appeared to add no significant predictive capacity, but in the other, [47] in the form of
components of a Multiple Component Analysis (MCA), they did.

The cohorts used in the derivation of the models are of variable origin: Netherlands [34],
UK [36,41,42], Finland [37,43], Germany [38,40], Greece [39,44], USA (Latino community) [45], and
Spain. [47] In the case of the metanalysis previously mentioned [35], the 10 different cohorts are also
from multiple countries: UK, France, Finland, Sweden, USA, and Seychelles. We can see that most of
the work has been performed in developed countries with mostly Caucasian samples, which limits
their applicability. The sizes of the cohorts are also variable: They range from 166 [45] to around
13,000. [41] The metanalysis [35] includes more than 47,000 cases in the 10 cohorts.

In terms of model validation, some of the models [35,37,41,43,44,46] were externally validated
(as a matter of fact, the works by Manios et al. [44] and Redsell et al. [46] are external validations of
the previous models described in Manios et al. [39] and Weng et al. [41]), while other models were
internally validated through bootstrap [34,45,47] or cross-validation [38,40]. In two cases, [42,43] both
internal and external validation was used, while in one case [36] no validation was performed at all.

If we focus in the comparison of performances of the different logistic regression models, we can use
the AUCROC (that equals the so-called c-index or concordance index) as a criterion for discrimination.
Depending on where the linear predictor threshold of the model is set to assign one category or its
alternative to the predictions, we can have very different sensitivities and specificities, as well as PPV
(precision) and NPVs; to select the threshold we must take into account the purpose of the model,
as well as the possible costs of false positives and/or false negatives. However, as a global measure
of the discriminative capacity of the model, before its practical application by selecting a threshold,
the AUCROC is a well-established criterion. Obviously, for two models with the same AUROC,
one internally validated and the other externally validated, we will prefer the one externally validated,
especially if it is with a large, unrelated cohort, because it will approximate more closely a real-life
prediction than the internal validation that is based on data reutilization.

In this way, the models of the different works using external validation would be ranked in
the following order of decreasing AUROC: Santorelli et al. [42] (0.89), Morandi et al. [37] (0.79),
Druet et al. [35] (0.77), Weng et al. [41] (0.75), Redsell et al. [46] (0.67), and Manios et al. [44] (0.64). In
the case of the paper by Graversen et al. [43], the AUROC is provided only for the internal validation.
These values should be taken with caution, given that they do not compare the same “difficulty” in
prediction, e.g., if the testing cohort is very similar to the training one, a very large AUROC could be
obtained very easily; for example, an external validation with a different cohort to the training one is
a more demanding task that an external validation with a random split of the same cohort, even if
the latter is not used for training. Moreover, the difficulty depends on the relatedness between the
predictor and target variables, e.g., the prediction of obesity at age 9 is more difficult if the predictor
variable is weight gain between 0 and 1 years than if the predictor variable is weight gain between 7
and 8 years.

On the other hand, the ranking of models for internal validation by decreasing AUROC is Robson
et al. [45] (0.78) and Steur et al. [34] (0.75). Mayr et al. [38] and Pei et al. [40] do not provide AUROC
values. In principle, the evidence of predictive capacity of these models is weaker given that they have
not been externally validated.

Finally, we should mention that, in terms of the type of prediction, all the models have a
longitudinal setting, that is, they aim at predicting the endpoint in the future from predictor variables
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taken in a previous point in time, at least partially, e.g., predict overweight at 8 years using birth weight
and mother smoking at gestation. These are designated in Table 1 as “L” type of prediction. The only
exception is the work by Cortés-Marín et al., which has no predictive but explanatory purpose and
therefore uses a cross-sectional setting, where the predictor variables are taken at the same time than the
endpoint. This is designated in Table 1 as “CS” type of prediction. Here, the aim is to obtain the relative
strengths of associations of variables of different domains with putative explanatory character (diet,
age, sex, genetic polymorphisms, microbiota), although given the cross-sectional setting of the model,
no demonstration of causality can be obtained from it but rather of putative variables to consider for a
further test with a longitudinal setting.

5. Machine Learning Models to Predict Childhood/Adolescent Obesity Based on BMI

In this section, we will review the ML models derived to predict BMI (regression) and/or
categorized versions of it (classification), e.g., normal-weight, overweight, obesity, etc.

To our knowledge, there are only two previous reviews of ML models to predict
childhood/adolescent obesity. One early paper in 2010 by Adnan et al. [54] described the scarce
work performed before it; another very recent paper [55] reviews the work up to 2020, together with
the area of computerized decision support for the prevention and treatment of childhood obesity.
However, the latter paper, being arranged as a systematic review, lacks many of the publications in the
area of ML, and some of the ones described there could be more appropriately defined as statistical
models (e.g., generalized linear mixed models and linear and logistic regression) or are targeted to the
prediction of physical activity in children.

In what follows, we will use more or less a chronological order in the description of the works
conducted in the area. As we will see, the field has experienced an explosion very recently, especially
through the use of electronic health records (EHR) as sources of very large datasets. ML methods
will be abbreviated as in Section 2. Table 2 summarizes the main features of the models that will
be described.

The first attempts to use ML to predict childhood obesity are those of Novak and Bigec, back in
1995 [56] and 1996 [57]. In these papers, they describe the use of ANN to predict childhood obesity.
However, the work is of preliminary nature and is more a description of the ANN theory and method,
without providing a description of the results of a particular model derived from a particular sample.

This work was followed by that of Zhang et al. in 2009 [58]. Here, the aim is to compare
the performance of ML models with the traditional logistic regression model. By using an UK
cohort (the so-called Wirral database of >16,000 children), they developed several models to predict
overweight at 3 years from previous data, using predictor variables available at 8 months or at 2 years.
These variables were all child features like sex, BMI at 8 months, adjusted SDS of height at different
visits, weight gain between pairs of visits, etc. Different ML methods were used: DT, Association
Rules, ANN, Linear SVM, RFB (Radial Basis Function) SVM, BN, and NB. In the case of the prediction
at 8 months, the ANN showed the largest accuracy, although the RBF (Radial Basis Function) SVM
displayed the largest sensitivity (probably more useful for clinical purposes). For the prediction at
2 years, the largest accuracy was obtained with the Bayesian methods, although the largest sensitivity
was observed in the case of RBF SVM again. Logistic regression had the largest specificity, but
the sensitivity and accuracy were much worse than the ML models. They also derived models to
predict obesity, but the quality of them was very low. No validation was performed in any of the
models developed.
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Table 2. Machine Learning (ML) models to predict BMI or its categories.

Article (year) Training Set Size Number of Predictors * Country Outcome Predicted ** ML Method Validation Type of Prediction ***

Novak and Bigec [56] (1995) ND **** ND Slovenia Childhood OB ANN Not described ND

Novak and Bigec [57] (1996) ND ND Slovenia Childhood OB ANN Not described ND

Zhang et al. [58] (2009) 16,523 10 UK OW 3 years
DT, ANN, NB, BN,

SVM, association rules,
logistic regression

None L

Rehkopf et al. [59] (2011) 2150 41 US
Girls Change in BMI

percentile (9 to 19 years);
onset of OW or OB

RF None L

Adnan et al. [60] (2012) 140 20 Malaysia Children OB 9–11 years NB None CS

Adnan et al. [61] (2012) 320 8 Malaysia Children OW/OB NB None CS

Adnan et al. [62] (2012) 180 19 Malaysia Children OW/OB NB None CS

Lazarou et al. [63] (2012) 600 5 Cyprus OW 10–12 years DT Bootstrap CS

Pochini et al. [64] (2014) 15,425 9 US OW 14–18 years; OB
14–18 years DT; Logistic Regression External CS

Dugan et al. [65] (2015) 7519 167 US OB 2 years DT; RF; NB; BN Cross-validation L

Lingren et al. [66] (2016) 5857 9 US Severe OB 1–6 years Rule based; SVM; NB External CS

Abdullah et al. [67] (2017) 4245 29 Malaysia OB 12 years BN; DT; NB; ANN; SVM None L

Rios-Julian et al. [68] (2017) 221 16 Mexico OW 6–13 years
DT; Logistic Model

Trees; ANN; RF; Logistic
Regression

None CS

Wiechmann et al. [69] (2017) 238 ND US OW 2–5 years DT None CS

Zheng and Rugggiero [70]
(2017) 5127 9 US OB 14–18 years Logistic Regression; DT;

kNN; ANN Cross-validation CS

Gupta et al. [71] (2019) 40,817 1737 US BMI and OB 3–20 years DL(RNN) External L

Hammond et al. [72] (2019) 2759 19,290 OB 5 years
Logistic penalized

Regression; RF; GBM;
LASSO

Bootstrap
cross-validation;

External
L

Lee et al. [73] (2019) ~ 600,000 21 South Korea OB 24–80 months DT External L

Park et al. [74] (2019) 76 379 US BMI progression in
childhood LASSO Cross-validation;

External L

Singh and Tawfit et al. [75]
(2019) ND ND UK BMI 14 years Linear Regression; ANN External L

Kim et al. [76] (2019) 11,206 19 South Korea BMI categories BN None CS

Pang et al. [77] (2019) 10,881 102 US OB 2–7 years GBM External L

* When several models are derived, the largest number of predictors is reported; ** NW = normal weight; OW = overweight; OB = obese; *** L = longitudinal model; CS = cross-sectional
model; **** ND = Not described. ML Method abbreviation as in Section 2.

192



Nutrients 2020, 12, 2466

A work in 2011 by Rehkopf et al. [59] used and American cohort (the NHLBI Growth and Health
Study) of ca. 2000 white or black girls 8 or 9 years old that were followed for 10 years to predict
the change from 9 to 19 years in the CDC BMI percentile and the transition from normal-weight to
overweight or obese by means of RF models. They took 41 predictor variables from different domains:
diet, physical activity, psychological, and social and parent health in order. They applied variable
importance techniques by permutation to estimate the relative importance of these variables. For the
first outcome, body dissatisfaction, drive for thinness, physical appearance (psychological), income and
parental education (social), and other psychological variables were the most important variables. In the
case of the transition to overweight or obesity, the most important predictor was income, followed by
psychological variables. Again, no internal/external validation of the model was performed.

Following their review in 2010 [54], Adnan et al. published in 2012 three papers in this area [60–62]
to predict the nutritional status (normal-weight, overweight and obese) by means of NB and a cohort
of 140 Malaysian children 9–11 years old. They applied 19 predictor variables of different domains
obtained from literature review: children features, lifestyle (including physical activity and diet),
and family/environment. In the first work [60], they observed that the use of these variables improved
the accuracy of obesity prediction by NB as compared to the work by Zhang et al. [58]. This approach
was improved in the second paper [61] by using a genetic algorithm to select predictor variables in
order to avoid the problem in NB with many variables where the predicted posterior probabilities turn
to zero each time at least one of the predictor variables prior probability is zero. The third paper [62]
adopted two additional methods for variable selection for NB models: variable importance with CART
and Euclidean distances. The models were not validated in any of the papers.

Another work from 2012 is that of Lazarou et al., [63] where diet variables were used to predict
overweight + obesity vs. normal-weight. A Cypriot cohort of ca. 600 children 10–12 years old was
used with a cross-sectional setting. They used questionnaires of eating frequencies of food groups as
predictor variables (fried food, fish and seafood, delicatessen meat, soft drinks, and sweets and junk
food). By developing many DTs, for both boys and girls, they were able to derive rules of overweight +
obesity risk as a function of diet patterns and sex. The approach was validated by bootstrap, but the
results were not shown. Finally, they developed logistic regression models using as predictor variables
PCA components of the diet variables; only one of the PC of the girls model was significant.

One paper in 2014 by Pochini et al. [64] predicted overweight and obesity in high-school students
(14–18 years old) from 9 lifestyle predictor variables, using both logistic regression and DT, again,
in a cross-sectional setting. The sample modeled was a cohort of ca. 15,000 high-school students in
Columbia, USA (from the 2011 CDC Youth Behavior Risk Survey). For obesity, logistic regression
significant factors were consumption of fruit/vegetables, smoking, being physically active, having
regular breakfast, drinking fruit juice, and drinking soda; the remaining variables in the DT after
pruning were physically active and tobacco. For the overweight prediction, the logistic significant
variables were having regular breakfast and being physically active. For the DT, no variable remained
after pruning; before pruning, the variables were breakfast, fruit juice, and sleep. In the case of the DT,
the models were externally validated with a 30% of the original sample.

Dugan et al. [65], in 2015, used multiple ML methods to predict obesity at 2 years using predictor
variables obtained before that age. The data came from a clinical decision support system, CHICA,
that contained information from a multiethnic cohort in USA of >7000 children. Random Tree, RF,
J48, ID3, NB, and BN were tried out. The best performing algorithm was ID3, with an accuracy
of 85%, sensitivity of 89%, PPV of 84%, and NPV of 88%. Using some sort of variable importance
by removing variable by variable, they found that the strongest predictors were overweight before
24 months, followed by being very tall before 6 months. All the models were internally validated
through 10-fold cross-validation.

In 2016, a paper by Lingren et al. [66] was published aimed at the identification of putative
cases of severe early childhood obesity from children 1–6 years old above the 99th BMI percentile, to
separate them from those due to medications, pathologies, etc. The objective was to develop a cohort
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for further genotyping studies, in order to understand the genetic basis for severe early childhood
obesity. Therefore, they attempted to optimize the PPV, in order to be most effective in the detection
of these children. The dataset used corresponded to a cohort of >5000 of EHR from two children
hospitals, one in Boston and another in Cincinnati. The predictor variables used were structured data
(demographics, anthropometrics, ICD-9 diagnosis codes, and medications) as well as unstructured
data (narrative) by NLP. They used both rule-based methods and ML methods (SVM and NB) that
were tested in an external split of the original data. In general, the rule-based method worked better,
but the ML one had more flexibility to leverage PPV and sensibility and to select variable sets.

Abdullah et al. published a paper [67] in 2017, where they used ML to predict obesity at 12 years
from a Malaysian cohort of >4000 children 12 years old. The predictor variables were obtained
from questionnaires and included three domains: socio-demographic, physical activity, and diet.
Multiple methods for variable selection were tested, as well as multiple ML methods: BN, DT (J48), NB,
ANN, and SVM. The best results were obtained with J48, together with consistency + linear forward
variable selection. In this case, the models were not validated.

A later paper in the same year by Rios-Julián et al. [68] attempted to predict obesity + overweight
(following the CDC criteria) vs. normal-weight by using BMI and other anthropometric variables in a
community of Me’Phaa ethnicity in Mexico. They modeled a cohort of 221 children 6–13 years old by
using different ML models: J48, logistic model trees, ANN, RF, and logistic regression. Three groups of
variables were tried on: all; all but skinfold thickness; and sex, age, height, weight, BMI, and skinfold
thickness. They obtained not very different results for the different variable groups and models, and
in general, all the models yielded excellent predictions. All the models were internally validated by
10-fold cross-validation.

Moreover, in 2017 Wiechman et al. published a paper [69] that used DTs (C4.5 type) to gain insight
on the factors influencing child obesity in Hispanic preschoolers in the USA. The sample analyzed was
a cohort of children of 238 families, 2–5 years old, of Hispanic ethnicity. They develop shallow C4.5
decision trees to predict overweight by using variables from different domains: demographics, caregiver
feeding style, feeding practices, home environment, dietary information, beverage consumption,
social support, family life, integrated behavior model, and spousal support. They found some clues for
obesity development: If the mother cares for the child or if she works but the father has high-level
education, the child has less probability of being overweight. If the child is fed to avoid tantrums, the
child tends to be more obese. The models were not validated.

The last paper in 2017 is that of Zheng and Ruggiero [70]. They used a dataset comprising a
cohort of >5000 high-school (14–18 years) students in the USA. They predicted obesity between 14
and 18 years from 9 variables within three different domains: energy update, physical activity, and
sedentary behavior. They used logistic regression, DT, kNN, and ANN. The best models were ANN
and kNN, and all the ML models performed much better than logistic regression. All were internally
validated by 10-fold cross-validation.

The year 2019 saw an explosion of ML and DL models to predict childhood obesity. We have
identified up to 7 papers in this area, together with other aimed at related endpoints that will be
described in the next section. Several of them make use of EHR as sources of data. We finish this
section by describing these works.

An example of DL models is that of Gupta et al. [71] They used a cohort of EHR from ca.
68,000 children/adolescents with visits to medical centers for at least 5 years, in order to predict BMI and
obesity from 3 to 20 years in groups of 3 consecutive years using data from the 3 previous years, resulting
in multiple models. Recurrent NN of the LSTM type were used, with predictor variables from the EHR
including medical conditions observed, drugs prescribed, procedures requested, and measurements
taken, together with static demographic data. Data was split into three subsets: 60% for training, 20%
for hyperparameter validation, and 20% for external validation. The whole training dataset was used
to train a global model, and then, by transfer learning, specialized models for each sub-cohort were
obtained by retraining the global model with the corresponding subset of data. In order to identify
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important variables, they used embedding, while to identify important time intervals, they used
attention techniques. The RNN was compared with RF and linear regression, which do not take into
account the longitudinal information, and the RNN gave a much better performance. The performance
of the models decays with the temporal distance between the acquisition of the predictor variables and
the time of BMI prediction in the future, as expected.

Another work that used EHR data is that of Hammond et al. [72], who used a multiethnic cohort
obtained from multiple providers in a safety net in New York city that included >3000 children.
The authors predict obesity at year 5 by using logistic penalized regression, RF, and GB. In addition,
obesity was predicted by deriving regression models for z-BMI using LASSO, RF, and GB and applying
an obesity cutoff for the z-BMI predicted. They used feature engineering to generate predictor
variables from the EHR: demographic information, home address, vital signs, and medications from
the children when they were < 2 years old and from the mother vital signs, diagnosis codes; procedures;
and laboratory results before, during, and post-pregnancy. They developed different models for
boys and girls. The most important predictors were weight-for-length z-score, BMI between 19 and
24 months, and the last BMI measure before age 2. The best models have an AUCROC of 81.7% for
girls and 76.1% for boys. Internal validation was conducted by bootstrap CV and external validation
with a previously selected test split.

One case of work aiming at understanding risk factors for childhood obesity is that of Lee et al. [73].
They used a South Korean longitudinal cohort of ca. 1 million children and used DT models to predict
obesity vs. normal-weight between 24 and 80 months (overweight children are removed). They used a
set of 21 predictor variables of different domains: socioeconomic status (SES (modelled after attending
medical aid or not), maternal factors (e.g., pregestational obesity, abdominal obesity, hypertension,
smoking, etc.), paternal factors (obesity, abdominal obesity, and hypertension), and child factors
(preterm, exclusive breastfeeding, high consumption of sugar sweetened beverages, etc.)) The model
was externally validated with a 40% test split, resulting in an accuracy of 93%. By using a CHAID-type
of variable selection, the most important predictor variable was mother obesity, followed by parental
obesity and SES; other important factors were old pregnancy and gestational diabetes and hypertension.
Child factors were exclusive breastfeeding, consumption of sugar-sweetened beverages, and irregular
breakfasting. Interestingly, they observed that child’s z-score for weight at birth and z-score for
weight-for-height were not selected.

A South-Korean dataset was also used in order to understand factors affecting obesity is that of
Kim et al. [76], although in this case it deals with adolescent obesity. They used a cohort of >11,000
students from South Korea and 19 predictor variables from questionnaires of different domains:
sociological, anthropometric, smartphone use, obesity, other. They predict the three categories of BMI:
underweight, normal, and overweight, by means of a General Bayesian Network (GBN), and compare
it with many different ML methods resulting in GBN displaying the best fit: the best accuracy is 53.7%,
and the AUCROC is 0.758. No validation is performed. The variable most related to BMI class is
pocket money. More interestingly, they use the GBN to perform a “what-if” analysis by modifying the
values of different variables or combination of variables in order to get an understanding of putative
mechanisms for risk of obesity. For instance, the combination of high pocket money and low wealth
increases a lot the probability of obesity, etc.

An adolescent cohort was also used by Singh et al. [75] but in this case from the UK. The Millenium
cohort of UK of children born between 2000 and 2001, particularly the subsets MC2 to MC5, was modeled
in order to predict the BMI at 14 years (MC6). The data was externally validated with a test split of
25%. Linear SVM, linear regression, and ANN were tried, and the best performance was obtained by
the ANN, followed by the SVM.

A work that uses XGBoost is that of Pang et al. [77]. The authors predict obesity in the period
2–7 years from data in windows in the 0–2 years period with a cohort of ca. 27,000 children from
Philadelphia in the Pediatric Big Data repository. Variables included vital signs, laboratory values,
and provider information, resulting in a total of 102 predictors. Data was divided into train 1 (40%),
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train 2 (40%), and hold-out (20%) to determine hyperparameters iteratively and train/test the model.
Different ML models were tried, and the best was XGBoost, giving an AUCROC of 0.81, and for
the threshold that gives a recall of 0.8, the precision, F1, accuracy, and specificity were 30.9%, 44.6%,
66.14%, and 63.27%, respectively. They analyzed the models with variable importance techniques,
resulting in weight-for-height at month 24, weight at month 24, weight for height at month 18, and race
being the most important ones. Different races, ethnicities, and caregivers had different importance
distributions. Using sensitivity analysis, it was observed that the prediction of obesity at later times
degrades, as expected.

An interesting alternative set of predictive variables to the ones described so far is the use of
neuroimaging biomarkers. This is the case of the work by Park et al., [74] who used resting-state
functional magnetic resonance imaging (rs-fMRI) to derive predictive models for BMI progression
(and indirectly future BMI) of adolescents. A cohort of 76 individuals from the Enhanced Nathan Kline
Institute Rockland Sample (NKI-RS) database of white and African American preadolescents (average
age of 11.94 years) was used. Their BMI was measured in a first visit, followed by a second visit about
1.5 years later. From the fMRI of their brain in the first visit, both considering subcortical volume
and cortical surface, 379 Degree-Centrality (DC) values of different parts of the brain were extracted.
These were used with LASSO to predict the BMI progression (DeltaBMI/Deltat) and indirectly BMI in
the second visit. Only six DC remained after the variable selection in the LASSO. These variables were
entered in a linear regression model. The model was internally validated with leave-one CV, giving and
Intra Class Correlation (ICC) for DeltaBMI of 0.70, and ICC for BMI of 0.98, and (when predicting
the binary variable increase/decrease of BMI) an AUCROC of 0.82. Brain regions of the selected DCs
were correlated with the eating disorder, anxiety, and depression. The approach was applied to a local
South Korean dataset of 22 young adults (average age of 21.4), and the results were similar, suggesting
robustness of the first model.

6. Machine Learning Models to Predict Related Outcomes

Some other works in the literature make use of ML to derive predictive models not of BMI or BMI
categories, but of related endpoints. Table 3 summarizes these models.

Table 3. Summary of ML models to predict BMI-related outcomes.

Article (Year) Training Set Size Country Outcome Predicted ML Method Validation

Nau et al. [78] (2015) 99 (communities) US Obesogenic
environment RF None

Hasan et al. [79]
(2018) 40191 (utterances) US

Success of
communication

strategies to promote
weight reduction

behavior

DL External

Öksüz et al. [80]
(2018)

20 Switzerland Success of weight
decrease therapy

SVM, kNN, DT,
GBM Cross-validation

Turer et al. [81]
(2018) 7192 US Doctors attention to

childhood obesity Ad hoc algorithm External

Duran et al. [82]
(2019) 1333 US Body fat% (excess) ANN External

ML Method abbreviation as in Section 2.

For instance, a work by Duran et al. [82] describes the use of ANN models to predict body fat
percentage (BF%) and its excess (BF% above 85th percentile), which is an alternative measure of obesity
to those based on BMI. A cohort ca. 2000 non-Hispanic white children less than 20 years old were used
here. Different models were derived for boys and girls. The predictors used were age, height, weight,
and waist circumference. The ANN were compared with the prediction using z-BMI and z-WC. In the
case of boys, ANN has better accuracy, sensibility, and specificity than the simple models, especially
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the z-WC one; in the case of girls, the ANN performs similarly to the z-BMI one and better than the
z-WC one. The models were internally validated and externally validated with a test split.

On the other hand, there are models aimed at the prediction of the success of therapies or treatments
to decrease childhood obesity. One case is described in a work by Hasan et al. [79], where they used
RNN (both LSTM and GRU types) and probabilistic models to try to predict the positive or negative
reception by obese adolescents of communication sequences by a counselor in interviews to promote
weight reduction behavior. The authors used a dataset of 129 motivational interviews between a
counselor and an adolescent (accompanied by a caregiver) for promoting weight reduction behavior.
These interviews included 50,239 encoded sequences of utterances ending or not in a positive change
talk or positive commitment language by the adolescent or caregiver. Given the high imbalance of the
sequences of utterances (most of them are successful ones), they evaluated the models through either
synthetic oversampling of the negative sequences or under-sampling of the positive ones. The models
were trained with 80% of the data and externally evaluated with 20% of the data. In the case of under
sampling, the LSTM models with target replication (LSTM-TR) resulted in the best models in terms of
F1, precision, and recall. The probabilistic models were much worse. When using oversampling, the
LSTM-TR was again the best model. These models can therefore be used to design communication
strategies that achieve the best success.

Another example of prediction of therapy success is the work by Öksüz et al. [80] They used
a cohort of 20 overweight or obese children 11–16 years old in Switzerland to predict the success
of a weight-decrease 6-months therapy (defined as BMI after therapy < 0.4 BMI units than before).
As predictors, they measured the heart rate at several intervals during a run test and a cooldown
period, plus weight, age, BMI, and height. They tried different ML methods: several SVM, kNN, DT,
and GB. Nested cross validation was used to train and internally validate the models given the small
sample size. The best model used linear SVM, giving an accuracy of 85%. They used permutation
tests to estimate the relative importance of the predictors, and several heart rate ones are the most
important. These ML models performed better than the prediction of two domain experts.

A related task is the detection from EHR of attention by pediatricians to childhood obesity and
associated medical risks. This is the case of the paper by Turer et al. [81]. They used a dataset of doctor
visits of >7000 overweight/obese children 6–12 years old in several centers in Texas. They developed a
rule-based classification algorithm to detect from EHR doctor’s behaviors that indicate therapeutic
“attention towards excess BMI”, “attention towards excess BMI+ comorbidities (medical risk)”, and “no
attention”. They used different types of evidence, in addition to pathology codes, from EHR indices:
diagnosis codes, orders for laboratories, medications, and referrals. The algorithm was externally
validated by manual review of EHR data of 309 additional visits. Sensitivity to BMI alone was 96%,
while to BMI/Medical risk was 96.1%.

We end this section with an interesting paper by Nau et al. [78] describing a predictive model
for obesogenic vs. obesoprotective community environments. Here, the aim is predicting not the
obesity for a particular child or adolescent, but rather if the features of a community are those that
foster childhood obesity within it, or on the contrary, they protect against it. These authors analyzed 99
communities in Pennsylvania, 50 of them in the high quartile of child obesity prevalence and 49 others
other in the lowest quartile. Therefore, it uses community-aggregated data to try to predict obesogenic
vs. obesoprotective communities. They used 44 variables as potential predictors in different domains:
food services, social, physical activity establishments, and land use. They used variable importance
measures with RF to identify the most important variables. A total of 13 were deemed important above
noise; unemployment was the most important, followed by population density, social disorganization,
proportion of people with less than high school education, population change, no car ownership,
etc. These are physical activity and social variables. The most important food services variables are
counts of snacks stores and counts of fast food chains score. Models were also obtained without
social variables that are considered causal of the others; the results gave similar ranking of the other
variables. It seems that well-off communities are more protected against obesity. It was also observed
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that classification accuracies were different for high and low obesity communities, indicating different
structures/hierarchy of variables for these two groups. The models, however, were not internally or
externally validated.

7. Discussion

In the present Review, we have seen a large amount of models to predict childhood/adolescent
obesity. We have grouped them into two types: statistical ones and ML ones. The former models use
traditional statistical techniques, mainly logistic regression, [34–37,39–46] although there are cases
using linear regression [40], quantile regression [38], and ordinal logistic regression. [47] The ML models
use a wide variety of ML methods: ANN [56–58,67,68,70,75], SVM [58,66,67], DT [58,64,65,67–70,73],
NB [58,60–62,66,67], BN [58,65,67,76], LASSO [72,74], kNN [70], RF [59,65,68,72], GBM [72,77], and DL
(RNN [71]).

In general, when in the same work logistic/linear regression is compared with ML models when
fitting the same dataset [58,64,68,70,72,75], the latter give better results than the former in terms
of prediction performance. This confirms that ML techniques are able to yield better predictions,
not just by fitting better the training set but also through giving better results in internal and/or
external validations.

On the other hand, if we analyze the models in terms of predictor variables, we see that the
statistical models make use in most of the cases of a reduced set of well-established risk factors for
childhood obesity: parental BMI, sex and birth weight, smoking mother during gestation, weight gain
at some previous period, parental education, exclusive breastfeeding during some initial period,
etc. Only the work by Cortés-Martín et al. [47] uses a wider set of predictor variables, including
a Mediterranean diet score, multiple SNPs, and a marker of microbiota (urolithin metabotype),
in addition to sex, age, and ethnicity. On the contrary, in multiple ML models, we observe other types
of variables, alone or in combination with the “traditional” predictor variables. For example, the work
of Rehkopf et al. [59] uses psychological predictor variables, that of Lazarou et al. [63] focuses mainly
on diet, while that of Park et al. [74] utilizes rs-fMRI predictor variables. There are also several papers
that use lifestyle variables (including both diet- and physical activity-related variables) [59–62,64,69,70].
Works that stand out for their use of specially wide sets of multidomain predictor variables are
those of Rehkopf et al. [59] (diet; physical activity; and psychological, social, and parental health);
Wiechman et al. [69] (demographics, caregiver feeding style, feeding practices, home environment,
diet, social support, spousal support, family life, etc.); and Kim et al. [76] (wealth, smartphone use,
pocket money, academic performance, sleeping quality, etc.) The latter work is interesting also because
it makes a “what-if” analysis where some variables are modified, and their concerted effect on the
predicted obesity is evaluated; this is an interesting approach to use ML models as simulation tools to
suggest possible therapeutic or preventive interventions.

Therefore, we could say that the statistical models are probably more oriented towards earlier
ages, where the number of factors affecting is less variable, or to predicting shorter times in the future.
We would be mainly doing a short extrapolation of the BMI curve: Obese children would be those who
were obese some short time before, and in the case of babies or early age children, gestational factors
like smoking mother or gestational diabetes would also be of importance. These are simpler models
with immediate implementation in the clinics, as they contain a small number of easily retrieved
predictor variables. On the contrary, once the multidomain factors of obesity, like diet, physical activity,
psychological variables, genetic, family environment, sociological, etc., enter the scene, which takes
place in late childhood or adolescence, ML models are more appropriate. This is also for predictions
spanning large periods of time, like the model by Gupta et al. that was developed to predict BMI
and obesity from 3 to 20 years, or when we require higher accuracy in the prediction. In addition
to prediction purposes, these ML models are useful in that they can be used to rank these wide sets
of variables by importance, thus allowing to better identify the strongest risk factors and generate
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new ideas for future preventive interventions [59,71,73,74,77,83]. In the case of longitudinal models,
the strongest influence times can also be derived through attention techniques [71].

A specially interesting situation from the point of view of predictor variables are the ML models that
use EHR [65,66,71,72,77], since they appear as very powerful approaches to predict childhood/adolescent
obesity by tapping from the large databases of medical records with many patients and extended sets of
predictor variables, including measurements, drug prescriptions, conditions observed, and procedures
requested. These are especially amenable of DL techniques of the RNN type, which are specialized
in dealing with time serial data like this. As described above, one case in the models presented here
is that of Gupta et al. [71], where they were able to deliver excellent predictions of BMI and obesity
along the whole childhood and adolescence growth curve. Another interesting use of RNN in this
framework would be the extraction of information from narrative data in the medical records by means
of NLP; an example of predictor variables extracted through NLP is the work by Lingren et al. [66].

These ML/DL models using EHR could be implemented in hospitals and primary health care
centers to provide predictions and alerts through dynamic, online training. By this, we mean a model
that is fed continuously with new data and is retrained periodically to enhance its predictions with the
new data. This is opposed to static, offline training where the model is fit with a definite dataset and
only once and forever. All the models we have reviewed are in the last category.

EHR offer also very interesting opportunities as Big Data sources for remining through ML/DL
models. For example, we have seen the case of the work by Lingren et al. [66] where the EHR
was exploited to identify a cohort of severe early childhood obesity for further genotyping efforts.
Many other applications are possible, like analyzing and predicting comorbidities through statistical
network analysis [84–86], phenotyping, diagnosing, pharmacoepidemiology and pharmacovigilance,
etc. [87].

In addition, we should mention the fruitful application of ML/DL models to the field of childhood
obesity prevention, not just through the identification of risk subpopulations but through the analysis
of different aspects of the preventive intervention. We have seen that these models can be useful to
optimize obesity prevention strategies [79], predict its success [80], and identify doctor’s behaviors
attentive or not of childhood obesity and related risks in the clinics [81] and, from a community point
of view, social environments with obesogenic properties that should be targeted with preventive
governmental policies [78].

To summarize, ML/DL approaches offer extraordinary advantages and new insights for childhood
and adolescent obesity prediction and prevention over statistical methods. The following points
summarize them:

• They have increased the prediction accuracy over the statistical models, given their ability to
model complex, nonlinear relationships between variables, as well as the very large number of
parameters that they contain, especially in the case of DL, avoiding the saturation in prediction
performance. This is always beneficial irrespective of the application, as the more accurate is a
model the more practical it is in real life.

• They allow to model directly and automatically high-dimensional data, which is not possible
in the case of traditional statistical models. For the latter, one has to make use of questionable
variable selection techniques, and at the cost of making biased inferences.

• They have expanded the predictor variable set from the “traditional” one in statistical
models (well-established risk factors) to a much wider, multidomain one: psychological, diet,
social, lifestyle, smartphone use, academic performance, sleeping quality, drug prescriptions,
spousal support, rs-fMRI, and other domains of variables. In this way, they have been able to find
new insights about novel “risk” factors of a completely new nature.

• They are able to use new complex data sources other than numeric ones: text, images, RMN,
social media, etc.; this is especially the case with DL, which can use that data directly, without
previous “feature engineering”. This is another way to expand the number and domain of
predictor variables.
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• They (especially DL) are appropriate tools for the modeling of EHR, as described in the examples
reviewed. In particular, the EHR offer an incredible opportunity for remining efforts, in order to
find new insights from these data sources that can suggest opportunities for further research and
therapeutic approaches.

• They have provided new applications, besides the prediction of risk subpopulations, e.g.,
identification of samples for genotyping from EHR, optimization of utterances in counseling
interventions to decrease adolescent obesity, analysis of pediatrician attention to obesity and
related risks from EHR, etc.

• They have been used not just as prediction or explanatory tools but also as simulation tools, so that
they can be used to get new insights about possible therapeutic approaches.

To be fully fair, we should as well mention the disadvantages of ML methods over statistical ones.
The first one is that making statistical inferences (parameter estimation and hypothesis test) in these
models is more complicated than in statistical models. However, it is not impossible, and resampling
and simulation techniques could be used if required. Another drawback of ML models is that they
are more difficult to interpret, and they are typically called “black-box” type of models. This is an
area of intense research, and we have seen above several examples of techniques to solve this problem,
namely, the techniques of variable importance, embedding, and attention.

Seeing the advantages and disadvantages of both types of methods, we can ask: when is ML more
appropriate, and when are statistical models? The following patterns have emerged:

• If the interest is mainly in interpretability, inference, and simple models of reduced numbers
of predictor variables, instead of predictive performance, statistical models should be more
appropriate. Again, this is more the case with early childhood and for clinical applications not
requiring high accuracy.

• The opposite is applicable: If we want to have very good predictive performance and are less
worried about interpretability and inference, ML should be used.

• If we have a high-dimensional sample, ML should be used, for example, if we want to analyze
a wide, multidomain set of predictor variables. This is more the case with exploratory studies
from which we want to gain new insights about new risk factors: psychological, social, genetics
or genomics, microbiome and metagenomics, neuroimaging, diet, lifestyle, etc. As said above,
these models are more likely to be relevant as the child grows and especially during adolescence.

• If we want to use complex data as predictors (images, text, time series, social media, etc.) DL is
the one to go for.

• If we want to use EHR, ML (DL) should be applied.
• It is likely that new applications will go mainly through the use of ML or DL, as these are

more powerful to tap from Big Data sources: Internet, social media, mobile and wireless devices,
sensors, etc. These applications would include computerized decision support systems, simulation
applications, novel preventive interventions, analysis of social obesogenic environments, etc.

Hopefully this Review will help the wide set of researchers in the field, including pediatricians,
nurses, nutritionists, statisticians, data scientists, engineers, and epidemiologists, to get an updated
view of these novel approaches and the opportunities they open, in order to approach in a more
effective and creative way the prevention of childhood and adolescent obesity. We are at the beginning
of a qualitatively new phase that can revolutionize this field in the near future.
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Abstract: We developed an implementation plan including several components to support
implementation of the “Guidelines for Healthier Canteens” in Dutch secondary schools. This study
evaluated the effect of this plan on changes in the school canteen and on food and drink purchases
of students. In a 6 month quasi-experimental study, ten intervention schools (IS) received support
implementing the guidelines, and ten control schools (CS) received only the guidelines. Changes
in the health level of the cafeteria and vending machines were assessed and described. Effects on
self-reported purchase behaviour of students were analysed using mixed logistic regression analyses.
IS scored higher on healthier availability in the cafeteria (77.2%) and accessibility (59.0%) compared
to CS (60.1%, resp. 50.0%) after the intervention. IS also showed more changes in healthier offers in
the cafeteria (range −3 to 57%, mean change 31.4%) and accessibility (range 0 to 50%, mean change
15%) compared to CS (range −9 to 46%, mean change 9.7%; range −30 to 20% mean change 7% resp.).
Multi-level logistic regression analyses on the intervention/control and health level of the canteen
in relation to purchase behaviour showed no relevant relations. In conclusion, the offered support
resulted in healthier canteens. However, there was no direct effect on students’ purchase behaviour
during the intervention.

Keywords: schools; nutrition; canteen; adolescents; implementation; purchase behaviour

1. Introduction

To support adolescents to make healthier food choices, many national governments have
formulated food policies to encourage a healthy offering of foods and drinks in schools and their
canteens [1]. To create healthier canteens, nudging strategies are used, by which the healthier option
is made easier without restricting the freedom of choice [2]. Such strategies focus on availability
and accessibility by offering mainly healthier products, discouraging the consumption of unhealthy
foods by making them less readily available, making the healthier option the default, and promoting
healthier products [3–6]. Evaluations of such strategies show improvements in food and drinks offered
in schools, which is likely to influence students’ consumption of healthier foods and drinks [4–7].
However, these results are only seen when the policy is implemented adequately [8,9], which can
be increased with supportive implementation tools [10–12]. The provision and type of such tools
differ within and across countries, though training, modelling, continuous support such as helpdesks
and incentives are commonly provided [12].
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In the Netherlands, most schools have no tradition of offering school meals, but do offer
complementary foods and drinks in a cafeteria and/or vending machines. Most students bring their
lunch from home, and buy additional food and drinks at school, or at shops around the school [13].
The national Healthy School Canteen Programme of the Netherlands Nutrition Centre, financed by
the Dutch Ministry of Health, Welfare and Sports, provides schools with free support to create healthier
canteens (cafeteria and/or vending machine) [14–16]. This includes, for example, a visit and advice
from school canteen advisors (i.e., nutritionists), regular newsletters, and a website with information
about and examples of healthier school canteens. The programme has been shown to lead to greater
attention to nutrition in schools and a small increase in the offering of healthier food and drinks in
the cafeterias, but not in vending machines [15,17,18]. However, until then, the programme only
included availability criteria.

Based on literature and in collaboration with future users and experts in the field of nutrition,
the Netherlands Nutrition Centre developed the “Guidelines for Healthier Canteens” in 2014,
and updated them in 2017 [19]. These guidelines include criteria on both the availability and accessibility
of healthier foods and drinks (including tap water) and an anchoring policy. The guidelines distinguish
three incremental health levels: bronze, silver and gold [19]. Only silver (≥60%) and gold (≥80%)
are qualified for the label “healthier school canteen”. These guidelines define healthier products
as food and drinks recommended in the Dutch Wheel of Five Guidelines, and products that are
not included but contain a limited amount of calories, saturated fat and sodium [20]. To increase
dissemination of the guidelines, an implementation plan was developed, based on experience within
the Healthy School Canteen Programme and in collaboration with involved stakeholders from policy,
practice and science [21]. This study investigated the effect of this implementation plan to support
implementation of the Guidelines for Healthier Canteens in schools on both changes in the health level
of the canteen and in purchase behaviour of students. Moreover, the relation between the health level
of the canteen and purchase behaviour is determined.

2. Materials and Methods

2.1. Study Design

The effect of the implementation plan was evaluated in a 6 month quasi-experimental controlled
trial with 10 intervention and 10 control schools, between October 2015 and June 2016. The control
schools were matched to intervention schools on the pre-defined characteristics: school size (fewer or
more than 1000 students); level of secondary education (vocational or senior general/pre-university);
and how the catering was provided (by a catering company or the school itself). Additionally, we aimed
to match the control schools to intervention schools on contextual factors: the availability of shops
near the school and the presence of school policy to oblige students to stay in the schoolyard during
breaks. Intervention schools received support to implement the Guidelines for Healthier Canteens
according to the plan (the intervention), while control schools received only general information
about the guidelines, although they also received the support after the intervention period. Further
details about the study design are provided in the study protocol [22]. This study was registered
in the Dutch Trial Register (NTR5922) and approved by the Medical Ethical Committee of the VU
University Amsterdam (Nr. 2015.331).

2.2. Study Population

The schools, in western and central Netherlands, were recruited via the Netherlands Nutrition
Centre and caterers. Inclusion criteria were (a) presence of a cafeteria, (b) willingness to create a
healthier school canteen, and (c) willingness to provide time, space and consent for the researchers to
collect data from students, employees and canteen workers. The exclusion criteria were (a) the school
had already started to implement the Guidelines for Healthier Canteens, and (b) the school had
already received personalized support on implementing a healthier canteen from a school canteen
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advisor from the Netherlands Nutrition Centre in 2015. In all participating schools, we recruited
students per class. In each school, we recruited 100 second or third-year Dutch-speaking students
(aged 13–15 years), equally distributed over the school’s offered education levels. Parents and students
received information about the study and the option to decline participation. Figure 1 shows the flow
diagram of the inclusion of the schools and students.

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Analysis 
Analysed (n = 731) 

Excluded from analysis (n = 160) 

- No permission to use data (n = 17) 

- Missing data on T0 or T1 (n = 39) 

- Due to zero purchases registered before 

and after intervention (n = 98) 

 

Analysed (n = 645) 

Excluded from analysis (n = 234) 

- No permission to use data (n = 5) 

- Missing data on T0 or T1 (n = 125) 

- Due to zero purchases registered before 

and after intervention (n = 94) 

Follow-up at 6 months 

Allocation 

10 schools, 868 students 

Lost to follow-up (school = 0, students = 75) 

Enrolment Assessed for eligibility (n = 155) 

Excluded (n = 134) 

- Not meeting inclusion criteria (n = 

44) 

- Declined to participate (n = 46) 

- Other reasons (n = 44) 

Included (n=21) 

Allocated to intervention (n = 11, students = 

948) 

- Received allocated condition (n = 10) 

- Did not receive allocated condition due to 

Matched to control (n = 10, students = 943)  

- Received allocated condition (n = 10) 

- Did not receive allocated condition (n = 0) 

10 schools, 864 students 

Lost to follow-up (school = 0, students = 84) 

Figure 1. The CONSORT flow diagram of the present study [23].

2.3. Intervention

The intervention consisted of the implementation plan to support schools in creating a healthier
school canteen, as defined by the Guidelines for Healthier Canteens. This plan was developed in a 3-step
approach based on the “Grol and Wensing Implementation of Change model” [24] in collaboration with
stakeholders, as described elsewhere [21], and delivered by school canteen advisors of the Netherlands
Nutrition Centre, in collaboration with researchers of the Vrije Universiteit Amsterdam.
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The intervention started with gaining insight into the context and current situation of the school
and the canteen. For this purpose, involved stakeholders (e.g., teacher, school management, caterer,
canteen employee) filled out a questionnaire on the schools’ characteristics (educational level, number of
students) and their individual (e.g., knowledge, motivation) and environmental (e.g., need for support,
the innovation) determinants. School canteen advisors also measured the extent to which canteens met
the Guidelines for Healthier Canteens, using the online tool “the Canteen Scan” [25]. Based on these
findings, school canteen advisors provided tailored advice in an advisory meeting where all involved
stakeholders discussed aims and actions to achieve a healthier canteen. Stakeholders also received
communication materials about the Guidelines for Healthier Canteens, including a brochure with
examples of, and advice on, how to promote healthier products. All stakeholders of all intervention
schools were invited to a closed Facebook community to share experiences, ask questions and to
support each other. In addition, to remind and motivate stakeholders, a newsletter with information
and examples was sent by email once every 6 weeks. Finally, to gain insight into their students’ opinion,
students were asked to fill in a questionnaire (the same as used for the effect evaluation), and the results
were fed back to schools in an attractive fact sheet.

2.4. Measurements

Measurements in the school canteens and among students were performed before and directly
after the intervention period. The “health level” of the school canteen was measured in all participating
schools using the online Canteen Scan [25], filled out by a school canteen advisor. The tool has been
evaluated satisfactorily on inter-rater reliability and criterium validity if measured by a school canteen
advisor, scoring > 0.60 on Weighted Cohen’s Kappa [22]. Only intervention schools received the results
of the Canteen Scan as part of the intervention.

Students reported their purchases via an online questionnaire filled out in a classroom
under supervision of a teacher and/or researcher. Data on demographics and behavioural
and environmental determinants were also collected [26]. The questions were derived from validated
Dutch questionnaires [27–31], and the questionnaire was pretested for comprehensibility and length in
a comparable population using the cognitive interview method think-aloud [32].

2.4.1. Health Level of the School Canteen

The Canteen Scan assessed the extent to which a canteen complies with the four subtopics of
the Guidelines for Healthier Canteens: (1) a set of four basic conditions for all canteens, (2) the percentage
of healthier foods and drinks available in the cafeteria (at the counter, display, racks) and (3) in vending
machines and (4) the percentage of accessibility for healthier food and drink products [19,25]. According
to these guidelines, a canteen is healthy if all basic conditions are fulfilled, if the percentage of healthier
foods and drinks available is at least 60% in the cafeteria and in vending machines, if fruit or
vegetables are offered, and if the percentage of fulfilled accessibility criteria is also at least 60%.
As the basic conditions overlap with the availability and accessibility scores, this subtopic was not
used in the analyses. For the other three subtopics, the change between pre- and post-measurement
was calculated for each school.

In the Canteen Scan, all visible foods and drinks available in the cafeteria (counter, display, racks)
and in vending machines were entered. The scan automatically identifies whether, according to
the Dutch Wheel of Five Guidelines [30], an entered product is healthier or less healthy, and calculates
the percentage of healthier products. In addition, to assess the accessibility for healthier foods
and drinks, nine criteria (8 multiple choice, 1 multiple answer options) were answered, creating a score
ranging from 0 to 90%. These questions relate to the attractive placement of healthier products in
the cafeteria and vending machines; the offer at the cash desk; the offer at the route through the cafeteria;
fruit and vegetables presented attractively; promotions for healthier products only; mostly healthier
items at the menu/pricelist; and advertisements/visual materials only for healthier products. Questions
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include, for example, “Are only healthier foods and drinks offered at the cash desk?” and “Are fruit
and vegetables presented in an attractive manner?”

2.4.2. Self-Reported Purchase Behaviour of Students

Purchase behaviour was measured by assessing the frequency of purchases per food group
(sugary drinks, sugar free drinks, fruit, sweet snacks, etc.) over the previous week, for the cafeteria
and the vending machines separately. If students stated that they had bought less than once per week,
they answered the frequency of purchases in the last month. Students who did not buy anything
at both time points were excluded (n = 192), as they do not provide information about the relation
between the intervention and their purchases. Groups of foods and drinks were considered as healthier
or less healthy, as defined by the Dutch Wheel of Five Guidelines [20]. All reported healthier purchases
in the cafeteria and vending machines, respectively, were summed, as were the less healthy purchases.
As the data were not normally distributed, we dichotomised the variable. Frequencies of the pre-
and post-intervention survey were subtracted and categorized into the dichotomous variable indicating
a healthy or unhealthy change in purchase behaviour. A healthy score was defined as (1) a higher
increase in healthier products compared with less healthy products; (2) a higher decrease in less healthy
products compared with healthier products; or (3) purchases remained stable over time and consisted
mainly of healthier products. An unhealthy score was defined as (1) a higher increase in less healthy
products compared with healthier products; (2) a higher decrease in healthier products compared with
less healthy products; (3) purchases remained stable over time and consisted mainly of less healthy
products or an equal number of healthier and less healthy products.

2.4.3. Other Student Variables

Demographic student variables included age (in years), gender and current school level
(vocational (i.e., VMBO), senior general education (i.e., HAVO) or pre-university education (i.e., VWO)).
Determinants of purchase behaviour included attitudes, subjective norms, perceived behavioural
control and intention, all towards buying healthier products at school. For each variable, multiple
questions (range 2–5) were asked on a 5-point Likert scale (answers ranging from, e.g., 1 = very unlikely
to 5 = very likely) derived from existing validated Dutch questionnaires [27,28]. The mean score of
each variable was calculated and the reliability of the measurements was assessed with Cronbach’s
alpha [33]. The measured environmental determinants were having breakfast (Yes, No); amount
of money spent on food/drink purchases at school per week (<€1, €1–2, ≥€2); external food/drink
purchase behaviour (<1 times p/w, 1–3 times p/w, ≥4 times p/w); and foods/drinks brought from home
(<4 times p/w, ≥4 times p/w).

2.5. Sample Size

The sample size was calculated based on the outcome purchase behaviour, an expected 10% drop
out, 80% power and 5% significance level [34]. The calculation showed that 20 schools and 100 students
per school were necessary to be able to detect a 10% difference in purchase behaviour of students
(continuous variable), with the expected multi-level structure (students within schools, intra-class
correlation of 0.05).

2.6. Statistical Analyses

Student baseline characteristics and pre- and post-intervention canteen outcomes and student
purchase behaviour were described by means and standard deviations. Canteen outcomes
included three subtopics of the health level of the canteen: healthier food and drinks available
in the cafeteria, in the vending machines and accessibility of healthier food and drinks. Mean (SD)
pre- and post-intervention values and mean changes were described and changes in the subtopics per
school were presented in a chart.
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A mixed logistic regression analysis [35] was performed to investigate the effect of the intervention
(independent variable) on purchase behaviour (dependent variable). Correlated errors of student
scores (level 1) nested within schools (level 2) were taken into account by including a random intercept
for schools in all analyses (model 1). The analyses were stratified by gender, as boys seems to react
more to environmental changes than girls [36]. Models were first extended with demographic variables
(model 2), secondly with students’ behavioural determinants (model 3) and thirdly with students’
environmental determinants (model 4).

The effect of a healthier canteen (independent variable) on student purchase behaviour (dependent
variable) was also assessed using mixed logistic regression analyses with a random intercept for schools
for boys and girls separately. We used the health level of the canteen at follow-up for each of the three
subtopics of a healthier canteen. Due to non-linearity with student purchase behaviour, again a
dichotomous variable was created, based on the guidelines, which state that 60% or higher is a healthier
availability and accessibility, respectively. Again, the model was extended with demographic variables
(model 2) and students’ behavioural (model 3) and environmental determinants (model 4). Statistical
analyses were performed using the IBM SPSS Statistics version 24.0 (IBM corporation (IBM Nederland),
Amsterdam, The Netherlands. Odds ratios and 95% confidence intervals (CI’s) are presented.

3. Results

3.1. Baseline Characteristics

We included data from 645 students of the intervention schools and 731 students of the control
schools in the analyses (Table 1). Both groups consisted of more girls than boys (56% and 53%,
respectively). The included schools offered education at the vocational (n = 6) level, the senior
general/pre-university level (n = 5), or a combination of both levels (n = 9). The level of education was
broadly similar for intervention and control schools. However, in intervention schools, slightly more
girls followed the vocational education level (46.6%) compared to boys (41.4%), while the opposite was
the case in control schools (girls, 39.5%; boys 46.2%). Most students indicated that they did bring food
and drinks from home to school four or more times a week (for food, intervention schools (IS) 91.8
and control schools (CS) 89.2%; for drinks, IS 90.4% and CS 88.5%). The majority of students reported
that they bought foods or drinks in the school cafeteria (IS 55.5%; CS 64.4%) or vending machine
(IS 63.6%; CS 61.1%) less than once per week. During school time, 62.2% and 67.6% of the students
in the IS reported buying food or drinks outside school less than once a week, compared to 65.6%
and 73.6% in the CS.

Table 1. Baseline characteristics of students divided by intervention or control school and gender.

Intervention Schools (N = 10) Control Schools (N = 10)

Total Boys Girls Total Boys Girls

Number of students—n (%) 645 (46.9) 302 (46.8) 343 (53.2) 731 (53.1) 318 (43.5) 413 (56.5)

Age (years)—mean (SD) 13.39 (0.62) 13.35 (0.55) 13.42 (0.68) 13.35 (0.62) 13.38 (0.66) 13.33 (0.59)

School level n (%)

Vocational education 284 (44.0) 125 (41.4) 159 (46.4) 310 (42.4) 147 (46.2) 163 (39.5)

Senior general education 148 (22.9) 86 (28.5) 62 (18.1) 190 (26.0) 78 (24.5) 112 (27.1)

Pre-university education 213 (33.0) 91 (30.1) 122 (35.6) 231 (31.6) 93 (29.2) 138 (33.4)

Behavioural determinants—Mean (SD) a

Attitude 2.81 (0.84) 2.73 (0.84) 2.88 (0.84) 2.91 (0.86) 2.67 (0.88) 3.09 (0.80)

Subjective norm 2.39 (0.64) 2.32 (0.64) 2.44 (0.63) 2.39 (0.68) 2.31 (0.71) 2.46 (0.66)

Perceived behavioural control 3.18 (0.92) 3.18 (0.95) 3.18 (0.89) 3.36 (0.89) 3.24 (0.93) 3.46 (0.84)

Intention 2.46 (0.94) 2.27 (0.97) 2.64 (0.88) 2.50 (0.89) 2.26 (0.87) 2.68 (0.87)

Environmental determinants—n (%)
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Table 1. Cont.

Intervention Schools (N = 10) Control Schools (N = 10)

Total Boys Girls Total Boys Girls

Breakfast behaviour

Yes, sometimes or always 610 (94.6) 294 (97.4) 316 (92.1) 705 (96.4) 311 (97.8) 394 (95.4)

No, never 35 (5.4) 8 (2.6) 27 (7.9) 26 (3.6) 7 (2.2) 19 (4.6)

Foods brought from home

Less than four times per week 53 (8.2) 23 (7.6) 30 (8.7) 79 (10.8) 39 (12.3) 40 (9.7)

4 or more times per week 592 (91.8) 279 (92.4) 313 (91.3) 652 (89.2) 279 (87.7) 373 (90.3)

Drinks brought from home

Less than four per week 62 (9.6) 30 (9.9) 32 (9.3) 84 (11.5) 45 (14.2) 39 (9.4)

4 or more times per week 583 (90.4) 272 (90.1) 311 (90.7) 647 (88.5) 273 (85.8) 374 (90.6)

Amount of money spent on food/drink
purchases in school per week

<€1 91 (14.1) 45 (14.9) 46 (13.4) 131 (17.9) 56 (17.6) 75 (18.2)

€1–2 354 (54.9) 154 (51.0) 200 (58.3) 442 (60.5) 180 (56.6) 262 (63.4)

≥€2 200 (31.0) 103 (34.1) 97 (28.3) 158 (21.6) 82 (25.8) 76 (18.4)

Food or drink purchases in school cafeteria

Less than once per week 358 (55.5) 167 (55.3) 191 (55.7) 471 (64.4) 183 (57.5) 288 (69.7)

1 time per week 151 (23.4) 76 (25.2) 75 (21.9) 137 (18.7) 66 (20.8) 71 (17.2)

2 or more times per week 136 (21.1) 59 (19.5) 77 (22.4) 123 (16.8) 69 (21.7) 54 (13.1)

Food or drink purchases in school at vending
machine b,c

Less than once per week 410 (63.6) 196 (64.9) 214 (62.4) 447 (61.1) 183 (61.2) 264 (63.9)

1 time per week 123 (19.1) 48 (15.9) 75 (21.9) 147 (20.1) 62 (20.7) 85 (20.6)

2 or more times per week 112 (17.4) 58 (19.2) 54 (15.7) 101 (13.8) 54 (18.1) 47 (11.4)

Food purchases outside school

Less than once per week 401 (62.2) 175 (57.9) 226 (65.9) 480 (65.6) 170 (53.5) 310 (75.1)

1 to 3 times per week 167 (25.9) 91 (30.1) 76 (22.2) 170 (23.3) 104 (32.7) 66 (16.0)

4 or more times per week 77 (11.9) 36 (11.9) 41 (12.0) 81 (11.1) 44 (13.8) 37 (9.0)

Drink purchases outside school

Less than once per week 436 (67.6) 192 (63.6) 244 (71.1) 538 (73.6) 201 (63.2) 337 (81.6)

1 to 3 times per week 151 (23.4) 82 (27.2) 69 (20.1) 126 (17.2) 80 (25.2) 46 (11.1)

4 or more times per week 58 (9.0) 28 (9.3) 30 (8.7) 67 (9.2) 37 (11.6) 30 (7.3)
a Per variable, multiple questions (range 2–5) were asked on a 5-point Likert scale (answers ranging from 1 = very
unlikely to 5 = very likely). b This variable was not used as confounder in the multi-level analyses due to the
similarity with the outcome variable purchase behaviour per week. c On this variable, the control group has 40
students less (19 boys, 21 girls) as one school did not have a vending machine.

3.2. Intervention Effect on Health Level of the Canteen

Table 2 shows that intervention schools (IS) scored higher in terms of the healthier offering in
the cafeteria (77.2%), compared to control schools (CS) (60.1%) after the intervention. Figure 2 confirms
this and shows that nine of the ten IS increased the healthier offering (range of all IS: −3 to 57%,
mean change 31.4%). In comparison, eight of the ten CS showed positive changes but the change
(range of all CS: −9 to 46%, mean change 9.7%) was smaller compared to the IS. The healthier offering in
vending machines increased in five of the ten IS (range of all IS: −15 to 33%, mean change 5.1%) and in
three of the nine CS (range al all CS: −14 to 48%, mean change 5.3%) (Figure 3), although, on average,
both groups made broadly similar changes in their offer (Table 2). With regard to the accessibility
criteria, both groups showed overall increases, although two CS also showed decreases (Figure 4).
The change in IS was higher compared to CS (range of all IS: 0 to 50%, mean change 15%; range of all CS
−30 to 20%, mean change 7%), resulting in mean scores of 59% (IS) and 50% (CS) fulfilled accessibility
criteria after the intervention.
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Table 2. Subscores of a healthier canteen pre- and post-intervention, stratified by intervention
and control schools.

Intervention Schools (N = 10) Control Schools (N = 10)

T0 T1 Mean Change T0 T1 Mean Change

Healthier products available in
the cafeteria ab 45.80 (27.12) 77.20 (13.41) 31.4 50.40 (23.00) 60.10 (15.67) 9.7

Healthier products available at
vending machine abc 44.70 (19.40) 49.80 (20.33) 5.1 38.89 (24.30) 44.22 (22.99) 5.3

Fulfilled accessibility criteria ad 44.00 (20.66) 59.00 (19.69) 15.0 43.00 (20.58) 50.00 (14.91) 20.0
a Mean score (SD). b Scores in percentage (0–100%). c One control school did not have a vending machine (N = 9,
in control schools). d Nine criteria could be fulfilled, scoring 10% per criteria (0–90%).
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Figure 2. Histogram of the changes in healthier products available in the cafeteria.
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Figure 3. Histogram of the changes in healthier products available at vending machines.
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3.3. Purchases in the Cafeteria

Data on self-reported purchase behaviour at the cafeteria were included in the analysis from
1213 students (548 boys, 665 girls) (Table 3). Mean purchases of all foods and drinks per week
varied between 0.46 and 1.72 per person. Both boys and girls bought more “less healthy” than
healthier products. With regard to changes in weekly purchases in the cafeteria after 6 months,
50% of the boys of the IS maintained or changed to healthier purchase behaviour (Table 3). In boys of
the CS, this percentage was 51.5%. Among girls, 53.6% maintained or changed to a healthier purchase
behaviour in the IS, compared to 46.5% in the CS.

Table 3. Weekly food and drink purchases in the cafeteria.

Intervention Schools Control Schools

Boys (n = 276) Girls (n = 308) Boys (n = 272) Girls (n = 357)

T0 T1 T0 T1 T0 T1 T0 T1

Purchase of less healthy
products, mean (SD) 1.50 (3.84) 0.92 (1.39) 1.41 (2.11) 1.39 (4.20) 1.43 (2.63) 1.72 (4.97) 0.91 (1.34) 1.04 (3.71)

Purchase of healthier products,
mean (SD) 0.85 (2.98) 0.51 (2.23) 0.80 (1.82) 1.17 (3.75) 0.82 (2.83) 1.17 (4.38) 0.46 (1.10) 0.59 (3.78)

Bought healthier products of
total bought purchases, % 36.2% 35.7% 36.2% 45.7% 36.4% 40.5% 33.6% 36.2%

Changes in purchases per week over time a

Healthy score a, % 50.0% 53.6% 51.5% 46.5%
a From each student, the difference between T0 and T1 has been calculated. Equal or bigger change in healthier
products compared to less healthy products has been defined as a healthy score.

3.4. Purchases at the Vending Machines

Data on self-reported purchase behaviour at vending machines were available for 1217 students
(542 boys, 675 girls) (Table 4). In the IS, the boys and girls, respectively, bought on average 0.79
and 1.48 healthier, and 0.88 and 1.40 less healthy products per week in vending machines after
the intervention. Boys and girls in the CS bought on average 1.13 and 0.87 healthier, and 1.40 and 0.83
less healthy products per week in vending machines after the intervention, respectively. After 6 months,
in both the IS and CS, half of the boys maintained or changed to a healthier purchase behaviour
(both 49.3%). Among girls, approximately half of the girls in the IS (47.3%) and CS (52.0%) maintained
or changed to a healthier purchase behaviour after 6 months.

Table 4. Weekly food and drink purchases at the vending machine.

Intervention Schools Control Schools

Boys (n = 270) Girls (n = 311) Boys (n = 272) Girls (n = 364)

T0 T1 T0 T1 T0 T1 T0 T1

Weekly purchases of less
healthy products, mean (SD) 1.41 (3.03) 0.88 (2.34) 1.60 (2.84) 1.40 (3.31) 1.51 (2.44) 1.40 (4.21) 0.94 (1.78) 0.83 (1.37)

Weekly purchases of healthier
products, mean (SD) 1.11 (3.13) 0.79 (2.36) 1.43 (2.40) 1.48 (3.59) 1.26 (2.59) 1.13 (2.85) 0.97 (1.49) 0.87 (1.45)

Bought healthier products of
total bought products, % 44.1% 47.3% 47.2% 51.4% 45.5% 44.7% 50.8% 51.2%

Changes in purchases per week over time a

Healthy score a, % 49.3% 47.3% 49.3% 51.6%
a From each student, the difference between T0 and T1 has been calculated. Equal or bigger change in healthier
products compared to less healthy products has been defined as a healthy score.

3.5. Purchase Behaviour Analysed by Mixed Logistic Regression Analyses

The results of the performed mixed logistic regression analyses showed that the odds for a healthier
purchase behaviour compared to less healthy purchase behaviour is approximately equal for students
in the intervention and control schools (Table 5). In boys, we found odds ratios of 0.92 (95%CI 0.62;
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1.36) for cafeteria purchases and 1.02 (95%CI 0.62; 1.67) for vending machine purchases. Girls showed
an odds ratio of 1.29 (95%CI 0.85; 1.96) for the cafeteria and 0.84 (95%CI 0.62; 1.14) in vending machines
purchases. Adjustment for demographic (model 2), behavioural (model 3) and environmental variables
(model 4) did not materially change the results.

Table 5. Mixed logistic regression analyses on the effect of the intervention (ref. group is control group)
on changes in purchase behaviour.

Model 1 b Model 2 c Model 3 d Model 4 e

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

Purchases cafeteria a
Boys (n = 548) 0.92 0.62; 1.36 0.94 0.67; 1.32 0.96 0.68; 1.35 0.92 0.63; 1.34

Girls (n = 665) 1.29 0.85; 1.96 1.29 0.83; 1.96 1.31 0.85; 2.02 1.30 0.85; 2.00

Purchases vending
machine a

Boys (n = 542) 1.02 0.62; 1.67 1.00 0.60; 1.67 1.03 0.62; 1.69 1.03 0.62; 1.71

Girls (n = 675) 0.84 0.62; 1.14 0.81 0.59; 1.11 0.85 0.61; 1.19 0.85 0.58; 1.23

a Dichotomous outcome: healthier vs. less healthy changes in purchases over time. b Model 1 = mixed
logistic regression analysis, corrected for school. c Model 2 =Model 1, plus corrected for demographic variables
(age, education). d Model 3 = Model 2, plus corrected for behavioural determinants (attitude, subjective norm,
perceived behavioural control, intention); e Model 4 =Model 3, plus corrected for environmental determinants
(amount of money spent in school p/w, breakfast, food purchases outside school, drink purchases outside school,
food brought from home, drinks brought from home).

The analyses to the effect of a healthier canteen (healthier versus less healthy (ref. group)
availability in the cafeteria, vending machine or accessibility) on purchase behaviour showed OR‘s
ranging from 0.87 (95%CI 0.61–1.26) for combined purchases in girls, to 1.27 (95%CI 0.75–2.17) for
purchases in vending machines in boys (Table 6). Adjustment for demographic (model 2), behavioural
(model 3) and environmental variables (model 4) again did not materially change the results.

Table 6. Mixed logistic regression analyses on the effect of a healthier canteen (ref. group not healthy)
on changes in purchase behaviour.

Model 1 e Model 2 f Model 3 g Model 4 h

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

Purchases cafeteria ab
Boys (n = 548) 0.93 0.60; 1.44 1.02 0.69; 1.52 1.03 0.69; 1.53 1.01 0.66; 1.55

Girls (n = 665) 1.13 0.70; 1.83 1.14 0.70; 1.86 1.14 0.70; 1.88 1.13 0.69; 1.86

Purchases vending
machine ac

Boys (n = 542) 1.27 0.75; 2.17 1.18 0.67; 2.05 1.18 0.68; 2.03 1.21 0.69; 2.12

Girls (n = 675) 1.06 0.74; 1.50 1.14 0.77; 1.69 1.18 0.79; 1.75 1.15 0.75; 1.78

Purchases cafeteria
and vending machine ad

Boys (n = 620) 1.17 0.84; 1.62 1.19 0.83; 1.73 1.19 0.83; 1.70 1.14 0.79; 1.65

Girls (n = 756) 0.87 0.61; 1.26 0.89 0.61; 1.28 0.90 0.62; 1.30 0.90 0.61; 1.34

a Dichotomous outcome: healthier vs. less healthy changes in purchases over time. b Healthier canteen, measured
with the subtopic healthier products available in cafeteria (≥60%, <60% (ref. group)). c Healthier canteen, measured
with the subtopic healthier products available at vending machines (≥60%, <60% (ref. group)). d Healthier canteen,
measured with the subtopic fulfilled healthier accessibility criteria (≥60%, <60% (ref. group)). e Model 1 =mixed
logistic regression analysis, corrected for school. f Model 2 =Model 1, plus corrected for demographic variables
(age, education). g Model 3 = Model 2, plus corrected for behavioural determinants (attitude, subjective norm,
perceived behavioural control, intention); h Model 4 =Model 3, plus corrected for environmental determinants
(amount of money spent in school p/w, breakfast, food purchases outside school, drink purchases outside school,
food brought from home, drinks brought from home).

4. Discussion

We investigated the effect of support in implementing the “Guidelines for Healthier Canteens” on
changes in the school canteen (cafeteria and vending machine) and on food and drink purchases of
students. Our results show that the support has led to actual changes in the availability and accessibility
of healthier products in the canteen. We did not observe changes in students’ purchase behaviour.
The large majority of the students (90%) reported that they usually bring food or drinks from home.
Most (approximately 80%) students reported buying food or drinks in school only once a week or less.

Schools that received support showed a larger increase in the availability of healthier products
in the cafeteria compared to control schools. The intervention schools also complied with more
criteria for the accessibility of healthier products than the control schools. These results are in line
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with previous studies which also showed that implementation support is likely to increase the use of
guidelines, especially if it consists of multiple components and is both practice and theory-based [24,37].
The support we offered was targeted at different stakeholder-identified impeding factors related to
implementation of the guidelines, such as knowledge and motivation. The process evaluation already
showed that our implementation plan favourably influenced these factors [38].

With regard to vending machines, changes were smaller and present in fewer schools compared
to changes in the cafeteria. This result may be explained by the fact that schools do not always
own nor regulate the content of the vending machines themselves, but outsource them to external
parties such as caterers or vending machine companies. Some schools were therefore unable to
change the offering and position of products in the machine within the study period. Previous
research showed that vending machines were healthier if appointments about the healthy offer were
included in agreements with caterers or vending machine companies [39]. Making agreements about
the availability and accessibility of healthy products in the machines is therefore recommended.

In contrast to the changes in the canteen, we did not observe relevant differences in change
of healthier purchases between students in intervention and control schools, nor between students
from schools with a healthier canteen compared to students from schools with a less healthy canteen.
An explanation for these results might be that the duration of the intervention was between four to six
months, which proved to be short for the schools to make changes, as we noticed that in most canteens
changes were made just before the post-measurements. As a result, students did not have enough time
to get used to the new situation and to adapt their purchases. The effects of a healthier canteen on
students’ purchases remain therefore unknown. Our results are in contrast with many other studies
that show that increasing the offering of healthier products and changes in placement and promotion
in favour of healthier products are likely to lead to healthier food choices among customers [4,40–43].
However, reviews identified that investigations yielded contradictory results [44], and they emphasize
the low quality of the studies [43], making more research needed.

Changing dietary behaviour is complex and affected by multiple individual, social and environmental
factors [45–47]—for example, the palatability, price and convenience of foods offered in environments that
youth visit regularly, including the school canteen and shops around schools [13,45,48]. During adolescence,
many factors that influence youth’s dietary choices are changing: they become more independent, parental
influence decreases and influence of peers increases, living environments expand, and they have more
money to spend [49,50]. These changes provide opportunities to develop healthy dietary habits which
are likely to sustain over time [51]. Even though our study did not show a relation between a healthier
canteen and healthier purchase behaviour, we would recommend that healthier food choices should be
facilitated in school canteens, including vending machines, a place that students visit regularly and where
students can autonomously choose what they buy. This might influence student purchase behaviour
directly at the school canteen or in shops around schools, and foresees in educating adolescents on healthy
norms [52]. This enables all youth to experience that healthy eating is important, tasty and very common,
which they can use throughout their life.

A strength of our study is that the support consisted of multiple implementation tools which
stakeholders could decide to use, as well as when and how. Moreover, our study included tailored
advice. Previous research has shown that both a combination of components and tailored advice could
increase the likelihood of an effective implementation plan [37,53]. Other strengths of our study are
the measurement of outcomes both on the canteen and student level and the separate analyses for
boys and girls. In general, boys are more likely to make impulsive, intuitive changes [41]. In contrast,
girls are more likely to overthink their choices, limiting the effect of an attractive food offering. In our
study, subtle differences across gender were observed, with boys indicating buying food and drinks
outside the school more often. However, this finding should be further explored in future studies.

There are also some study limitations that should be mentioned. First, the use of self-reported
questionnaires to investigate purchase behaviour. These measurements are potentially subject to
reporting bias and socially desirable answers, likely leading to smaller number of reported purchases
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overall and larger number of reported healthier products. Possibilities to measure the dietary behaviour
of student more objectively and regularly include, for example, the use of meal observations, sales data
or Ecological Momentary Assessment (EMA) [54,55]. We could not use these options due to feasibility
constraints, e.g., making use of sales data was not possible as due to different registration systems.
Another limitation is the study duration, which was four to six months. A study duration of at least
one school year will align to the schools’ daily practice and will give schools the opportunity to create
a team of involved people, to embed actions and to make changes.

The fact that the intervention was individualized to the contextual factors and needs of each
school is both a strength and limitation. Alignment of the advices to a school’s situation might lead
to a more useful support but can also make it more difficult to compare results between different
intervention schools. Therefore, it is important to (1) describe the core intervention functions of each
tool of the implementation plan to be able to support schools with the same support and (2) to measure
if the tools has been delivered and used as planned [12,56,57]. In our case, the core elements of
the intervention have been described in the study design [34]. In addition to the effect evaluation,
we also evaluated the quality of implementation to assess whether schools received each implementation
tool [38].

A final limitation includes the fact that, due to the skewness of our purchase data and the non-linearity
of some of the relations under study, we decided to dichotomize our data. This negatively influenced
the power, and led to some loss of information.

Based on our results, we recommend that future studies investigate the sustainability of supportive
implementation of food environment policy. In addition, we recommend longer-term studies that
assess changes in students’ purchases inside, and in shops around, school, that appear after an
adaptation period.

Our results confirm that adolescents in the Netherlands bring most food and drinks from home
and additionally buy their food inside as well as outside school. Attention to the home environment
and the environment around school is therefore needed. The complexity of the food environment
at schools within this broader food environment makes the use of whole system-based approaches
important [13,46]. Different relevant stakeholders such as parents, shopkeepers, and local policy
makers should be actively involved in this approach. Moreover, a healthy school environment not
only consists of a healthy canteen, including vending machines, but also includes food education,
integration with other health promotion school policies [58]. This is important, as schools contribute to
the personal development of youth, wherein learning about making choices with regard to a healthy
lifestyle in an obesogenic environment is an essential part.

5. Conclusions

This study investigated the changes in Dutch school canteens and self-reported student purchase
behaviour after support to implement the Guidelines for Healthier Canteens compared to no support.
We conclude that such support appears to contribute to healthier canteens. Our results did not
show an effect of the implementation on healthier students’ purchase behaviour, perhaps due
to the short time between the changes made in the canteen and our follow-up measurements.
Due to the fact that this study was performed in collaboration with the Netherlands Nutrition Centre
and involved stakeholders, our research results are likely to lead to implementation in daily practice.
More system-based approaches are warranted to be able to influence students’ dietary behaviour.
Additionally, long-term research to investigate the effects of healthier school canteens are needed.
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Abstract: Background: This study addressed differences between parent–child dyads with excessive
body mass (overweight or obesity) and dyads with normal body mass in obesity determinants, derived
from social-ecological models. It was hypothesized that parents and their 5–11 years-old children with
excessive body mass would (1) report lower availability of healthy food at home, (2) perceive fewer
school/local community healthy eating promotion programs, (3) report lower persuasive value of food
advertising. Methods: Data were collected twice (T1, baseline; T2, 10-month follow-up), including
n = 129 parent–child dyads with excessive body mass and n = 377 parent–child dyads with normal
body mass. Self-reported data were collected from parents and children; with body weight and height
assessed objectively. General linear models (including analysis of variance with repeated measures)
were performed to test the hypotheses. Results: Compared to dyads with normal body mass, dyads of
parents and children with excessive body mass perceived lower availability of healthy food at home
and fewer healthy eating promotion programs at school/local community (T1 and T2). These effects
remained significant after controlling for sociodemographic variables. No significant differences in
persuasive value of food advertising were found. Conclusions: Perceptions of availability of healthy
food at home and healthy nutrition promotion may be relatively low in parent–child dyads with
excessive weight which, in turn, may constitute a risk factor for maintenance of obesity.

Keywords: childhood obesity; parent–child dyads; food availability; advertising; healthy diet;
promotion programs

1. Introduction

The prevalence of overweight and obesity among children has doubled in recent decades, both in
developed and developing countries [1,2]. Obesity is often considered as a result of an exposure of
children to an unhealthy environment (also called obesogenic environment) and children’s perceptions
and responses to it [2,3]. The role of the obesogenic environment and the ways it is perceived are
highlighted in several theoretical approaches explaining childhood obesity. For example, according to
the ecological model of predictors of childhood obesity [4], characteristics of at-home-environment
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(e.g., types of food available at home), and out-of-home environment (e.g., community, demographic
and societal characteristics, food policies at school or local community, policies regulating food
advertising to children, etc.) represent the facets of a broader context, interacting with each other in the
development and maintenance of childhood overweight/obesity.

Availability of various types of food at home is often considered a key determinant of children’s
nutrition behaviors [4,5]. In turn, unhealthy nutrition (diet low in fruit and vegetable intake, and high in
energy-dense food intake) is significantly associated with excessive body mass [6]. Systematic reviews
of environmental correlates of obesity-related behaviors in children showed that the availability of
healthy food at home was associated with higher children’s fruit and vegetable intake [7,8]. On the
other hand, home availability of sugar-sweetened beverages was associated with a higher intake
of these products by 8- to 13-year-olds [9], and intake of sweet and savory snacks among 12- to
13-year-old girls [10]. Lower perceived at-home availability of snacks and sweetened beverages was
directly associated with lower intake of respective food among 10- to 11-year-olds [11]. Most of the
studies, however, accounted only for children’s perceptions of home food availability and did not
consider parental perceptions. Parental perceptions may operate together with children’s perceptions
of availability, as parents are the key food gatekeepers at home. Furthermore, it is unclear whether
children’s and parental perceptions of availability of healthy food differ depending on body mass
status of parent and child (normal body mass versus excessive body mass, i.e., overweight or obesity).

It is unclear if parents and their children with normal differ from those with excessive body mass
in terms of their perceptions of availability of healthy food at home between. A cross-sectional study
comparing 35 families with parents and children with excessive body mass with 47 families with
normal body mass indicated that lower vegetable availability (rated by an independent observer)
was associated with obesity issues [12]. This study, however, does not clarify how availability was
perceived by parents and children. Determining the levels of parental and child perceptions of food
availability at homes of families with overweight parents and children may be of practical relevance.
Identifying if families differ in perceptions of at-home and out-of-home environment (depending
on body mass status of family members) would allow designing more effective obesity prevention
programs, targeting the general population, and family treatment programs for parents and children
with excessive body mass [13].

Children’s healthy nutrition and favorable changes in body mass are also shaped by perceptions
of out-of-home environment, such as school and local community promotion of healthy eating which,
in turn, may influence both parents’ and children’s behaviors and cognitions related to healthy
food intake [4]. The World Health Organization [2] has recommended comprehensive programs
promoting the intake of healthy food and a reduction of unhealthy food intake in schools as the key
environmental strategies to address childhood obesity. An analysis of the effectiveness of 124 nutrition
and physical activity programs indicated that the programs accounting for three settings (community,
school, and home) were the most effective in terms of childhood obesity prevention [14]. The target
population’s awareness of out-of-home programs promoting healthy nutrition may be a condition for
the successful implementation of such programs and their effectiveness [15]. Previous dyadic research
has found out that parental perceptions of school and community-based physical-activity promotion
programs are related to lower body mass in children [16]. It is unclear, however, whether perceptions
of availability of nutrition programs may differ among parents and children with excessive body mass
versus normal body mass.

Previous research investigating children’s perception of healthy food environment indicated that
those who are 5–9 years old perceive their parents and mass media as the primary source of nutrition
information [17]. Thus, at-home availability of healthy food and perceptions of food advertising have
been investigated in children as young as 5–9 years old [17,18]. Although teachers are reported by
children as the source of information on healthy food, qualitative research did not elicit perceptions of
programs at local community or at the school setting as relevant sources of information about health or
healthy diet among young children [17]. Therefore, an adequate approach to investigate perceptions of

224



Nutrients 2020, 12, 2149

5–11 years old children may be to focus on at-home availability of food or perceptions of advertising,
instead of testing young children’s perceptions of a broader environment (e.g., local community).

In parallel to perceptions of food availability at home and availability of nutrition programs at
the local community, perceptions of advertising have been shown to determine children’s nutrition
behaviors [19,20]. Food marketing practices are considered an environmental factor that can affect
adults’ and children’s beliefs, attitudes, and knowledge about healthy eating, and their body mass [21].
Children’s food decisions are made in an environment where food is extensively advertised to stimulate
consumption at home, and where respective types of food are perceived as easily available [22,23].
Compared to children with normal body mass, 4–11-year-olds with excessive body mass had a higher
recognition of energy-dense food advertisements [24] or food advertisements in general [25]. On the
other hand, research suggested that children who are obese may know less about the persuasive value
of food advertising [20]. Parents and their perceptions of advertising may play a role in modifying
the impact of food advertising on children, e.g., through explaining the nature and selling intent
of advertising [26,27]. To date, research has not clarified whether parental and child perceptions of
advertising (e.g., its persuasiveness) of food may differ between families with parent and child with
excessive body mass, compared to those with normal body mass.

This study investigated the differences between parent–child dyads with excessive body mass
and parent–child dyads with normal body mass in terms of: perceptions of at-home environment
(availability of healthy food at home) and out-of-home environment (perceptions of school and local
community promotion of healthy eating, perceptions of advertising in terms of its persuasiveness).
In particular, it was hypothesized that, compared to parents and children from dyads with normal
body mass, parents and their 5–11-year-old children from dyads with excessive body mass would
(1) report lower availability of healthy food at their homes, (2) perceive fewer healthy eating promotion
programs at schools and local community, (3) report lower persuasive value of food advertising.

Moreover, we explored a 10-month stability of differences in perceptions of at-home and
out-of-home environment, testing if any changes over time would occur in parent–child dyads with
normal body mass and dyads with excessive body mass. During middle childhood (5–11 years old),
children’s perceptions of healthy food environment are influenced by their age and the developmental
stage [28] and, in consequence, these perceptions may change over one year. Thus, it was investigated
whether children’s perceptions of at-home environment and perceptions of food advertising would
change over a 10-month period. Finally, to account for the potential confounding effects of parental
education, parental perceived economic status, and the location of the residence [29], the hypothesized
effects were controlled for possible sociodemographic covariates.

2. Materials and Methods

2.1. Participants

Parents (98.6%) or legal guardians (1.4%; henceforth called “parents”) that were the main caregivers
in terms of preparing food and time spent with a child were included in the study as well as their
5–11-year-old children. The initially recruited sample included 924 dyads (1848 individuals) consisting
of parents and their 5–11-year-old children participating in the measurement at Time 1 (T1, baseline),
and 571 dyads (1142 individuals) at Time 2 (T2, 10-month follow-up). Data were collected as a part of a
larger study testing parental and child psychosocial determinants of body mass [30,31].

At T1, the majority of parents (n = 547, 59.2%) from the initially recruited sample had normal body
mass, n = 355 (38.4%) had excessive body mass, and n = 22 (2.4%) had underweight. Among children,
n = 617 (66.8%) had normal body mass, n = 222 (24.0%) had excessive body mass, and n = 85 (9.2%)
had underweight after adjusting for age and gender in relation to International Obesity Task Force
cut-off points [32]. All participants were Caucasian (as 98% of Poland’s population [33]).

Dyads in which either parent or child had underweight (n= 126 dyads) were excluded from further
analyses, as the factors underlying underweight were not investigated in this study. The remaining
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sample was divided into the subgroups of parents and children recruited form dyads with a specific
body mass composition (e.g., both parent and child with excessive body mass). The dyads with the
mixed body mass composition (e.g., consisting of a parent with obesity and a child with normal body
mass) were included in additional analyses only (see Appendix A). The mixed body mass composition
dyads included n = 193 dyads with parents with excessive body mass and children with normal
body mass as well as n = 88 dyads with parents with normal body mass and children with excessive
body mass.

The main analyzed sample consisted of N = 506 parent–child dyads (1012 individuals), including
n = 129 dyads with parent and child who both had excessive body mass and n = 377 dyads with parent
and child who both had normal body mass. In this study, we use the term ‘dyads’, to highlight the
specificity of the subgroup (dyads were not treated as the unit of analysis).

Demographic characteristics of the main analyzed sample (N = 506 dyads) and both subsamples
(dyads with normal body mass, dyads with excessive body mass), as well as the differences between
the subsamples are presented in Table A1.

2.2. Procedure

The convenience sample was recruited in 26 locations in six administrative regions of Poland
representing three levels of the mean household income (the average, below the average, above the
average [33]). Data from parents and children were collected at schools, in general practitioners’ offices,
or at participants’ homes. In cases where a school was the location of data collection, dyads with
children attending classes in the respective school (but also dyads with children attending other schools
but living in the local community) were invited and recruited. In cases of dyads recruited via general
practitioners’ offices, children attended various schools in the respective city/town.

Study personnel informed participants about the research aims and procedure. Parents provided
informed consent (with respect to their own and their child’s participation) and the child gave assent
to participate in the study. Afterward, de-identified codes were assigned to participants to secure their
anonymity across the measurement points. Younger children (aged 5–8) were interviewed using a
structured interview while older children (aged 9–11) completed a questionnaire. Parents completed
the questionnaires separately from children (e.g., in a different room). Participants’ body mass and
height were measured with certified scales and rods at both T1 and T2.

At both T1 and T2 (10 months later), parents provided their data referring to their perceptions
of at-home environment (perceptions of availability of healthy food at home) and out-of-home
environment (perceptions of school and local community promotion of healthy eating, perceptions of
advertising in terms of its persuasiveness). Children provided their data with reference to perceptions of
availability of healthy food at home, and perceptions of food advertising at both T1 and T2. During the
follow-up, study personnel revisited the study sites after contacting parents by phone. The attrition
occurred due to parental decisions to change the school/general practitioner or parental or children’s
decisions to discontinue their participation at T2.

The study was approved by the Internal Review Board at SWPS University of Social Sciences
and Humanities, Wroclaw, Poland. All procedures were in accordance with the ethical standards
of the institutional research ethics committee and in line with the 1964 Helsinki declaration and its
later amendments.

2.3. Materials

Variables measured in both members of the dyad were assessed with the same measures [34].
The feasibility of item-wording for children was tested in a pilot study with n = 18 children (aged 5–11
years old) and found to be satisfactory.

226



Nutrients 2020, 12, 2149

2.3.1. Parental and Child Perceptions of Availability of Healthy Food at Home (T1 and T2)

Parental and child perceptions of availability of healthy food at home were measured by four
items, each based on Comprehensive Feeding Practices Questionnaire (CFPQ [35]), e.g., “Most of the
food I keep in the house is healthy”). Participants were provided with a definition of healthy food,
indicating that healthy meals include a lot of raw fruit and vegetable but limited amounts of products
with added sugar or salt (e.g., limited amount of salty or sweet snacks) and a limited amount highly
processed products (e.g., sausage, cheese). The responses ranged from 1 (definitely not) to 4 (definitely

yes). Higher scores represent higher levels of parental or child perception of availability of healthy
food at home. The mean item score for parents was M = 3.05, SD = 0.40, α = 0.54 at T1 and M = 3.07,
SD = 0.32, α = 0.56 at T2; for children it was M = 2.84, SD = 0.44, α = 0.56 at T1 and M = 3.07, SD = 0.32,
α = 0.58 at T2. Although the reliability coefficients are relatively low, they may be considered acceptable
considering the scales had only 4 items [36].

2.3.2. Parental Perceptions of School and Local Community Promotion of Healthy Eating (T1 and T2)

Parental perceptions of school and local community promotion of healthy eating was measured
with two items based on Stok et al. [37]: “At school my child draws attention to the issues of
healthy revival” and “A lot of things are being done to help me and my child to eat more healthily”.
The responses ranged from 1 (definitely not) to 4 (definitely yes). Higher scores represent a higher level of
parental perceptions of school and local community promotion of healthy eating. The mean item score
was M = 2.80, SD = 0.67, rs = 0.58 at T1 and M = 2.81, SD = 0.53, rs = 0.51 at T2.

2.3.3. Parental and Child Perceptions of Food Advertising (T1 and T2)

Parental and child perceptions of food advertising (its persuasive value) were measured with
one item each based on Food Advertising Questionnaire [38], e.g., “Advertising makes food products
seem better than they really are”. The responses ranged from 1 (definitely not) to 4 (definitely yes).
The higher scores represent the higher levels of parental or child knowledge of persuasive value of
food advertising. The item score for parents was M = 2.42, SD = 0.98 at T1 and M = 2.51, SD = 1.06 at
T2; for children it was M = 2.57, SD = 0.80 at T1, and M = 2.51, SD = 0.80 at T2.

2.3.4. Body Weight and Height (T1)

Child and parental body weight and height were assessed with standard medically approved
telescopic height measuring rods and floor scales (scale type: BF-100 or BF-25; Beurer, Germany,
measurement error <5%). For children, age and gender specific BMI z-score values were calculated
with WHO AnthroPlus macro [39]. For parents, BMI was calculated using body weight and height:
BMI =weight (kg)/height2 (m2).

2.3.5. Sociodemographic Variables (T1)

Parental education was measured with a 5-point scale, ranging from 1 to 5 (primary, uncompleted
secondary/vocational, secondary, ≤3 years of higher education, ≥4 years of higher education).
Higher scores indicate higher education. Perceived economic status was assessed with one item,
“Compared to the average economic situation of the family in the country, how would you rate
the economic situation of your family”, with responses ranging from 1 (much below the average) to 5
(much above the average). Higher scores indicate a higher economic status. The size of the place of
residence was assessed with one question, “What is the number of inhabitants in the city/town/village
where your family lives” with 4-item response scale (<10,000 inhabitants; between 10,000 and
100,000 inhabitants; between 100,000 and 500,000 inhabitants; >500,000 inhabitants). Higher scores
indicate a larger population living in the place of residence.
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2.4. Data Analysis

Assuming effect sizes of f = 0.15, power of 0.95, Type I error rate of 0.05, the sample size was
estimated with G*Power calculator [40]. The estimation indicated that at least 120 dyads per a
subsample should be recruited, if the analyses would be conducted accounting for potential covariates.
Results yielding a p-value of 0.05 were considered to be statistically significant. Missing data were
accounted for by using the full information maximum likelihood procedure performed in IBM AMOS
25 [41]. All analyses were conducted with SPSS version 25. Analyses of variance were performed to test
the differences in parental and/or child perceptions of at-home (perceptions of availability of healthy
food at home) and out-of-home environment (perceptions of school and local community promotion of
healthy eating, perceptions of food advertising) between parent–child dyads with excessive body mass
and dyads with normal body mass. General linear models with repeated measures were performed
to test: (1) the time effects on perceptions of at-home and out-of-home environment measured at T1
and T2 in parent–child dyads with excessive body mass vs. dyads with normal body mass, as well as
(2) the interaction effects of time and the type of subsample (excessive body mass vs. normal body
mass dyads). Sensitivity analyses were conducted to test the robustness of findings [42] and to identify
if the patterns of effects are similar when accounting for the effects of control variables (the parental
education level, the parental perceived economic status, and the size of the place of residence).

3. Results

3.1. Preliminary Analysis

The differences between parents who participated at both T1 and T2 measurements and those
who dropped out were not statistically significant in terms of perceptions of availability of healthy
food at home, perceptions of school and local community promotion of healthy eating, perceptions of
food advertising, age, BMI, all Fs < 2.32, ps > 0.129, or gender, χ2(1) = 2.37, p = 0.306. The differences
between children who participated at both T1 and T2 measurements and those who dropped out were
not statistically significant in terms of perceptions of availability of healthy food at home, perceptions
of food advertising, age, or BMI, all Fs < 2.36, ps > 0.137. However, dyads with boys tended to drop
out more often than dyads with girls, χ2(1) = 3.26, p = 0.072.

Parents from dyads with excessive body mass differed from parents from dyads with normal body
mass in terms of gender, χ2(1) = 12.83, p = 0.002, education level, and economic status, all Fs > 4.41,
ps < 0.036. Parents in dyads with excessive body mass were more often men, reported a lower level
of education, and a lower perceived economic status than parents in dyads with normal body mass.
The differences between two types of dyads were not statistically significant in terms of parental and
child age, children’s gender, or the size of the residence place. For details see Table A1.

Bivariate correlations between the study variables obtained for the main analyzed sample of
N = 506 dyads (N = 1,012 individuals) are presented in Table A2. At both T1 and T2, healthy
food availability and advertisement perceptions reported by parents were positively associated with
children’s perceptions of healthy food availability and perceptions of persuasiveness of advertisement.
A higher level of parental education was related to higher availability of healthy food reported
by children (T1 and T2). A higher level of parental perceived economic status (T1) was positively
associated with healthy food availability, reported by parents and children (T1 and T2), and negatively
with parental and children’s BMI (T1 and T2).

3.1.1. Differences between Parent–Child Dyads with Excessive and Normal Body Mass: Perceptions of
At-Home and Out-of-Home Environment

Compared to parents from dyads with normal body mass, parents from dyads with excessive
body mass reported lower availability of healthy food at their homes (T1 and T2) and fewer school
and local community promotion of healthy eating (T1 and T2). There were no statistically significant
differences between parents from dyads with normal body mass and dyads with excessive body mass
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in terms of perceptions of persuasiveness of food advertisement (T1 and T2). The respective findings
are reported in Table 1.

Table 1. Differences in at-home and out-of-home environment: Comparisons of dyads of parents and
children with excessive body mass (n = 129) and dyads of parents and children with normal body mass
(n = 377).

M (SD) for Parent–child
Dyads with Excessive
Body Mass/M (SD) for

Parent–child Dyads with
Normal Body Mass

Between-Groups Differences

F (df) for the Model without
Covariates/F (df) for the Model

with Covariates

η2 for the Model
without

Covariates/η2 for
the Model with

Covariates

Cohen’s d
(95% CI)

Healthy food
availability (P, T1) 2.94 (0.42)/3.08 (0.39) 13.01 (1, 504) ***/6.23 (4, 501) *** 0.025/0.047 0.35 (0.32, 0.39)

Healthy food
availability (P, T2) 2.97 (0.33)/3.11 (0.30) 19.22 (1, 504) ***/7.74 (4, 501) *** 0.037/0.058 0.42 (0.39, 0.45)

School and local
promotion (P, T1) 2.70 (0.66)/2.84 (0.67) 3.91 (1, 504) */2.44 (4, 501) * 0.008/0.019 0.21 (0.15, 0.27)

School and local
promotion (P, T2) 2.73 (0.53)/2.83 (0.53) 3.69 (1, 504) †/2.96 (4, 501) † 0.007/0.008 0.19 (0.14, 0.24)

Advertisement
perception (P, T1) 2.41 (0.98)/2.42 (0.98) 0.01 (1, 504)/0.42(4, 501) <0.001/0.003 0.01 (−0.08, 0.10)

Advertisement
perception (P, T2) 2.48 (1.10)/2.52 (1.05) 0.11 (1, 504)/0.23 (4, 501) <0.001/0.002 0.04 (−0.06, 0.13)

Healthy food
availability (Ch, T1) 2.85 (0.46)/2.84 (0.44) 0.02 (1, 504)/3.18 (4, 501) * <0.001/0.025 −0.02 (−0.06, 0.16)

Healthy food
availability (Ch, T2) 2.75 (0.37)/2.82 (0.34) 3.24 (1, 504) †/5.36 (4, 501) *** 0.006/0.041 0.20 (0.17, 0.23)

Advertisement
perception (Ch, T1) 2.54 (0.71)/2.59 (0.83) 0.34 (1, 504)/0.12 (4, 501) 0.001/0.002 0.06 (−0.01, 0.13)

Advertisement
perception (Ch, T2) 2.49 (0.79)/2.52 (0.80) 0.23 (1, 504)/0.93 (4, 501) <0.001/0.007 0.04 (−0.03, 0.11)

*** p < 0.001; * p < 0.05; † p < 0.10; P = parent; Ch = child; T1 = Time 1 (baseline); T2 = Time 2 (10-month follow-up);
for all analyses df = 1, 504; Advertisement perception = perceptions of persuasiveness of food advertising; Local
promotion = perceptions of school and local community promotion of healthy nutrition; Healthy food availability
= perceptions of availability of heathy food at home. Covariates included: the parental education level, parental
perceived economic status, and size of the place of residence. Significant differences (with both significant p-levels
and significant 95% CI for Cohen’s d) are marked in bold.

Compared to children from dyads with normal body mass, children from dyads with
overweight/obesity reported lower availability of healthy food at their homes at T1 and T2 (see Table 1).
However, there was no statistically significant difference between children from the two types of
dyads in terms of perceptions of out-of-home environment (perceptions of persuasiveness of food
advertisement at T1 and T2).

The same pattern of differences was found in sensitivity analysis, testing differences in parental
and/or child perceptions of at-home (perceptions of availability of healthy food at home) and
out-of-home environment (school and local community promotion of healthy eating, perceptions of
persuasiveness of food advertising). In sensitivity analyses, parent–child dyads with normal body
mass and dyads with excessive body mass were compared when controlling for parental education
level, parental perceived economic status, and the size of the place of residence (see Table 1).

The results of additional analyses, comparing the four types of dyads (i.e., the dyads with
normal body mass, dyads with excessive body mass, and the two types dyads with mixed body mass
composition) are presented in Appendix A. The additional analyses showed only two significant
differences, both referring to parental perceptions. Parents from dyads consisting of a parent with
excessive body mass and a child with normal body mass reported lower healthy food availability (T1,
T2), compared to parents from dyads with normal body mass.
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3.1.2. Changes over Time in Perceptions of At-Home and Out-of-Home Environment among
Parent–Child Dyads with Normal and Excessive Body Mass

Regarding the changes over the 10-month period, parental and children’s perceptions remained
stable over time. Furthermore, all Time x Group interactions were not significant, neither when
tested without nor with control variables such as parental education, parental perceived economic
status, or the place of residence (see Table A3). These findings suggest that the gap in perceptions
of healthy nutrition options in at-home and out-of-home environment did not decrease over time,
with families with excessive body mass perceiving a relatively low availability of healthy food and
fewer school and local community promotion of healthy eating, controlling for confounding effects of
socio-economic variables.

4. Discussion

This study examined the differences between parent–child dyads with excessive body mass versus
normal body mass in terms of their perceptions of healthy food-promoting environment. The findings
support the assumption that perceptions of factors related to at-home environment and out-of-home
environment differ, depending on the body mass status [4]. In particular, parents and children from
dyads with excessive body mass perceived lower availability of healthy food at home than parents and
children from dyads with normal body mass status. Additionally, parents with excessive body mass
status reported lower levels of school and local community promotion of healthy eating, compared to
parents from dyads with normal body mass. These differences remained significant after controlling for
the level of parental education and economic status, and the size of the place of residence. There were
no statistically significant differences between parents and children from the two types of dyads
(with excessive body mass versus with normal body mass) in terms of perceptions of persuasiveness of
food advertisement.

The findings showing differences in perceived home availability of healthy food products are
partially in line with the existing evidence [12]. Previous studies, however, used the ratings of
external observers to assess availability of fresh vegetable in households [12]. Our study adds to these
findings [12], clarifying that healthy food availability at home is observed differently in families with
parents and children with overweight/obesity, compared to families with children and parents with
normal body mass. Thus, dyads with excessive body mass are at risk of further body mass increase,
due to perceptions of low availability of healthy food. As well documented in previous research,
low perceived availability of healthy food may be a trigger for unhealthy nutrition habits [8], that in
turn determine a further increase of body mass [13].

The present study also showed that parents from dyads with overweight/obesity perceived lower
availability of community and school-based healthy nutrition programs. Previous longitudinal research
showed that if parents perceive limited promotion of physical activity in local community or schools,
then their overweight children gain even more weight [16]. Therefore, families with children and
parents with excessive body mass, in which parents report low levels of community and school healthy
nutrition programs, may be at risk of a further increase of body mass in children.

The results did not confirm statistically significant differences between the two types of parent–child
dyads (with excessive body mass versus with normal body mass) in terms of perceptions of food
advertisement. Previous research suggested that children who are obese know less about persuasive
value of food advertising [20], yet the number of studies addressing this issue is limited. A lack
of statistically significant differences in the present study was observed even when controlling
for age, which is among key determinants of child food advertising knowledge and literacy [43].
Previous studies, however, did not account for parental perceptions of persuasiveness of food
advertising. In turn, our study showed that the difference between parents from dyads with excessive
body mass and parents with normal body mass was not statistically significant in terms of perceptions
of persuasiveness of food advertising. It is possible that parents from both types of dyads interacted
similarly with their children, for example when explaining the persuasive value of advertising.
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Parents may use strategies such as mediation, including deliberate comments and judgments about
TV commercials, or explaining the nature and purpose of advertising [26,44]. Similarities across
dyads in terms of parental strategies may result in a lack of differences in children’s perceptions of
persuasiveness of advertising. Future research may also look more carefully into interactions between
parental education [29] and parental practices [31] that may jointly predict children’s perceptions of food
advertising. Furthermore, perceptions or judgements other than persuasiveness of food advertising
may better differentiate between dyads with excessive body mass and those with normal body mass.
For example, recognition of logos (higher levels of fast food logos recognition compared to logos of
other types of food among children with excessive body mass [24]), or the effect of exposure levels to
food adverts on the energy intake in children with excessive body mass [45] were found to differentiate
between the children with normal body mass and with overweight/obesity. Yet, the findings of the
present study suggest that it may be relevant to account for the parental perceptions as well.

This study has several limitations. Only healthy food availability was assessed, whereas previous
research suggested that assessing availability of both healthy and unhealthy food availability is relevant.
Fruit and vegetable intake may be inversely associated with availability of unhealthy food; however,
at the same time, higher low calorie and nutrient dense food availability was associated with higher
child’s intake of sweet and savory snack [18], which may suggest that certain products might be
considered as less healthy than the others and that home environments might be healthy in some
ways and at the same time unhealthy in another way (e.g., availability of healthy and unhealthy food
products might be perceived as high). Future studies should account for perceptions of availability of
healthy food and perceptions of availability of unhealthy food. Moreover, only self-reports of food
availability were used. Perceived food availability is likely to be a different construct than the actual
availability of food at home, and the two are only moderately related [46]. Therefore, the conclusions
of the present study should not be generalized to the differences in actual availability of healthy food.
A combination of subjective and objective indicators of at-home availability of food (e.g., photographs
of food stored in the family’s pantry or scanning food barcodes during grocery shopping) would
be preferable [47]. Yet, the feasibility of using objective measures of food intake in large samples is
limited. The study did not account for an actual school-based and local community promotion of
healthy eating. Using such methods would allow for controlling whether parental and children’s
perceptions of at-home or out-of-home environment correspond with the actual presence of policies
and programs at schools/communities. Moreover, the single-item measurement of perceptions of
persuasiveness of food advertisement may have limited reliability. Future research could consider
more complex measures of various aspects of perceptions of advertising to thoroughly examine if
the differences between groups may depend on the content of investigated construct (e.g., perception
of persuasiveness versus food advertising knowledge). The procedures for data collection did not
allow for clustering children according to their schools; therefore, the analyses of the effects of the
school-level variables could not be conducted. Next, this study accounted for excessive body mass
status incorporating both overweight and obese individuals whereas previous research showed that
the differentiation between overweight and obesity may be relevant. For example, studies showed
that parents may misperceive their children’s body mass, especially when it comes to differentiating
between child being overweight or obese [46]. There is also evidence that obese children have more
accurate perceptions of their body mass than overweight children [48,49]. Future studies should verify
whether perceptions of availability of at-home and out-of-home environmental factors are different
in parent–child dyads with overweight, compared to parent–child dyads with obesity. The sample
was not representative for the general population of the country (e.g., in terms of parental education),
which limits the generalizability of the findings. Any generalization to ethnically diverse populations
should be made with caution as the analyzed sample was ethnically homogeneous (all participants
were Caucasian).
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To conclude, this is the first study to assess differences between parent–child dyads with normal
body mass and dyads with excessive body mass in terms of perceptions of at-home (perceptions
of the availability of healthy food at home) and out-of-home environment (perceptions of school
and community promotion of healthy eating, perceptions of persuasiveness of food advertising).
Future programs targeting obesity reduction may address specific perceptions of at-home and
out-of-home environment, in particular when designing interventions targeting parents and children
who already have excessive body weight. The perceptions of availability of healthy food at home,
and perceptions of school and local community promotion of healthy eating may be relatively low
in parent–child dyads with excessive weight, which in turn may constitute a risk factor for the
maintenance of excessive body weight.
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Appendix A

Table A1. Demographic and clinical characteristics of N = 798 parent–child dyads and the main analyzed sample (N = 506 dyads) including, parent–child dyads with
excessive body mass (n = 129) and parent–child dyads with normal body mass (n = 377).

Parent–Child Dyads
(N = 798)

Parent–Child Dyads with
Excessive Body Mass (n = 129)

Parent–Child Dyads with
Normal Body Mass (n = 377)

Parents from Dyads with Excessive
Body Mass vs. Parents from Dyads

with Normal Body Mass

Children from Dyads with Excessive
Body Mass vs. Children from Dyads

with Normal Body Mass% or Range (M; SD)

Parent Child Parent Child Parent Child
χ2 (df) or F

(df)
η2 Cohen’s d

(95% CI)
χ2 (df) or F

(df)
η2 Cohen’s d

(95% CI)

Gender
12.83
(1) **

0.025
0.04

(0.02, 0.06)
2.60
(1) †

0.005
0.04

(0.01, 0.07)Female n = 707 (88.6%) n = 433
(54.3%) n = 108 (83.7%) n = 80

(62.0%) n = 354 (93.9%) n = 203
(53.8%)

Male n = 91 (11.4%) n = 365
(45.7%) n = 21 (16.3%) n = 49

(38.0%) n = 23 (6.1%) n = 174
(46.2%)

T1 Age 23–66
(36.40; 5.38)

5–12
(7.80; 1.46)

23–49
(36.03; 5.44)

5–11
(7.86; 1.38)

24–59
(36.22; 5.01)

5–10
(7.78; 1.51)

0.14
(1, 504) <0.001 0.04

(−0.31, 0.39)
0.27

(1, 504) 0.001 −0.06
(−0.15, 0.04)

T2 Age 23–67
(36.82; 4.24)

6–12
(8.33; 1.12)

23–49
(36.49; 5.39)

6–12
(8.41; 1.38)

24–51
(36.79; 4.99)

6–11
(8.37; 1.46)

0.21
(1, 504) 0.001 0.06

(−0.29, 0.41)
0.05

(1, 504) <0.001 −0.03
(−0.12, 0.07)

T1 BMI 18.50–46.87
(24.92; 4.43)

13.92–33.74
(17.60; 2.79)

25.08–46.87
(29.84; 4.11)

17.50–33.74
(21.49; 2.65)

18.50–24.92
(21.88; 1.70)

13.92–19.95
(16.18; 1.27)

945.89
(1, 504) ***

0.652
2.74

(2.54, 2.93)
909.89

(1, 504) ***
0.644

2.74
(2.61, 2.87)

T2 BMI 17.86–42.86
(24.91; 4.27)

11.96–30.56
(17.33; 3.04)

21.93–42.87
(29.50; 3.86)

17.01–30.56
(21.30; 3.02)

17.86–27.25
(22.00; 1.76)

13.06–20.93
(16.31; 1.46)

888.21
(1, 504) ***

0.638
2.69

(2.50, 2.88)
371.57

(1, 504) **
0.552

2.69
(2.50, 2.88)

Education:

4.41
(1, 504) *

0.009
0.21

(0.13, 0.30)

Primary n = 20 (2.5%) n = 4 (3.1%) n = 11 (2.9%)

Vocational n = 100 (125%) n = 21 (16.3%) n = 40 (10.6%)

Secondary n = 216 (27.1%) n = 35 (27.1%) n = 93 (24.7%)

Post-secondary n = 81 (10.2%) n = 17 (13.2%) n = 37 (9.8%)

Higher n = 381 (47.7%) n = 52 (40.3%) n = 195 (51.7%)

Economic status:

4.98
(1, 504) *

0.010
0.22

(0.17, 0.27)

Higher n = 68 (8.5%) n = 37 (28.7%) n = 127 (33.7%)

Similar n = 483 (60.5%) n = 74 (57.4%) n = 224 (59.5%)

Lower n = 247 (31.0%) n = 18 (14.0%) n = 26 (6.9%)
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Table A1. Cont.

Parent–Child Dyads
(N = 798)

Parent–Child Dyads with
Excessive Body Mass (n = 129)

Parent–Child Dyads with
Normal Body Mass (n = 377)

Parents from Dyads with Excessive
Body Mass vs. Parents from Dyads

with Normal Body Mass

Children from Dyads with Excessive
Body Mass vs. Children from Dyads

with Normal Body Mass% or Range (M; SD)

Place of residence

1.18
(1, 504) 0.002

0.11
(0.03, 0.19)

≤10,000 residents n = 244 (30.6%) n = 43 (33.3%) n = 99 (26.3%)

10,000–100,000
residents n = 172 (21.6%) n = 26 (20.2%) n = 88 (23.3%)

100,000–500,000
residents n = 114 (14.3%) n = 21 (16.3%) n = 67 (17.9%)

≥500,000 residents n = 268 (33.6%) n = 39 (30.2%) n = 123 (32.6%)

*** p < 0.001; ** p < 0.01; * p < 0.05; † p < 0.10; T1 = Time 1 (baseline); T2 = Time 2 (10-month follow-up); BMI = body mass index; Education = the parental education level; Economic status
= the parental perceived economic status (reports on comparison to the economic situations of the average family in the country). Significant differences (with significant p = 0.05 levels and
significant 95% CI for Cohen’s d) are marked in bold.
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Table A2. Correlations and descriptive statistics for the study variables: Characteristics of the main analyzed sample (N = 506 parent–child dyads with normal body
mass and parent–child dyads with excessive body mass) and for N = 798 (four types of dyads: parent with excessive body mass and child with normal body mass;
parent with normal body mass and child with excessive body mass; parent–child dyads with excessive body mass; parent–child dyads with normal body mass).

M (SD) for N = 506 Parent–child Dyads
/M (SD) for N = 798 Parent–child Dyads

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1
Healthy food

availability (P, T1)
3.05 (0.40)/
3.02 (0.40)

2
Healthy food

availability (P, T2)
3.07 (0.32)/
3.04 (0.31)

0.54/
0.50

3
School and local

promotion (P, T1)
2.80 (0.67)/
2.76 (0.68)

0.01/
0.02

0.02/
0.05

4
School and local

promotion (P, T2)
2.81 (0.53)/
2.79 (0.52)

0.03/
0.04

0.16/
0.14

0.39/
0.41

5
Advertisement

perception (P, T1)
2.42 (0.98)/
2.50 (0.98)

−0.05/
−0.06

0.01/
−0.01

0.01/
−0.02

−0.04/
−0.05

6
Advertisement

perception (P, T2)
2.51 (1.06)/
2.56 (0.79)

−0.07/
−0.01

−0.09/
0.01

−0.07/
0.03

−0.06/
−0.05

0.39/
0.33

7
Healthy food

availability (Ch, T1)
2.84 (0.44)/
3.03 (0.47)

0.25/
0.23

0.11/
0.15

0.02/
0.01

0.02/
−0.01

−0.02/
−0.03

−0.10/
−0.06

8
Healthy food

availability (Ch, T2)
3.07 (0.32)/
3.17 (0.32)

0.29/
0.20

0.39/
0.31

0.06/
0.03

0.11/
0.12

−0.01/
0.03

−0.09/
−0.05

0.32/
0.34

9
Advertisement

perception (Ch, T1)
2.57 (0.80)/
2.49 (1.04)

−0.01/
−0.07

0.01/
−0.02

0.05/
0.04

0.09/
0.04

0.30/
0.27

0.11/
0.06

0.08/
0.09

0.10/
0.10

10
Advertisement

perception (Ch, T2)
2.51 (0.80)/
2.53 (0.80)

−0.10/
−0.08

−0.15/
−0.10

−0.02/
−0.04

−0.01/
−0.03

−0.02/
0.03

0.30/
0.24

−0.05/
−0.04

−0.15/
−0.13

0.13/
0.16

11 BMI (P, T1) 23.91 (4.30)/
24.92 (4.43)

−0.11/
−0.13

−0.17/
−0.14

−0.04/
−0.04

−0.06/
−0.06

−0.02/
−0.01

−0.06/
0.01

−0.02/
−0.06

−0.06/
−0.04

−0.01/
−0.03

−0.02/
−0.02

12 BMI (P, T2) 23.92 (4.10)/
24.91 (4.27)

−0.12/
−0.14

−0.17/
−0.16

−0.06/
−0.04

−0.07/
−0.06

−0.03/
−0.03

−0.04/
0.01

−0.02/
−0.06

−0.08/
−0.04

−0.01/
−0.01

−0.01/
−0.01

0.98/
0.98

13 BMI (Ch, T1) 17.53 (2.78)/
17.60 (2.79)

−0.12/
−0.10

−0.15/
−0.11

−0.07/
−0.07

−0.07/
−0.06

−0.05/
−0.09

−0.06/
−0.01

0.03/
0.04

−0.08/
−0.02

−0.02/
−0.02

−0.06/
−0.02

0.67/
0.65

0.67/
0.65

14 BMI (Ch, T2) 17.43 (2.73)/
17.33 (3.04)

−0.15/
−0.12

−0.21/
−0.22

0.02/
0.05

−0.07/
−0.02

0.04/
−0.01

−0.08/
−0.02

−0.03/
−0.06

−0.09/
−0.05

−0.02/
−0.04

−0.09/
−0.07

0.62/
0.62

0.62/
0.62

0.93/
0.89

15 Age (P, T1) 36.17 (5.12)/
36.40 (5.38)

0.14/
0.11

0.16/
0.12

−0.04/
−0.04

0.05/
0.05

−0.11/
−0.07

−0.12/
−0.07

0.12/
0.10

0.10/
0.07

−0.01/
−0.01

−0.12/
−0.07

0.01/
0.01

0.02/
0.01

0.07/
0.03

0.01/
0.03

16 Age (Ch, T1) 7.80 (1.48)/
7.80 (1.46)

0.03/
0.01

0.01/
−0.02

−0.07/
−0.06

0.05/
0.01

−0.05/
−0.02

−0.09/
−0.04

0.01/
0.02

0.01/
0.04

−0.05/
−0.08

−0.18/
−0.14

0.04/
−0.02

0.05/
−0.01

0.25/
0.27

0.22/
0.13

0.23/
0.20

17 Gender (P, T1) 1.91 (0.28)/
1.89 (0.32)

0.01/
0.06

0.05/
0.04

0.06/
0.06

0.05/
0.03

0.02/
−0.01

0.02/
0.02

−0.06/
−0.06

−0.01/
0.04

0.02/
0.04

−0.04/
−0.03

−0.19/
−0.19

−0.18/
−0.18

−0.16/
−0.16

−0.08/
−0.03

−0.11/
−0.17

−0.04/
−0.07

18 Gender (Ch, T1) 1.56 (0.50)/
1.54 (0.50)

0.08/
0.05

0.06/
0.02

−0.01/
−0.03

−0.01/
0.01

0.05/
0.04

−0.01/
0.02

0.14/
0.07

0.08/
0.08

0.02/
−0.02

−0.02/
−0.02

0.07/
0.03

0.06/
0.03

0.03/
−0.01

0.03/
0.05

0.06/
0.04

0.05/
0.02

0.02/
0.02

19 Education 3.91 (1.22)/
3.88 (1.21)

0.16/
0.13

0.16/
0.19

−0.08/
−0.08

0.01/
0.03

0.05/
0.07

−0.02/
0.06

0.10/
0.08

0.15/
0.09

0.04/
0.07

−0.07/
−0.09

−0.14/
−0.13

−0.12/
−0.14

−0.12/
−0.09

−0.10/
−0.02

0.20/
0.19

−0.06/
−0.02

−0.08/
−0.07

−0.01/
−0.01

20 Economic status 2.70 (0.77)/
2.72 (0.75)

0.08/
0.08

0.04/
0.04

−0.05/
−0.04

−0.01/
−0.02

−0.01/
−0.01

0.03/
0.03

0.13/
0.14

0.16/
0.15

−0.05/
−0.01

−0.05/
−0.09

−0.10/
−0.08

−0.10/
−0.08

−0.11/
−0.09

−0.11/
−0.07

0.04/
0.04

−0.03/
−0.03

−0.05/
−0.04

0.02/
0.03

0.25/
0.24

21 Place of residence 2.51 (1.23)/
2.46 (1.24)

0.03/
0.02

0.06/
0.06

−0.05/
−0.04

0.01/
0.02

−0.02/
0.03

−0.01/
0.01

−0.04/
−0.01

0.06/
0.02

0.11/
0.07

0.02/
0.01

0.03/
0.01

0.01/
−0.01

−0.07/
−0.08

−0.06/
−0.02

0.11/
0.14

−0.07/
−0.08

−0.04/
−0.04

0.02/
0.03

0.18/
0.17

−0.04/
−0.03

P = parent; Ch = child; T1 = Time 1 (baseline); T2 = Time 2 (10-month follow-up). BMI = body mass index; Advertisement perception = perception of persuasiveness of food advertising;
School and local promotion = perception of school and local community promotion of healthy eating; Healthy food availability = perceptions of availability of heathy food at home;
Education = the parental education level (1—primary, 2—uncompleted secondary/vocational, 3—secondary, 4—≤3 years of higher education, 5—≥4 years of higher education); Economic
status = the parental perceived economic status (reports on comparison to the economic situations of the average family in the country; 1—much below the average, 2—below average,
3—similar to average, 4—above the average, 5—much above the average); Place of residence (1—<10,000 inhabitants, 2—between 10,000 and 100,000 inhabitants, 3—between 100,000 and
500,000 inhabitants, 4—>500,000 inhabitants); Gender (1—male; 2—female). Person’s r for continuous variables and Spearman’s rho for categorical variables are provided. Significant
(at p < 0.05) coefficients are marked in bold.
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Table A3. Differences in perceptions of at-home and out-of-home environment: Parent–child dyads with excessive body mass (n = 129) versus parent–child dyads
with normal body mass (n = 377).

M (SD) for
Parent–child Dyads
with Normal Body

Mass at T1→ at
T2/M (SD) for

Parent–child Dyads
with Excessive Body
Mass at T1→ at T2

Time Effects
(T1 Variable→ T2 Variable)

Interaction Effects
(Time*Group)

Parent–child Dyads with Excessive Body Mass Parent–child Dyads with Normal Body Mass
F for the Model

without
Covariates/F

for the Model
with Covariates

η2 for the Model
without Covariates/η2

for the Model with
Covari4ates

F for the Model
without

Covariates/F
for the Model

with Covariates

η2 for the
Model without
Covariates/η2

for the Model
with Covariates

Cohen’s d
(95% CI)

F for the Model
without

Covariates/F
for the Model

with Covariates

η2 for the
Model without
Covariates/η2

for the Model
with Covariates

Cohen’s d
(95% CI)

1

Healthy food
availability (P, T1)
→ Healthy food

availability (P, T2)

3.08 (0.39)→ 3.11
(0.30)/2.94 (0.42)→

2.97 (0.33)
0.96/<0.01 0.007/<0.001 0.08

(0.04, 0.11) 1.70/0.02 0.005/<0.001 0.08
(0.05, 0.11) 0.26/0.01 < 0.001/<0.001

2

School and local
promotion (P, T1)→

School and local
promotion (P, T2)

2.84 (0.67)→ 2.83
(0.53)/2.70 (0.66)→

2.73 (0.53)
0.25/0.39 0.002/0.003 0.05

(−0.10, 0.01) 0.01/0.44 <0.001/0.001 0.02
(−0.04, 0.07) 0.20/0.52 <0.001/0.001

3

Advertisement
perception (P, T1)→

Advertisement
perception (P, T2)

2.42 (0.98)→ 2.52
(1.05)/2.41 (0.98)→

2.48 (1.10)
0.29/<0.01 0.002/<0.001 0.07

(−0.16, 0.02) 1.91/2.43 0.005/0.006 0.10
(0.01, 0.19) 0.03/0.05 <0.001/<0.001

4

Healthy food
availability (Ch, T1)
→ Healthy food

availability (Ch, T2)

2.84 (0.44)→ 2.82
(0.34)/2.85 (0.46)→

2.75 (0.37)
2.28/2.59 0.019/0.023 0.23

(0.19, 0.27) 0.98/0.06 0.003/<0.001 0.05
(0.01, 0.08) 2.19/2.01 0.004/0.004

5

Advertisement
perception (Ch, T1)
→ Advertisement

perception (Ch, T2)

2.59 (0.83)→ 2.52
(0.80)/2.54 (0.71)→

2.49 (0.79)
0.31/0.13 0.002/0.001 0.07

(0.01, 0.13) 1.25/1.33 0.003/0.007 0.09
(0.01, 0.16) 0.01/0.01 <0.001/<0.001

All F values reported in this table are not significant, ps > 0.05; P = parent; Ch = child; T1 = time 1 (baseline); T2 = time 2 (10-month follow-up); Advertisement perception = perceptions of
persuasiveness of food advertising; Local promotion = perceptions of school and local community promotion of healthy eating; Healthy food availability = perceptions of availability of
heathy food at home. Covariates included parental education level, parental perceived economic status and place of residence.
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Table A4. Differences in the study variables and demographic variables between excessive body mass parent-normal body mass child dyads (n = 193), normal body
mass parent-excessive body mass child dyads (n = 88), parent–child dyads with excessive body mass (n = 129), and parent–child dyads with normal body mass
(n = 377).

M (SD) for (1) Excessive Body Mass Parent-Normal Body
Mass Child Dyads/M (SD) for (2) Normal Body Mass

Parent-Excessive Body Mass Child Dyads/M (SD) for (3)
parent–child Dyads with Excessive Body Mass/M (SD) for (4)

Parent–child Dyads with Normal Body Mass

Between Groups
Differences

(1) vs. (2) (1) vs. (3) (1) vs. (4) (2) vs. (3) (2) vs. (4) (3) vs. (4)

F (df) or χ2

(df)
η2 Cohen’s d

(95% CI)

Post-hoc
THSD p
(95% CI)

Cohen’s
d

(95% CI)

Post-hoc
THSD p
(95% CI)

Cohen’s
d

(95% CI)

Post-hoc
THSD p
(95% CI)

Cohen’s d
(95% CI)

Post-hoc
THSD p
(95% CI)

Cohen’s d
(95% CI)

Post-hoc
THSD p
(95% CI)

Cohen’s d
(95% CI)

Post-hoc
THSD p
(95% CI)

Healthy food availability
(P, T1) 2.94 (0.41)/3.05 (0.34)/2.94 (0.42)/3.08 (0.39) 7.80

(3, 787) ***
0.029 NS NS

−0.35
(−0.39,
−0.32)

<0.001
(−0.23,
−0.05)

NS NS 0.35
(0.32, 0.39)

0.002
(0.04, 0.25)

Healthy food availability
(P, T2) 3.00 (0.31)/2.99 (0.30)/2.97 (0.33)/3.11 (0.30) 8.51

(3, 787) ***
0.031 NS NS

−0.36
(−0.39,
−0.34)

0.006
(−0.16,
−0.02)

NS NS 0.42
(0.39, 0.45)

<0.001
(0.06, 0.22)

School and local
promotion (P, T1) 2.70 (0.69)/2.67 (0.66)/2.70 (0.66)/2.84 (0.67) 2.97

(3, 787) *
0.011 NS NS NS NS NS 0.21

(0.15, 0.27)
0.024

(0.02, 0.31)
School and local

promotion (P, T2) 2.75 (0.53)/2.83 (0.43)/2.73 (0.53)/2.83 (0.53) 1.95
(3, 787) 0.007 NS NS NS NS NS 0.19

(0.14, 0.24)
0.032

(0.04, 0.42)
Advertisement perception

(P, T1) 2.62 (0.97)/2.66 (1.01)/2.41 (0.98)/2.42 (0.98) 3.03
(3, 787) 0.001 NS NS NS NS NS NS

Advertisement perception
(P, T2) 2.55 (0.78)/2.58 (0.70)/2.48 (1.10)/2.52 (1.05) 0.15

(3, 787) 0.001 NS NS NS NS NS NS

Healthy food availability
(Ch, T1) 2.84 (0.45)/2.95 (0.47)/2.85 (0.46)/2.84 (0.44) 1.70

(3, 787) 0.005 NS NS NS NS NS NS

Healthy food availability
(Ch, T2) 2.81 (0.44)/2.97 (0.40)/2.75 (0.37)/2.82 (0.34) 3.50

(3, 787) †
0.009 NS NS NS NS NS 0.20

(0.17, 0.23)
0.039

(0.02, 0.24)
Advertisement perception

(Ch, T1) 2.42 (0.99)/2.57 (1.05)/2.54 (0.71)/2.59 (0.83) 0.54
(3, 787) 0.002 NS NS NS NS NS NS

Advertisement perception
(Ch, T2) 2.53 (0.84)/2.60 (0.68)/2.49 (0.79)/2.52 (0.80) 0.34

(3, 787) 0.001 NS NS NS NS NS NS

Gender (P, T1) 1.79 (0.41)/1.96 (0.21)/1.84 (0.37)/1.94 (0.24) 12.82
(3)

0.046
−0.47

(−0.52,
−0.43)

<0.001
(−0.27,
−0.07)

NS
−0.49
(−0.51,
−0.46)

<0.001
(−0.22,
−0.08)

0.38
(0.34, 0.42)

0.031
(0.01, 0.23)

NS 0.04
(0.02, 0.06)

0.008
(0.02, 0.18)

Age (P, T1) 38.01 (5.81)/35.41 (5.48)/36.03 (5.44)/36.22 (5.01) 1.56
(3, 787) 0.002 NS NS NS NS NS NS

BMI (P, T1) 28.69 (3.14)/22.11 (1.71)/29.84 (4.11)/21.88 (1.70) 491.45
(3, 787) ***

0.650
2.38

(2.06, 2.70)

<0.001
(5.72,
7.44)

NS
2.98
(2.79,
3.17)

<0.001
(6.22,
7.40)

−2.32
(−2.76,
−1.87)

<0.001
(−8.67,
−6.80)

NS 2.74
(2.54, 2.93)

<0.001
(7.28, 8.66)

BMI (P, T2) 28.55 (3.08)/22.26 (1.96)/29.50 (3.86)/22.00 (1.76) 458.07
(3, 787) ***

0.634
2.27

(1.95, 2.60)

<0.001
(5.44,
7.16)

NS
2.86
(2.67,
3.05)

<0.001
(5.97,
7.13)

−2.25
(−2.68,
−1.83)

<0.001
(−8.16,
−6.32)

NS 2.69
(2.50, 2.88)

<0.001 (6.82,
8.18)

Education (P, T1) 3.83 (1.20)/3.85 (1.19)/3.71 (1.24)/3.97 (1.21) 1.72
(3, 787) 0.006 NS NS NS NS NS NS

Economic status (P, T1) 2.77 (0.75)/2.73 (0.65)/2.83 (0.74)/2.66 (0.78) 2.10
(3, 787) 0.008 NS NS NS NS NS NS

Place of residence (P, T1) 2.37 (1.27)/2.35 (1.24)/2.41 (1.26)/2.55 (1.22) 1.20
(3, 787) 0.005 NS NS NS NS NS NS

Gender (Ch) 1.51 (0.50)/1.51 (0.50)/1.62 (0.49)/1.54 (0.50) 1.39
(3) 0.005 NS NS NS NS NS NS

Age (Ch, T1) 7.79 (1.42)/7.82 (1.29)/7.80 (1.48)/7.86 (1.38) 0.37
(3, 787) 0.001 NS NS NS NS NS NS

BMI (Ch, T1) 16.42 (1.44)/20.71 (2.22)/21.49 (2.65)/16.18 (1.27) 432.61
(3, 787) ***

0.621
−2.70
(−2.70,
−2.30)

<0.001
(−4.86,
−3.72)

−2.53
(−2.75,
−2.31)

<0.001
(−5.67,
−4.57)

NS NS 3.04
(2.90, 3.17)

<0.001
(4.01, 5.06)

2.74
(2.61, 2.87)

<0.001 (4.86,
5.77)

BMI (Ch, T2) 16.88 (1.51)/20.62 (3.01)/21.30 (3.02)/16.31 (1.46) 418.16
(3, 787) ***

0.549
−1.79
(−2.04,
−1.55)

<0.001
(−3.25,
−0.74)

−1.98
(−2.22,
−1.74)

0.042
(−2.21,
−0.03)

NS NS 2.33
(2.16, 2.50)

<0.001
(0.73, 3.08)

2.69
(2.50, 2.88)

0.039 (0.03,
2.02)

*** p < 0.001; * p < 0.05; † p < 0.10; T1 = Time 1 (baseline); T2 = Time 2 (10-month follow-up); BMI = body mass index; Education = parental education level; Economic status = parental
perceived economic status (reports on comparison to the economic situations of the average family in the country). Cohen’s d is provided only for significant between groups differences.
Significant differences (p < 0.05 and significant 95% CI for Cohen’s d) are marked in bold.
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Abstract: Very little is known about how multicomponent interventions directed to entire populations
work in selected groups of adolescents. The aim was to evaluate the effectiveness of the Healthy
Me one-year program on changes in healthy eating and physical activity among overweight and
non-overweight female students. Randomization involved the allocation of full, partial or null
intervention. The randomized field trial was implemented in 48 secondary schools (clusters) all over
Poland among 1198 15-year-old girls. In this study, a sample of N = 1111 girls who participated in
each evaluation study was analyzed. Using multimedia technologies, efforts were made to improve
health behaviors and increase self-efficacy. The main outcome was a health behavior index (HBI),
built on the basis of six nutritional indicators and one related to physical activity. HBI was analyzed
before and immediately after intervention and at three months’ follow-up, and the HBI change
was modeled. Statistical analysis included nonparametric tests and generalized linear models with
two-way interactions. Comparing the first and third surveys, in the overweight girls, the HBI index
improved by 0.348 (SD = 3.17), while in the non-overweight girls it had worsened. After adjusting
for other factors, a significant interaction between body weight status and level of self-efficacy
as predictors of HBI changes was confirmed. The program turned out to be more beneficial for
overweight girls.

Keywords: healthy lifestyle intervention; school-based intervention; eating behavior; MVPA;
overweight and obesity; self-efficacy; adolescent girls

1. Introduction

According to the World Health Organization (WHO), adolescence starts in the second decade of
life [1]. This period requires special attention because of its specific health and developmental needs
and rights [2]. During adolescence, the transition period from childhood to adulthood, health behaviors
are shaped and consolidated. Therefore, a healthy lifestyle is crucial for adolescents’ proper growth and
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development. Moreover, targeting adolescents with health behavior-shaping intervention activities
affects the burden of disease in adulthood, providing better health through the ripple effect [3,4].

Nearly 40 years of the cross-sectional Health Behavior in School-aged Children (HBSC) study has
consistently identified burning problems and the most vulnerable groups of adolescents in the European
region of WHO and Canada [5]. The comparison of health behaviors of adolescents of both sexes
indicated a co-occurrence of positive trends in boys and negative in girls. That resulted in an elimination
of gender-related differences in the frequency of many negative behaviors [6] and exposed the population
of 15-year-old girls—the future mothers of the next generations—as extremely vulnerable, especially in
the context of persistent disadvantages in girls’ self-rated health, observed in many countries.

According to the international report from the HBSC study [5], obesity or overweight was found in
14% of 15-year-old girls and 36% consider themselves too fat. Moreover, girls aged 15 do not regularly
eat breakfast on school days (52%) and do not eat fruit (62%) and vegetables (61%) every day, but every
day they eat sweets (28%) and drink sweet carbonated drinks (15%). In addition, only 11% of them
meet the recommendations for appropriate levels of moderate-to-vigorous physical activity.

Both systematic reviews of intervention programs [7] and guides for the prevention of obesity
in children and adolescents [8] indicate the limited effectiveness of obesity prevention programs.
Low effectiveness of these programs was found in children under 12 years of age and the introduction
of interventions in young people aged 13–18 did not contribute to reducing BMI. Unfortunately, there
is little research in this age group. Hence, it is difficult to give a reliable assessment of the effectiveness
of the intervention [9].

Health-related behaviors are correlated, and many different consolidated patterns of behaviors
can be observed in different environments [10]. Systematic reviews confirm that interventions
aimed at improvement in moderate-to-vigorous physical activity have a simultaneous effect on
empowering other health-related behaviors such as healthy eating or weight management [11]. Results
of meta-analyses show that school-based interventions including a combination of healthy eating
and physical activity may prevent overweight in the longer term [12] and also indicate moderate
effectiveness of educational interventions in improving eating behaviors and ambiguous results
concerning anthropometric changes [13].

Likewise, better intervention outcomes are associated with long-term interventions [14], as well as
with the inclusion of a higher number of applied behavioral change techniques [15–17]. Incorporating
behavioral change techniques focused on self-regulation into the intervention was found effective in
changing physical activity and eating behaviors. Avery et al. (2012) confirmed this relationship in adult
studies [18] and Martyn-Nemeth et al. (2009) in adolescents [19]. Furthermore, some studies demonstrate
the effectiveness of interventions using interactive modern media to improve diet and physical activity of
adolescents, although only a few indicate maintenance of the effect in the long term [20].

Effective behavior change requires the acquisition of appropriate skills that will allow activities to
be initiated consistent with acquired knowledge. Moreover, it is extremely sensitive to environmental
context [21]. One of the personal competences necessary to successfully implement changes in health
behavior is self-efficacy, which has a proven link to motivation, behavior control and goal achievement [22].
By being convinced of one’s own effectiveness, a person gains the ability to initiate and continue changes
even when faced with emerging challenges [23].

To date, the assessment of the effectiveness of the Healthy Me program has been carried out in the
whole study group, without distinguishing between girls with and without excess body weight [24].
The implemented program was a universal prevention aimed at the whole population of 15-year-old
girls. In the reviews of systematic community obesity prevention programs, reducing the prevalence
of obesity is often assumed to be the main outcome [25]. Less attention is paid to assessing the
changes in health behavior of students with and without excess body weight. However, the question
arises—to what extent do overweight teenagers use universal programs? Is it a group representing
less advantageous health behaviors, and do any beneficial effects of the program remain in this group
after its completion? The presented paper fills this knowledge gap, while at the same time providing a
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picture of the effectiveness of this innovative program, which tried to reach its addressees with the use
of modern multimedia technologies.

The aim of the study was to evaluate the effectiveness of the Healthy Me intervention program
on changes in the prevalence of healthy eating behaviors and the level of physical activity among
15-year-old girls in Poland. It has been hypothesized that the effectiveness of an intervention may
differ in overweight and non-overweight girls, and the improvement of personal competence may
be a factor strengthening the effectiveness of the intervention [26]. Therefore, the main issue was to
determine in which groups of girls the Health Behavior Index (HBI), consisted of seven indicators of
eating behaviors and physical activity, improved taking into consideration their body weight status,
change in self-efficacy, the type of intervention provided and possible effect of school environment.

2. Materials and Methods

2.1. Study and Intervention Design

The data were obtained from the randomized field trial with cluster randomization by school and
repeated measures. In total, 1198 15-year-old girls, from 48 randomly selected secondary schools all
over Poland, participated in the one-year Healthy Me program in 2017–2018. Schools were randomly
assigned to the subsequent groups: full intervention group (24 schools, 636 girls), partial intervention
group (12 schools, 277 girls) and null intervention group (12 schools, 285 girls) (Figure 1).

Figure 1. Location of schools participating in the Healthy Me program by the type of intervention.

The main area of interest was the improvement in physical activity, although the intervention
activities were conducted in four thematic phases: physical activity, eating behavior, risk behavior
and personal and social competencies. The multicomponent intervention used mobile technology
(a dedicated mobile application and a fitness band) and involved a combination of techniques.
The Healthy Me program used Social Cognitive Theory [27] as its theoretical foundation and was based
on an interactive technology approach [26]. The intervention included behavioral and environmental
components. Self-efficacy was shaped by setting goals, observing others and receiving feedback from
the technologies (fitness band, app) that supported self-monitoring. However, the type of intervention
depended on the type of intervention group, which made it possible to assess the effectiveness of
particular sets of intervention methods and techniques (Table 1).
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Table 1. Intervention components by type of intervention.

Intervention Type

COMPONENTS Full Partial Null

FITNESS BAND

Objective measurement (steps, heart rate, sleep quality) X X X

MOBILE APP

Feedback from physical activity telemonitoring (steps, heart rate,
distance, sleep quality) X X X

Short messages (facts about a healthy lifestyle) X X

Articles about a healthy lifestyle X

Gamification (challenges related to physical activity, nutrition, personal
and social competences—individual and group, to be performed alone

or in cooperation with family and friends)
X

OTHER

Workshops at school run by the project coordinator (health education) X

Promotion of the intervention theme (physical activity, eating behavior,
risk behaviors, personal and social competences) at school and in the

local environment—involvement of young people (e.g., preparation by
girls of a poster promoting the program and the theme of intervention)

X X X

Promotional campaign via Facebook (closed group, competition) X X X

The study and the intervention procedure were accepted by the Bioethics Committee of the Mother
and Child Institute in Poland (number: 32/2017 from 22 June 2017) and the funding body (Ministry of
Health in Poland, Grant no. 6/7/K/6/NPZ/2017/106/622).

2.2. Evaluation Surveys

The project has been fully evaluated, and as part of the evaluation of the intervention results,
questionnaire surveys were conducted three times during the project implementation:

1. Study 1—at the beginning of the program implementation (November 2017).
2. Study 2—after the intervention completion (June 2018).
3. Study 3—three months after the intervention completion (September 2018).

Each questionnaire contained a similar set of questions to allow comparisons to be made about
changes in subjective health, different health-related behaviors and related factors.

Anthropometric measurements (e.g., weight, height) were conducted three times by school nurses,
once in each survey round.

2.3. Sample Characteristics

The present analyses cover girls (N = 1111) who have completed three rounds of the survey
(Table 2). About half of the girls participated in the full intervention group, and half belonged to
the partial and null intervention groups. Based on the WHO standards [28], almost a quarter of
participants were assessed as overweight or obese (23.5%), and the frequency was higher than in the
groups of similar age form cross-sectional HBSC, probably due to the different cut-off point used for
the estimation of body weight status [6]. The percentage of BMI missing data in the studied sample
was very low (0.8%). A similar percentage of girls with excess body weight occurred in each type of
intervention group. At the baseline, the overweight and non-overweight groups did not differ in terms
of the scores of the HBI or the general index of self-efficacy (GSE), both described below.
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Table 2. Sample characteristics at the baseline.

Total Non-Overweight Overweight

N 1 n (%) n (%)

Total 1111 843(76.5) 259(23.5)

Type of intervention n (%) n (%) n (%)

Full 597(53.7) 451(76.1) 142(23.9)

Partial 252(22.7) 190(76.3) 59(23.7)

Null 262(23.6) 202(77.7) 58(22.3)

M ± SD M ± SD M ± SD

HBI 2 13.69 ± 3.23 13.65 ± 3.19 13.81 ± 3.35

GSE 3 34.69 ± 5.33 34.78 ± 5.40 34.37 ± 5.10
1 Missing BMI data 0.8% (n = 9); 2 HBI—health behavior index; 3 GSE—general index of self-efficacy.

2.4. Measures

2.4.1. Health Behavior Indicators

Six indicators related to eating behaviors and one measure of physical activity were tested in
these analyses.

1. Eating behaviors

• Frequency of eating fruits, vegetables, sweets, drinking soft drinks with added sugar. Girls
answered how often they eat or drink the products by choosing one answer from seven
categories, from “never” to “daily, more than once”.

• Breakfast consumption. Girls were asked to answer the questions on the frequency of eating
breakfast on schooldays, choosing from six answer categories, from “never” to “five days a
week”, and during the weekends, choosing from three options, from “never” to “both days”.

2. Physical activity

• Moderate-to-vigorous physical activity. Girls answered the question: “Over the past seven
days, on how many days were you physically active for a total of at least 60 min per day?
Please add up all the time you spent in physical activity each day”. The questions had eight
response categories: from “zero days” to “seven days”.

The frequency distribution of girls undertaking the above-mentioned eating behaviors in
subsequent study periods, by type of intervention and body weight status, is presented in the
Supplementary Materials, Table S1. The above questions come from the HBSC study protocols and
have been tested repeatedly in Poland in a population similar in age [6].

2.4.2. HBI

The summary HBI was estimated for all three study periods. The index consists of seven indicators of
eating and physical activity behaviors mentioned above. The response categories in each behavior were
recoded and scored from 0 to 3 points, as follows, with a higher value indicating a more favorable result:

• Fruit and vegetables: 0 points—never or less than once a week; 1 point—“once a week”;
2 points—“two to six days a week”; 3 points—“daily, at least once or daily more than once”.

• Sweets and soft drinks consumption: 0 points—“daily, at least once or daily more than once”;
1 point—“two to six days a week”; 2 points—“once a week”; 3 points—“never or less than once a week”.

• Breakfast consumption on schooldays: 0 points—“never”; 1 point—“one to two days”;
2 points—“three to four days”; 3 points—“daily”.
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• Breakfast consumption on weekends: 0 points—“never”; 1 point—“one day”; 3 points—“both days”.
• Moderate-to-vigorous physical activity: 0 points—“zero days”; 1 point—“one to three days”;

2 points—“four to six days”; 3 points—“seven days”.

The highest value (3 points) attributed to the recoded answers to the above questions was consistent
with the national recommendations on the frequency of eating different groups of products and meals [29],
as well as the global moderate-to-vigorous physical activity guidelines for children and adolescents [30].

The summary score of the HBI was from 0 to 21 points. HBI scores in each of the three evaluation
surveys are presented in Tables 3 and 4.

Table 3. Health Behavior Index (HBI) change in 3 study periods by the body weight status.

Total Overweight Non-Overweight p 2

M ± S M ± SD M ± SD

Study 1 13.71 ± 3.30 13.81 ± 3.35 13.65 ± 3.19 0.405

Study 2 14.73 ± 4.11 15.12 ± 4.23 14.61 ± 4.07 0.052

Study 3 13.69 ± 3.23 14.16 ± 3.27 13.56 ± 3.29 0.008

p 1 <0.001 <0.001 <0.001
1 Differences in HBI between 3 study rounds—Kendall’s W test for repeated measures. 2 Differences by the body
weight status—U Mann–Whitney test for independent groups.

Table 4. Changes in the self-efficacy before and after the Healthy Me program by the body weight status.

Self-Efficacy Total Overweight Non-Overweight p 3

General self-efficacy (GSE) 1

Study 1 34.68 ± 5.33 34.36 ± 5.10 34.78 ± 5.40 0.206

Study 3 34.33 ± 5.13 33.99 ± 5.04 34.43 ± 5.16 0.228

p 2 0.027 0.677 0.030

Domain
of strength

Study 1 17.38 ± 3.17 17.30 ± 3.07 17.42 ± 3.21 0.451

Study 3 17.16 ± 3.20 17.05 ± 3.30 17.19 ± 3.18 0.696

p 2 0.023 0.328 0.043

Domain of perseverance

Study 1 17.28 ± 3.33 17.06 ± 3.32 17.34 ± 3.33 0.227

Study 3 17.16 ± 3.13 17.02 ± 3.05 17.20 ± 3.15 0.608

p 2 0.191 0.831 0.165
1 Missing data in GSE 6.6% (Study 1) and 6.2% (Study 3). 2 Differences in self-efficacy between 1st and 3rd study
rounds—Z Wilcoxon’s test for repeated measures. 3 Differences by the body weight status—U Mann–Whitney test
for independent groups.

In building the HBI, its six different variants were considered. Some factors were excluded, and
attempts were made to additionally include intense physical activity and meals eaten together with
parents. The psychometric properties of individual indices in three study periods and the significance
of the level of their changes were evaluated. None of the analysed indices had a single factor structure,
and the internal consistency was slightly below the recommended level of 0.70 which is accepted for
larger sample analyses [31]. The advantage of the chosen index is the fact that it takes into account
the level of physical activity, which was a key element of the intervention. Eating healthy food
most strongly affects the variability of the selected index. Eating sweets appeared to be the weakest
component. However, this element was not abandoned, due to a considerable decrease in the frequency
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of eating sweets during the project implementation period (Table S1). There was only one case of
missing data in the HBI (n = 1).

2.4.3. Self-Efficacy—Personal Competence Scale

To measure the change in self-efficacy the KompOs scale was used. This is a two-dimension,
12-item, standardized questionnaire by Z. Juczynski, applied for younger and older adolescents to
assess their self-efficacy [32]. In older adolescents (15–17 years) this tool has a two-dimensional
structure and measures strength to initiate behavior and perseverance to sustain it. Psychometric
analysis performed on our sample at the baseline revealed good reliability of the full scale, with
Cronbach’s α = 0.757, as well as the component scales: for strength Cronbach’s α = 0.736 and for
perseverance Cronbach’s α = 0.677. In other studies, test–retest reliability of the scale, applied in older
adolescents, was 0.51. The theoretical validity of the scale was tested and showed a positive correlation
with General Self Efficacy [33] r = 0.43 and Coopersmith Self-Esteem Inventory (CSEI) [34,35] r = 0.30.

In the following description, instead of the national scale abbreviation (KompOs), the term
self-efficacy is used. The general self-efficacy score (GSE), as well as two partial scores of strength and
perseverance, were analyzed. The percentage of missing data in GSE was 6.6% and 6.2% in the first
and third study, respectively.

2.4.4. Body Weight Status

Results from the anthropometric measurements (body weight, height) conducted by school
nurses before the intervention (November 2017) were used. BMI classification was made using WHO
standards [28]. For the analysis, the BMI variable was recoded into two categories of body weight
status: (1) overweight (overweight and obese categories) and (2) non-overweight (other categories).

2.5. Statistical Analysis

A combined analysis of independent and dependent observations resulting from repeated
measurements, which is an approach commonly used in the case of mixed data, was applied.

The HBI changes constituted the main outcome variable. They were analyzed by comparing
successive measurements and examining the determinants of the changes themselves, which only
required the technique of comparing independent samples. The most important variable was the HBI
change between the first study and follow-up three months after intervention, because of simultaneous
measurements of competence at these time points.

Due to the non-normal distribution of the HBI values and the HBI changes, non-parametric
methods were used for two (BMI groups) and three (types of interventions) adolescent girls’ groups,
respectively. These were Wilcoxon and Kendall tests for dependent data and Mann–Whitney and
Kruskal–Wallis tests for independent data.

The school effect was also examined by estimating the ICC (intraclass correlation coefficient).
A mixed linear model with school as a random effect was used for this purpose. The ICC values for
different types of interventions were compared separately for the absolute value of the HBI and the
changes in this index.

In a multifactor analysis, a generalized linear model was estimated (GENLIN procedure in IBM
SPSS software, v.23). It is a method that does not impose strict conditions as to the distribution of the
analyzed variables, allowing various types of variables to be included as predictors (binary, categorical,
continuous) and enabling a transparent analysis of the interaction effect.

Three GENLIN models were estimated, describing the determinants of the HBI change on the
basis of the results of the Study 1 and Study 2, Study 2 and Study 3, and Study 1 and Study 3 evaluation
surveys. After checking variants of the models, it was decided to include in the group of predictors the
following: body weight status, the type of intervention and the interaction between the body weight
status category and the change in self-efficacy. The analyses of the HBI change were also corrected
with respect to the initial HBI level and the self-efficacy score. The overall quality of the models was
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measured by the omnibus test. It gives the answer to the question whether the explained variance in a
set of data is significantly greater than the unexplained variance.

3. Results

3.1. HBI

The mean scores of the HBI in all three study periods in the overall sample, by body weight status
are presented in Table 3, and by the type of intervention group in Table S2.

The HBI in Study 1 did not differ by body weight status. In Study 2, it was slightly higher
in overweight than non-overweight girls, but the results were at the tendency to significance level
(p = 0.052). Three months after the intervention (Study 3), the overweight girls presented significantly
higher scores of HBI than non-overweight girls (p < 0.01). The highest HBI scores were indicated in the
full and null intervention groups in all three study rounds, while the lowest occurred in the partial
intervention group.

In the total sample, as well as in both groups distinguished by body weight status, significant
differences were found in the HBI scores between the three rounds of the study. Comparing the initial
level and results three months after the Healthy Me program completion, the crude level of change in
HBI was equal to 0.026 (SD = 2.89). In the group of girls with overweight or obesity, an improvement
was observed (0.348 ± 3.17), while in girls without excessive body mass health behaviors worsened.

3.2. Self-Efficacy—Personal Competence

Table 4 compares the distributions of self-efficacy indices, taking into account two available
measurements, at the beginning of the Healthy Me program implementation (Study 1) and at follow-up
after three months (Study 3). A decreasing trend in GSE was observed, which was caused by a considerably
deteriorating assessment of the strength dimension, with slight changes in the level of perseverance.
Unfavorable changes were observed only in non-overweight girls. In the overweight or obese group,
changes in the general index and sub-indices were not statistically significant. These two groups of girls
distinguished by body weight status did not differ considerably with regards to the general score, as
well as regardless two dimensions of self-efficacy scale, both at the beginning of the program and three
months after its completion.

Table S3 compares the results of non-parametric tests of the distribution of GSE, as well as the
domains’ scores in the three intervention groups. At the onset, the girls from the schools covered by full
intervention achieved the best results, while in the control group (null intervention) those indices were
the lowest. Observable differences concerned only Study 1, GSE and the dimension of strength. The third
measurement point (three months’ follow-up) did not reveal any significant differences between the
intervention groups. Comparing the level of self-efficacy change in conjunction with the paired data test,
a significant deterioration was shown in the full intervention group, which also concerned the overall
score and the dimension of strength. A clear trend of a deterioration in competence level was also found
with respect to the dimension of perseverance in the partial intervention group.

In reference to the initial hypothesis, HBI changes were checked depending on the level of GSE
changes. It was contractually assumed that the deterioration and improvement would occur in case of
a change by more than two points. In the three groups representing worsening, lack of change and
improvement in GSE, there were 32.5%, 39.9% and 27.6% of girls, respectively. The percentage of
girls with improved GSE was 28.4% in the overweight group and 27.0% in the non-overweight group
(p = 0.792). According to the data presented in Figure 2, a significant change in GSE is associated with
an improvement in dietary behavior and physical activity, measured by change in HBI. The impact of
improved self-efficacy is more evident in overweight girls. In this group, even with a GSE change
around zero, a slight improvement in HBI values has already been noted.
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Figure 2. Change in HBI comparing baseline and 3 months’ follow-up after intervention according to
BMI group and change in self-efficacy (GSE).

3.3. School Effect

Taking the HBI change between the results of the first and the third evaluation study as the most
important outcome, it was examined to what extent this change depends on local school conditions.
The ICC index was calculated. In the whole sample of 48 schools, it equaled 0.012. For particular types of
intervention, it was estimated at the level 0.006 (full), 0.020 (partial) and 0.015 (null). This means that
the proportion of variance in the HBI change that lies between schools is very small and slightly varies
depending on the type of intervention. At the same time, the low ICC value allows for the abandonment
of multilevel analyses taking into account the hierarchical data structure.

For comparison, the school effect in the whole study group and in relation to the absolute HBI
value at the onset (Study 1) equaled 0.031 and 0.044 in Study 1, and 0.039 in Study 3. An increase in the
ICC may be a signal that schools were not implementing the intervention program to an equal extent
over the entire duration of the program.

3.4. Independent Predictors of the Change in HBI

Table 5 shows the results of the estimation of generalized linear models in which the dependent variable
was the HBI change, calculated on the basis of the results of different surveys (1 and 2; 2 and 3; 1 and 3).

The models were adjusted to the initial levels of the HBI and the self-efficacy score. The selected
predictors accurately described the fluctuations of the HBI changes between first and second measurement
points and between first and third points (deferred effect). The middle model (2 and 3) described to a small
extent the determinants of the HBI changes immediately after the end of the program. The overweight girls
achieved significantly higher HBI gains compared to peers without excess body weight in both extreme
models (Table 5). The intervention effect was best demonstrated in the last model, describing the change
between the first and third surveys. In the case of partial intervention, the changes were less beneficial.
A significant interaction between the changes in self-efficacy and body weight was also shown. In the
first and third models, among girls with excess body weight, the improvement in personal competence
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contributes more to the increase in the HBI value. For example, when comparing the first and third
measurement points, an increase in the self-efficacy by one unit results in an increase in the HBI by 0.132
(p = 0.006) in the overweight and obese group. In the group of non-overweight girls, the HBI increase was
only 0.037, and this parameter of regression function does not differ significantly from zero (p = 0.198).

Table 5. Determinants of change in the HBI around the period of Healthy Me intervention identified
by generalized linear models.

Predictors

Dependent Variable

HBI Change
Study 1–Study 2

HBI Change
Study 2–Study 3

HBI Change
Study 1–Study 3

Beta SE p Beta SE p Beta SE p

Constant 3.394 0.653 0.000 −1.332 0.908 0.142 4.738 0.899 0.000

Main effect:

Body weight status

Overweight 0.412 0.193 0.033 −0.113 0.269 0.674 0.539 0.266 0.043

Non-overweight Reference category

Type of intervention

Full −0.007 0.203 0.971 0.335 0.282 0.235 −0.357 0.280 0.201

Partial −0.425 0.241 0.078 0.393 0.336 0.242 −0.833 0.332 0.012

Null (control) Reference category

Initial HBI 1 −0.397 0.027 0.000 −0.018 0.037 0.618 −0.380 0.037 0.000

Initial GSE 2 0.062 0.019 0.001 0.009 0.026 0.725 0.054 0.026 0.040

Interaction:

Overweight with GSE 0.134 0.034 0.000 0.000 0.048 0.992 0.132 0.048 0.006

Non-overweight with GSE 0.096 0.021 0.000 0.060 0.029 0.038 0.037 0.029 0.198

Scale 6.393 0.291 12.352 0.562 12.106 0.551

Omnibus test—p 0.000 0.455 0.000
1 HBI—health behavior index. 2 GSE—general index of self-efficacy.

On the basis of the above three models of the HBI change determinants, it is possible to estimate
the theoretical values at the second and third measurement points in two groups of girls with different
body weight statuses, starting from the actual initial value (Figure 3).

In both groups, an increase in the HBI was observed between the beginning and the end of the
Healthy Me program, followed by a decrease, according to the measurement three months after the
end of the program (Study 3). This initial improvement in health behaviors was clearly greater in
the overweight group. Comparing the first and third measurement points, it is possible to draw a
conclusion regarding the effectiveness of the program as a tool for improving health behaviors. In the
group of girls without overweight or obesity, the effectiveness of the program is lower, and extreme
measurements indicate a return to the baseline and even a slight deterioration in the HBI. Attempts
to devise alternative models have not led to better results. Among other things, the independent
influence of partial indices of self-efficacy (strength and perseverance) was studied, and attempts were
made to include the main effect of self-efficacy in the model. The model that takes into account the
interaction of body weight status with self-efficacy was considered optimal.
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Figure 3. Changes in HBI in three waves of the survey under the Healthy Me program, according to
body weight status groups adjusted for type of intervention, initial values of HBI, self-efficacy and
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4. Discussion

In our research, we assumed that a change in the level of HBI may be related to a change in
the level of personal competence among girls participating in the Healthy Me intervention program,
which used mobile technologies. Our analyses confirmed this assumption. The change in the HBI was
explained by the interaction of the self-efficacy level with body weight status. Although there was no
positive change in health behavior among girls without excess weight, girls with excess body weight
(overweight or obesity) achieved a better score in the health behavior index in the follow-up study
after three months of intervention.

Prior to the intervention, there were no observable differences in the values of health behavior
indices between overweight and non-overweight adolescent girls. Taking into account the type of
intervention, slightly lower values at the starting point occurred in the partial group than in the other
two intervention groups. The other studies conducted among Polish schoolchildren also support our
conclusion that maintaining a diet rich in beneficial products is not the domain of adolescents without
overweight or obesity and even more often occurs in overweight or obese adolescents [36]. Conversely,
some problems are more frequently observed in overweight teenagers compared to their peers without
excess body weight, such as skipping meals [37], having fewer meals during the day [38] and lower
physical activity [39,40].

The level of the HBI changed in the second evaluation study, but after three months from the end
of the intervention, it returned to a level close to the initial level. It turns out that in girls without
overweight or obesity, a slightly lower HBI score between extreme measurements was recorded, but in
the group of girls with excess body weight, an improvement was observed. Moreover, the deferred
effect revealed a significant difference in the average HBI indices in favor of overweight and obese
teenagers. The result seems all the more interesting because our intervention was not aimed at changing
behaviors of adolescents at risk—overweight, but at the general population of 15-year-old girls, which
was selected because of the significant deterioration in health behavior for this age group. The aim
of the program was to assess if the proposed intervention could help to slow down the unfavorable
trend before they reached the age of 15. As effects were observed in the group of girls with excess
body weight, it may be hypothesized that even if the study was not addressed to the adolescents from
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risk groups (selected prevention), the overweight participants may be more motivated to engage in
prevention programs, which makes this group more vulnerable to benefits [41]. Based on our studies
and thesis supported by other researchers, there is a need to cautiously draw conclusions about changes
in health behavior induced by intervention, especially in the case of long-term programs carried out in
the developmental period [42]. Among others, the negative changes resulting from developmental
factors should be taken into account. Moreover, in a longer program, the rate of change could be
altered by a number of interim measurements, promotion of the program before it starts, overlapping
of other parallel trends or a negative effect of withdrawal from the program. Thus, the absence of a
significant, positive change in the HBI in the general population of 15-year-old girls can be considered
as a satisfactory result, taking into account developmental considerations, and a negative trend in
health behaviors which increase with age, observed in other studies among girls [43].

The analysis of self-efficacy showed no differences among intervention types, nor the body weight
status among the studied population at the starting point of the intervention. The main changes
revealing the impact of the Healthy Me program concerned the general score and the self-efficacy
dimension of strength (to initiate behavior) and showed the decrease in these scores among participants
of the full intervention group. Within the partial intervention group, the dimension of perseverance also
deteriorated, and this result supports the claim that the multicomponent, but moderate, intervention
impacts have an exceptional effect on the participants’ conviction about the possibility of sustaining
behaviors. This result might be caused by an ongoing dynamic process of verification of self-efficacy
during the program.

Based on Social Cognitive Theory, the self-efficacy building strategy is one of the most effective tools in
the health behavior change programs targeting diet and/or physical activity among children [44]. Jacobson
and Mazurek Melnyk (2011) concluded after their pilot study with overweight and obese school-age
children that healthy lifestyle interventions that include cognitive behavior skill building may be the key to
strengthening the child’s healthy beliefs and facilitating healthy lifestyle choices and behaviors [45]. Morano
et al. (2016) recommend that childhood obesity programs should target psychosocial correlates of physical
activity [46], among which the crucial one, as Kołoło et al. (2010) indicate, is self-efficacy [47]. Higher
self-efficacy is related to better decision-making and goal achievement [22]. Therefore, girls assessing their
self-efficacy well are more likely to undertake (strength dimension of self-efficacy) and sustain (perseverance
dimension) the health behaviors.

Our study shows significant interaction between self-efficacy and body weight. Among overweight
girls, improvement in self-efficacy resulted in enhancement of health behaviors. The sense of interaction
and the mediating role of self-efficacy and other social competences in the process of changing health
behaviors is strongly established and widely proved in the literature. Especially regarding overweight
and obesity, according to Goffman’s spoiled identity theory [48], and further randomized control
studies of the stigma effect on health behaviors [49], children with low social competence are at
higher risk for obesogenic behaviors. That interaction was also confirmed in a national sample of
Americans where nine-year-old children with lower social competence were at higher risk of becoming
overweight or obese by age 11 [50]. In low social competence groups, avoiding stress caused by
complex psychosocial factors with negative feedback related to excess body weight may manifest in
unhealthy behaviors such as solitary, sedentary or unhealthy eating. According to Melnyk et al. (2009),
psychosocial factors may inhibit or cause barriers to healthy behaviors in adolescents [51]. On the other
hand, Vila et al. (2004), using a Child Behavior Checklist, found that obese adolescents demonstrated
significantly poorer social skills [52]. These studies show the nature of the reciprocal relationship
among competences, body weight and health behaviors.

Additionally, the school effect was measured in the analysis. Based on results obtained, the effect
of the school has proved to be small, indicating quite a consistent approach by schools towards
the implementation of intervention activities. Interventions to improve health behavior are largely
implemented in the school environment, and many of them have a positive impact on nutrition and
physical activity [53]. Due to the availability of target groups as well as methods, resources and qualified
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staff, the school seems to be an ideal environment for health promotion and education [54]. However, a
lot depends on the quality of the proposed interventions, the way they are implemented, consistency of
the activities [55], proper preparation of the contractors, financial possibilities and the duration of the
intervention [54,56]. In this regard, the small school effect obtained in our study may be the result of how
schools were prepared to implement the intervention activities. Preparations included providing clear
instructions, training of direct executors, application of unified educational methods and contents and
a strictly determined sequence of undertaken activities. Moreover, the high competences of physical
education teachers responsible for coordination and carrying out activities at schools may have had an
impact on the uniform implementation of the program at the school-setting.

Strengths and Limitations

We are aware of some limitations of our study, which were partly due to the schedule of the
Healthy Me program, as well as the assumptions adopted in this article. First, the final deferred effect
of the program should be assessed in the long term. Second, one of the most important variables,
i.e., the level of self-efficacy, was not measured just after the end of the program but three months
after the end of the intervention. Only a few factors were considered in the analyses, focusing on
differences in the level of the HBI and its changes in the groups of overweight and non-overweight girls.
The Healthy Me program was implemented in a variety of environments (48 schools all over Poland),
over a long period of time (a year), covering a large group of girls (n = 1111). This environmental
variability was undoubtedly an asset but also created additional limitations. In such a large and
diverse group, it was difficult to control the involvement of individual schools in the implementation
of the program, and the distinct differences are evidenced by the results of qualitative studies and
different subjective evaluations of the program by its participants [24]. However, the low ICC values in
this study may indicate quite consistent implementation of the intervention actions by the schools
involved. It was not possible to analyze in detail the changes in the diet of the program participants.
The main outcome variable, i.e., the HBI, contained a strong nutritional component but was corrected
with respect to the level of physical activity. This version of HBI was chosen because improvement in
physical activity was the main focus of the Healthy Me intervention.

Despite the above limitations, the analyses presented have a number of advantages and bring
additional knowledge to research on the evaluation of multifaceted intervention programs. Attention
was paid to the heterogeneity of the intervention group. Commonly, it is hypothesized that different
intervention components will benefit equally different subgroups of participants in the hope of offering
something for everyone. It has been proven that girls with excess body weight have benefited more from
participation in the Healthy Me program, which is the main conclusion of these analyses. This was partly
due to the change in their self-efficacy, which was at a relatively low level, but any improvement resulted
in better health behaviors. Taking into account the aspect of personal competences is one of the strengths
of this program. Self-efficacy was measured with a robust tool dedicated to the adolescents. Usually,
the motivational and strengthening factors are only mentioned as a theoretical basis for intervention. In
our program, this factor was one of the components to be evaluated. In addition, we have introduced an
interaction effect into statistical analyses, which is now considered an important part of the search for an
optimal intervention model [57].

5. Conclusions

In summary, our results demonstrate a significant effect of self-efficacy with the interaction of
body weight status on improvement in eating behavior and physical activity among adolescent girls.
The authors conclude that the positive impact of the intervention proved to be stronger for overweight
girls. Girls with excess body weight, three months after intervention completion, presented a higher
level of favorable health behaviors than girls without excess body weight. Further work is certainly
required to disentangle these complexities in non-direct effects of interventions on health behavior
change among adolescent girls. When analyzing the effects of such programs, it is necessary to take
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into account the multiplicity of interrelationships between different factors that may modify the effects
obtained. Our paper opens new conceptual and practical fields in research on the evaluation of health
interventions. Firstly, effective interventions targeting adolescent girls should include a strengthened
element of developing personal competences, the growth of which appears to be most beneficial to
girls at risk. Secondly, the level of change in personal competences should be monitored during the
whole evaluation process. This seems to be far beyond including psychological factors as the only
theoretical basis for the intervention.
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Abstract: Parents’ stress is independently associated with increased child adiposity, but parents’
stress may also interfere with childhood obesity prevention programs. The disruptions to the family
dynamic caused by participating in a behaviour change intervention may exacerbate parent stress
and undermine overall intervention efficacy. This study explored how family stress levels were
impacted by participation in a home-based obesity prevention intervention. Data were collected
from 77 families (56 fathers, 77 mothers) participating in the Guelph Family Health Study (GFHS),
a pilot randomized control trial of a home-based obesity prevention intervention. Four measures of
stress were investigated: general life stress, parenting distress, depressive symptoms, and household
chaos. Multiple linear regression was used to compare the level of stress between the intervention
and control groups at post-intervention and 1-year follow-up, adjusted for baseline stress. Analyses
for mothers and fathers were stratified, except for household chaos which was measured at the family
level. Results indicate no significant differences between intervention and control groups for any
stress measure at any time point, indicating a neutral effect of the GFHS intervention on family stress.
Future work should investigate the components of family-based intervention protocols that make
participation minimally burdensome and consider embedding specific stress-reduction messaging to
promote family health and wellbeing.

Keywords: stress; mental health; family; health behavior; childhood obesity; health intervention

1. Introduction

Childhood overweight and obesity are associated with several health concerns such as increased
risk of chronic illnesses like cardiovascular disease, type 2 diabetes, cancer, and reduced overall lifespan,
as well as increased risk of being bullied and developing disordered eating habits due to societal bias
against those in larger bodies [1–4]. While there is a well-recognized genetic predisposition to body
composition, the main focus of childhood obesity prevention has been on health behaviours such as
dietary patterns, physical activity, sedentary or screen-based time, and sleep quality. There appears
to be a critical window of development in early childhood where lifelong health behaviour patterns
are largely established [5,6]. This presents an especially advantageous target for programs to focus
on prevention in early life to maximize the preventative benefit of healthful behavioural patterns.
Parental involvement has repeatedly been demonstrated to play a key role in the success of childhood
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obesity prevention programs [7–10]. These family-based behaviour change interventions typically
focus on changing parenting practices and/or family behaviours such as eating meals as a family or
group physical activities. However, parents engaged in a home-based childhood obesity prevention
program manage several roles; they are participants making changes to their own behaviours plus
being the taskmaster for their child’s compliance, as well as the many other roles that they serve
outside of the intervention context. The competing demands on parents’ time and resources are
numerous and dynamic, making it especially complex to effectively engage them in childhood obesity
prevention programs.

Parents’ stress may be an additional key consideration for family-based childhood obesity
prevention programs for two key reasons. First, past research has established cross-sectional
associations between parent stress or household dysfunction and several child health outcomes,
including behaviours such as increased screen viewing [11], fast food consumption [12] as well as
overall child weight status [12–15]. The second consideration is that parents who are overwhelmed
may have difficulties adhering to an obesity prevention program, thus undermining the program’s
efficacy. It is well-understood that family routines are an important contributor to family well-being
and positively influence children’s development [16–19], but participation in a family-based childhood
obesity prevention program is likely to impose substantial changes in the families’ typical routines
and activities. This perturbation of existing habits, even if intended for healthful changes, may
inadvertently disrupt balances within the home. Alternatively, it is possible that promoting new
behaviours as part of healthful routines could help families to establish more order and regularity
within the home, thus decreasing overall family stress. The impact of health promotion programs on
parents’ wellbeing has not been widely explored.

In addition, dominant expectations of parenting place much more responsibility on mothers than
fathers for active management of children’s health and health behaviours [20,21]. Studies in Canada,
the US, and Europe consistently demonstrate that, despite men’s increasing involvement, women take
on the bulk of responsibility for house and family work, including assuming responsibility for the health
and well-being of family members, organizing their children’s lives, and planning and preparing
meals [20,21]. Thus, family-based health interventions may inadvertently reinforce the gendered
division of labour and could result in an enhanced level of stress among mothers as compared to
fathers. Additionally, perceptions and consequences of stress have repeatedly been demonstrated
to differ between males and females [22–26], thus making gender an important consideration when
exploring how participation in a family-based intervention may influence family stress.

The purpose of this study was to investigate the longitudinal changes in parents’ perceived
general life stress, parenting distress, depressive symptoms, and household chaos as a function of
participation in a family-based health promotion intervention program among a cohort of Canadian
mothers and fathers of young children. This study also examined whether these changes in family
stress were moderated by parent gender.

2. Materials and Methods

2.1. Study Participants

This study used the Pilot phase 1 and 2 studies of the Guelph Family Health Study (GFHS), a pilot
randomized control trial of a home-based obesity prevention intervention (clinical trials registration
number NCT02223234, University of Guelph Research Ethics Board REB14AP008). The primary aim
of the pilot studies was to test the feasibility of the intervention and assessment protocols. Detailed
procedures of the pilot are published elsewhere [27] and briefly summarized below. Participants were
recruited using posters and rack cards displayed at local family health team and early childhood
education centres as well as posts to these agencies’ social media accounts. To be eligible to participate,
families had to have at least one child between the ages of 18 months to 5 years of age, live in Wellington
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County, Ontario, Canada, with no plans to move in the following year, and have at least one parent
able to respond to surveys in English.

Data for these analyses were collected at baseline, 6-months (post-intervention) and 18-months
(1-year post-intervention). Participating families received grocery gift cards as compensation at each
time point of assessment.

2.2. Exclusions and Losses to Follow-Up

As shown in Figure 1, 151 parent participants from 86 families met eligibility criteria and were
enrolled in the study, though three families (three mothers, one father) later declined to participate
before completing baseline assessment. The remaining 83 families (147 parents; 83 mothers, 64 fathers)
were randomized to the three treatment groups: two home visits with a health educator (2HV),
four home visits with a health educator (4HV), and a minimal-attention control, the protocols of
which are explained further below. One family (one mother) randomized to the 4 HV group later
declined to receive the intervention and was eventually lost to follow-up. The remaining 82 families
(146 parents) completed all components of the intervention program, though five families (five mothers,
six fathers) were later lost to follow-up, resulting in a 92.8% retention rate of the GFHS Pilot 1 and 2
cohorts at 1-year post-intervention. No harms of the intervention were detected.

Figure 1. Study design and participant flow of the analytic sample from the Guelph Family Health
Study Pilot Phase 1 and Phase 2 parent participants.

In addition to the 11 participants who were lost to follow-up, two fathers did not complete baseline
stress measures and were therefore excluded from this analytic sample. Thus, a final analytic sample
of 133 parent participants (77 mothers, 56 fathers) from 77 families was used for these analyses.
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2.3. GFHS Intervention

The GFHS was designed as a home-based childhood obesity prevention program, informed
by the Family Systems [28] and Self Determination [29] theories. The program used motivational
interviewing, a collaborative and client-centred counselling technique that increases the likelihood of
successful behaviour change by providing families with a sense of autonomy, confidence, and support
with respect to health goals that the families set for themselves. Suggested goals in the GFHS included
increasing fruit and vegetable intake, replacing sugar-sweetened beverages with water, reducing
screen time, establishing a bedtime routine to promote adequate sleep, encouraging physical activity,
or another goal of the family’s own creation. The intervention program was delivered by a health
educator, a registered dietitian trained in motivational interviewing, who worked with the families to
develop personalized and self-directed health goals and provided support throughout the 6-month
intervention period. These sessions were held in the family’s home and typically were an hour in
duration. Complementary to the home visits were a series of emails and mailed materials tailored
to the family’s goals, such as colourful plates to encourage more family meals or children’s books
to encourage regular sleep routines. Full details of the intervention protocol have been published
previously [27].

All participants completed the baseline assessment, including a series of surveys and health
visits at the University of Guelph, where measurements such as height, weight, blood pressure,
and body composition were taken by trained research assistants. After baseline assessment families
were randomized by the study coordinator into one of three parallel groups (in Pilot 1) or into one
of two parallel groups (in Pilot 2) using a pseudo-random number generator. The three groups
in Pilot 1 consisted of a minimal-attention control group (general health advice through monthly
emails, such as current Canadian physical activity guidelines), a two home visit intervention group
(home visits with a health educator, weekly emails, and monthly mailed incentives), and a four
home visit intervention group (differing only in number of visits from the two home visit group).
In Pilot 2, families were randomized to control or four home visits based on early feedback from
Pilot 1 participants that two home visits were not preferred. Baseline data were collected between
December 2014 and November 2016 at the University of Guelph, Ontario, Canada; follow-up data
collection was completed by November 2018.

2.4. Stress Measures

Four different types of stress (general life stress, parenting distress, parental depression,
and household chaos) were assessed via paper (n = 152) or online (n = 238) surveys. Data collection
was conducted at baseline, then repeated post-intervention (6 months from baseline) and at 1-year
post-intervention (18 months from baseline).

General life stress was examined with the question “Using a scale from 1 to 10, where 1 means
‘no stress’ and 10 means ‘an extreme amount of stress’, how much stress would you say you have
experienced in the last year?” [12].

Levels of stress specific to the role of being a parent were examined using the 12-item Parent Distress
subscale of the Parenting Stress Index (PSI) [30]. Participants were asked to respond on a 5-point Likert
scale from 1 (strongly disagree) to 5 (strongly agree) to items such as “I often have the feeling that
I cannot handle things very well”, “I feel trapped by my responsibilities as a parent”, and “Having
a child has caused more problems than I expected in my relationship with my spouse (or male/female
friend)”. For parents who completed the paper version of the surveys, the response options were on
a 4-point Likert scale (i.e., the neither disagree nor agree option was not included). This discrepancy in
the response options between the paper and online surveys was managed by recoding the paper survey
response options as 1 = strongly disagree, 2 = disagree, 4 = agree, and 5 = strongly agree. Analyses
with the paper and online survey data together showed similar results to when only the online survey
data were used; thus, results for the paper and online survey were combined for these analyses. A total
score out of 60 was calculated by summing the responses; higher scores indicate greater parental
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distress. Standardized Cronbach’s alpha for mothers in this sample at baseline, was 0.86; for fathers,
0.78. The PSI has been validated for use among both mothers [30] and fathers [31] of young children.

Parental depressive symptoms were assessed with the Andresen short form of the Centre for
Epidemiological Studies Depression Scale (CES-D) [32]. Sample items include “My sleep was restless”,
“Everything I did was an effort”, and “I felt fearful”, and were scored as 0 (less than one day last
week), 1 (1–2 days), 2 (3–4 days), or 3 (5–7 days). A total score out of 30 was calculated by summing
the responses; higher scores indicate greater depressive symptoms. Standardized Cronbach’s alpha for
mothers in this sample at baseline was 0.87; for fathers, 0.80.

Household dynamic and chaos were examined using the 15-item Confusion, Hubbub, and Order
Scale (CHAOS) [33]. This scale conceptualizes noisiness, disorganization, and confusion within
the home environment. Participants responded to items such as “We almost always seemed to be
rushed” or “It’s a real zoo in our home” on a 4-point Likert scale from 1 (very much like your own
home) to 4 (not at all like your own home). The CHAOS survey was asked only of Parent 1 in this
sample (the first parent to sign up for the study, of whom 76% were female), and this was used as
a family wide measure. Standardized Cronbach’s alpha for this scale at baseline was 0.88.

2.5. Statistical Methods

In intent-to-treat complete case analyses, we used multiple linear regression models to examine
differences between the study groups (control, 2HV, and 4HV) for post-intervention and for 1-year
follow-up stress measures after controlling for baseline. Results for the 2HV and 4HV groups were
not substantively different (see Table A1), thus, we present results with the two intervention groups
combined. General stress, parenting distress, and depressive symptoms were analysed for each
participant; household chaos was considered to be a shared variable among family measures and was
analysed at the household-level. Data from males and females were analysed separately to account for
potential gender-based differences in stress perception [22–26] and to better compare these results to
the predominantly mother-focused parenting research in the field [34]. Household chaos was examined
as one observation per family, regardless of the gender of the parent who reported it. No demographic
covariates were included in the model. The use of a randomized design would mean that any difference
in demographic characteristics across study groups would be due to chance. Statistical analyses
were performed using SAS University Edition Version 3.6 [35]. A p-value of < 0.05 was considered
statistically significant for all analyses.

3. Results

3.1. Descriptive Data

As shown in Table 1, this analytic sample contained 56 fathers (42%) and 77 mothers (58%).
The average age of participants at baseline was 35 years. Over 80% of participants identified as white
and over 40% had received postgraduate education. Of the 77 participating families, approximately
85% had parents who were married, nearly 80% contained two or more children, and 45% had an annual
household income of $100,000 or more. Baseline characteristics (Table 1) and levels of stress (Table 2)
were similar among the intervention and control groups.
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Table 1. Baseline characteristics of parent participants in the Guelph Family Health Study.

Characteristic (Individual) Overall n = 133 Parents Control n = 44 Parents Intervention n = 89 Parents

Baseline age (years), mean (SD) 35.5 (4.6) 34.8 (4.8) 35.9 (4.6)

Relation to child, n (%)
Father 56 (42.1%) 19 (43.2%) 37 (41.6%)
Mother 77 (57.9%) 25 (56.8%) 52 (58.4%)

Ethnicity, n (%)
White 109 (82.0%) 37 (84.1%) 72 (80.9%)

Other (e.g., Chinese, Latin American,
South Asian, West Asian) 22 (16.5%) 5 (11.4%) 16 (18.9%)

Not reported 2 (1.5%) 2 (4.5%) 0 (0.0%)

Education, n (%)
College diploma or less 30 (22.6%) 7 (15.9%) 23 (25.8%)

Some university or degree 35 (33.8%) 14 (38.1%) 31 (34.8%)
Postgraduate training 56 (42.1%) 21 (47.7%) 35 (39.3%)

Did not disclose 2 (1.5%) 2 (4.5%) 0 (0.0%)

Characteristic (Family Level) n = 77 families n = 25 families n = 52 families

Marital status, n (%)
Married 66 (85.7%) 22 (88.0%) 44 (84.6%)

Other (i.e., living with partner, divorced) 11 (14.3%) 3 (12.0%) 8 (15.4%)

Annual household income, n (%)
< $60,000 16 (20.8%) 5 (20.0%) 11 (21.2%)

$60,000 to $99,999 24 (31.2%) 5 (20.0%) 19 (36.5%)
$100,000+ 34 (44.2%) 14 (56.0%) 20 (38.5%)

Not reported 3 (3.9%) 1 (4.0%) 2 (3.8%)

Number of children, n (%)
1 17 (22.1%) 7 (28.0%) 10 (19.2%)
2 45 (58.4%) 15 (60.0%) 30 (57.7%)

3 or more 15 (19.5%) 3 (12.0%) 12 (23.1%)

Table 2. Linear regression results comparing intervention and control groups with respect to stress
levels at post-intervention and at 1-year follow-up after controlling for baseline, stratified by parent
gender. Household chaos model analysed at the family level (one observation per household).

Measure
Intervention

Group
Baseline

Mean (SD)
Post-Intervention

Mean (SD)

Difference from Control 1

β (95% CI)
p value

1-Year
Follow-Up
Mean (SD)

Difference from Control 1

β (95% CI)
p Value

Analysis of mothers in the home visit groups (n = 52) compared to the control group (n = 25)

General
Stress

Intervention 6.60 (2.02) 6.02 (2.10) −0.60
(−1.47, 0.27)

0.18

6.55 (1.89) −0.15
(−1.13, 0.83)

0.76Control 6.32 (2.12) 6.63 (1.69) 6.63 (1.92)

Parenting
Distress

Intervention 28.04 (9.70) 26.80 (8.91) −0.62
(−4.90, 3.65)

0.77

28.49 (8.91) −1.92
(−5.37, 1.53)

0.27Control 29.68 (6.64) 28.13 (9.28) 30.91 (8.26)

Depressive
Symptoms

Intervention 6.78 (5.39) 5.98 (5.23) −0.57
(−2.98, 1.84)

0.64

6.00 (4.48) −0.92
(−2.87, 1.04)

0.35Control 6.80 (4.34) 6.67 (5.01) 6.73 (4.73)

Analysis of fathers in the home visit groups (n = 37) compared to the control group (n = 19)

General
Stress

Intervention 6.78 (1.86) 6.72 (1.63) 0.56
(−0.43, 1.56)

0.26

6.03 (2.14) −0.90
(−2.08, 0.27)

0.13Control 6.26 (2.10) 5.88 (2.20) 6.57 (2.06)

Parenting
Distress

Intervention 29.03 (8.03) 27.81 (7.16) −1.28
(−4.60, 2.04)

0.44

28.03 (8.12) −0.41
(−4.56, 3.74)

0.84Control 27.53 (5.50) 28.65 (5.72) 27.57 (4.38)

Depressive
Symptoms

Intervention 7.19 (5.25) 6.13 (4.63) −0.91
(−3.48, 1.67)

0.48

6.57 (4.31) −0.70
(−2.98, 1.58)

0.54Control 7.63 (3.39) 7.06 (4.38) 7.86 (3.23)

Analysis of families in the home visit groups (n = 52) compared to control group (n = 25)

Household
Chaos

Intervention 31.02 (8.39) 30.92 (8.07) 0.65
(−3.06, 1.77)

0.60

30.29 (7.89) −2.57
(−5.34, 0.21)

0.07Control 31.04 (6.31) 31.74 (6.45) 33.00 (6.20)
1 Linear regression coefficient after controlling for baseline.
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3.2. Mean Stress Levels

As shown in Table 2, mothers and fathers reported moderate levels of stress on all measures
at all time points and across all treatment groups. Across the three timepoints, mothers’ general stress
means ranged from 6.0 to 6.6 out of a maximum score of 10. Fathers’ general stress scores ranged from
5.9 to 6.8. Mothers’ parenting distress mean scores ranged from 26.8 to 30.9 out of a maximum score
of 60, which ranks between the 59th and 68th percentiles of the PSI scoring reference [30]. Fathers’
parenting distress scores ranged from 27.5 to 29.0, which falls within the 62nd and 64th percentiles.
Mothers’ depressive symptoms scores ranged from 6.0 to 6.8; fathers’ scores ranged from 6.1 to 7.9.
While these CES-D means may seem low in relation to the maximum score of 30 points, they should
be interpreted as moderate given that a CES-D score of 10 or greater indicates significant depressive
symptomology consistent with clinical diagnosis [32]. Household chaos means ranged from 30.3 to
33.0 out of a maximum score of 60 points.

3.3. Post-Intervention

No intervention effect was observed for any of the stress measures among mothers or fathers
at post-intervention after controlling for baseline measures. Among mothers randomized to
the intervention, there was a non-significant difference of −0.60 (95% CI: −1.47, 0.27) compared
to control, after adjustment for baseline. Among fathers, there was a non-significant difference
of 0.56 (95% CI: −0.43, 1.56) in the intervention compared to control, after adjustment for baseline.
For parenting distress, mothers randomized to the intervention had a non-significant difference of−0.62
(95% CI: −4.90, 3.65) to control, after adjustment for baseline. Among fathers in the intervention, there
was a non-significant difference of −1.28 (95% CI: −4.60, 2.04) compared to the control after adjustment
for baseline. Differences in depressive symptoms followed a similar trend; no significant differences
were found for either mothers or fathers. Among mothers randomized to the intervention, there was
a non-significant difference of −0.57 (95% CI: −2.98, 1.84) compared to the control, after adjustment for
baseline. As was found for mothers’ depressive symptoms scores, there was no significant difference
between fathers in the intervention compared to those in the control after controlling for baseline
(−0.91, 95% CI: −3.48, 1.67).

At the family level, household chaos scores were similar at baseline and post-intervention.
The difference of 0.65 (95% CI: −3.06, 1.77) was not statistically significant.

3.4. 1-Year Follow-Up

Similar to the results at post-intervention, no intervention effect was observed for any of the stress
measures among mothers or fathers at 1-year follow-up after controlling for baseline (Table 2).
Specifically for general stress, the difference between the intervention and control was not significant
(−0.15, 95% CI: −1.13, 0.83) after controlling for baseline. Among fathers, there was a non-significant
difference in general stress at 1-year post-intervention after controlling for baseline (−0.90, 95% CI:
−2.08, 0.27). The mean parental distress score at 1-year follow-up among mothers randomized to
the intervention compared to the control yielded a non-significant difference of −1.92 (95% CI: −5.37,
1.53). Likewise, for fathers, the mean parental distress among those randomized to the intervention
was not significantly different from the control at 1-year after controlling for baseline (−0.41, 95% CI:
−4.56, 3.74). Among mothers randomized to the intervention, the mean depressive symptoms score
was not significantly different from mothers randomized to the control (−0.92, 95% CI: −2.87, 1.04) after
controlling for baseline. Among fathers, comparison of mean depressive symptoms scores at 1-year
follow-up for the intervention and control resulted in a non-significant difference of −0.70 (95% CI:
−2.98, 1.58) after controlling for baseline.

At 1-year follow-up, mean household chaos among families randomized to the intervention
compared to the control resulted in a non-significant difference of −2.57 (95% CI: −5.34, 0.21) after
controlling for baseline.
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4. Discussion

The purpose of this study was to investigate differences in family-based stress between intervention
and control groups at post-intervention and 1-year follow-up in a sample of Canadian mothers
and fathers participating in the GFHS, a home-based obesity prevention randomized control trial.
Our results suggest no harmful impact of the intervention program on the family environment across
the four dimensions examined.

The GFHS pilot studies demonstrated success in increasing children’s fruit and vegetable
consumption [36] and at post-intervention, children and parents had lower indices of body fat [27,37].
This suggests that the GFHS intervention program did meaningfully change some family behaviours,
but until the present study, it was unknown how these changes could impact families’ stress levels.

The program may have encouraged families to implement more structured, organized behavioural
patterns focused around these health goals, thus calming the home environment and increasing
parenting confidence; however it is also possible that the program may have caused conflict or
confusion from the disruptions to the families’ typical behaviours. Our results suggest that family
stress levels were not different when comparing intervention to control families, despite evidence that
behavioural changes did indeed occur among both parents and children [27,36,37].

There are several potential explanations for these results. Careful planning and consideration
went into designing the GFHS intervention to have a minimal burden on participants, such as the health
educator visits occurring within the family’s home instead of at a research centre, the use of online
surveys to allow for more convenient completion, and financial compensation for the family’s time.
Thus, participation in the study may not have been particularly burdensome to families. In addition,
the use of motivational interviewing, a client-centred counselling technique that empowers participants
to choose their own goals and strategies to achieve them [38], may have helped to relieve the burden from
the participants compared to other more expert-led intervention techniques. The exact characteristics of
the intervention protocol that contributed to these effects would require further research to disentangle
but likely all factors had an influence.

The current body of evidence on household stress is based mostly on clinical populations such as
children with behavioural problems, developmental delays, or chronic illness [39–42], or special interest
family situations such as parents who are military servicemembers or incarcerated [43–45], including
the few studies that have examined family stress over the course of an intervention program [46–49].
This study extends evidence in the literature by providing insight into the impact of a home-based
health intervention on the family environment in a community-based non-clinical sample of families.
Additionally, our inclusion of both mothers’ and fathers’ perceptions addresses a substantial gap in
the literature [34]. The present study also includes follow-up beyond the post-intervention period to
better understand the nature of these associations.

Despite this study’s many strengths, there are some limitations that merit consideration. First,
these analyses are based on a small cohort of families because the GFHS pilot was not designed
as a fully powered study; thus, there is a risk that important effects were not identified. Second,
with respect to the general stress measure, a single item may not be sufficient to capture the many
dimensions of everyday stress. Third, our protocol is to ask only Parent 1 (defined as the first parent
to enrol in the study) items relating to the household; as such, it is possible that perceptions of
the home environment chaos may differ between cohabitants. Fourth, the majority of families in our
sample identified as Caucasian and nearly half had an annual household income of over $100,000,
which limits the generalizability of our results. Additional research with a diverse sample of families is
needed because the socio-cultural environment, including ethnic and economic factors, is an important
consideration for parenting practices and family stress [50–52]. Finally, while it is most likely that any
differences in stress due to the intervention would be evident in the post-intervention period, it is
possible that the true nature of these associations requires a longer follow-up period to be discovered.
Continued longer-term monitoring of the participants’ stress may be an important consideration for our
participants’ retention in the study. Indeed, any family-focused or home-based intervention program
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should consider how disruptions to the family dynamic may influence participants’ willingness to
adhere to the program.

5. Conclusions

The GFHS has several behaviour change goals aimed at preventing childhood obesity; however,
reducing family stress levels was not among the primary intentions of the program. While these results
show no differences in family stress between the intervention and control groups, the overall mean
stress levels seen here indicate that families may benefit from intervention strategies specifically aimed
at reducing family stress. Program designs that integrate family physical and mental health promotion
should be further investigated. In conclusion, these results demonstrate a need for continued research
into how home-based health interventions influence the family environment. In particular, there is
a need for intervention programs that incorporate specific stress-reduction messaging into family
health programs.

Author Contributions: Conceptualization, V.H. and J.H.; Formal Analysis, V.H.; Writing—Original Draft
Preparation, V.H.; Writing—Review & Editing, V.H., G.D., J.H., and D.W.L.M.; Visualization, V.H.; Supervision, J.H.
and D.W.L.M.; Project Administration, J.H. and D.W.L.M.; Funding Acquisition, J.H. and D.W.L.M. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was partially supported by the University of Guelph’s Health for Life Initiative.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the study;
in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish
the results.

Appendix A

Table A1. Linear regression results comparing intervention (two home visit and four home visit groups)
and control groups with respect to stress levels at post-intervention and at 1-year follow-up after
controlling for baseline, stratified by parent gender. Household chaos model analysed at the family
level (one observation per household).

Measure
Intervention

Group
Baseline

Mean (SD)
Post-Intervention

Mean (SD)

Difference from Control 1

B (95% CI)
p Value

1-Year
Follow-Up
Mean (SD)

Difference from Control 1

β (95% CI)
p Value

Analysis of mothers in the 2 home visit (n = 14) and 4 home visit (n = 37) groups compared to the control (n = 25)

General
Stress

Control 6.32 (2.12) 6.63 (1.69) −1.07
(−2.27, 0.13)

0.08

6.64 (1.92) −0.34
(−1.68, 1.01)

0.622HV 5.92 (2.33) 5.21 (2.01) 6.29 (2.33)

4HV 6.84 (1.88) 6.33 (2.08)
−0.42

(−1.35, 0.51)
0.37

6.66 (1.71)
−0.08

(−1.13, 0.97)
0.88

Parenting
Distress

Control 29.68 (6.64) 28.13 (9.28) 0.71
(−5.31, 6.72)

0.81

30.91 (8.26) −3.01
(−7.74, 1.73)

0.212HV 23.07 (5.86) 26.14 (8.20) 25.36 (6.06)

4HV 29.92 (10.25) 27.06 (9.27)
−1.10

(−5.65, 3.45)
0.63

29.74 (7.57)
−1.52

(−5.18, 2.14)
0.41

Depressive
Symptoms

Control 6.80 (4.34) 6.67 (5.01) −0.50
(−3.80, 2.79)

0.76

6.73 (4.73) −0.35
(−1.67, 0.97)

0.602HV 4.71 (4.38) 5.43 (4.57) 4.57 (2.53)

4HV 7.58 (5.58) 6.19 (5.51)
−0.60

(−3.19, 2.00)
0.65

6.57 (4.97)
0.06

(−1.00, 1.12)
0.91

Analysis of fathers in the 2 home visit (n = 11) and 4 home visit (n = 26) groups compared to the control (n = 19)

General
Stress

Control 6.26 (2.10) 5.88 (2.20) 0.32
(−1.01, 1.66)

0.63

6.57 (2.06) −0.57
(−2.13, 0.99)

0.462HV 6.82 (1.78) 6.60 (1.58) 6.33 (2.29)

4HV 6.77 (1.69) 6.77 (1.69)
0.66

(−0.41, 1.74)
0.22

5.90 (2.11)
−1.05

(−2.31, 0.22)
0.10
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Table A1. Cont.

Measure
Intervention

Group
Baseline

Mean (SD)
Post-Intervention

Mean (SD)

Difference from Control 1

B (95% CI)
p Value

1-Year
Follow-Up
Mean (SD)

Difference from Control 1

β (95% CI)
p Value

Analysis of fathers in the 2 home visit (n = 11) and 4 home visit (n = 26) groups compared to the control (n = 19)

Parenting
Distress

Control 27.53 (5.50) 28.65 (5.72) −1.62
(−6.07, 2.83)

0.47

27.57 (4.38) −1.24
(−6.77, 4.29)

0.652HV 28.27 (9.33) 27.10 (4.89) 27.33 (6.36)

4HV 29.35 (7.59) 28.14 (8.07)
−1.12

(−4.74, 2.49)
0.54

28.33 (8.89)
−0.06

(−4.52, 4.41)
0.98

Depressive
Symptoms

Control 7.63 (3.39) 7.06 (4.38) −0.78
(−4.26, 2.71)

0.66

7.86 (3.23) −0.10
(−1.97, 1.78)

0.922HV 5.82 (3.52) 5.70 (3.89) 4.00 (2.35)

4HV 7.77 (5.80) 6.32 (5.01)
−0.97

(−3.78, 1.84)
0.49

7.67 (4.53)
−0.61

(−2.11, 0.89)
0.42

Analysis of families in the 2 home visit (n = 14) and 4 home visit (n = 36) groups compared to control (n = 24)

Household
Chaos

Control 31.04 (6.31) 31.74 (6.45) −0.43
(−3.66, 2.81)

0.79

33.00 (6.20) −3.42
(−7.16, 0.32)

0.072HV 30.50 (8.48) 31.00 (8.17) 29.54 (8.08)

4HV 31.22 (8.47) 30.89 (8.14)
−0.74

(−3.33, 1.86)
0.57

30.57 (7.92)
−2.22

(−5.19, 0.73)
0.14

1 Linear regression coefficient after controlling for baseline.
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Abstract: Eating behavior is an important aspect for dietary quality and long-term health. This study
examined associations between eating vegetables first at a meal and food intakes among preschool
children in Tokyo, Japan. We used cross-sectional data of 135 preschool children from seven nursery
schools in Adachi City, Tokyo, Japan. Caregivers completed a survey on child’s eating behaviors and
a diet questionnaire. Linear regression was used to examine frequency of eating vegetables first at a
meal and food intakes; percent difference and the corresponding 95% confidence interval (95% CI)
were presented. Overall, 25.2% of children reported eating vegetables first at a meal every time,
52.6% sometimes, and 22.2% not often or never. In the multivariate analysis, higher vegetable intake
remained significant after adjusting for other covariates (compared with the group of eating vegetables
first not often or never, the group reported sometimes: 27%, 95% CI: 0–63%; the group reported every
time: 93%, 95% CI: 43–159%). No significant difference in intake by frequency categories of eating
vegetables first was observed for other food groups, including fruits, meat, fish, cereals, and sweets.
Children eating vegetables first at a meal more was associated with higher total intake of vegetables
compared with children who did not eat vegetables first, among Japanese preschool children.

Keywords: dietary habit; vegetable consumption; food intake; preschool children; Japan; nutrition

1. Introduction

A healthy diet is an essential component for meeting proper nutrition requirement for optimal body
growth and body weight during childhood [1–3]. A poor diet can be a result of an imbalanced diet by
overeating low-nutrient-dense foods such as refined carbohydrates and sweets and failing to consume
other foods with high nutrient density, such as fruits, vegetables, and healthy meats [4]. Having a
poor diet by consuming an excessive amount of unhealthy food and an insufficient amount of healthy
food can lead to both short-term and long-term negative consequences on children development, such
as obesity, nutrition deficiency, and insufficient body growth [5–7]. In addition to its beneficial role
on body growth in childhood, a healthy diet pattern formed in childhood will also benefit long-term
health if the pattern is maintained in later life [8,9].

Eating behaviors can reflect and even potentially influence overall dietary quality [10,11].
Particularly, choice of foods consumed during the early phase of a meal with respect to energy
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intake and intakes of different food groups has been examined in several studies conducted in the
United States (U.S.) among people of different age groups. For instance, a randomized cross-over study
conducted among adults in the U.S. found that consuming a first course with low-energy-dense salad
enhanced satiety and led to reduced energy intake in the subsequent courses [12]. The beneficial role of
consuming low-energy-dense foods at the beginning of a meal, particularly vegetables, has also been
examined among children. More importantly, studies have revealed that consuming vegetables during
the early phase of a meal led to not only reduced meal energy intake but also increased vegetable
intake. A study conducted at a daycare center in Pennsylvania by the same research group found that
serving low-energy-dense vegetable soup during the early phase of a meal led to reduced intake of
energy-dense entrée and increased vegetable consumption at the meal [13]. Another cross-over study
examined portion size of vegetables served at the start of meal among preschool children and reported
that increasing portion size of vegetables at the start of a meal led to greater vegetable consumption
without increasing meal energy intake [14]. Therefore, serving vegetables at the start of a meal and
avoiding presence of competing foods that are less healthy may be advocated as an effective strategy
to promote higher vegetable intake in preschool children [14].

Lately, there has been a trend of decreasing in vegetable intake and increasing in meat intake
among the general Japanese population. The annual survey on citizens’ health and nutrition published
by the Ministry of Health, Labor and Welfare in Japan suggested that, compared with 10 years ago, the
daily intakes of vegetables and fruits among Japanese had been decreasing (277.4 g/day for vegetables
with a drop of 18.4 g/day, 110.3 g/day for fruits with a drop of 22.0 g/day), whereas the daily intake
of meat had been increasing (80.7 g/day with an increase of 6.7 g/day) [15]. Since one’s dietary
habit is often formed as early as in childhood, identifying children with insufficient vegetable intake
and subsequently developing dietary guidelines and interventions that will likely lead to increased
vegetable intake and other healthy food intakes should be considered as a useful strategy to address
the current diet problem in Japan [9,16].

A typical Japanese meal set usually consists of a staple food (mostly rice), three side dishes, and a
soup served all at once [17]. Therefore, the sequence of food consumed can vary from person to person.
As suggested by the earlier studies conducted in the U.S. on consuming vegetables during early phase
of a meal, evaluating frequency of eating vegetables first at a meal with respect to various food intakes
will be useful to determine if early consumption of vegetables at a meal is informative of assessing
vegetable consumption and possibly overall dietary quality among Japanese children.

We used data from a cross-sectional study of preschool children in Japan and evaluated the
association between frequency of eating vegetables first at a meal and intakes of different food groups,
including vegetables, fruits, meat, fish, cereal, and sweets. We hypothesized that frequently consuming
vegetables first at a meal would be associated with higher intake of vegetables and other healthier foods.

2. Materials and Methods

2.1. Study Population

We used data from a cross-sectional study of 135 preschool children from Adachi City, Tokyo,
Japan in 2017. The study was initiated as a component of a health promotion campaign known as
“Eat Vegetable First at Meals”, which was launched in Adachi City in 2013. Children in 5-year-old
class from seven licensed public nursery schools in Adachi City were invited to participate in the
study. Teachers at the nursery schools explained to the children’s caregivers about the study and
distributed the study questionnaires. The questionnaires included a survey on regular eating behaviors
of the participated child and a brief-type diet history questionnaire developed for Japanese preschool
children aged 3–6 years (BDHQ3y) [18]. Participants were informed that participation in the study
was voluntary and returning the completed questionnaires indicated their consent to participating in
the study. The questionnaires were distributed to 165 caregivers, out of which 135 caregivers returned
the questionnaires in sealed envelopes via each nursery school (response rate: 81.8%). Use of the
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data for this study was approved by the Ethics Committee of Tokyo Medical and Dental University
(No. M2016-284).

2.2. Survey on Dietary Behavior

The dietary behavior survey was filled out by the caregiver of the participated child. It aimed to
assess the regular eating and cooking behaviors of both the caregiver and the child. For our study,
we were particularly interested in the frequency of eating vegetables first at a meal. In the dietary
behavior survey, frequency of eating vegetables first at a meal was assessed in the following question:
“how often does your child eat the first bite from vegetables at a given meal?” The caregiver was asked
to circle the answer that best applied to his or her child from the following options: “every time”,
“sometimes”, “not often”, or “never”. Since there were only 4 children who reported “never” for
consuming the first bite from vegetables at a meal, we collapsed the groups of children who reported
“not often” or “never” into one group in the analysis.

2.3. Survery on Food Intake

Food intakes were assessed using a brief-type diet history questionnaire for Japanese preschool
children aged 3–6 years (BDHQ3y), which was developed based on the adult version of a self-administered
diet history questionnaire that has been widely used in a range of epidemiologic studies for assessing
food intakes in Japanese adults [19]. The caregiver reported the regular food intakes of his or her child
during the preceding month by filling out BDHQ3y. The validity of BDHQ3y has been previously
tested [18]. Details of BDHQ3y have been described elsewhere [18,20]. Briefly, BDHQ3y is a four-page
questionnaire which reflects the typical Japanese dietary pattern, and it includes four sections to assess the
food intake frequency: (1) 57 food and nonalcoholic beverage items; (2) daily intakes of rice (the most
widely consumed staple food in Japan) and miso soup (widely consumed soup type in Japan); (3) usual
cooking methods; and (4) general dietary behaviors. The daily intakes of 66 food items, total energy
intake, and nutrient values are then estimated using an ad hoc computer algorithm, which takes into
account the age-specific portion size using a specific weighting factor to adjust for the effect of age on the
portion size consumed.

We considered the following food groups in our analysis: vegetable, fruit, meat (excluding fish),
fish, cereal (including rice, noodles, and bread), and sweets. In the BDHQ3y, vegetable intake was
collected based on the consumptions of dark green-leaf vegetables, cabbage, carrots, pumpkins, rooted
vegetables, tomatoes, and mushrooms. Fruit intake was collected based on the commonly consumed
fruits, except juice and jam made from fruits. Meat intake was collected based on the consumptions
of chicken, pork, beef, processed meat, and animal liver. Fish intake was collected based on the
intakes from fresh fish, canned fish, dried and salted fish, and food made from fish. Cereal intake
was categorized into three sub-groups, and the intake of each group was calculated respectively: rice
(including plain white rice, barley, whole grain rice, brown rice, and multigrain rice); noodles (including
buckwheat noodles, Japanese wheat noodles, Chinese noodles, fried noodles, instant noodles, and
western-style noodles); and bread. Intake on sweets was assessed from the following food sources:
western sweets, Japanese sweets, ice cream, chocolate, and other sweet snacks. For each of the food
groups, daily intakes of the food items were then summed and a value of total daily intake (g/day)
was obtained, respectively. The summed value of the daily intakes from rice, noodles, and bread was
reported as the daily intake of cereal. In addition, total energy intake (kcal/day) was also assessed in
our study.

For each of the food groups, from the value of daily intake (g/day) estimated based on the nutrient
database, we divided the food intake by the total energy intake and then multiplied the value by
1000 to derive the nutrient density (g/1000 kcal per day), so the food intake was represented as a dietary
composition (a percentage from daily energy intake) rather than the absolute intake value for each
child [4,21]. Nutrient density values were then log-transformed to account for potential non-normality.
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2.4. Covariates

Information on the child’s date of birth, sex, height, and weight were filled out by the caregiver
in the BDHQ3y questionnaire. Information on the following covariates was additionally collected
from the dietary behavior survey: number of people in the household, household economic status
(in good standing, normal, indigent), parents’ job (self-owned business, full-time, part-time, other),
caregiver-rated child’s physical health (good, normal, poor), and child’s physical activity status, which
was assessed by the frequency of conducting physical exercise that was longer than 30 min (almost
every day, 5–6 times a week, 3–4 times a week, 1–2 times a week, rarely or never). In addition, the
caregiver was asked to recall the average frequency of the child’s vegetable consumption (almost at
every meal, twice in a day, less than once in a day). We considered the covariates mentioned above as
potential confounders for the association between frequency of eating vegetables first at a meal and
food intakes and subsequently examined them in the analysis. For any question that was not answered
by the caregiver, the missing value was set to the most commonly reported response.

2.5. Statistical Analysis

The main exposure of interest was frequency of eating vegetables first at a meal. The exposure was
evaluated as a categorical variable with the following category: every time, sometimes, and not often
or never. The group of children reported as not often or never eating vegetables first at a meal was set
as the reference category. We first examined the association between frequency of eating vegetables
first at a meal and other demographic or lifestyle-related covariates by conducting a chi-square test for
a categorical covariate and analysis of variance for a continuous covariate. For the univariate analysis,
the frequency of eating vegetables first at a meal was included as the only predictor in the univariate
model. For the multivariate analysis, covariates with a p-value less than 0.05 from the chi-square
test or the analysis of variance test were considered as significant and were subsequently adjusted
in the multivariate model: age (months), physical health status (good, normal, poor), frequency of
consuming vegetables (almost at every meal, twice in a day, less than once in a day). For both univariate
and multivariate analyses, we used a linear regression model and examined the association between
frequency of eating vegetables first at a meal and intake of the food groups. Since the outcome of
food intake was on a logarithmic scale, coefficients and standard errors were back-transformed to
the original scale with an interpretation of percent difference in the daily nutrient density for a given
group compared to the reference group. All analyses were conducted using STATA version 13 (STATA
Statistical Software: Release 13. College Station, TX, USA: StataCorp LP).

3. Results

Characteristics of the overall study sample by the reported frequency of eating vegetables first at
a meal are summarized in Table 1. Our study included 135 Japanese preschool children with average
age of 6.4 years (SD = 0.3 years) and average body mass index (BMI) of 15.5 kg/m2 (SD = 1.8 kg/m2).
With respect to the frequency of eating vegetables first at a meal reported by the caregiver, 34 (25.2%)
participants reported “every time”, 71 (52.6%) participants reported “sometimes”, and 30 (22.2%)
participants reported “not often or never”. Compared with the other two groups, the group of children
reported as eating vegetables first at a meal every time had slightly higher BMI, a greater proportion of
parents who owned self-business or had full-time job, better caregiver-rated physical health, more
frequent physical activity, as suggested by a lower proportion of children who rarely or never conducted
exercise that was longer than 30 min, and more frequent vegetable consumption (Table 1).
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Table 1. Population characteristics and characteristics by frequency of eating vegetables first at a meal.

Frequency of Eating Vegetables First at a Meal
Total

(n = 135)
Every Time

(n = 34, 25.2%)
Sometimes (n = 71, 52.6%)

Not Often or Never
(n = 30, 22.2%)

p-Value 1

Mean (SD) 2

Age (years) 3 6.4 (0.3) 6.3 (0.3) 6.4 (0.3) 6.5 (0.3) 0.03
BMI (kg/m2) 4 15.5 (1.8) 15.9 (1.7) 15.4 (1.6) 15.3 (2.2) 0.42
Family size 5 3 3 3 3 0.08

Count (percent)
Male 67 (49.6%) 15 (44.1%) 34 (47.9%) 18 (60.0%) 0.41
Economic status 0.89

In good standing 13 (9.6%) 3 (8.8%) 6 (8.5%) 4 (13.3%)
Normal 93 (68.9%) 24 (70.6%) 48 (67.6%) 21 (70.0%)
Indigent 29 (21.5%) 7 (20.6%) 17 (23.9%) 5 (16.6%)

Job of mother 0.38
Self-owned business 10 (7.4%) 3 (8,8%) 4 (5.6%) 3 (10.0%)

Full-time 63 (46.7%) 20 (58.8%) 32 (45.1%) 11 (36.7%)
Part-time 53 (39.3%) 10 (29.4%) 28 (39.4%) 15 (50.0%)

Other 9 (6.7%) 1 (2.9%) 7 (9.9%) 1 (3.3%)
Job of father 0.64

Self-business 15 (11.1%) 3 (8.8%) 6 (8.5%) 6 (20.0%)
Full-time 94 (69.6%) 25 (73.5%) 52 (73.2%) 17 (56.7%)
Part-time 6 (4.4%) 1 (2.9%) 3 (4.2%) 2 (6.7%)

Other 20 (14.8%) 5 (14.7%) 10 (14.1%) 5 (16.7%)
Physical health status 0.01

Good 106 (78.5%) 33 (97.1%) 50 (70.4%) 23 (76.7%)
Normal 21 (15.6%) 1 (2.9%) 17 (23.9%) 3 (10.0%)

Poor 8 (5.9%) 0 4 (5.6%) 4 (13.3%)
Frequency of conducting physical
activity (longer than 30 min) 0.69

Almost every day 17 (12.6%) 5 (14.7%) 6 (8.5%) 6 (20.0%)
5–6 times a week 9 (6.7%) 3 (8.8%) 5 (7.0%) 1 (3.3%)
3–4 times a week 24 (17.8%) 8 (23.5%) 13 (18.3%) 3 (10.0%)
1–2 times a week 66 (48.9%) 14 (41.2%) 36 (50.7%) 16 (53.3%)
Rarely or never 19 (14.1%) 4 (11.8%) 11 (15.5%) 4 (13.3%)

Frequency of consuming vegetables <0.01
Almost at every meal 57 (42.2%) 20 (58.8%) 29 (40.9%) 8 (26.7%)

Twice in a day 60 (44.4%) 13 (28.2%) 35 (49.3%) 12 (40.0%)
Less than once in a day 18 (13.3%) 1 (2.9%) 7 (9.8%) 10 (33.3%)

1 p-value from chi-square test for categorical covariate and analysis of variance for continuous covariate is presented. 2 SD: standard deviation.
3 Age is presented in years by dividing age in months by 12. 4 BMI: body mass index. 5 Median is presented for the number of people in
the household.

275



Nutrients 2020, 12, 1762

Daily intakes of the major food groups (g/1000 kcal, except for total energy intake) with respect to
the frequency of eating vegetables first at a meal are summarized in Table 2. As Table 2 suggests, we
observed higher total vegetable intake independent of total energy intake in the groups of children
reported as more frequently eating vegetables first at a meal (every time: 147.8 g/1000 kcal, sometimes:
88.7 g/1000 kcal, not often or never: 68.0 g/1000 kcal). Higher intakes of fruits and fish and lower
intakes of cereal and sweets were also observed in the group of eating vegetables first every time
compared with the other two groups with the lower frequency. We did not observe a difference in total
energy intake across the three groups (Table 2).

Table 2. Summary of major food group intakes by frequency of eating vegetables first at a meal.

Frequency of Eating Vegetables First at a Meal

Daily Food Intake
Total

(n = 135)
Every Time

(n = 34, 25.2%)
Sometimes

(n = 71, 52.6%)
Not Often or Never

(n = 30, 22.2%)

Mean (SD)
Total energy intake

(kcal) 1427.1 (471.7) 1442.6 (408.1) 1405.51 (445.9) 1460.5 (596.9)

Vegetables (g/1000
kcal) 99.0 (68.5) 147.8 (88.5) 88.7 (50.1) 68.0 (51.7)

Fruits (g/1000 kcal) 40.9 (29.4) 56.6 (31.1) 33.8 (24.5) 39.9 (32.0)
Meat excluding fish

(g/1000 kcal) 32.3 (14.3) 33.7 (12.8) 33.3 (13.9) 31.2 (16.9)

Fish (g/1000 kcal) 31.4 (16.0) 34.6 (15.1) 30.9 (15.8) 28.6 (17.4)
Cereal (g/1000 kcal) 1 240.7 (63.4) 230.7 (59.1) 241.9 (56.7) 549.5 (81.4)

Rice 189.3 (66.1) 188.4 (59.6) 188.3 (59.9) 192.7 (86.5)
Noodles 32.5 (20.1) 27.5 (14.6) 33.56 (18.7) 35.4 (27.2)

Bread 19.0 (13.1) 14.7 (11.3) 20.0 (13.8) 21.4 (12.5)
Sweets (g/1000kcal) 34.8 (21.5) 29.1 (17.5) 36.8 (21.4) 36.4 (25.1)

1 Cereal intake was calculated as the summed value of intakes from rice, noodles, and bread.

We present our main analysis results in Table 3. In the univariate analysis, we observed a
significant association between frequently eating vegetables first at a meal and higher total vegetable
intake (Table 3). Compared with the group of eating vegetables first at a meal not often or never, we
observed 46% (95% CI: 14–88%) higher vegetable intake in the “sometimes” group and 139% (95% CI:
79–219%) higher vegetable intake in the “every time” group. In addition, significantly higher intakes
of fruits and fish and lower intake of bread were also observed in the group of eating vegetables first at
a meal every time compared with the reference group (Table 3).

After adjusting for the relevant covariates (age, physical health status, frequency of consuming
vegetables) in the multivariate model, the association between frequently eating vegetables first at
a meal and higher intake of vegetables was slightly attenuated, but it still remained statistically
significant (Table 3). Compared with the group of children reported as eating vegetables first at a meal
not often or never, the “sometimes” group had 27% (95% CI: 0–63%) higher vegetable intake, and the
“every time” group had 93% (95% CI: 43–159%) higher vegetable intake. We did not observe significant
associations between frequency of eating vegetables first at a meal and food intake for the remaining
food groups that we examined, including fruits, meat, fish, cereal, and sweets (Table 3).
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Table 3. Results on association between frequency of eating vegetables first at a meal and types of
food intake 1.

Daily Food Intake 1 Frequency of Eating
Vegetables First at a Meal

Univariate Model 2 Multivariate Model 3

Percent Difference (95% CI)

Vegetables
Not often or never Reference

Sometimes 46% (14%, 88%) 27% (0%, 63%)
Every time 139% (79%, 219%) 93% (43%, 159%)

Fruits
Not often or never Reference

Sometimes −9% (−34%, 26%) −21% (−43%, 11%)
Every time 51% (4%, 118%) 23% (−17%, 82%)

Meat excluding fish
Not often or never Reference

Sometimes 12% (−8%, 35%) 8% (−12%, 32%)
Every time 15% (−8%, 43%) 9% (−15%, 39%)

Fish
Not often or never Reference

Sometimes 14% (−12%, 49%) 15% (−13%, 52%)
Every time 36% (1%, 86%) 30% (−7%, 82%)

Cereal 4
Not often or never Reference

Sometimes 0% (−12%, 14%) 3% (−10%, 19%)
Every time −5% (−18%, 10%) 0% (−16%, 17%)

Rice
Not often or never Reference

Sometimes 4% (−13%, 25%) 3% (−16%, 25%)
Every time 4% (−15%, 28%) 5% (−17%, 33%)

Noodles
Not often or never Reference

Sometimes −5% (−26%, 23%) 3% (−22%, 35%)
Every time −20% (−40%, 8%) −15% (−39%, 19%)

Bread
Not often or never Reference

Sometimes −13% (−38%, 21%) 3% (−28%, 48%)
Every time −40% (−59%, −11%) −31% (−55%, 5%)

Sweets
Not often or never Reference

Sometimes 8% (−18%, 43%) 3% (−24%, 39%)
Every time −13% (−37%, 20%) −15% (−41%, 22%)

1 Food intake was calculated as nutrient density (g/1000 kcal per day) for each food type on the natural log scale
(nutrient density was calculated by dividing reported daily food intake (g/day) by total energy intake and then
multiplying by 1000). 2 Frequency of eating vegetables first at a meal was included in the univariate model.
3 Multivariate model was adjusted for age (months), physical health status (good, normal, poor), and frequency of
consuming vegetables (almost every meal, twice in a day, less than once in a day). 4 Cereal intakes were calculated
as the summed value of intakes from rice, noodles, and bread.

4. Discussion

In our analysis of 135 Japanese preschool children, we found that frequently eating vegetables
first at a meal was associated with higher intake of vegetables, and suggestively higher intakes of
fruits and fish and lower intake of bread, independent of energy intake. To our knowledge, this is the
first study examining frequency of eating vegetables first at a meal and its association with intake of
various food groups among Japanese preschool children. The multi-dish style in the Japanese meal
culture allowed us to closely examine the role of eating vegetables first at a meal on the intakes of
commonly consumed foods among Japanese preschool children.

Our results were consistent with the previous study findings on consuming vegetables during
early phase of a meal and greater vegetable consumption. A cross-over study conducted among
preschool children in the U.S. found that doubling the portion size of vegetables as the first course led
to a subsequent 47% increase in vegetable consumption at a given meal [14]. The same research group
conducted other studies examining the role of serving vegetable dishes in the early phase of a meal.
They reported similar findings that consuming a vegetable dish early led to increased meal vegetable
intake and decreased meal energy intake [12,13]. Based on these study findings, placing vegetable
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dishes earlier during the course of a meal can be advocated as a strategy to encourage vegetable intake
among children who have insufficient vegetable consumptions. Indeed, serving-vegetable-first has
been demonstrated as an effective way to increase vegetable consumption among school children in
other settings [22].

In addition to the significant association with higher vegetable intake, we also observed that
frequently eating vegetables first at a meal was associated with suggestively higher intakes of fruits
and fish, and it was not associated with higher intakes of the food groups that were considered less
healthy, such as bread and sweets. In fact, compared with the group of children reported as not often
or never eating vegetables first at a meal, the group of children eating vegetables first every time
had suggestive lower intakes in bread and sweets (Tables 2 and 3). Further, eating vegetables first
more frequently at a given meal did not seem to be associated with increased meal energy intake,
which was also consistent with the previous study findings (Table 2) [14]. Therefore, it may be implied
that frequently eating vegetables first at a meal was not associated with higher intake of unhealthy
food or higher intake of energy. Considering the healthy benefits of eating vegetables, fruits, and fish
and current dietary guidelines on limiting intake of refined carbohydrates, our results suggested the
possibility of using frequency of eating vegetables first at a meal as a useful tool to assess the overall
dietary quality among Japanese preschool children [16,23–31].

Our study provided preliminary evidence that assessing frequency of eating vegetables first at a
meal might serve as a convenient and useful method for the policymakers to identify the population
of children with generally low vegetable consumption and possibly suboptimal diet quality, and to
subsequently develop community interventions or guidelines to improve their diet. Findings from
our study also provide useful insights for future interventional studies to further pursue this area of
research in order to draw causal conclusions on frequency of eating vegetables first at a meal and
increasing total vegetable intake among preschool children in Japan.

There are some limitations in our study. First, with a small sample size (n = 135), the statistical
power of our study was limited. Therefore, the null associations observed in some food groups may be
interpreted as either no association or a possible association but underpowered. In addition, since
we collapsed the groups of “not often” and “never” into one group due to the limited sample size,
we were unable to separately examine the food intakes for those two groups. Furthermore, a small
sample size may limit the generalizability of our results. Therefore, future studies with greater sample
size and sufficient statistical power should be conducted to address such limitations. Second, given
the cross-sectional nature of the study, our results can only be interpreted as findings of associations.
Therefore, we cannot make the causal interpretation that eating vegetables first at a meal will lead to
higher vegetable intake. However, our results still suggest that frequently eating vegetables first at the
start of a meal is informative of higher total vegetable consumption among Japanese preschool children.
Lastly, similar to other nutritional studies, diet was likely to be measured with errors, as the validity
and reliability of BDHQ3y filled out by the caregiver may not be high enough to accurately capture
the regular dietary pattern of the Japanese preschool children. With respect to the dietary behaviors
survey, since it was structured as questions with a reasonable number of choices, misclassification was
likely to be low.

5. Conclusions

In conclusion, our study on 135 Japanese preschool children suggested that compared with
children who did not eat vegetables first, eating vegetables first at a meal more was associated with
a higher total vegetable intake. Larger-scale studies with a geographically diverse population of
preschool children should be conducted to further confirm our findings. Future intervention studies or
randomized trials are warranted to further examine the causal role of eating vegetables first at a meal
on increasing healthy foods consumptions among Japanese preschool children.
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Abstract: Background: The rising trend in allergic diseases has developed in parallel with the
increasing prevalence of obesity, suggesting a possible association. The links between eating habits
and allergies have not been sufficiently clarified. Aim: To evaluate the nutritional status, eating habits,
and risk factors of obesity and pulmonary function in children with allergic rhinitis. Materials and
methods: We evaluated 106 children with allergic rhinitis (mean age 12.1 ± 3.4 years; M/F 60/46) from
the Department of Allergology. Clinical data were collected regarding allergies, physical activity,
nutritional status (Bodystat), dietary habits (Food Frequency Questionnaire validated for the Polish
population), skin prick test with aeroallergens (Allergopharma), and spirometry (Jaeger). Results:
All children suffered from allergic rhinitis; among them, 43 (40.6%) presented symptoms of asthma.
There were differences between children with only allergic rhinitis (AR group) and children with
both rhinitis and asthma (AA group) in pulmonary function (forced expiratory volume in one second
(FEV1) 100 ± 11 vs. 92.1 ± 15.0; p < 0.05). A total of 84 children (79%) presented a normal body mass
index (BMI) (10–97 percentile), 8 (7.5%) were underweight, and 14 (13.5%) were overweight or obese.
There were no differences in body composition between the AR and AA groups. Incorrect eating
habits were demonstrated by most of the children, e.g., consumption of three or fewer meals in a
day (38%), sweets every day (44%), snacking between meals every day (80%), and eating meals less
than 1 h before bedtime (47%). Compared to the AR group, the AA group was more likely to eat
more meals a day (p = 0.04), snack more often (p = 0.04), and eat before sleeping (p = 0.005). Multiple
regression analysis showed a significant association between high BMI and snacking between meals
and low physical activity (adjusted R2 = 0.97; p < 0.05). Conclusions: The risk factors for obesity in
children with allergies include snacking and low physical activity. Most children with respiratory
allergies, especially those with asthma, reported incorrect eating habits such as snacking and eating
before bedtime. A correlation between pulmonary function and body composition or dietary habits
was not found.

Keywords: nutritional status; obesity; dietary habits; allergy; pulmonary function; allergic
rhinitis; asthma

1. Introduction

The incidence of allergic diseases in Poland is increasing concomitantly with improvements in
living standards and the adoption of a Western lifestyle. The most common clinical manifestation of
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hypersensitivity to inhalant allergens is allergic rhinitis (AR), which is one of the strongest factors
affecting the quality of life and contributing to missed or unproductive time at work and school.
In Europe and the United States, a significant increase in allergic diseases has been observed in
recent decades [1,2]. In addition, the multicenter, standardized, randomized Epidemiology of Allergic
Disorders in Poland (ECAP) study showed a prevalence of AR among the Polish population of 36%
based on self-reported nasal symptoms, and 29% as diagnosed by physicians [3].

Among children with allergies, decreased involvement in outdoor activities and increased
problems with concentration, sleep problems, and headaches are seen; moreover, children with AR
often also suffer from asthma [4]. It is estimated that up to 40% of people with AR also have asthma,
and almost 70% of asthmatics present coexisting AR [5,6]. In the Polish population, the asthma rate
was 8% in children and adolescents according to the ECAP study, of which 70% of asthmatics presented
with AR, while asthma occurred in 40% of patients with AR [7].

It is known that not only hygiene habits and exposure to allergens, tobacco smoke,
and environmental pollution, but also a poor-quality diet, high caloric intake, overweight, and obesity
in children and adolescents are important environmental factors that are conducive to the development
of allergies [8,9]. Epidemiological and clinical studies suggest a relationship between obesity and
allergic rhinitis as well as bronchial asthma [10,11].

In recent years, a significant increase has been noted in the incidence of obesity in children and
adolescents in many European countries [12]. Excess body mass was diagnosed in 2% of Polish children
in the 1990s, and in 15% of children 20 years later [13–15]. The authors of these studies indicated
increased changes in lifestyle and nutritional habits as the causes of increased childhood obesity, i.e.,
consumption of sweets and unhealthy food; limited consumption of fruits, vegetables, and whole
grains; and limited physical activity. In recent decades, fast foods have become a significant component
of the diet in Westernized high-income countries, and now also for young people in Poland.

Children with allergic diseases present numerous risk factors for poor nutrition status. There are
few studies describing dietary habits and their impact on the nutritional status of people with respiratory
allergies. Although allergies are chronic and common diseases, these issues have not yet been clarified.
Moreover, early diagnosis of excess body weight in children with allergic diseases, including asthma,
seems to be important due to the course and treatment of the disease [16]. Therefore, the aim of this
work was to evaluate the pulmonary function, nutritional status, eating habits, and risk factors of
obesity in children and adolescents with AR.

2. Methods

2.1. Study Design

In this single-center, cross-sectional study, we evaluated, for the first time pediatric patients with
symptoms of persistent rhinitis who visited the Department of Allergology of the Medical University
in Gdańsk, Poland, between 2015 and 2017. The study was performed in compliance with the Code of
Ethics of the World Medical Association (Declaration of Helsinki). The study protocol was approved
by the Gdańsk Medical University Ethics Committee, and written informed consent was obtained from
the parents of each patient. The study was supported by local research grant no. ST-554.

2.2. Patients

Inclusion criteria for the study were as follows: (1) age 7–18 years old, (2) persistent allergic rhinitis
(duration at least 6 months in the last 12 months) never diagnosed and never treated with antihistamine
drugs, (3) ability to perform spirometry, and (4) signed consent from parents to participate in the study.

Patients were evaluated according to the study protocol by a multidisciplinary team (allergologist,
pediatrician, dietician). Children with persistent rhinitis symptoms in the last 12 months who had
never been diagnosed and treated with anti-allergic or anti-asthmatic drugs were enrolled in the
study (Visit 1, screening). During the next visit (Visit 2), allergy was confirmed by skin prick test,
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AR was diagnosed according to Allergic Rhinitis and Its Impact on Asthma (ARIA) [6], and asthma
according to Global Initiative for Asthma (GINA) guidelines [17]. The medical history and spirometry
results indicated newly diagnosed asthma in 43 patients; therefore, patients were divided into two
groups: allergic rhinitis (AR group), and allergic rhinitis and asthma (AA group). Anthropometry,
bioimpedance assessment, and dietary habits based on Food Frequency Questionnaire (FFQ-6) were
collected and compared between the two groups. The scheme of the study is presented in Figure 1.

 

Figure 1. Study design.

Allergy background was confirmed with skin prick test to aeroallergens (Dermatophagoides

pteronyssinus, Dermatophagoides farinae; cat, dog; Alternaria alternata, Cladosporium herbarum; pollens:
grass mix, rye, birch pollen, alder, hazel; Allergopharma, Germany). Children with food allergies and
atopic dermatitis were excluded from the study because of the frequent use of elimination diets.

Spirometry with a reversibility test (400 µg salbutamolum) was performed using a MasterScreen
Pneumo spirometer, Jaeger Company, Germany. Forced expiratory volume in one second (FEV1),
forced vital capacity (FVC) and forced expiratory flow (FEF25–75) were measured in accordance with
the procedures recommended by the European Respiratory Society [18] and presented as percentage
of predicted value (pv).

2.3. Nutritional Habits

Data were collected by face-to-face interviews using a researcher-designed standardized
questionnaire based on the Food Frequency Questionnaire (FFQ-6) and validated for the Polish
population [19]. The FFQ-6 is the most common dietary assessment tool used in large epidemiological
studies of diet and health and is validated for the population. The self-administered FFQ-6 asks
participants to report the frequency of consumption of approximately 62 line items over a defined
period of time (last year). Each line item is defined by a series of foods or beverages. The FFQ-6 includes
an assessment of eight food groups (sweets and snacks, dairy products and eggs, grain products,
fats, fruits, vegetables and grains, meat products and fish, drinks). Respondents have a choice of six
categories of food consumption frequency: (1) never or almost never, (2) once a month or less often,
(3) several times a month, (4) several times a week, (5) daily, and (6) several times a day. The FFQ-6
also includes questions on eating habits, i.e., meal intake frequency and snacking between meals.

The following information was obtained: the number of meals in a day, amount of sweets consumed
in a week, amount of fast-food eaten in a month, time of last meal before bedtime, and snacking
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between meals. Fast food was defined as mass-produced food prepared and served very quickly, with
poor nutritional quality (hamburgers, takeaways, and carbonated soft drinks).

2.4. Physical Activity

The subjects were assigned to four categories depending on their level of physical activity:
sedentary lifestyle (up to 2 h per week), low (3–5 h per week), moderate (6–7 h per week), and high
(more than 8 h per week). One hour of physical activity corresponded to one hour of classroom
attendance (45 min). Subjects were classified as having a sedentary lifestyle if only sometimes present
during gym classes or not exercising at all. The low physical activity group attended gym class in
school and an additional hour, e.g., swimming. Children identified as high activity trained in some
kind of sport.

2.5. Nutritional Status

Body height was measured by stadiometer and body mass by electronic scale (Tanita Inc.,
Amsterdam, The Netherlands) by a nurse during the first visit. Body mass index (BMI) was calculated
by dividing body mass in kilograms by the square of height in meters. Based on centile charts for
sex and age for the Polish population—OLAF/OLA project—percentiles of BMI were specified [20].
According to the OLAF/OLA charts, above the 90th percentile is overweight, above the 97th percentile
is obese, and below the 10th percentile is underweight. Body composition values of fat mass (FAT),
fat-free mass (LEAN), and water content were measured via the bioimpedance method using a BodyStat
1500 (Bodystat Ltd., Ballafletcher, UK).

2.6. Statistical Analysis

Differences for somatic traits and between AR and AA groups were evaluated using Student’s
t-test or using the Mann-Whitney test for asymmetrical distributions. Distributions of values for
somatic traits were evaluated using the Kołmogorov-Smirnov test. Differences between qualitative
data were compared using the χ2 test. The association between obesity risk factors and BMI percentile
was determined using linear multivariate regression analysis. Differences were considered significant
at p < 0.05. All analyses were carried out using the Statistica 10.0 software package.

3. Results

3.1. Patients

Allergic rhinitis was diagnosed in all 106 patients included in the study; among them, asthma was
newly diagnosed in 43 (40.6%). Subjects with only allergic rhinitis were classified into the AR group and
those with both allergic rhinitis and atopic asthma into the AA group (see Figure 1). All 106 children
(100%) had a positive skin prick test to house dust mite (HDM; D. farinae and/or D. pteronyssimus),
among which 40 (37.7%) were also positive to grass pollen (n = 29) and animals (n = 11).

Children in the AA group had a positive reversibility test and lower FEV1 % predicted volume
than children in the AR group. The basic characteristics of the study groups and the spirometry
parameters are presented in Table 1.

3.2. Eating Habits and Physical Activity

The results of the eating habits and physical activity assessment are presented in Table 2.
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Table 1. Clinical and lung function characteristics of patients.

Parameters
All Children *

n = 106
AR Group

n = 63
AA Group

n = 43
p-Value AR

vs. AA

M/F 60/46 38/25 22/21 0.34
Age (years) mean ± SD (range) 12.2 ± 3.5 (7–18) 13.3 ± 3.5 (7–18) 11.5 ± 3.2 (7–18) 0.01
Tobacco smoking exposure n (%) 21 (19.8%) 15 (24%) 6 (28%) 0.21

Animal at home n (%) 49 (50.7%) 32 (50.7%) 17 (39.5%) 0.25
Family allergies n (%) 65 (61%) 34 (53%) 31 (72%) 0.09

Spirometry mean % pv ± SD

FEV1 95.4 ± 16.3 100.0 ± 11.1 92.1 ± 15.0 0.05
FVC 95.1 ± 10.0 97.1 ± 10.1 94.0 ± 10.9 0.13

FEV1%FVC 108.8 ± 9.9 102.0 ± 4.4 99.0 ± 9.2 0.16
PEF 86.7 ± 16.0 90.2 ± 15.4 84.2 ± 15.9 0.06

AR: allergic rhinitis; AA: atopic asthma; FEV1: forced expiratory volume in one second; FVC: forced vital capacity;
PEF: peak expiratory flow; pv: predicted value; n: number of subjects. * All children (n = 106) had a positive skin
prick test.

Table 2. Eating habits and physical activity assessment.

Parameters
All Patients

n = 106
AR Group

n = 63
AA Group

n = 43

Meals (number per day)

2 4 (3.7%) 3 (4.7%) 1 (2.3%)
3 35 (33.0%) 19 (30.1%) 16 (37.2%)
4 31 (29.2%) 16 (25.6%) 15 (34.8%)

5 or more 36 (34.1%) 25 (39.6%) 11 (25.7%)

Sweets (days per week)

1 12 (11.5%) 7 (11.1%) 5 (11.6%)
2–3 29 (27.3%) 19 (30.1%) 10 (23.2%)
4–6 18 (16.9%) 10 (15.8%) 8 (18.6%)

every day 47 (44.3%) 27 (43.0%) 20 (46.6%)

Fast food (days per month)

never 17 (16.0%) 12 (19.0%) 5 (11.6%)
1 52 (49.0%) 32 (50.7%) 20 (46.6%)

2–3 27 (25.4%) 13 (20.6%) 14 (32.5%)
4–6 9 (8.7%) 6 (9.7%) 3 (7.0%)

every day 1 (0.9%) 0 (0.0%) 1 (2.3%)

Last meal before sleep (hours to bedtime)

<1 52 (49.0%) 30 (47.6%) 22 (51.1%)
1 20 (18.8%) 7 (11.1%) 13 (30.2%)
2 13 (12.4%) 11 (17.4%) 2 (4.6%)
>2 21 (19.8%) 15 (23.9%) 6 (14.1%)

Snacking between meals

yes 85 (80%) 50 (79.3%) 35 (81.4%)
no 21 (20%) 13 (20.7%) 8 (18.6%)

Physical activity

sedentary lifestyle 9 (8.4%) 4 (6.3%) 5 (11.6%)
low 58 (54.7%) 40 (63.4%) 18 (42.0%)

moderate 27 (25.4%) 12 (19.2%) 15 (34.8%)
high 12 (11.5%) 7 (11.1%) 5 (11.6%)

AR: allergic rhinitis; AA: atopic asthma; n: number of subjects.
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3.2.1. Number of Meals

The majority of children reported eating three (33.4%), four (29.2%), or five (34.1%) meals per day.
Children with AA ate more frequently than children with AR (χ2 = 12.9; p = 0.04).

Thirty-five children (34%) did not eat regularly; their meals were at different hours each day.
There was no difference in meal regularity between AR and AA groups (χ2 = 0.26; p = 0.60).

3.2.2. Sweets

Almost half of the patients (47; 44.3%) ate sweets every day, in comparison to 12 (11.5%) who
consumed sweets only one day per week. There was no difference in the consumption of sweets
between AR and AA groups (χ2 = 2.5; p = 0.88).

3.2.3. Snacks

Eight-seven children (80%) snacked (sweet and salty snacks) between meals, 81.4% in the AA
group and 79.3% in the AR group. There was no difference in snack consumption, but deeper analysis
showed the AA group consumed more salty snacks than AR group (χ2 = 0.59; p = 0.04).

All overweight and obese children (AR and AA) snacked significantly more often between meals
(χ2 = 9.46, p = 0.01) than children with normal BMI.

3.2.4. Fast Food

Seventeen patients (16.0%) had never eaten fast food. Most of the children (84%) ate fast food;
half of them (n = 52) ate it very rarely (once a month) and 8.7% ate it 4–6 times per month. There was
no difference in fast food consumption between AR and AA groups (χ2 = 6.3; p = 0.50).

3.2.5. Meals before Bedtime

It was found that children most often consumed their last meal of the day 0.5–2 h before bedtime;
a total 12.4% (n = 13) did so 2 h before falling asleep, 19.8% (n = 21) did so much earlier (from 2.5 to 3 h
before bedtime), and 49% (n = 52) ate the last meal <1 h before sleeping. Children with AA ate the last
meal 1 h before sleep more frequently than those in the AR group (χ2 = 19.4; p = 0.005).

3.3. Physical Activity

The mean physical activity was 5 h per week. Most children (55%) reported 3–5 h/week physical
activity. These children had only physical education (PE) at school and 1 h of additional activities after
school (swimming or games). Children with AR reported low (63.4%; n = 40) and moderate (19.2%;
n = 12) physical activity; similarly, children with AA reported low (42.0%; n = 8) and moderate (34.8%;
n = 15) activity. There was no difference in physical activity between the AR and AA groups (χ2 = 13.1;
p = 0.15). There was a negative correlation between physical activity level and BMI centile in the whole
study population (Spearman’s R = –0.19; p < 0.05).

3.4. Nutritional Status and Body Composition

Obesity was diagnosed in six children (6.0%) and eight were overweight (7.5%). In the AA group,
obesity was present in 4.7% compared to 6.9% in the AR group (χ2 = 3.58; p = 0.30). The results of
body composition measurement are presented in Table 3. There was no difference between the AR and
AA groups.

3.5. The Multifactorial Linear Regression Analysis

Multifactorial linear regression analysis showed an association (independent of age) between BMI
percentile and both snacking and physical activity level (see Figure 2 and Table 4).
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Table 3. Nutritional status and body composition in studied groups.

Parameters All Patients
AR Group

n = 63
AA Group

n = 43
p-Value AR

vs. AA

Anthropometric data, mean ± SD (range)

Weight (kg) 47.1 ± 17.9 (18–98.2) 51.3 ± 17.9 (21–95) 44.5 ± 17 (18–92) 0.06
Height (cm) 154.6 ± 19.1 (110–185) 160.3 ± 17.1 (116–182) 151.4 ± 19.2 (110–185) 0.03

BMI (percentile) 45.5 ± 32.1 (1–99) 41.6 ± 31.1 (5–99) 47.9 ± 33.1 (1–99) 0.63

BMI, n (%)

Underweight BMI <10th percentile 8 (7.5%) 5 (7.9%) 3 (6.9%) 0.81
Normal BMI, 10th–90th percentile 84 (79.0%) 52 (82.5%) 32 (74.4%) 0.43

Overweight BMI, 90th–97th percentile 8 (7.5%) 3 (6.9%) 5 (11.0%) 0.57
Obesity BMI, >97th percentile 6 (6.0%) 3 (4.7%) 3 (6.9%) 0.89

Body composition; mean ± SD (range)

Body fat (%) 29.6 ± 20.6 (1–90) 20 ± 15.4 (3–70) 21.5 ± 17 (1–90) 0.14
Body fat (kg) 9.2 ± 4.8 (1–30) 8.2 ± 4.7 (2–31) 7.9 ± 3.9 (1–17) 0.94

LEAN (%) 70.3 ± 20.6 (8.9–89) 79 ± 16.5 (21–89) 78.1 ± 17.1 (8.9–56) 0.42
LEAN (kg) 27.9 ± 17.3 (2–24) 39.5 ± 17.6 (6–24) 36.8 ± 17.4 (2–24) 0.23

AR: allergic rhinitis; AA: atopic asthma; BMI: body mass index; LEAN: lean body mass.

 

 

− −

Figure 2. Association between body mass index (BMI) percentile and risk factors for obesity in all
studied groups (adjusted R2 = 0.97; p < 0.05). %F: percentage of body fat; FEV1: forced expiratory
volume in one second. Legend: red line means < 25th percentile, black line 25th–89th percentile, grey
line 90th–97th percentile and yellow line >97th percentile.

Table 4. Multivariate regression model predicting BMI value (adjusted R2 of the model was 0.97,
p < 0.05).

Regression Model B Standard Error Beta p-Value

Constant 16.7 2.84 <0.001
Snacking 2.07 0.94 0.21 0.03
Fat%pv −0.05 0.02 −0.21 0.058

FEV1%pv 0.03 0.02 0.11 0.23
Physical activity –1.02 0.46 –0.21 0.028

FEV1: forced expiratory volume in one second; B: Regression coefficient B; Beta: beta standardized
regression coefficient.
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4. Discussion

In the present study, we evaluated the nutritional status and dietary habits of Caucasian children
with allergic rhinitis alone or with co-existing asthma. Although all of the children presented respiratory
allergy symptoms at least 12 months before the study, they were never diagnosed with allergies and
had not previously been treated with an antihistamine or anti-asthmatic drugs before.

The most important finding of the study is that the majority of children with respiratory allergies
reported incorrect eating habits and low physical activity, with 7.5% being overweight and 6.0% being
obese. In the study population, excess body weight was significantly associated with snacking between
meals and low physical activity.

4.1. Nutritional Status

Unexpectedly, the prevalence of overweight and obesity among allergic children was similar to the
population of healthy children in Poland [13,14,21,22]. This aligned with data from the International
Obesity Task Force (IOTF) showing that approximately 10% of children worldwide are overweight [12].

Although AR is a common disease, most authors focus on children with food allergies or asthma.
These studies have suggested that adiposity indicators are associated with asthma, asthma severity,
and atopy [23,24]. It is obvious that a positive energy balance is associated with changes in immune
system functioning, including chronic inflammation, which is clearly an unfavorable phenomenon [22].
Overweight and obese children with allergic diseases have metabolic derangements, and obesity may
have an impact on inflammation and clinical symptoms in asthma. The cause of impact of the obesity
on asthma risk is still unknown. Potential etiologies include airway smooth muscle dysfunction from
thoracic restriction, obesity-related circulating inflammation priming the lung, and obesity-related
comorbidities mediating asthma symptom development. Studies suggest that obesity in children with
asthma appears to be associated with greater airflow obstruction and a mildly diminished response to
inhaled corticosteroids [25]. Additionally, anti-allergic and anti-asthmatic medications may be risk
factors for obesity and physiological factors associated with puberty, also intensifying the tendency to
gain weight in adolescents [23]. In our study, we did not take into account the effects of medicines
because all of the children were newly diagnosed with respiratory allergies and had not been treated
with an antihistamine or anti-asthmatic drugs. This may be one of the reasons for the relatively small
number of children with obesity observed in our study.

Recent prospective evidence supports the notion that increased body weight precedes asthma
development, but there is an ongoing debate as to whether obesity directly increases this risk or
whether patients first experience asthma and then become overweight or obese, possibly because of
respiratory constraints and reduced physical activity [26].

There are only a few studies on nutritional status and allergic rhinitis. A cross-sectional study
of obesity indicators and AR in 8165 participants from the 2005–2006 National Health and Nutrition
Examination Survey (NHANES) showed that overweight and obesity were associated with increased
risk of AR in adults, but no such evidence was found among children [27].

Interestingly, in our study, although children with co-existing asthma were younger than and
not as tall as the children with only AR, they had similar weight. However, there were no statistical
differences between the number of overweight and obese children and body composition (FAT, LEAN)
in the two groups. This is interesting because other authors have reported more than 50% of children
with excessive body weight among children with asthma [28]. Spirometry parameters also did not
correlate to BMI, body fat, and lean body mass content in the whole study group, although pulmonary
function tests were lower in asthmatics. There were no differences in terms of family burden between
allergy, asthma, obesity, exposure to tobacco smoke, and pet allergens.
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4.2. Dietary Habits

Our study showed that incorrect eating habits were reported by most of the children with allergies,
such as frequent consumption of fast foods and sweets, snacking between meals, and eating meals less
than 1 h before bedtime.

Many studies have confirmed that fast-food consumption is linked to childhood obesity [29,30].
The multicenter International Study of Asthma and Allergies in Children (ISAAC) showed that fast
food consumption is high in childhood (6–7 years), increases in adolescence (13–14 years), and is
associated with higher BMI [31]. In our study, 35% of the children reported fast food consumption at
least several times a month. This result is similar to the ISAAC results, showing that 27% of children
and 52% of adolescents reported more than weekly fast food consumption [31]. We did not find an
association between dietary habits and pulmonary function. There were also no differences in fast food
consumption between children with asthma and those with only rhinitis. These results are different
from those reported by other authors, suggesting that fast food consumption may contribute to the
increasing prevalence of asthma, rhinoconjunctivitis, and eczema in adolescents and children [31].
Other results from case-control [32–34] and cross-sectional [35–40] studies indicate that consumption
of fast foods is significantly related to current asthma and allergic rhinitis (pollen fever). Wang et al.
suggested that the amount of processed foods eaten correlates with the frequency and severity of
asthma [29].

Another important finding from this study was that approximately 80% of children with respiratory
allergies snacked between meals every day. Moreover, although all children with excess body mass
consumed more snacks compared to normal-weight patients and reported low physical activity,
asthmatics consumed snacks more frequently (χ2 = 0.59; p = 0.04) and were more likely to eat their
last meal of the day 1 h before sleeping (χ2 = 19.4; p = 0.001). Similar results were seen in the
PANACEA study, which showed that among a population of 700 Greek children 10–12 years old with
a 23.7% prevalence of asthma symptoms, almost half the children reported salty snack consumption
≥1 times/week [41]. In the cited study, consumption of salty snacks >3 times/week (vs. never/rarely)
was associated with a 4.8 times higher likelihood of having asthma symptoms, irrespective of potential
confounders. The authors noted that the association of salty snack eating and asthma symptoms was
more prominent in children who watched television or played video games >2 h/day [41].

Unlike other researchers, we studied the times of meals consumed and found, interestingly,
that almost half of the children ate in the last hour before bedtime. This incorrect habit was more
common in children with asthma symptoms. There are well-known factors that affect and exacerbate
inflammation in the lower respiratory tract in asthmatics, such as infection or gastroesophageal reflux.
Eating immediately before bed might have contributed to the formation of gastroesophageal reflux and
bronchial hyperreactivity in the studied group of children with AR. This is also interesting because
children with AR differed compared to asthmatics in lung function (FEV1%pv), but not in nutritional
status or other eating habits except for snacking and meals consumed less than 1 h before bedtime.
Unfortunately, we did not study the symptoms of gastroesophageal reflux, and we, therefore, cannot
form any specific conclusions.

Braithwaite et al. [31] postulated some possible mechanisms to explain the relationship between
asthma and allergic disease and the consumption of fast food, which may involve higher concentrations
of saturated fatty acids, trans fatty acids, sodium, carbohydrates, and sugar, as well as preservatives
that may modulate immune reactions. Consumption of processed foods reduces the consumption
of foods that are rich in protective nutrients, such as fruits and vegetables. A reduced intake of
fruits and vegetables, which have antioxidative and anti-inflammatory properties, is likely to have
an unfavorable impact on asthma prevalence/management [42]. Additionally, indications are that a
diet poor in antioxidants is a key factor influencing the development of allergic diseases; a Western
lifestyle and processed food consumption can also cause reduced exposure to microbial products and a
changed microbiome, which are thus possible causes of the increase in allergic disease [43].
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4.3. Physical Activity

In our study, children from both groups (AR and AA) in over 50% reported low physical activity.
It is well known that a lack of exercise increases the risk of obesity. This was confirmed by research in
the Phase 3 ISAAC trial, in which television viewing (5+ h/day vs. <1 h/day, p < 0.001) (the group
with low physical activity) was statistically significantly associated with higher BMI in comparison to
vigorous physical activity (3+ h/week vs. never, p < 0.001) (the group with high physical activity) in
adolescents. The authors also suggested that current behaviors are more important than other factors
such as birth weight, breastfeeding, current maternal or paternal smoking in early childhood in the
development of obesity [24].

A few studies have shown a relationship between physical activity and allergy. In the ISAAC study,
associations were found between vigorous physical activity and a sedentary lifestyle for 13-year-olds
with allergic rhinoconjunctivitis. Mitchell et al. showed that several hours of TV viewing was associated
with symptoms of current asthma in adolescents [24]. Similarly, studies indicate that physical activity
could be protective against the development of asthma [44]. On the other hand, Byberg et al. found no
association between physical activity and allergic rhinoconjunctivitis [45].

Our results do not contradict the association between pulmonary function and physical activity
but show a correlation between physical activity level and BMI percentile in the whole study population
(Spearman’s R = –0.19; p < 0.05).

Our study provides two very important issues in the study of respiratory affections such as allergy
and asthma. These are the fact that this is the first study on nutrition carried out in newly diagnosed AR
teenagers, before any medication that could mislead any result and the fact that this is another study
from a few existent about nutrition in respiratory allergy. The limitation of our study is the relatively
small group of patients; therefore, a more accurate analysis was not possible, for example based on age
or sex. This study is not generalizable to the Polish population because it was performed in a clinical
sample of children. Although the relationship between incorrect dietary habits, low physical activity,
and obesity in children with respiratory allergies is supported by our findings, no conclusions about
causality can be made due to the cross-sectional design.

Further studies with large groups are necessary to determine the relationship between respiratory
allergy, body weight, and diet.

5. Conclusions

The risk factors of obesity in allergic children were found to be snacking and low physical activity.
Most children with respiratory allergies, especially asthmatics, reported incorrect eating habits such as
snacking and eating before bedtime. A correlation between pulmonary function and body composition
or dietary habits was not found.

Our study also indicated that in groups of children with respiratory allergies, there is a need for
correction of diet and lifestyle. We suggest that early dietary correction may be helpful for children
with allergic rhinitis and a high risk of asthma.
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7. Samoliński, B.; Raciborski, F.; Lipiec, A.; Tomaszewska, A.; Krzych-Fałta, E.; Nowicka, A. Epidemiology of
allergic diseases in Poland. Pol. J. Allergol. 2014, 1, 10–18.

8. Nagel, G.; Weinmayr, G.; Kleiner, A.; Garcia-Marcos, L.; Strachan, D.P. Effect of diet on asthma and allergic
sensitisation in the International Study on Allergies and Asthma in Childhood (ISAAC) phase two. Thorax.

2010, 65, 516–522. [CrossRef]
9. Rosenheck, R. Fast food consumption and increased caloric intake: A systematic review of a trajectory

towards weight gain and obesity risk. Obes. Rev. 2008, 9, 535–547. [CrossRef]
10. Leynaert, B.; Neukirch, C.; Liard, R.; Bousquet, J.; Neukirch, F. Quality of life in allergic rhinitis and asthma:

A population-based study of young adults. Am. J. Respir. Crit. Care. Med. 2000, 162, 1391–1396. [CrossRef]
11. Bernstein, J.A. Allergic and mixed rhinitis: Epidemiology and natural history. Allergy Asthma Proc. 2010, 31,

365–369. [CrossRef] [PubMed]
12. International Obesity Task Force. Prevalence of overweight and obesity in a number of countries

(global prevalence database) [in:] European Union Public Health Information System 2007. Available
online: http://www.euro.who.int/__data/assets/pdf_file/0005/96980/2.3.-Prevalence-of-overweight-and-
obesity-EDITED_layouted_V3.pdf (accessed on 12 June 2018).

13. Oblacinska, A.; Wroclawska, M.; Woynarowska, B. Frequency of overweight and obesity in the school-age
population in Poland and health care for pupils with these disorders. Ped. Pol. 1997, 72, 241–245.

14. Mazur, A.; Malecka-Tendera, E.; Lewin-Kowalik, J. Overweight and obesity in primary school children from
the Podkarpatian Region. Ped. Pol. 2001, 76, 743–748.

15. Lipowicz, A.; Opuszalska, M.; Kolodziej, H.; Szklarska, A.; Bielicki, T. Secular trends in BMI and the
prevalence of obesity in young Polish males from 1965 to 2010. Eur. J. Public Health 2015, 25, 279–282.
[CrossRef]

16. De, A.; Rastogi, D. Association of pediatric obesity and asthma, pulmonary physiology, metabolic
dysregulation, and atopy; and the role of weight management. Expert Rev. Endocrinol. Metab. 2019, 14,
335–349. [CrossRef]

17. Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention. 2020. Available
online: www.ginasthma.org (accessed on 3 April 2018).

18. Miller, M.R.; Crapo, R.; Hankinson, J.; Brusasco, V.; Burgos, F.; Casaburi, R.; Coates, A.; Enright, P.; van der
Grinten, C.P.M.; Gustafsson, P.; et al. General consideration for lung function testing. Eur. Respir. J. 2005, 26,
153–161. [CrossRef]

19. Niedzwiedzka, E.; Wadolowska, L.; Kowalkowska, J. Reproducibility of a Non-Quantitative Food Frequency
Questionnaire (62-Item FFQ-6) and PCA-Driven Dietary Pattern Identification in 13–21-Year-Old Females.
Nutrients 2019, 11, 2183. [CrossRef]

20. Kułaga, Z.; Litwin, M.; Tkaczyk, M.; Palczewska, I.; Zajączkowska, M.; Zwolińska, D.; Krynicki, T.;
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Abstract: The objective of this pilot study was to investigate the effect of a specially developed serious
game to improve food behavior in families with children aged 5–13 years using mixed methods.
Fourteen families were randomized into a game-group and a non-game-group and divided into age
groups (game-children (GC), game-parents (GP), non-game-children (nGC), and non-game-parents
(nGP)). The families completed a baseline test, a three-week intervention period with or without a
game element, and a follow-up test. Qualitative results showed a positive change in food behavior
in all families. Quantitative results mainly showed an effect in food neophobia as a decrease was
seen in all groups; however, it was only significant (p < 0.05) in three groups (GP, nGC, nGP).
No changes were seen in willingness to taste, and only limited changes in liking and number of
words used to describe the stimuli. In conclusion, qualitative results showed positive change in the
children’s food behavior in most families, indicating a positive effect of performing tastings and tasks
together as a family—regardless of the presence of a game element. However, this was not as clear in
the quantitative data, indicating that current quantitative tools are less suited to measure complex
concepts like willingness to taste.

Keywords: serious game; gamification; eating behavior; food neophobia; willingness to taste

1. Background

Low intake of fruit and vegetables (F&V) was according to WHO among the top 10 leading
risk factor causes of death in middle- and high-income countries and among 6 diet-related risks of
disability-adjusted life years in 2004 [1]. Surveys from 2005 [2] and 2014 [3] showed F&V intake among
European 11-year-old children to be below the recommended levels of 400 g/day [4].

Issanchou and Nicklaus [5] put together a conceptual framework showing a number of different
concepts determining children’s food choice, one of these being experience and social influence from
parents and peers. Genetics will affect children’s sensory perceptions, and parenting style will further
be determining preferences, choices, and intake [5]. This has also been shown in experimental research,
like a recent review of different strategies to change children’s eating behavior [6]. Parental control
and using rewards/instrumental feeding was shown to largely impact eating behavior both positively
and negatively. Examples of such strategies are availability of food in the household, restriction of the
amount of food a child is allowed to eat, and use of rewards to get children to eat particular foods [6].

A report on vegetable consumption in Denmark showed intake to be limited to only a few
types of vegetables such as carrot, onion, and tomato [7]. The most limiting factors of vegetable
purchase in Danish families were found to be the lack of ideas on how to use and to get children to eat
different and new vegetables [7]. Children’s limited food choices are also a challenge in other countries.
For instance, a survey from Uruguay found similar results of low variety of vegetable intake and low
liking, and some vegetables were never offered to the children due to either parents not eating them
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themselves or not knowing how to prepare them [8]. To meet the national recommendations for fruit
and vegetable intake and to prevent picky eating and food neophobia (reluctance to eat new foods [9]),
these limiting factors should be addressed. Encouraging families to approach novel or disliked F&V
in a more explorative manner may reduce these limitations, e.g., through sensory exploration and
involvement [6], and increase in F&V intake.

The use of game elements to change eating behavior has gained more attention over the last two
decades [10–12]. Games created with the intention of developing skills and knowledge are classified
as serious games. Serious games were initially defined by Abt [13] as games that “ . . . have an explicit

and carefully thought-out educational purpose and are not intended to be played primarily for amusement.

This does not mean that serious games are not, or should not be, entertaining”. Playing games is usually
associated with fun social interactions of a competitive nature and is driven by both intrinsic and
extrinsic motivation [14,15], providing a hands-on approach. The latter has been found more effective
in increasing vegetable consumption in children compared to educational programs [6]. Thus, specially
designed games might be useful tools for motivating and encouraging exploration of a variety of foods,
including that of F&V, and to further promote a change in eating behavior.

Games have demonstrated potential for increasing children’s F&V consumption [16,17],
while studies on the effect of games on adults are scarce and show only little or no effect [18,19].
Investigation into the effect of games on families does not exist to the knowledge of the authors of this
study, constituting a gap in knowledge. This gap is particularly interesting as efforts made to change
eating behavior have been found to be more efficient when directed at the family level rather than
at the individual level [20], since parental food habits is one of the most important determinants of
children’s food choice and behavior [21].

Thus, the aim of this pilot study was to investigate if a specially developed serious game could
improve food behavior in relation to fruit and vegetables in families with children aged 5 to 13 years.
Food behavior was investigated through measures related to the game content: food neophobia and
willingness to taste, food vocabulary used to describe F&V, and qualitative measures.

2. Material and Methods

2.1. Recruitment and Randomization

Sixteen families were recruited through social media and a newsletter shared by the project Taste
for Life (a research and communication collaboration of scientists in Denmark with focus on taste,
www.taste-for-life.org) to participate in the pilot study. Inclusion criteria were no F&V allergies and
address in or around the area of Copenhagen for logistic reasons. Most participating families consisted
of two children and two parents. Some families contained one or two children in the target age group
and one child outside of the target age group, who participated in the game but not in the tests.
The families were randomly assigned to either a game group or a non-game. Two families (one game
and one non-game family) dropped out of the study before the baseline test; one for unknown reasons
and another due to illness. The game-group and non-game-group each contained seven families at the
beginning of the intervention. The study complied with the Helsinki declaration. After reviewing the
study protocol, the study was found not to require ethical approval (j.nr. 19007287). The data collection
and handling plan was approved by the institutional GDPR office (j.nr.: 514-0120/19-5000). Parents
gave written, informed consent on behalf of themselves and their children, and children agreed to
participate and for data to be used for scientific publications.

2.2. Intervention Material

Developing a game, which unites fitting motivators, a fitting social situation, and mere exposure
to novel or disliked foods through sensory interactions, have the potential to be a successful strategy to
encourage food exploration and possibly change eating behavior in families.
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A serious game was developed for the purpose of this study and was called The Kingdom of Taste.
The game is played by up to five players and is composed of:

1. One game board with 30 boxes marked on it of which 23 contains a task or action to be done;
2. 88 food cards (with names and pictures of F&V, works as point cards);
3. 5 colored game pieces;
4. One die;
5. One booklet containing an illustrated backstory and the rules;
6. Parental instructions with examples/suggestions on how to solve the different types of tasks;
7. 6 cups with lids (used to contain and hide taste samples of F&V to be used in the game).

Six different F&V are to be used during the game. The F&V are cut into appropriate pieces, one for
each player, and placed in the six cups and covered with the lids. The lids were included to add an
additional element of surprise and excitement for the players, as they would not see which F&V they
were to taste, before landing on a taste task. This could potentially change the level of arousal and the
participant’s optimal complexity of foods, as described by Dember and Earl [22], before uncovering
and thereby affect willingness to taste the hidden F&V.

The game is typically played by 3–5 players (1–3 children and 2 parents from the participating
families) and takes 30–60 min. The board game is centered around a story of a chef who has forgotten to
purchase F&V for a dinner party at the castle. The chef asks the players to help him collect as many F&V
(point cards) as possible on their way from the village to the castle. To collect F&V, the players have to
solve different tasks present on the game board. The tasks fall within three categories: (1) descriptive
tasks where F&V are to be described with regard to flavor, appearance, and associations; (2) taste
tasks where the players has the opportunity of tasting up to six different and unknown F&V; and (3)
creativity tasks related to preparation, cooking techniques, and construction of meals. The tasks
are represented on the game board as three distinctive zones as shown in Figure 1. The tasks are
created to increase familiarity of a large variety of F&V, both through descriptive tasks and through
tastings. Mere exposure to the F&V through pictures, words, and tastings could potentially increase
affection of these [23]. Creative meal planning is a part of the game in the last zone and as the game
is finalized by each player composing a three-course meal with his/her collected F&V card (points).
Sparking exploration and interest in meal composition could inspire players to bring this creativity to
the kitchen and further affect food behavior. The game aimed at obtaining a suitable level of difficulty
for the target group, in accordance with the Theory of Flow, which describes how the relationship
between skill level and posed challenges needs to be balanced to achieve a state of flow; i.e., when the
challenge a person is faced with is not too difficult nor too easy to solve [24,25]. Before the pilot
test, the game was tested by five families with children aged 4 to 9 years and one school class with
students aged 11 to 12 years. The families received all necessary materials (except F&V, which they
were to provide themselves with the possibility of receiving compensation for their purchases) and a
questionnaire with questions regarding the game elements, age group, entertainment, etc., to be filled
out after having tested the game. The game was modified according to this feedback.

The game was used as intervention material for the game-families.
The non-game-families were provided with a representative selection of the three categories of

tasks present on the board game, including tastings of F&V, but without the game context. The non-game
material was comprised of a sheet of task instructions, 30 food cards (with names of the F&V and no
pictures), one parental instruction with examples/suggestions on how to solve the tasks, and containers
without lids for taste samples. Lids were not included in order to limit any game element that could
create additional excitement during a task.
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Figure 1. The Kingdom of Taste and an overview of the three zones and their distinctive tasks.

2.3. Study Design

The study timeline consisted of a baseline test, a three-week intervention period, and a follow-up
test. The families were instructed to perform their designated assignments at home once a week during
the three-week intervention period; i.e., the game-families were to play the serious game, and the
non-game-families were to perform similar tasks without the game element a total of three times.
F&V for the home assignments were delivered to all families (both game and non-game families) once
a week during the intervention period, at their home address.

Table 1 provides an overview of the taste samples used at the home assignments. The F&V for
taste samples were chosen based on the theory of Zone of Proximal Development [26], as this theory
has recently been used to explain flavor preference development in children [27]. The theory of the
Zone of Proximal Development is originally a model with three levels (Zone of Actual Development,
Zone of Proximal Development, and Zone of Insurmountable Difficulty) describing children’s cognitive
development as a result of social interaction between individuals with different skill levels [26]. In a
food context, The Zone of Actual Development represents foods that are familiar, liked, and considered
to be safe to eat for the child on his/her own, whereas the Zone of Proximal Development represents
foods that are considered exiting, unknown, and associated with some degree of uncertainty, which the
child is only able or willing to taste under adult guidance and support [27]. F&V choices aimed at
having two F&V belonging to the Zone of Actual Development (upper two rows in Table 1) and four
F&V in the Zone of Proximal Development (lower four rows in Table 1).
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Table 1. Overview of the taste samples used for the home assignments.

Week 1 Week 2 Week 3

Apple Banana Cucumber
Carrot Tomato Pear
Fennel Passion fruit Dried goji berries

Water chestnut a Enoki mushrooms Bamboo shoots a

Jerusalem artichoke Onion sprouts Turmeric root
Green olives a Nashi pear Cherimoya

a Conserved in brine.

At the end of the follow-up session, all families received a 500 DKK (75 USD) gift card of their
choice as a thank-you-gift for their participation in the study, and the non-game-families further
received a Kingdom of Taste game.

2.4. Questionnaire Design and Test Protocol

Baseline and follow-up tests were performed at the university with a maximum of two families
present in the same room at a time placed in far ends of the room, never mixing families from different
intervention groups. Each test took approximately one hour.

Mixed methods were applied for the data collection of this study in order to obtain a fuller insight
into the intervention effects, as a combination of quantitative and qualitative methods can provide
insights that may be missed when only using one of them [28]. The choice of using mixed methods was
further based on the expectation that food behavior is a complex concept, which is possibly difficult to
measure by current quantitative tools. The questionnaire developed for the baseline test consisted of
three quantitative parts: (1) A Danish version of the six-item version of the original food neophobia scale
(FNS) [29], first used in [30]; (2) a box for describing the presented F&V (a measure of food vocabulary,
single words only); and (3) willingness to taste the presented F&V (yes/no), including liking measured
on a 7-point hedonic smiley scale and stating familiarity and frequency of consumption to provide an
idea of the level of preliminary knowledge about the F&V used in the tests. The questionnaire was to
be filled out individually, though the younger children had the opportunity to receive assistance either
from one of the two first authors of this article or their parents.

The follow-up test consisted of the same quantitative tasks as the baseline test to measure change
during the intervention period, but further included qualitative questions for the parents to answer.
The qualitative questionnaire consisted of open-ended questions regarding observed changes in food
behavior at home during the intervention period; changes in willingness to taste, how they discussed
F&V, and changes in the children’s engagement with F&V.

The F&V used at the baseline and the follow-up test were the same; banana, carrot, broccoli,
papaya, prune, and caper berry, which were chosen based on the same considerations as the taste
samples for the home assignments. The order of the F&V was randomized and varied between all the
families at the two test sessions. The F&V were placed on two plates, one plate with taste samples and
another plate with the F&V in its true shape (uncut, except for the broccoli and papaya which were
cut in half), for the participants to use as a visual tool when answering the questions. The F&V were
presented one at a time. Additional materials present were pens, paper plates, napkins, crispbread,
cups, and water.

2.5. Data Analysis

All statistical data analyses were conducted using R-studio statistical free software (version 1.1.456,
Boston, United States) [31]. Graphs were made using Microsoft Office Excel (2016) and Microsoft Office
PowerPoint (2016).

The participants were divided into groups according to treatment and age group: game-children
(GC), non-game-children (nGC), game-parents (GP), and non-game-parents (nGP). Baseline differences
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between GC vs. nGC and GP vs. nGP were tested for by conducting a Mann–Whitney U test for age,
gender, food neophobia, liking, and word count, and Fisher’s exact test was used to test for baseline
differences in willingness to taste.

A McNemar test tests if two response variables are significantly different from each other within a
study sample and was used for testing significant differences in willingness to taste (yes/no) between
baseline and follow-up within each of the four groups. A linear mixed model tested for differences
within each of the four groups between baseline and follow-up in the FNS score, liking, and word
count. The collected words were both analyzed as total word count as well as count within the
word-categories hedonic, descriptive, and other. The model was further used to test the difference in
change found between the treatments in both age groups (GC vs. nGC and GP vs. nGP) for the same
measures. Residuals of the linear model not following a normal distribution were transformed by
a log-transformation.

A Cronbach’s alpha test was run on the FNS scores in each of the two age groups to test reliability.
The test was run on data from baseline and follow-up test separately.

The qualitative feedback collected at the follow-up test was analyzed by using a combination of
pre-set and emerging codes (willingness to taste, food language, food engagement, game related) with
individual emerging sub-codes.

3. Results

Two non-game-families dropped out of the study just before the follow-up test; one due to illness
and another due to scheduling issues. Seven game-families and five non-game-families completed the
follow-up test. Three children who participated in the baseline test did not participate in the follow-up
test due to illness. A total of 12 families and 39 participants completed the entire study; 22 in the
game-group and 17 in the non-game-group. Table 2 shows the age and gender distribution in the two
groups. No differences were found in age or gender distribution when comparing the treatments in
both age groups.

Table 2. Age and gender distribution of participants who completed both baseline and follow up test.

Game Group (n = 22) Non-Game Group (n = 17)

Children

Number of children (n) 10 8

Age (mean ± SEM, range) 9 ± 0.9 (5–13) 8 ± 0.6 (6–10)

Gender (female, n (%)) 5 (50%) 4 (50%)

Parents

Number of parents (n) 12 9

Age (mean ± SEM, range) 40 ± 0.1 (35–47) 38 ± 0.8 (35–41)

Gender (female, n (%)) 6 (50%) 5 (55.6%)

Children (n = 18) and parents (n = 21).

3.1. Quantitative Measures

3.1.1. Food Neophobia, Willingness to Taste, and Liking

No significant differences were found at baseline between the treatments in both age groups in
FNS score. All groups showed a decrease in FNS score from baseline to follow-up test, but significant
reductions in FNS score were only found in nGC, GP, nGP but not in GC, as shown in Figure 2. Of the
10 GC, seven showed a decrease, one remained unchanged and two showed an increase in food
neophobia at follow-up.
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Figure 2. Mean (±SEM) range of food neophobia scale (FNS) score at baseline and follow up.
Abbreviations: Game-children (GC), non-game-children (nGC), game-parents (GP), non-game-parents
(nGP). Significance level estimated by a linear mixed model. Significance levels: *** p < 0.001, ** p < 0.01,
* p < 0.05.

Cronbach’s Alpha was calculated for the FNS score of the children and the parents separately.
At baseline α = 0.64 for both the children and parents, and at follow-up α = 0.8 and 0.7 for children
and adults, respectively. These sizes indicate consistency.

No significant difference in willingness to taste was found between treatments and age groups
at baseline or between baseline and follow-up in any of the groups, and only minor and scattered
changes in liking between baseline and follow-up were observed as seen in Table 3.

Table 3. Mean (SEM) of liking of the six fruit and vegetables (F&V) at baseline and follow-up (1 = super
bad; 2 = really bad; 3 = bad; 4 = neither good nor bad; 5 = good; 6 = really good; 7 = super good).

Children Parents

GC nGC
Diff. pb GP nGP

Diff. pb

Mean
(SEM)

pa Mean
(SEM)

pa Mean
(SEM)

pa Mean
(SEM)

pa

Carrot Baseline
Follow-up

5.6 (0.3)
5.5 (0.4)

6.1 (0.4)
5.8 (0.5)

6.3 (0.2)
5.9 (0.3)

5.9 (0.4)
5.6 (0-3)

Banana Baseline
Follow-up

6.3 (0.3)
6.3 (0.3)

6.7 (0.2)
5.5 (0.9)

6.3 (0.3)
5.8 (0.3) *** 6.4 (0.4)

6.3 (0.3)

Broccoli Baseline
Follow-up

4.7 (0.4)
5.0 (0.4)

4.3 (1.0)
4.5 (0.8)

5.6 (0.2)
5.7 (0.3)

5.4 (0.2)
5.4 (0.5)

Papaya Baseline
Follow-up

3.6 (0.3)
4.3 (0.4) * 2.9 (0.3)

4.4 (0.5) *** 4.0 (0.3)
4.6 (0.3)

2.9 (0.4)
4.9 (0.3) ***

Prune Baseline
Follow-up

5.0 (0.5)
5.0 (0.6)

5.2 (0.7)
5.1 (0.6)

5.1 (0.4)
5.0 (0.3)

4.8 (0.5)
5.4 (0.4) * *

Caper berry Baseline
Follow-up

3.1 (1.0)
4.2 (1.2)

2.3 (1.0)
2.6 (0.8) * 4.5 (0.4)

4.7 (0.4)
3.6 (0.6)
4.0 (0.7)

Significance level estimated by a linear mixed model. Abbreviations: Game-children (GC), non-game-children
(nGC), game-parents (GP), non-game-parents (nGP). Significance levels: *** p < 0.001, ** p < 0.01, * p < 0.05. a p-value
shows significant level of change from baseline to follow-up in the groups. b p-value shows significant level of
difference in change from baseline to follow-up between CG and nCG and between GP and nGP.
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3.1.2. Food Vocabulary Used by Families to Describe F&V

Food vocabulary was measured through counting the number of single words used to describe a
given F&V, and categorized them in one of three word categories: Hedonic (e.g., “delicious”), descriptive

(e.g., “green”) or other (e.g., “monkey”). Only a few significant changes in number of words used to
describe the presented F&V was found. When a significant change was present, it was characterized as
an increase in word count in the non-game-group and a decrease in the game-group, with no general
tendency of specific word groups increasing or decreasing more than others (Table S1). The changes
in words were not specifically connected to any of the three word-categories hedonic, descriptive,
or other.

3.2. Qualitative Measures

3.2.1. Perceived Change in Food Behavior

Food behavior was measured as willingness to taste, food language, and food engagement in the
qualitative questionnaire. All 12 families reported an increase in willingness to taste in the qualitative
questionnaire. Six families, four game and two non-game, expressed that their food language had
changed over the course of the intervention period. Eight families, five game and three non-game,
indicated that they have been having food-related conversations during the intervention period.
Nine families, five game and four non-game, reported an increase in the children’s food engagement
on one or more parameters: increased interest in food, cooking, or meal planning. When summarizing
the qualitative results, parents reported improved food behavior independently on the presence of a
game element.

3.2.2. Motivational Effect of the Game Element

Six of the seven game-families commented on the use of a game to increase willingness to taste.
Four of them reported how the game/competitive element in the game increased their children’s
willingness to taste the F&V in the home assignment, as expressed by one mother: “The game/competitive

element in the game caused our children to not want to lose and (they) tasted almost everything the last couple of

weeks”. Two of the game families further commented that the taste tasks were the most exciting part of
the game. The mother of one game-family wrote: “During the home assignments it was obvious that the

children were looking forward to tasting the food, and that the best part was when someone landed on a taste

task”. Two game families further reported how their children had requested to play the game during
the intervention period.

4. Discussion

4.1. Food Neophobia and Willingness to Taste

Several studies have found food neophobia to decrease from childhood to adulthood [32–34].
Based on this knowledge, the lower level of food neophobia in the parents in comparison to the children
was expected.

FNS have been used to measure the effect of sensory education on food behavior, showing lower
scores after intervention [35,36] but not always significantly [35]. All four groups in this study showed
a decrease in FNS after intervention either significantly (GP, nGP, and nGP, p < 0.05) or non-significantly
(GC) corresponding with existing literature. Whether the change in FNS scores is persistent is unknown,
as long-term effects were not investigated in this study, but the change indicates the existence of
subjective perceptions of change among the participants, at least during the intervention period.
This perception of change may result from the participants’ own observations of behavioral changes,
such as increased courage to try new foods or being less particular about which foods to eat during
and after the completion of the home assignments. This indicates that continuous use of the home
assignments may potentially change food neophobia persistently, as a result of increasing willingness
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to try foods and thereby increase exposure to disliked and novel foods, potentially giving rise to the
effect of mere exposure [23].

All 12 families reported that they had experienced an increase in willingness to taste, independent
of treatment, supporting the decrease in FNS scores and indicating that the serious game did not
provide an additional effect over the tasks performed without the game element.

The game-families generally ascribed the increase in willingness to taste to the competitive
element of the game due to its motivational effect. Overcoming a personal boundary of tasting
something unknown or novel might function as an intrinsic motivation for the participants, caused by
feelings of satisfaction and joy of self-accomplishments, or due to enjoyment of playing the game [14].
As the game further gives rise to extrinsic motivation through the possibility of earning points,
winning, and receiving feedback and praise from other players, the participants might further be
more motivated to engage [14]. The combination of both intrinsic and extrinsic motivations thereby
seems to have resulted in a high degree of willingness to taste during the home assignments in the
game-families. The game-families only reported a positive outcome of using extrinsic motivation to
get their children to taste the F&V in the game, but previous studies have indicated negative outcomes,
as reviewed by DeCosta et al. [6]. Using extrinsic motivation, may have an undermining effect on
intrinsic motivation [37], as e.g., parental prompting and restriction of food intake have been found
to cause children to override their internal cues of hunger, satiety, and pleasure [6], which could
lead to overeating or other negative consequences. These findings could indicate potential negative
consequences of using a game to improve food behavior and willingness to taste although this was
not indicated by the results of this study. A potential explanation could be the more positive type of
extrinsic motivation found in the game compared to a normal eating situation, such as the possibility
of gaining rewards (point cards, praises, and cheers) and the wish to win.

In the non-game-families, several of the parents reported that they were impressed by how many
of the novel F&V their children were willing to taste during the home assignment. The intrinsic
motivation of self-accomplishment might likewise have occurred in the non-game-families during the
home assignment. The surprise from the parents’ side, that their children were willing to taste the
large variety of F&V presented, could also be an example of the discrepancy in expected pickiness
between children and parents found by the Danish Agriculture and Food Council [38], as parents
perceive their children to be pickier than the children themselves are. The children could have been
willing to taste such F&V before the intervention period but may not have been served it due to the
parents’ expectations of their refusal to taste it. In a review by Scaglioni et al. [21], parental food habits
were shown to be one of the most important determinants of children’s food choice and behavior.
Together with the gap between parental and child beliefs about picky eating, this could be part of the
reason why the F&V consumption of European children does not meet the recommendations [2,3].
The children are to a large extent limited in their F&V selection to what is available in the kitchen at
home—and what is available and served at home might be limited to what the parents believe to be
what their children like [7]. The F&V used in this study were selected to be a mix of well-known and
novel stimuli and thereby expose the families to F&V other than what they usually eat. Simply tasting
and experiencing novel F&V could be a way to enlighten parents of their children’s higher willingness
to taste and eat new F&V than what they believe and thereby be a motivation to incorporate such new
foods in the kitchen, which will likely lead to increased F&V intake.

The taste samples used in the game-group were kept a secret until the point of tasting (hidden in a
container with lid), whereas the samples were visible for the non-game-families from the beginning of
their home assignment (placed in a container without lid). This additional element of secrecy present in
the game-families’ assignment may have increased the level of arousal before the reveal of the F&V [22].
Even if the F&V hidden were well-known or at least known to some degree, the participants would not
know before opening the container in which they were hidden. The anticipation of what was hidden
could possibly increase the arousal, in contrast to the non-game-group where the participants were
able to see the F&V before engaging in tasting.
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No changes in willingness to taste were found, which does not align with the reduction in
FNS scores and the qualitative perception of increased willingness to taste. This lack of difference in
willingness to taste could be caused by the high willingness present at the baseline test. Using willingness
to taste might thereby not be the best measure for investigating a change in courage to taste different
foods, when the stimuli is mostly well-known F&V and when the participants are not neophobic.
Other studies have found varying effects of using willingness to taste, ranging from positive effects [36]
and temporary effects [35] to no change [39]. This line of thought was recently shared by Olsen [40],
who suggests that the focus in this area of research is too narrow and could benefit from using a
broader specter of outcome measures, including qualitative ones. If this is the case, the varying effects
of sensory education on willingness to taste [35,36,39] may be explained by the inadequacy of the
measurement approach rather than the sensory education itself. Other approaches have been made in
an attempt to develop a behavioral food neophobia measure for children, such as using wiliness to
taste where the children were to taste an unknown food based on their own previous indication of
willingness [35], and correlating it with the FNS, but the correlations found between the two tests were
generally weak [35,41]. The poor correlation between the FNS and the behavioral food neophobia tests
indicates that the two tests may measure two different things. More research into how to effectively
measure these, which are considered closely related concepts, is required in order to perform this kind
of studies.

The difficulties of using willingness to taste as a behavioral measure of food neophobia may
indicate that willingness to taste is a far more complex concept than simply a yes/no question. It may
be assumed that different levels of novelty and resistance towards certain foods exist, which may
mean that the action of tasting a novel food is rejected but does not necessarily mean that other forms
of interactions with the novel food are rejected. Such other interactions could potentially result in
willingness to taste at a later time point because of increased familiarity [42]. This speculation is
supported by the findings of Dazeley and Houston-Price [43] and Coulthard and Sealy [10], who both
found that non-taste sensory interaction increased children’s tasting afterwards.

4.2. Food Vocabulary Used by Families to Describe F&V

The limited changes in word count when describing the F&V are in accordance with previous
studies, where 11- to 13-year old children showed a decrease in number of words used to describe bread
in both an intervention and control group after sensory education [44]. Mustonen et al. [44] expected
the lower number of words to be partly due to restlessness in the children during the follow-up test,
which was also observed in this study in several children. Likewise, several parents showed signs
of restlessness and appeared to use less time on this task at the follow-up test. As the baseline and
follow-up test questionnaires were identical, an explanation could be that the writing tasks at follow-up
test perhaps were perceived as tedious and not as exciting and fun as tasting the unknown F&V.
This speculation is backed up by the qualitative data, where the tasting part was described by two
families to be the best part of the game. The tendency to an increase in word count in the control groups
and decrease in the intervention groups could indicate that the game element was interfering with the
descriptive tasks. The game players might have been eager to move on to other parts of the game that
they found more fun, as indicated by some of the game-families, as described in Section 4.4. Focus of
the non-game-families, on the other hand, may have been more on the task itself, as there were no game
elements. Due to the simpler nature and the limited number of tasks (each participant only having to
answer four questions per session), more effort may have been put into solving the non-game. If the
outcome is to achieve a more nuanced food language through increasing vocabulary and ability to
describe F&V, better results might be achieved by completing the tasks without a game element.

4.3. Qualitative Measures

The qualitative feedback received form the parents showed a positive improvement in food
behavior in both groups, indicating that the specific tasks (describing, tasting, and being creative with
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F&V) present in both the game and non-game assignments possibly are sufficient on their own to
improve food behavior. It is not possible to tell which element of the home assignment caused the
improvements seen in both groups or if it was a collaborative effect.

Both the game tasks and the non-game tasks caused the families to designate time specifically to
explore F&V by sensory and mental interactions together which may be a contributing factor to why
a positive effect was found in both groups. The positive effect of designating time to these types of
tasks has also been found in other studies [10,43,45]. The social situation can also affect willingness to
taste through listening to others’ reflections and expectations and observing their behavior towards the
F&V [46,47].

4.4. Can Serious Games Improve Food Behaviour in Families?

The results of this pilot study do not show any additional effect of using a serious game to
improve food behavior in families compared to performing similar non-game tasks, despite the fact
that other studies [10,48] have found an effect of physical games on vegetable consumption in children,
indicating a potential effect of games. As this pilot study failed to show an effect, further research into
this specific segment and topic should be done in order to fully understand the possible outcomes.
Conducting a similar study on a larger scale with increased intervention time is recommended in
order to investigate if long-term use of the intervention materials would show additional differences
between the groups. The additional motivators [14,15] of the game may give rise to continuous use of
the game as indicated in the qualitative feedback where the GC requested to play the game during
the intervention period. Such continuous use would result in continuous exposure to F&V and here
potentially facilitate long-term effects through mere exposure [23]. On the contrary, the non-game tasks
may become more tedious in the long run due to fewer motivators. This speculation was substantiated
in the qualitative feedback by several of the parents in the game group, mentioning the game as an
important motivator. Two game-families reported how their children had requested to play the game
again, substantiating the motivational effects of a game.

On the other hand, it is still worth considering the possibility of a long-term effect of the non-game
tasks as well, as they are less confined to a specific situation (a game situation), and therefore may be
more easily incorporated into a busy lifestyle. Although playing The Kingdom of Taste has the potential to
be more motivating over time, the non-game tasks may become integrated into the family’s food habits
more effortlessly and thereby constitute easy and accessible tools to introduce novel foods. If elements
of the home assignments are adopted as new habits in everyday meal situations, rather than requiring
the family to set aside time specifically to do the tasks in the format used in this study, the positive
effect may occur more automatically and effortlessly [49]. The results of the simple tasks performed by
the non-game-families in this study are an example of how little effort it takes to improve food behavior.
It seems that it is a matter of making a habit of tasting and discussing ingredients, flavors, etc., of F&V
together in an explorative manner—leading to a continuous introduction to and integration of novel
F&V, which could cause a shift in food choice and behavior. Ultimately, this could result in overcoming
the limiting factors faced by parents of introducing novel vegetables [7]. These speculations on turning
the elements of the home assignments into everyday habits are not substantiated by the collected data,
as long-term effects were not investigated, causing a need for further research.

4.5. Strengths and Limitations

The use of mixed methods in this study constituted a strength, as the qualitative data provided
insights that would otherwise not have been discovered through the quantitative data, markedly
changing the discussion and conclusion of the study. The major limitation to the study was the small
sample size, which over the course of the intervention period was reduced from 49 to 39 individuals,
and as mentioned previously, it would be valuable to conduct a similar study with increased sample
size and time span. Another limitation was that the families were recruited from a small geographical
area in or around Copenhagen, potentially limiting the diversity of family lifestyles and social and
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environmental surroundings. Copenhagen has a large percentage of people with high educational
levels compared to other parts of Denmark, which is expectedly reflected in this study sample and can
have caused a bias as educational levels have been found to correlate to diets and health. Furthermore,
as participating families were recruited through social media and newsletters by Taste for Life, they can
be expected to have a higher interest in food than the general population, which implies that results
may not extrapolate to all families. Different family compositions (varying from two parents and three
children to two parents and one child) and children’s age will likely have an impact on the effect of the
game concerning level of help provided and adaptation of tasks. Another limitation arises from the
younger children being able to receive help from their parents or the experimenter to fill in the test
questionnaire. Although parents were requested not to help their children with anything other than
writing, it is uncertain whether patents fully complied with the instructions, and they may also have
suggested responses to their children. This could potentially cause a difference between children able
to write by themselves and children not able to write by themselves. It is not possible to know if the
children, who requested to play the game again, did it to gain attention from their parents or if it was
because they wanted to play the game. Due to the limited period of time available to complete the
study, it was not possible to measure if the effect of the intervention was persistent over time. It is
recommended that future studies contain a control group with no tasks or tasting of F&V to be able to
measure any possible differences in effect between using the game and not doing any tasks.

5. Conclusions

In conclusion, most families reported improved food behavior towards F&V in the
children—regardless of the presence of a serious game. This indicates that designating time as
a family to taste and discuss attributes and handling of F&V is enough to improve food behavior.
However, the quantitative results were not as clear, as most measures showed no or limited change.
A decrease in food neophobia score was seen in all four groups; however, it was only significant
for the parental groups and the non-game-children, indicating no difference between the treatment
groups. The lack of complete alignment between the quantitative and qualitative results raises the
question of whether current quantitative measures are capable of truly reflecting concepts as complex
as willingness to taste and food behavior. Based on these findings, conducting a similar study of larger
scale to investigate if these results are persistent is recommended. Results of such a study could be
used to consider if future research in this area should initially focus on developing new and better
ways of measuring the complex concepts within this field of study by adopting a broader approach of
both quantitative and qualitative measures.

6. Future Perspectives

Based on the discussion of appropriate measures to investigate a change in food behavior, a better
approach may be to evaluate the journey towards willingness to taste, instead of the end point
(tasting). The authors of this article therefore suggest that food exploration could serve as a new concept,
which through both quantitative and qualitative measures allows the assessment of many different
ways of interacting with novel food. Exploring foods can take place in several ways, both as a sensory
interaction (tactile, olfactory, visual, auditory, gustatory) or as a mental interaction (e.g., using one’s
imagination to compose a meal, associating one food with another food, memory, etc.). Examples of
exploring a novel or disliked food could for instance be a sensory-based description of a food based on
flavor and appearance or a combination of sensory and mental interaction, as seen in the study by
Coulthard and Sealy [10], where pre-school children created pictures using F&V. The concept of food
exploration acknowledges the existence of different levels of novelty and resistance towards certain
foods. If a person is not comfortable with tasting a novel food, he or she might be comfortable with
interacting with the food in other ways. Engaging in non-taste sensory or mental interaction with
foods might give rise to willingness to taste at a later time point.
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