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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 x? 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 # Children Invited to Participate ® Children Included in the Analysis ¢ Percentage of Children Participating by Sex and Age (%) ¢
Total Number P;‘:)przlﬂx;g]ﬁzze;a@:: y Boys (1) Girls () Total (1) 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 © 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 52.7 274 70.2 24 0
Georgia 4143 78.4 1667 1579 3246 51.2 1.6 85.1 13.0 0.3
Ireland 2704 324 438 436 874 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 10.5 435 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 482 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 50.7 252 49.0 24.0 1.7
Romania 9094 73.6 3312 3298 6610 49.1 04 284 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 50.9 254 252 249 24.6
Tajikistan 3502 93.5 1623 1647 3270 51.6 7.7 90.8 14 0.2
Turkmenistan 4085 95.3 1944 1947 3891 499 0 79.9 20.1 0
Turkey 14,164 81.7 5335 5167 10,502 50.9 114 82.3 6.0 0.3
Total 198,683 79.5 66,971 65,518 132,489 51.3 0 752 18.2 6.6

n.a.—not available. ? 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 (T]JK), Turkmenistan (TKM), and Turkey (TUR). b Total figures were calculated including only countries with available information about the
number of children invited to garticipate in the surveillance. ¢ 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. ¢ 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. ¢ 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 54).

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 2. COSI/WHO Europe round 4 (2015-2017). @ 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 2. COSI/WHO Europe round 4 (2015-2017). @ 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

10



Nutrients 2020, 12, 2481

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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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 (5SBs). 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 (1 = 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
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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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Figure 2. Proportion of students (aged 13-17 years) who drank carbonated soft drinks once or more times per day during the 30 days preceding the survey, based on
the global school-based student health survey (GSHS) database [18]. *: This data represents the proportion of students (13-15 years) who drank carbonated soft drinks
twice or more times per day during the 30 days preceding the survey in Jordan.
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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%
El 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 618 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% El in boys and 33.8% El 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:lPo.u}IItry, Fast Foods SSBs Sweet Snacks (Including Confectionary) Salt)é andkFrled
and Fis Cakes/Pastries Sweets/Chocolates nacks
Meat: 20%
Bahrain [52] o o o Fish: 6.9% o o _ Sweets: 31.4% _
(National) 25.3% 26.3% 37.1% Poultry: 14.4% 42.2% Chocolates: 32%
18.2%
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%
M: 24.3% M: 46.1°% Milk: >3 days/w: >3 days/w: >3 days/w: >3 days/w: >3 days/w:
Iraq [36] F~.46 '30/0 F'.62 ’30/0 M: 37.2% - M: 37.1% M: 66.9% M: 46.1% M: 43.5% M: 51%
T e F: 35.2% F: 24.9% F: 60.4% F: 55% F: 52.2% F: 64.6%
1-3 times/w:
Meat: 47% .
Jordan [54] 20% 43% - Fish: 54% 1-3 times/w: - - Chocolates: -
. 57% 40%
4-6 times/w:
Poultry: 40%
Kuwait [57] M: 17.5% M: 26% M: 36.3% _ M: 9.4% M: 42.2% M: 7% M: 21.1% Potato fries/chips:
F:11.8% F:22.1% F:25.3% F:10.4% F:37.5% F:14.7% F: 35.6% M: 9.4%; F: 12.4%
Kuwait [58] >1 time/d: . . o >1 time/d:
(National) - - - - - 43% >1 time/d: 42.5% 2% -
. o . o . o >3 times/w: >3 times/w: >3 times/w: 3 times/w: >3 times/w:
N[[g‘iic]o 1\;'2108470 // ° I;f 523'510// ° 1\;'7768'910/“ - M: 15% M: 37.5% M: 66.9% M: 66.9% Potato fries/chips:
> TR TR S F:12.9% F: 41.9% F: 79% F: 72% M: 18.8%; F: 29%
Milk: >3 times/w:
M: 33.7% Meat: .
. M: 11.6% M: 27.6% F: 29.9% M: 7.3% M: 6.2% Cookdes: Chocolates:
Palestine [53] o o F:7.9% - o M: 14.6% M: 10.7% -
F: 16.2% F:34.1% Yogurt: F:9.3% s !
Poultry: F:19.6% F:17%
M: 19.8% M: 3.4%
F: 20.8% PO

F:3.8%




€C

Nutrients 2020, 12, 3345

Table 1. Cont.

Country Fruits Vegetables Dairy Meat:quu}IItry, Fast Foods SSBs Sweet Snacks (Including Confectionary) Salt)é andkFrled
and Fis Cakes/Pastries Sweets/Chocolates nacks
. Meat
Palestine [65] 31% 45% Milk: 22% and poultry: - 24% 35% -
(National) 16%
Milk: Meat: Salty snacks:
M: 32.9% M: 11.4% M: 50.3%
Palestine [37] M: 58.9% M: 72.8% F: 18.3% F:10.7% B M: 39.6% M: 42.3% F: 61.5%
F: 55.2% F:73.8% Yogurt: Poultry: F:28.4% F:49.2% Fried potatoes:
M: 31.8% M: 11.9% M: 20.5%
F: 28.3% F:12.2% F: 23.8%
Qatar [66] 13.9% 20.3% 24.1% - 24;;?;7“7: =4 4%?:;/‘/\7: >4 days/w: 24.5% >4 days/w: 49.4% >4 days/w: 28.7%
M: 16% M: 23.3% Milk: >3 days/w: >3 days/w: >3 days/w: >3 days/w: >3 days/w:
Saudi [67] F:o 60/" F '30/" M: 33.2% - M: 30.2% M: 67.3% M: 24.8% M: 37.3% M: 25%
n7e neere F:25.1% F:24.9% F:57.4% F: 28.8% F: 52.6% F: 30.7%
Crisps:
M: 38.7%
Meat: Sweets:
M: 33.5% M: 70.1% o M: 43.9% . o F:39.2%
Sudan [50] F: 31.9% F: 69.7% - I\F/I 650577 // ° - F: 44.8% 1;4 6505210// ° - Other salty snacks:
TR e M: 42.9%
F: 320/0
>4 times/w:
. . . Meat: 59.1% . . .
>4 times/w: >4 times/w: >4 times/w: o o >4 times/w: >4 times/w: . . o >4 times/w:
Sudan [51] 30.1% 63.9% 58.1% Fish: 11.4% 26.6% 43.4% >4 times/w: 37.1%  p olates: 30.1% -
Poultry:
27.8%
Dessert: 69.3% Chocolates: 80%
Sudan [68] - - - - - 80.6% Sweet biscuits: Popsicles: 61.4% -
65.3% Sweets: 48.7%
>1 time/w: >1 time/d:
UAE [40] - - - - M: 77.3% M: 41.1% - - -
F: 81.4% 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 Al 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)
. . . 11-18 year old children . o M:15.5-15.9; F: M: 31.1-32.5;
Bahrain [28] 11 regions of Bahrain and adolescents; 1 = 496 24-HR M: 45-52.5; F: 52-53 15-15.4 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 59.3 119 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 14 319
M:57.2; M:12.9; M: 32.1;
Iran [33] Tehan 6-18 year old; n = 424 FFQ F: 56.8 F: 132 F-304
Primary school and junior high school
Iran [34] Isfahan pupils; 11 = 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 13 322
. . 9-18 year old children and adolescents; M: 53-54; M: 15; M: 31-32;
Kuwait [84] National n =614 24-HR F- 53 F- 14-15 F:32-33
Lebanon [24] National 12-19 year old adolescents; n = 498 24-HR 51.1 13.5 36.2
. 12-19 year old children
Lebanon [89] National and adolescents; 71 = 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
15-18 year old adolescents; M: 58.8; M: 12.9; M: 28.3;
Morocco [93,94] Ouarzazate n=307 3-day food record F:56.6 F 121 F: 313
15-18 year old adolescents; M: 55.5; M: 22.5; M: 30.4;
Oman [79] Muscat n =802 FFQ F:51.1 F: 187 F:22.6
Pakistan [99] Sialkot Mean age: 14.3 years; n = 328 3-day food record 515 12.5 36.3
Pakistan [100] National 6-16 year old Ch;irgg;“d adolescents; 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
. . . . o R:54.4; R:16.9; R:29.5;
Saudi-Arabia [101] Riyadh and Dawadami 17-19 year old adolescents; n = 600 24-HR U543 U:15.1 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 e "_ligf"lescents; 24-HR 77.4 12.6 9.9
Tunisia [91] 3 regions in Tunisia 15-19 yea; Sl;loalgolescents; FFQ 52 12 36
. 11-18 year old adolescents; M: 59.1; M: 16; M: 25.8;
UAE[78] National n =276 24-HR F: 582 F: 14.9 F:27.8
. _ M: 15-16; M: 25.2-26.7;
UAE [29] National 11-18 year old adolescents; n = 276 24-HR - F-14.7-153 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 Al 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 Al 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 Al 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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Figure 4. Proportion of adolescents not meeting the recommendation for iron, calcium and zinc. The criteria used to assess the proportion of adolescents not meeting

the recommendations, 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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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 12-0z 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 Alpiarca. 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 Alpiarga 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:

e  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.

e 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.

e  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) x 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]:
0.30x5=15g).

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 o« = 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) @ Sodium (g/Serving Portion) Salt (g/Serving Portion) ®
. Post- . Post- . Post-

n Evaluation Intervention Evaluation Intervention p-Value Evaluation Intervention p-Value

0.017 0.017
Soup 10 227.10+30.24 220.30+37.08 0.59 +0.12 0.39 £0.24 Change 1.48 +0.29 0.98 + 0.59 Change
0.20~34% 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 0.028 0.047
mfal 10 - - 1.50 + 0.30 1.16 + 0.45 Change 3.75 +£0.40 290 £ 1.12 Change
0.34~23% 0.85~23%

(@ There were no statistically significant differences between serving portions (g) (p > 0.05); ® The salt content was
calculated by the formula: salt (g) = sodium (g) x 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.
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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].

47



Nutrients 2020, 12,2213

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 t0 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 Gongalves 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 (1 = 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 (m?). 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/m? 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 !.

All Normal Weight  Overweight 2
(n = 3148) (n = 2419) (n = 729) P
Sex
Boys 1542 (49.0) 1179 (76.5) 363 (23.5) 0.617
Girls 1606 (51.0) 1240 (77.2) 366 (22.8) )
Grade
Elementary school 2251 (71.5) 1705 (75.7) 546 (24.3) 0.021
Middle 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) 0.065
Middle and high school 481 (31.2) 382 (79.4) 99 (20.6) ’
Girls
Elementary school 1190 (74.1) 908 (76.3) 282 (23.7) 0142
Middle and high school 416 (25.9) 332 (79.8) 84 (20.2) ’

! 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

Sex Grade
All 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? <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? <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? <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? <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? <0.001 <0.001

! 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 !.

Sex Grade
All
Boys Girls Elementary School Middle and High School
All 077 +0.17  074+0.022  0.80+0.02P 0.85 + 0.02 0.59 +0.02°
p? 0.036 <0.001
Availability of fruit at home
Disagree 047 +0.032 046+0.042 049 +0.042 0.51 +0.042 0.39 +0.03
Neutral  0.55+0.022 054+0.032  0.55+0.032 0.60 + 0.03 2 0.44 +0.03 2
Agree  095+0.02°> 092+0.03°  096+0.03° 1.03 +0.03 0.71 £0.03°
p2 <0.001 <0.001 <0.001
Regular provision of fruit in school lunches
Disagree 0.65+0.05% 0.62+0.062%  0.69 +0.082P 0.64 + 0.07 2d 0.66 + 0.06 24
Neutral 0.62+0.022 0.62+0.032  0.63+0.032 0.70 + 0.03 2 0.47 +0.03 «d
Agree  0.87+0.02° 083+003> 089+003P 0.93 +0.02° 0.64 + 0.03 2d
p2 <0.001 <0.001 <0.001
Having someone at home to prepare fruit
Disagree 0.60 +0.042  055+0.05%  0.64+0.052 0.67 + 0.05 ¢ 0.43 +0.03 24
Neutral 0.53+0.022 052+0.032  0.55+0.042 0.58 + 0.03 0.44 +0.03 «d
Agree  090+0.02° 088+003>  091+0.03P 0.97 +0.02° 0.70 +0.03 ©
p2 <0.001 <0.001 <0.001
Family habit of eating fruit frequently
Disagree 042 +0.042 042+0.052 043 +0.052 0.46 + 0.05 2P 0.33 +0.03 %
Neutral 0.54+0.022 055+0.032  0.53+0.032 0.59 + 0.03 b¢ 0.45 + 0.03 2
Agree 094 +0.02° 091+003P 097+0.03P 1.01 £ 0.024 0.72 +0.03
p2 <0.001 <0.001 <0.001
Friends’ habit of eating fruit frequently
Disagree 0.67 +0.032  0.63+0.042 071 +0.052b 0.75 + 0.04 2 0.49 + 0.03 b4
Neutral 0.67 +0.022  0.68+0.032  0.67 +0.032 0.73 +0.03 2 0.56 + 0.03 >4
Agree  093+0.03° 0.89+004>  096+004° 1.00 + 0.03 0.69 +0.04 2d
p? <0.001 <0.001 <0.001

! 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 (**<9) 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).
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Table 4. Relationship between aspects of participants’ food environments, frequency of fruit intakes, and weight status !.

Sex Grade
All
Boys Girls Elementary School Middle and High School
Normal Over Normal Over Normal Over Normal Over Normal Over
Weight Weight Weight Weight Weight Weight Weight Weight Weight 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
Adjusted OR 2 Adjusted OR Adjusted OR Adjusted OR
1 o ] [ ] 0, ] 0, )
OR™5%CD " (a95% CI) OR (95% C1) (A95% CI) OR (95% €D (A95% CI) OR (95% CT) (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 8 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 8 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. > Adjusted ORs adjusted for fruit intake frequency and were derived from logistic regression models.  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 4049 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).
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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
e  Modeling e  Modeling healthy eating behaviors
Facilitators e Availability e  Having healthy foods easily available
e Teaching e  Teaching healthy eating behaviors
e  Lack of time e  Lack of time to prepare or serve healthy foods
Barriers e Cost of healthy foods e  High cost of healthy foods
e Lack of knowledge e  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).

73



Nutrients 2020, 12, 3879

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

e  Home availability

Healthy foods easily available at home
Environmental

Home cooking e  Cooking foods at home
Support New foods e  Introduction to new or different foods
e  Giving child the opportunity to choose foods,
e  Child choice preparation methods, and meals
Personal Support ~ ®  Teaching e  Teaching healthy eating behaviors
. Encouragement e  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 (cm?). 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; (€) 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 BML 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 ([3) 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 3 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 x2 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 x (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.

L Girls  Boys
Sample Characteristics n % —
n n
Age Median 8.0 (5.9-10.2) years old
n =300 g
Sex Girls 148 48.7 n/a n/a
n =304 Boys 156 51.3 n/a n/a
Child
Underweight 4 1.3 1 3
Body Mass Index Normal weight 208 68.4 95 113
n =304 Overweight 63 207 38 25
Obesity 29 9.5 14 15
Mother’s age .
1 = 300 Median 38.0 (26.0-52.0)
Father’s age .
1 = 280 Median 40.0 (26.0-63.0)
Underweight 9 3.1 3 6
Mother’s Body Mass Index Normal weight 165 57.3 82 83
n =288 Overweight 84 292 43 41
Obesity 30 10.4 14 16
Caretakers Underweight 0 0 0 0
Father’s Body Mass Index Normal welght 104 37.8 57 47
n=275 Overweight 132 48.0 55 77
Obesity 39 14.2 22 17
Mother’s nationality Portuguese 270 93.1 137 133
n=290 Non-Portuguese 20 6.9 9 11
Father’s nationality Portuguese 265 95.7 131 134
n=277 Non-Portuguese 12 43 6 6
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Table 1. Cont.

. Girls  Boys
Sample Characteristics n % —
n n
Basic education or lower 62 20.9 32 30

Higher secondary education or a

professional course 19 401 o8 51

Mother’s education

n =297
Graduation or bachelor’s degree 99 33.3 44 55
Master or doctoral degree 17 5.7 3 14
Basic education or lower 91 32.5 48 43

Higher secondary education or a

professional course 129 46.1 5 70

Father’s education

n =280
Graduation or bachelor’s degree 46 16.4 22 24
Caretakers Master or doctoral degree 14 5.0 6 8
Both parents are employed 209 79.5 108 101
Proféegzional situation Only one parent is employed 44 16.7 21 23
n=
Both parents are jobless 10 3.8 3 7
Less than €500 9 3.32 4 5
€500-€1000 80 29.52 40 40
Mean monthly household  ¢1000-€1500 80 2952 36 44
income
n=271 €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% CI13.0-21.4] (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

95% Confidence Interval

0/0

95% Confidence Interval

%

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)
Underweight 4 1.3 0.5 3.3 1 0.68 0.1 3.7 3 1.92 0.7 55
Normal Weight 208 68.4 62.9 734 95 64.19 56.2 715 113 72.44 64.9 78.8
Body Mass Index Class Overweight 63 20.7 16.6 25.6 38 25.68 19.3 333 25 16.02 11.1 22.6
Obesity 29 9.5 6.7 134 14 9.45 5.7 15.3 15 9.62 59 15.3
n Total 304 100.0 - - 148 100.0 - - 156 100.0 - -
Waist Circumference Median 58.5 (37.5-91.5)
Median 0.46 (0.34-0.66)
<0.5 244 80.8 759 84.8 110 74.8 67.2 81.2 134 86.5 80.2 90.9
Waist-to-Height ratio >0.5 58 19.2 15.5 244 37 252 18.9 328 21 13.5 9.0 19.8
n Total 302 100.0 - - 147 100.0 - - 155 100.0 - -
Overweight (Including Obesity) >0.5 51 16.8 13.0 214 31 209 15.3 28.4 20 12.8 8.5 18.9
with Waist-to-Height ratio n Total 304 - - - 148 - - - 156 - - -
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Table 3. Variables retained in the statistical models.

. . . Exp(B)
Dimension Variables (95% Confidence Interval) p-Value
Pre-pregnancy Body Mass Index of Overweight 2.591 0.020
(1.164-5.766) ’
Pre-pregnancy Body Mass Index PRVE
Pre-pregnancy Body Mass Index of Obesity (0.925-8.570) 0.063
Body Mass Index z-score 5-years-old 4.159 0.000
Peri-natal y y (2.404-8.497) :
Paternal Body Mass Index of Overweight 0772 0.650
y verwelg (0.252-2.364) .
Paternal Body Mass Index o1l
Paternal Body Mass Index of Obesity (1.271-12.844) 0.018
T f 1 introduced in solid food introducti S 0401 0.030
ype of meal introduced in solid food introduction oup (0.176-0.914) .
a1 . Would eat only with insistence or frequently would not eat in totality; Would 0.174
Child’s appetite eat all and be satisfied (0.050-0.603) 0.006
, . S . 1.489
Caretaker’s perception of child’s intake through image 0.059
. . (0.985-2.249)
Current eating habits
How many vegetable servings do you consume 0.624
0.050
. . per day? (0.389-0.999)
Family Mediterranean pattern (PREDIMED)
How many servings of butter, margarine, or 1.535 0.063
cream do you consume per day? (0.976-2.413) ’
Relatively correct 1 112'9512 536 0.035
Adequacy of father’s body image perception vs. actual Body (1.116-21.536)
Mass Index C t 2.597 0.185
Subjective anthropometry orrec (0.634-10.643) ’
perception
Relatively correct 3483 0.075
Adequacy of the caretaker’s opinion on the child’s nutritional (0.882-13.753)
status vs. child’s Body Mass Index c 31.605
orrect (6.055-164.951) 0.000
Caretaker’s perception regarding child’s intake when anxious No 0-260 0.085
Subjective eating habits (0.056-1.204)
perception Caretaker’s perception of the adequacy of the child’s food - 0.083
intake for age Inferior or adequate (0.024-0.286) 0.000
Physical activity and hours Child’s participation in programmed sport activity Yes 0194 0.015

of sleep

(0.052-0.724)
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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
WitHr > 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
0—Overweight 23
Anthropometric Body Mass Index at 5 years old
1—Underweight, Normal weight (p=0.031)
0—Obesity 10
Peri-natal Mother’s pre-pregnancy Body Mass Index 1—Underweight, Normal weight, o :_ 0' 063)
Overweight

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

Current eating habits Child’s appetite Would eat all and be satisfied ® _1(')5015)

1—Would eat more than what is
offered

0—Souy -

Previous eating habits Type of meal introduced in solid food introduction P 09
1—Infant cereal (p = 0.030)

Caretaker’s perception of the adequacy of the child’s  0—Less than adequate; Adequate 25
Subjective eating habits food intake for age 1—More than adequate (p = 0.000)

perception . . R . 0—N

Caretaker’s perception regarding the child’s higher —No 14
intake when worried, irritated, or anxious 1—Yes (p = 0.085)

Subjective anthropometry ~ Adequacy of the caretaker’s opinion on the child’s 0—Correct 3.4
perception nutritional status vs. child’s Body Mass Index 1—Incorrect (p = 0.000)

Physical activity and hours a1 RPN . 0—Yes 1.6
of sleep Child’s participation in programmed sport activity o (p = 0.015)

Applying the tool items to every child who gathered responses to all the tool items (1 = 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%.

ROC Curve b) Boys
ROC Curve a) Girls 4
10
10
08 A
06 2 08
£ 2
2 c
5 o
» o4 » 04
02 02
00 00
00 0.2 04 06 08 10 00 0.2 04 06 08 10
1 - Specificity 1 - Specificity
Diagonal segments are produced by ties. Diagonal segments are produced by ties.

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
WitHr > 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-Dalto€, 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).

Concrete
Experience
Feeling
g
Accommodating 3 Diverging
Feel and do §, Feel and watch
§
Active . . Reflective
. . Proc g C .
Experimentation Observation
Doing 5 Watching
Converging s Assimilating
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Abstract
Conceptualisation
Thinking

!
A
\

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. Hgjer.

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. Hojer, 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 (9/3) 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 Al: Data set).
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Table 2. Essence of meta-themes and sub-themes.

Meta-Theme/Sub-Theme Essence

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
1. Rejection: distaste and disgust soiled- asa 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].
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
2. Acceptance: tactility, exploration, curiosity, and liking, which refers to a positive affective response to food. Acceptance is
and liking 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].
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]
3. Craftsmanship: autonomy and skills  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.
The theme “interaction” refers to observed behaviour and verbal expressions related to
4. Interaction: helping each other and social facilitation either related to the children helping each other or by peer influence.
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: #! = Before printing; #» = During printing; *3 = Between

printing and filleting; * = During filleting; * = Frying; #® = 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):

# 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:
# A girl nibbles on the fried fish: “I don't like the fish. It is kind of ... mushy”. (School MD, obs).

# 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.

Figure 5. A display of disgust: picking up the fish, photo: R. Hojer.
Secondly, in relation to filleting (phase b):
# 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).

# 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).

# 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:

# 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.

Figure 6. Children exploring the fish, photo: R. Hgjer.
After filleting, children explored the fish:

# 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.

# 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).

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

# 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:

# 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:

# 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):

# 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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# 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.
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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).
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Figure 8. A rejection—acceptance continuum based on fish categorisation with examples of elements
driving acceptance forward or backwards. Developed by first author Hejer, 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, Theifen, 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, Hojer,
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, Hgjer, 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 Al. 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

#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 *).

# 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**).

# 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).

# 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).

# Two girls absolutely do not want to taste the fried fish, because they know that they do not like fish. (School SB, ic).

Distaste
# 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.)

#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).

# 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.).

Disgust # 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).

# 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).

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

# 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 Al. Cont.

Meta-Theme Sub-Theme Data Extract

#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).
y group g y g y

#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).

# 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,

Tactility 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).
# A girl group are gently stroking their fish, and a girl says: “I can’t eat it now” (School SB, obs.).
# 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.).
#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”.
2. Acceptance 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.).
# 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.
Exploration “Ugh, it is very salty”. (School MC, ic).

# 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).

# A girl says: “The viscera are not disgusting but mysterious”. (School MD, obs).

# 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).

# Boys start to pull out the intestines in their full length. (School SA, SC, obs.)

# Girls cutting roe out from the fish.

Int.: “Do you know what that is?”

Girl: “No... "
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Table Al. Cont.

Meta-Theme Sub-Theme Data Extract
Other girl in group: “Ido ... it is roe. Can you eat it?”
Int.: “Yes”
Girl: “Let’s try and fry it and taste it”. (School SC, ic).
# 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.).
#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).
# A boy fries the liver: “It tastes like chicken—not bad ... like chicken and a little bit of blood”. (School SB, obs).
# 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).
Liking #_ 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).
# Four boys taste the fried fish: “Yes, it is good”. The other boys agree by nodding their heads. (School MD, obs.).
# 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).
#all ATl 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).
3. Craftsman- Autonomy # 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,

ship MC, MD, SA, SB, SC, obs).

# 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).

# 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.).
#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
Skills 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).

# 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).

# 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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Table Al. Cont.

Meta-Theme Sub-Theme

Data Extract

# 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).

# 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).

# 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).

#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).

#_ 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).

# 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).

# 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.)

# While a group of boys explore the viscera and eyes of the fish, they challenge each other to touch the eye (School MC, obs).

# 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).

# 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).

# 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 experimen

t: #l =

#2 _ #3 _ #4 _ #5 _ #6 _ #all _

Before printing; ** = During printing; * = Between printing and filleting; ** = During filleting; *> = Frying; ** = Tasting; **" = 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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Acronym Col I RCT, PP, CT, RCCT, and Focus on Healthy Focus through Support
4 olumn Quasi Teaching Meal Availability School Gardening
This study aimed to
evaluate the impact of a
six-month pilot
school-based nutrition
intervention on changes in
Impact of pilot school-based  dietary knowledge, attitude,
nutrition intervention on and behavior of Syrian -
By . . Nutritional
Harake et al dietary knowledge, refugee children enrolled in knowledge Quasi
) 2018 attitudes, behaviours and informal primary schools N 4 GHATA Bekaa Lebanon . QED 1 X X
[35] e 3 N . X X attitude, HE & experimental
nutritional status of Syrian  located in the rural region FV
refugee children in the of the Bekaa in Lebanon. A
Bekaa, Lebanon secondary objective of the
study was to explore the
effect of the intervention on
the dietary intake and
nutritional status of
children.
Effectiveness of a childhood  To assess the effectiveness
obesity prevention of a school and family .
N . e UK primary
programme delivered based healthy lifestyle schools from the Randomized
Adab P, et al. 2018 through schools, targeting programme (WAVES ) Anthropometry, WAVES West Midlands Controlled Cluster RCCT 3 N
[36] >6 (more than 6 years) and  intervention) compare with HE & FV S . .
I within 35 miles of ~ Trials
7 years old cluster usual practice, in the study centre
randomised controlled trial ~ preventing childhood Y
(WAVES study) obesity.
The study aim was to
examine the effectiveness of
Youth Chef Academy: Pilot ' uth Chef Academy
(YCA), a classroom-based
Harley A, et al Results From a Plant-Based experiential culinary and HE&EY, US (exact location ~ Controlled Trial
’ © 2018 Culinary and Nutrition AT Nutritional YCA P CT 2 X
[37] . . nutrition literacy is missing) (CT)
Literacy Program for Sixth . X . knowledge
intervention for sixth and
and Seventh Graders
seventh graders (11- to
13-year-old) designed to
impact healthy eating.
The aim of this study was to
Feed the Alien! The Effects tef?et tt}i\\e; sll:o;rt-t?rtxl:\ Alien
Hermans R.CJ of a Nutrition Instruction ;—{eaclth eGaex:eoa Viedeo eame HE & FV, Pre-test post-test,
etal. [38] "7 2018 Game on Children’s designed to téach & Nutritional AHG Dutch, Netherland ~ experimental QED 1 X
e Nutritional Knowledge and S8 knowledge study design

Food Intake

elementary school children
about nutrition and healthy
food choices.
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To describe an innovative
school-based intervention
to promote healthy
lifestyles. To evaluate its HE & FV,
. An innovative school-based  effects on children’s food Nutritional .
Piana N, et al. X : s P Kidmed . e
39] 2017 mtervent.lon to promote habits and to hlghl1ght the knonledge, test Spoleto, Umbria Pre-test post-test PP 1 X X
healthy lifestyles key components which Physical
contribute most to the activity
beneficial effects obtained
from children’s, teachers”
and parents’ perspectives.
The aim of this study was to
Effectiveness of Taste assess the _effect of T.aste
. . Lessons with and without
Battjes-Fries Lesggns with anc.l w1_thout extra experiential learning . Quasi
M.CE,, etal. 2017 addlt}ona] e.x]?e.rlenhal activities on children’s HE. &EV, TLVM Dutch province of experimental QED 1 X
¥ learning activities on N attitude Gelderland .
[40] . PR " willingness to taste design
children’s willingness to famili tables, food
taste vegetables unfamiiar vegetables, 100
neophobia, and vegetable
consumption.
To conduct a randomized
controlled trial of Students
for Nutrition and eXercise
A Randomized Controlled  (SNaX), a 5-week
Trial of Students for middle-school-based
Nutrition and eXercise obesity-prevention HE & FV, Los Angeles .
510 g[_aét] LM, et 2014 (SNaX): A intervention combining Nutritional SNaX Unified School gzﬂfgfﬁ‘:j{d‘rial RCT 3 X
) Community-Based school-wide environmental ~ knowledge District
Participatory Research changes, multimedia,
Study encouragement to eat
healthy school cafeteria
foods, and peer-led
education.
Examining the effect of a
Effects of a School-Based school-based
Intervention on Nutritional ~ comprehensive intervention Anthropometry,
Shriqui VK., et Knowledge and Habits of on nutrition knowledge, HE & FV, ! Beer Sheva, abig ~ Randomized
o 2016 Low-Socioeconomic School  eating habits, and L NRI&PA  metropolis in Controlled Cluster ~RCCT 3 X X
al. [42] . N . Nutritional X
Children in Israel: A behaviours among low Knowled southern Israel Trial
owledge

Cluster Randomized
Controlled Trial

socioeconomic status (LSES)
school-aged children was
performed
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The purpose of this study
was to evaluate the
effectiveness of a new
Evaluating a school-based  school-based food co-op . .
Sharma S.V. et 2016 fruit and vegetable co-op in  program, Brighter Bites II\{IE & FV’ Quasl-exper@ental
. s . N utritional BB Houston, Texas non-randomized QED X X
al. [43] low-income children: A (BB), to increase fruit and knowledge controlled stud
quasi-experimental study vegetable intake, and home & Y
nutrition environment
among low-income 1st
graders and their parents.
The Active for Life Year 5
(AFLY5) school-based To determine the effect of 3
Lawlor AD.et 2016 cluster randomised the intervention on Anthropometry, AFLY5 South East of Cluster RCT RCCT X
al. [44] - ) 5 HE & FV England
controlled trial: effect on potential mediators
potential mediators
Did Health kick, a
randomised controlled trial ~ To promote healthy eating
primary school nutrition habits and regular physical
[S_I:%m PN.etal. 2016 intervention improve activity in learners, parents  HE & FV, PA HK m(s:t)c;r;ocv?[}: cee Cluster RCT RCCT
N dietary quality of children  and educators by means of
in low-income settings in an action planning process
South Africa?
Association between Food  The aim of the study was to
for Life, a Whole Setting examine the association
Healthy and Sustinable between primary school HE & FV. Cross sectional
Jones M. et al. 2017 Food Programme, and engagement in the Food for Nutritior;al FLP Eneland school matched Cross-sectional X
[46] Primary School Children’s  Life programme and the Knowledge & comparison study design
Consumption of Fruitand ~ consumption of fruit and & approach
Vegetables: A cross vegetables by children aged
Sectional Study in England 810 years.
RE-AIM analysis of a .
Larsen LA. et randomized school-based To promote healthy eating Eﬁtﬁtﬁ:gal R(i{“:\g pres
‘, o 2015 nutrition intervention behaviours and attitudes in NPP California posty, RCT X
al. [47] . knowledge, follow-up
among fourth-grade children Attitude assessments

classrooms in California
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Aimed to assess the
reliability of the knowledge,
attitude and behaviour of
nutrition and food safety
Assessment of School-Based  questionnaire for primary
Quasi-Experimental school students (Grade 4 to HE & FV,
Shen, Hu and Nutrition and Food Safety ~ 6) in poverty-stricken Nutritim;al West China Quasi-experimental
4 2015 Health Education for counties of China, and NFSE (Shaanxi and AS-eXp QED 1 X
Sun [48] Pri School S . i knowledge, . design
rimary School Students in  evaluate the effectiveness of Attitude ‘Yunnan provinces)
Two Poverty-Stricken health education through a
Counties of West China quasi experiment, in order
to promote policy
establishment for child and
adolescent health in the
future
To evaluate the efficacy of
Effects of combined three. S-month C.ombmed Anthropometry,
hysical education and phys_lc.al edgcatlcm (l.’E) and HE & FV, Randomised
Gallotta C.M. physic nutritional interventions on L
2016 nutritional programs on . . Nutritional ESFS Rome (Italy) Controlled Cluster RCCT 3 X X
etal. [21] s ; body composition, physical .
schoolchildren’s healthy wvity (PA) level knowledge, Trial
habits activity (PA) level, PA
sedentary time and eating
habits of schoolchildren
Promoting healthy weight
in primary school children  To assess the effectiveness
. through physical activity of the CHANGE! Wigan Borough in ~ Cluster
Etalarldﬁt‘:)g]h J8. 2013  and nutrition education: a  intervention on measures of ﬁ?}‘g\:;ﬁ??ﬁtw’ CHANGE  northwest randomised RCCT 3 X
. pragmatic evaluation of the  body size, PA and food ! England, UK intervention
CHANGE! randomised intake
intervention study
To evaluate the
effectiveness of a
Effectiveness of a school-based intervention
randomized school-based involving the families and
Cunha B.D. et intervention involving teachers that aimed to Anthropometry, Duque de Caxias,  Paired cluster
al. [50] o 2013 families and teachers to promote healthy eating HE & FV, PA " PAPPAS Rio de Janeiro, randomized RCCT 3 X

Pprevent excessive weight
gain among Adolescents in
Brazil

habits in adolescents; the
ultimate aim of the
intervention was to reduce
the increase in body mass
index (BMI) of the students

Brazil

school-based trial
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The program aimed at
A school-based intervention  improving the nutritional
improved dietary intake value of dietary intake, Pair-matched
Aviles O.A. et outcomes and reduced physical activity (primary Anthropometry, Urban area of cluster
al. [51] 2017 waist circumference in outcomes), body mass HE & FV, PA ACTIVITAL Cuenca, Ecuador randomized Recr 3 x x
adolescents: a cluster index, waist circumference controlled trial
randomized controlled trial ~ and blood pressure
(secondary outcomes)
To determine the effect of
Results of a seven-week nutrition education
school-based physical combined with sessions of
Muros J.J et al activity and nutrition pilot  vigorous extracurricular Anthropometr
rogram on health-relate sical activit on outhern Spain ilot study, X
(2] 08 €taom3 prog health-related  physical activity (VEPA) HE &(I)J}z;)Pzi Y VEPA Southern Spai Pilot study, PP QED 1
- parameters in primary the improvement of !
school children in Southern  health-related parameters
Spain in children in primary
education
To introduce the CATCH
i?‘:;;z:?gsi:;‘:n nutrition curriculum and
Moss A et al. Positively Affecting ) ::rmt?n Sé}";?‘)‘lqlf:gmlﬁém HE & EV, Quasi-experimental
0SS ACtaL 1013 Elementary School-Aged ssess nutrition knowledge Ny iritional CATCH Southern Illinois uasi-expert QED 1 X
[53] Children’s Nutrition of 3rd grade students, and Kknowled design
Knowlee d;e and © increase their fruit and owledse
Consumption Behavior vegetable consumption
behavior
Promotion of healthy To evz.lluate the potef\hal. Randomised )
nutrition among students benefits on students’ eating Controlled Trial
Zota D. etal. A ; habits, of incorporating Anthropometry, with the aspects of
[54] 2016 foa;gcalf da h;‘og ;r;;-scahool healthy nutrition education ~ HE & FV DIATROFI  Greece pre and post RCT 8 x x x
rand mif dglri 1 . as part of a school food aid intervention
andomize a program questionnarie
To test the classroom ion stud
L. curriculum, go wild with ln,t e}:—venhon study
ChsomNutin, | i v QW) ik RCT wpecs
[C;(;;d A etal 2017  Fruit and Vegetable Taste lerflfleacktévsfnte;sr;o L[:Zt?:fv HE & VF GWWEFV North Dakota randomized to ii} Intervention 3 X
- Testing Improves 8ra control and Y
. s rural and urban ) .
Children’s Dietary Intake P intervention
communities in North
Dakota school)
To ensure that people
E_: Vlee](‘mpeygf;;;;j ¢ consume a variety of foods HE & FV Vhembe District of Quasi-experimental,
Mbhatsani 2017 Nurzrition Education on that, together, provide Nutritim;al NET & Limpopo Province with a one-group QED 1 X
5 a iti - -
H.V, etal. [56] Dietary Diversification for adequate quantities of all knowledge HBoIF in South Africa pre-test/post-test

Primary School Children

the essential micronutrients
necessary for health

intervention
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To evaluate whether
ongoing gardening advice
and gardening involvement
Evaluation of the impact of ~ from the Royal
school gardening Horticultural Society (RHS) London boroughs,
Hutchinson J. interventions on children’s  gardening specialists was Nutritional Wandsworth, Randomised
etal. [57] 2015 knowledge of and attitudes  associated with better fruit ~ knowledge, CFSG Tower Hamlets, Controlled Cluster RCCT 3 X X
o towards fruit and and vegetable outcomes in  Attitude Greenwich and Trial
vegetables. A cluster children than those at Sutton
randomised controlled trial ~ teacherled schools that
obtained standard advice
from the RHS Campaign for
School Gardening
The board game Kaledo
seems to improve
knowledge in nutrition and
. . helps to promote a health
ﬂe;:;xifess:}y\iir:’}: :;::;}]: lifel:tyle E’\ children Y Anthropometry,
Viggiano A et 2018  the board game Kaledo: a attending mid(.ﬂe and high  HE & FV’ Kaledo Campania, Italy Pilot clu.s ter . RCCT 3 X
al. [58] . . schools. So, this study was ~ Nutritional randomized trial
pilot cluster randomized . -
trial conducted to. investigate knowledge
whether similar effects of
Kaledo could be found in
younger children in
primary school.
Cluster randomised trial of ~ Fun ‘n healthy in Moreland!
a school-community child aimed to improve child
health promotion and adiposity, school policies Randomised
;’;’:}t ers E. etal. 2017 obesitypprevention andpenvi{onments parent ﬁ%ﬂ&‘:;}?metw’ FHM Victoria, Australia ~ Controlled Cluster ~RCCT 3 X
intervention: findings from  engagement, health Trial
the evaluation of fun ‘n behaviours and child
healthy in Moreland! wellbeing
Effectiveness of a
Randomized Controlled To evaluate whether the
Lifestyle Intervention to lifestyle intervention was Anthropometry, Randomised
XuFetal [60] 2015 Prevent Obesity among able to reduce obesity risk Nutritional CLICK-ObesitMainland China Controlled Cluster RCCT 3 X X
Chinese Primary School and increase healthy knowledge Trial
Students: CLICK-Obesity behaviors and knowledge
Study
To examine the
effectiveness of a
Influence of school-based school-based healthy eating
nutrition education intervention program, the -
Jungetal. [61] 2018 {).rogram on healthy eating Hez?lthy Highway Program, E::::;le(ggel/ E:g;l\t,vhzy Oswego County, Pre-/post-test QED 1 X
iteracy and healthy food for improving healthy HE & FV roeram New York State
choice among primary eating knowledge and progra

school children

healthy food choice
behavior among elementary
school students
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l:fﬁf:l‘f::js z{;tlrition and To examine the effectiveness school-based
food safety education of a school-based nutrition Nutritional nutrition
Jhou W et al. 2014 program among primary and food safety ed!..lcatmn knowledge, and food Chonggqing, China  Pre-/post-test QED 1 X
(621 and junior high school program among primary attitude safe
sfud]ents in C%\ ongqin, and junior high school eduztion
thinﬁ N ongaings students in China
Long-term effects of the To investigate the long-term
Anderson EL Active for Life Year 5 effectiveness of a Southwest of Randomised
tal. [63] " 2016 (AFLY5) school-based school-based intervention HE & FV, PA AFLY5 Eneland Controlled Cluster RCCT 3 X
eral 1os cluster-randomised to improve physical activity & Trial
controlled trial and diet in children.
;Antlz f_lf;i?(;c?:gzzlses To assess the effectiveness
Griffin TL. et Knowledge of the Sugar ?:tzl:veei‘:icjr:l::‘?rlnprove Nutritional Aberdeen Randomised
al. [64] 2015 go.ntﬁni) oft }I;oods I\e;ntcl children’s knowledge of the k::(.)twcliedge, NEMS Scotland 1C_9n]trolled Cluster RCCT 3 X
Dgcr;e:seuh\taieess iI\OSCOtﬁSh sugar content of food and e "
Children Aged 10-12 Years ~ P¢Vra8¢S
Effect of intervention aimed
at increasing physical To investigate the
activity, reducing sedentary  effectiveness of a
behaviour, and increasing school-based intervention Randomised
Kipping R.R. 2014 fruit and vvege.table. to increase physical actl}flty, HE & FV, PA AFLY5 South west of Controlled Cluster RCCT 3 X
etal. [65] consumption in children: reduce sedentary behaviour, England Trial
Active for Life Year 5 and increase fruit and @
(AFLY5) school-based vegetable consumption in
8 P
cluster randomised children
controlled trial
Effects of an intervention Aimed at reducin
aimed at reducing the me a, ecucing . Nutritional
Gaar V.M. et al. 2014 intake of N tened children’s SSB consumption " led Water Rotterdam, Controlled trial cT 2
[66] Intake of sugar-sweetene by promoting the intake of nowledge, campaign Netherland ontrofled tria x
beverages in primary school Y P & attitude palg!
children: a controlled trial water
éTl’?oa :lt ;;feﬂ];iitz::y To examine the impacts of
Moore GF et al Initiative on socio-economic g:z:]:fl:;tagitsifa}:iizlif\mweales Randomised
[67] 2014 mequahhe?s in breakfast on inequalities in children’s HE & FV FSM Wales, UK C(.mtrolled Cluster RCCT 3 X
consumption among Trial

9-11-year-old
schoolchildren in Wales

dietary behaviours and
cognitive functioning
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Effectiveness of a universal
parental support To develop and evaluate the
programme to promote effectiveness of a parental
health behaviours and support programme to
prevent overweight and promote healthy dietary A Healthy Randomised
zyﬁ:]g Get 2016 obesity in 6-year-old and physical activity habits ﬁ;ﬂ;[l’%o metry, School gxzzzslm’ Controlled Cluster RCCT 3 X
) children in disadvantaged ~ and to prevent overweight Start Trial
areas, the Healthy School and obesity in six-year-old
Start Study II, a children in disadvantaged
cluster-randomised areas
controlled trial
Behavioural effects of a To evaluate the acceptance
Mittmann S., short school-based fruit and Oli ﬂ;\i sc:;;me as well as the 5-a-day for  Hannover,
Austel A, and 2016 vegetable promotion s ort-a N HE & FV .a ay o annover, Pre-/post-test PP 1 X X
Ellrott T. [69] programme: 5-a-Day for intermediate-term effects of kids Germany
: kids : the German “5-a-day for
kids” project
To investigate the
Effect and process effectiveness of a school
evaluation of a real-world garden program on HE & FV. Non-equivalent
Huys N. et al. school garden program on  children’s vegetable L Taste . pre-test. Post-test
2019 ) . . Nutritional Ghent, Belgium PP 1 X X
[70] vegetable consumption and  consumption and Kknowled Garden control group
its determinants in primary ~ determinants and to gain owledse design
schoolchildren insight into the process of
the program
Positive effects of To evaluate the effects of a
promoting physicalactity el SN e vy, Besman
Weber K.S. et and balanced diet in a 8 . . L - . Disseldorf, .
- 2017 ) . . supervised physical activity ~ Nutritional Join in. Be Controlled trial CT 2 X
al. [71] primary school setting with . . L, Germany
high proportion of and dietary education for knowledge fit.
a7igh prop . 3rd and 4th graders in
migrant school children :
primary schools
Four-year outcomes of an To investigate the impact of
Llareue’s E. et educational intervention in  the intervention on physical The Avall Randomised
1 [%I ) 2016 healthy habits in activity, BMI and Anthropometry roject Granollers, Spain  Controlled Cluster RCCT 3 X
a schoolchildren: the Avall 3 prevalence of overweight projec Trial
Trial and obesity after 4 years
Strategies to reduce plate ?: def;erim?f‘:nd compare
Martins M.L. waste in primary Je ettect of ftwo . Nutritional Reduce City of Porto, N
B 2015 ; interventions in reducing Controlled trial CT 2 X X
etal. [73] schools—experimental Knowledge plate waste  Portugal

evaluation

the plate waste of school
lunches
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To examine the effects of a
six-month dietary
Impact of a school-based education intervention Dietary .
Rosario R. et al intervention t ! delivered and ducation  Cityinnorthof ~ ~andomised
osario R. etal. - intervention to promote programme, delivered an HE & FV education ity in north of Controlled Cluser  RCCT 3 N
[74] fruit intake: a cluster taught by trained teachers, intervention Portugal Trial
randomized controlled trial ~ on the consumption of fruit programme a
as a dessert in children aged
6-12 years
To evaluate the
effectiveness of the dietary
5 Preliminary results of a intervention by measuring RCT with the
Zafiropulos V. 2015 dietary intervention among  body composition and Anthropometry, WBDI centralfeastern aspects of preand ~ RCT 3 X
etal. [75] N X . . X HE & FV Crete Greece . .
primary school children dietary behavior of children post intervention
prior to and after the
intervention
Table 3. The review sample-findings. The table shows the findings from the 43 studies of the review.
; Time Target Group
| Author Year Age Age Coded  Sample Size, n Duration/Month Outcome Measures Effectiveness Among Children Target Group Coded
Years FA EMLEL Anthropometry HEFV  Notritional g Anthropometry mEpv  Nutrtional g0 s Ns
P y Knowledge P Ty Knowledge
Syrian refugee
children in grade 4 to 6
Harakeetal. 5015 6-14 years x x x 183 6 X x x x 3 3 4 2 from three informal X
[35] primary schools (2
intervention and one
control)
Ezi]a b etal 2018 6-7 years X 1392 12 X X 1 1 UK primary schools X
[I_,I;TIEY Asetal 2018 11-13 years X 248 1 and half X X 4 4 8 public kindergarten X
Dutch children
(elementary school
Hermans R.CJ. 2018 10-13 years X X 108 N.A. X X 1 1 children)—3 primary X
etal. [38] .
school in the souther
part of Netherland
Piana N., et al. X 11 primary school
[39] 2017 7-9 years xox 190 4 X X 4 4 classes in five schools ~ *
Battjes-Fries children of 34
M.C.E, etal. 2017 10-11 years X X 1010 3 X X 1 1 elementary school X
[40] grade 6 and 7
Bogart LM, et 514 NA. 2997 4 x x 4 4 10 schools x
al. [41]
Shriqui VK., et 2016 4-7 years N 240 10 M M N 2 4 4 Children attending N

al. [42]

LSES school classes
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Years EA EMLEL Anthropometry HE/FV  Nutrtional i de Anthropometry HE/FV Nutritional =\ 00 ge s NS
Knowledge Knowledge
Public or charter
Sharma S.V. et N.A. (first grade schools 1st grade
al. [43] 2016 students) X 172 % x x 3 3 students and their X
family members
2221 (valid
data for the 10
Lawlor A.D. et mediators were primary school
al. [44] 2016 9-10 years x available for 36 x x 1 1 children X
87% to 96% of
participants
500 primary school
[S:g{n PN.etal 2016 Mean age 9.9 years X intervention 36 X 1 children from low X
) and 498 control income settings
schools engaged with
{‘4’2]“ Meetal 5017 810 years x 2411 24 x x 4 4 the Food for Life x
programme
Larsen L.A. et 2015 (fourth grade students) X 1713 2 X X 4 4 47 f.ourt}jn-grade N
al. [47] average 9 years California classrooms
Shen, Hu and Twelve primary
Sun [48] 2015 10.80 +1.14 X 478 8 X X 4 4 schools in west China X
three primary schools
Gallotta C.M. . in the rural area in the
etal. 21] 2016  8-11 years X X 230 5 X X X 3 4 3 north of the city of X
Rome (Italy)
Fairclough J.S. .
etal. [49] 2013 10-11 years X X 318 6 X X 3 1 12 primary schools X
Cur\}m B.D.et 2013 10-11 years X N 574 9 X X 1 3 20 schools with fifth N
al. [50] grade classes
Q"‘[I;S]O'A' e 2017 12-14 years x 1430 28 x x 2 3 20 schools x
2 schools from rular
Muros J.J. et al. 2013 10-11 years X X 54 2 X X 2 2 env1ronment with ) X
[52] same socio economic
status
M?SS Aetal. 2013 N.A. 3rd grade 65 1 X X 3 4 3rd grade students X
[53] students
students attending
both elementary and
ZotaD-etal: 916 411 years x x x 21261 12 X x x 3 4 3 secondary schoolsin
[54] areas of low

socioeconomic status

(SES)
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Years EA EMLEL HE/FV Knowledge Attitude  Anthropometry HE/FV Knowledge Attitude S NS

Gold A. et al. 3rd grade children
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WatersE.etal 5017 51 years X X x 2965 2 x x 1 3 3 24 schools of Moreland

[59] municipality
4th grade students

XuFetal [60] 2015 Mean age10.2 X 1182 10 X 2 3 from 8 schools of X
Nanjing, China

NA (elementry
Jungetal. [61] 2018 school-kindergarden, X X X 646 12 X X X 2 3 2 2 elementary schools X

2nd, 3rd, 4th, 5th and
6th graders)
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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.

s N N

Behavioural:
Health status: Healthy
Anthropometry eating/F&V
intake

A V € y
p N N
Cognitive:
Nutritional
knowledge

. A\ A

Affective:
Attitude

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.

c
S
s Articles searched in Articles searched in Articles searched in
o
::'E, PubMed/Medline Cochrane Library Web of Science
5 (n=1073) (n=527) (n=226)
Articles excluded
/' (n=1244)
=0
2 Records screened at the Title and Abstract level
g (n=1826)
v
Duplicates excluded
(n=237)
A
£ Articl luded
R Full test article assessed for eligibility EHCES excliie
:-‘:c (1 =345) fe=210)
= full
v

Articles found relevant and included in the study
(n=42)

o
<
]
.
o
=]

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,

7

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.

Unstandardized Coefficients Standardized Coefficients

Model t Significance
B SE Beta
(Constant) 1.250 0.177 7.071 0.000
FamilySocialSupport 1.000 0.395 0.500 2.530 0.045
EA—early age 0.750 0.250 0.593 3.000 0.024

Table 6. Linear regression model for anthropometry.

Unstandardized Coefficients Standardized Coefficients

Model t Significance
B SE Beta
(Constant) 4.140 1.008 4.109 0.001
Power 1.511 0.468 0.859 3.231 0.007
AvailFood 3.432 0.804 0.976 4.267 0.001
YearOrMore 0.870 0.403 0.384 2.161 0.050
log10SampleSize —2.437 0.503 -1.267 —4.846 0.000

With regards to the explanatory power of the model, R? = 0.789, R? 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, R? = 0.683, R? 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.

Unstandardized Coefficients Standardized Coefficients
Model t Significance
B SE Beta
(Constant) 2.321 0.229 10.131 0.000
FamilySocialSupport 1.054 0.486 0.348 2.168 0.037
With regards to the explanatory power of the model, R?> = 0.121, R? adj. = 0.09,

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.

Unstandardized Coefficients Standardized Coefficients

Model t Significance
B SE Beta
(Constant) 3.227 0.205 15.761 0.000
Neurope -1.727 0.328 -0.670 -5.260 0.000
With regards to the explanatory power of the model, R> = 0449, R?> adj. = 0432,

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
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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 BMLI. 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 BMIL.
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 (1 = 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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32 preschools assessed for eligibility (n = 1710)

Excluded children (n = 9508)
+ Declined to participate (n = 474)
» |+ Noreturned consent form (n = 434)

I 32 preschools randomised (n = 802) ‘

i
=l

13 preschools allocated to intervention (n = 361) 15 preschools allocated to control (n = 441)
* Participated in baseline collection (n = 350) * Participated in baseline collection (n = 428)
i |
Lost to follow-up (n = 48) Lost to follow-up (n = 47)
l l
Analysed (n = 223-264) Analysed (n = 255-334)

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 X weekday mean + 2 X 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
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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 Ime4, 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 (1 = 802).

Control Intervention
p-Value
n Mean + SD * n Mean + SD *
Child’s Age ¢ 441 5.24 + 1.06 360 5.14 + 1.04 0.060 2
n % n %
Child’s girl 203 46.0% 172 47.8% b
gender boy 238 54.0% 188 52.2% 0.496
Parental low 116 29.9% 109 35.4%
educational middle 169 43.6% 143 46.4% <0.001 b
level 4 high 103 26.5% 56 18.2%
Municipality Salo 357 81.0% 306 84.8% 0.040 b
Riihimaki 84 19.0% 55 15.2%

*SD, standard deviation; @ comparison using t-test; P comparison using Chi-square test; ¢ one missing value for age;
d Jow 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.

Baseline Follow-Up
EBRBs and SR Skills * 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  (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 £ 043 324 2.32 +£0.41 256 2.34 £ 043
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 ¢ Linear Mixed Models with Repeated Measures
Children’s EBRBs and SR Skills Comparison between Interventlolcl and Control Change between Follow-Up and Baseline in Change between Foll(?w-Up and Baseline in
Group at Follow-Up Control Group Intervention Group
(95% C.L) p-Value diff F-B (95% C.L) p-Value diff F-B (95% C.L) p-Value
Total screen time (min/day) 2 -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) ® -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) ? -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) ? -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) ? 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) 2 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) -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.L); * models adjusted for gender, age, municipality, and parental educational level; ® models adjusted for gender, age,
municipality, parental educational level, and accelerometer wear time; © models adjusted for gender, age, municipality, parental educational level, (accelerometer wear time in PA as
behavior), and baseline value of the outcome.



Nutrients 2020, 12, 2599

A. Total screen time (min/day)

90

89

88 -
87 S

86 =

85 -
84

83

82

81

80

Baseline Follow-up

—e—control —e—intervention

B. Total physical activity (min/day)

420

418
416
414
412
410
408
406

404
402
400
398

Baseline Follow-up

—e—control =—e—intervention

C. Sugary everyday foods and beverages (times/week)
11.0
10.5
10.0 p———p =
L5 -
9.0
8.5

8.0

Baseline Follow-up

—e—control —s—intervention

8.0

7.0

6.5

6.0

5.0

D. Sugary treats (times/week)

Baseline Follow-up

—e—control ——intervention

E. Total fruit and vegetable (times/week)

[

~

RSN e e
\
\
\
\
\
{

e S I )

g
(=]

Baseline Follow-up

—e—control =—e—intervention

F. Cognitive SR skills (scale 1-5)

2.50

2.45

2.40

2735 ¥
230 :—-—/—"(‘"
225

2.20

2.15

2.10

Baseline Follow-up

-« control —e—intervention

G. Emotional SR skills (scale 1-5)

2.50
245
2.40
235

2.30
2:25

m

2.20
2.15
2.10

Baseline Follow-up

=e=control =e—intervention

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, o 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

Comparison between Intervention and

Comparison between Follow-Up

Comparison between Follow-Up and

Children’s EBRBs and SR Skills PEL Control Group at Follow-Up ¢ and Baseline in Control Group Baseline in Intervention Group
(95% C.L) p-Value  diff F-B (95% C.I.) p-Value diff F-B (95% C.L) p-Value
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
Total screen time (min/day) # 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 (1_50319()]’ 0.053 2.95 (—6.86; 12.76) 0.555
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
Total physical activity (min/day) P 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
low -0.15 (-2.70; 2.41) 0.909 0.83 (-1.07;2.74) 0.392 0.10 (-1.71;1.92) 0911
Sugary foods and beverages (times/week) ? 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
low -0.79 (—2.86;1.29) 0.454 217 (0.97;3.37) <0.001 2.22 (1.15; 3.29) <0.001
Sugary treats (times/week) 2 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
low 2.99 (=1.00; 6.98) 0.141 -0.14 (=2.75; 2.47) 0.915 151 (=0.98; 3.99) 0.235
Fruit and vegetables (times/week) ? 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
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
Cognitive SR skills (scale 1-3) ? 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
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
Emotional SR skills (scale 1-3) @ 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.L);  models adjusted for gender, age in years, municipality, and parental educational level; ® models adjusted for gender, age in years,
municipality, parental educational level, and accelerometer wear time; ¢ 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.

Supplementary Materials: The following are available online