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Abstract

Obesity is considered a global epidemic of the twenty-first century by the World Health Organization (WHO). Specifically, the Canary
Islands has the highest level of this disease in Europe and 40% of children in Spain are overweight or obese. This increase is a direct result
of changes in the lifestyles of the population and its nutrition. Because of this, we have designed an educational program based on motor
games, active videogames and virtual learning environments to improve the long-term health of children. This article presents and
analyzes the results of a study on the nutritional knowledge and adherence to the Mediterranean diet of 46 obese children aged 6 to
12 years in the Canary Islands who participated in an educational program. The study design was quasi-experimental, with two groups
(experimental and control). A long-term longitudinal study (3 years) was carried out. A set of evaluation instruments was used for the
different phases. The results show significant improvements between the experimental and control groups in terms of their knowledge of
healthy nutrition and their adherence to the Mediterranean diet. As a main conclusion, we emphasize that a gamified educational

intervention program supported by ICT helps to motivate and promote improvements in the nutrition of children.
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Background

Childhood is the stage of life where the habits that will be
consolidated throughout our lives begin to develop.
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Educating children in healthy habits from an early age is the
most effective preventive measure to improve their health and
quality of life. In 1998, the World Health Organization [1]
warned in its annual report of the incidence of obesity as an
emerging public health problem, and in 2004, it declared it a
global epidemic as it affected more and more countries around
the world. This organization estimates that in 2016, more than
41 million children under the age of five were overweight or
obese [2]. Childhood obesity is of concern not only due to the
increased prevalence of the disease in populations around the
world, but to the multiple health consequences in the short,
medium and long term, such as the increase in risk factors for
the development of cardiovascular and metabolic diseases.
There are also psychological and social problems associated
with bullying and comments from their peers. In the long
term, the persistence of obesity leads to an increase in disabil-
ities or premature death. All these health problems have seri-
ous repercussions on the well-being and finances of those
affected, their families and society as a whole. The Spanish
Society for the Study of Obesity [3] confirms that 44.5% of
Spanish children suffer from excess weight. This means that
practically one in two children is overweight with respect to
the growth patterns established by WHO. Only Italy and
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Cyprus surpass these figures at the European level, according
to the IDEFICS study [4]. The ALADINO study of 2011 [5]
notes that 26.2% of the infant population between the ages of
6 and 9 years is overweight and 18.3% is obese. In the Canary
Islands, the results were 28.4% and 21.2% respectively, plac-
ing it as the Spanish autonomous community with the highest
rate of childhood obesity, together with Andalusia. In its latest
report [6], the results are encouraging for the Canary Islands,
which found that the prevalence of overweight/obesity is five
percentage points less than in the previous report. The figures,
however, continue to be very high (overweight 24.3% and
obesity 19.9%). Already in 2016, the WHO [7] issued a report
by the Commission to end childhood obesity which includes
six recommendations for governments to reverse this global
trend. Among these recommendations, we highlight the
following:

* Apply comprehensive programs that encourage physical
activity and reduce the sedentary habits of children and
adolescents.

* Apply comprehensive programs that promote healthy
school environments, health and nutrition education, and
physical activity among school-age children and
adolescents.

»  Offer weight control services to the obese pediatric popu-
lation based on family and lifestyle and with multiple
components.

The World Health Organization (WHO) and other interna-
tional organizations (such as the World Heart Federation, the
International Diabetes Federation, among others) have de-
fined strategies in an effort to contain high levels of obesity
and physical inactivity. The general guidelines they establish
rely on changing food types to reduce fat and caloric intake
and increasing physical activity in the individual [8].

However, autonomous motivation is especially important
for adherence to change, but despite the knowledge that life-
style change is the most effective method for long-term weight
management, adherence to exercise and physical activity can
be difficult to maintain [9, 10]. In children, the reasons for
ceasing physical activity are related mainly to the difficulty
in adapting to schedules, the refusal to adhere to the routine,
dissatisfaction with the results, etc. [11]. Therefore, it is nec-
essary to work not only with people affected by obesity but
also to educate their relatives, since it is in the family environ-
ment where lifestyles are acquired and perpetuated. It is fam-
ilies that motivate change by using all the tools available to
help loved ones adhere to treatments. Likewise, healthy living
habits must begin to work from childhood. For children, play
is a natural way of learning and can be an excellent strategy to
apply in educational intervention programs. Technology also
provides very useful tools to support children in their games
and education. In this sense, we have designed a gamified
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educative program using technologies, such as exergames,
sensors, apps and virtual platforms, to support health profes-
sionals for ambulatory treatment of the obesity in children.

This intervention program was designed, conducted, super-
vised and analyzed by professional researchers in the areas of
Health (Medicine, Physiotherapy, Nursing, Psychology,
Physical Education and Sports), Education and Computer
Science [12]. Each area of this study focused on analyzing
different characteristics of the intervention. In this study we
will focus specifically on ascertaining the knowledge and eat-
ing habits of children before and after the intervention with
our program.

RQI1. How does the educational intervention program
influence children’s knowledge of healthy eating?

RQ2. Is it possible to effect a change in the long-term
eating habits of children through a gamified educational
intervention program?

Below we present the study design, its main results, a dis-
cussion of our findings and the conclusions.

Related works

There are different studies on educational programs that prove
the efficacy of caloric expenditure associated with the use of
exergames [13—17], as well as the effectiveness of using tech-
nologies and gamification with children to promote healthy
habits in the short term [18, 19]. But there are few studies in
the literature that evaluate the real effectiveness of using
videogames as a means to promote long-term physical activity
among children and adolescents, and very few that focus on
their use as part of treating obese children, probably because it
is a relatively new phenomenon [20, 21].

Also, in relation to the world of videogames and their use
as an application to promote healthy living habits, there are
several related examples, such as Let’s Move! (To move!)
[22], a comprehensive program created by Michael Obama
in 2010 to prevent and treat childhood obesity, which included
a contest to reward the best application for child health. There
are several similar applications for health, such as “Counting
Carbohydrates with Lenny,” a Lion that teaches children with
diabetes to learn the carbohydrate content of foods [23]. Also,
there are different wearable game-based technologies used to
increase healthy habits in children, like LeapBand [24]. With
this band the children can interact with a virtual pet, which
forces them to keep moving through a series of activities and
challenges, and thus encourage a healthier lifestyle. Another
related example of this kind of technology is Zamzee, a pro-
gram to encourage physical activity among adolescents,
where the physical activity is recorded with a device
(accelerometer) and a computer then calculates the amount



J Med Syst (2019) 43: 198

Page30of 12 198

of points generated, which can be exchanged for products
from participating companies [25]. Another system that is
very similar to the previous one was created by the company
GeoPalz and is called iBitz, which seeks to encourage physi-
cal activity in children and measures the number of steps that
children take by means of a pedometer. With it, children can
see the steps they have taken and enter them on the website.
The steps become points that can be redeemed for gifts in
different portals that the parents have previously selected. In
addition, the number of points collected during the day will
buy a few minutes of play; when they expire, the game is
closed until the child moves a little more. GeoPalz has
partnered with game developers so that the child’s points
can be used to unlock secrets and achievements in certain
games [26].

Despite the market being full of videogames and technol-
ogies to promote healthy habits, the research into the behav-
ioral change in children undergoing a long-term treatment of
this kind still poses a challenge [27]. Besides, there are very
few studies on whether educational interventions on healthy
habits with gamification and video games work in the long
term. Taking into account previous studies, an educational
program based on motor games, active video games and vir-
tual learning environments was designed to promote a change
in the long-term health lifestyles of children suffering from
childhood obesity, and of their families.

Material and methods
Design and participants

The study was a mixed, quasi-experimental, longitudinal and
prospective three-year study (2014-2017). It consisted of two
annual phases, with the same intervention being repeated in
both with different subjects. Each annual intervention phase
was designed to be carried out with an experimental group and
a control group, with 10-15 primary school children, all of
them from the northern area of the island of Tenerife.

The inclusion criteria for the sample were age (6—12 years
old); body mass index (BMI) in the 97th percentile or higher
[28]; having the permission of the parents or legal guardians to
participate in the study; not suffering from pathologies
preventing them from participating in the study; and not hav-
ing participated in another clinical trial in the last 12 months.
The educational level of the parents was considered as a so-
cioeconomic indicator and was grouped into three categories:
high (university studies); medium (secondary education), and
low (no education or only primary education) [29].

In Phase 1, the sample consisted of children selected from the
outpatient pediatrics clinic of the University Hospital of the
Canary Islands (HUC) in outpatient treatment for childhood obe-
sity. The Experimental Group (G1) consisted of 13 obese children

(5 boys and 8 girls) who participated in the intervention program.
The Control Group (G2) was composed of 10 children (7 boys and
3 girls) who did NOT participate in the intervention program.

In Phase 2, because the hospital patients did not yield a large
enough sample to satisfy the inclusion criteria, the participants
were selected from different public education schools in the dis-
trict of La Laguna. It is important to note that the public reference
hospital of the children in this Phase 2 is the same hospital as in
Phase 1, but some of them are not in treatment yet at the hospital.
There are mainly two reasons why they are not in treatment in their
hospital: a) the pediatrician in the health center has not referred the
patient to the hospital because he wants to wait for the children to
improve until they reach adolescence, or b) the parents reject the
idea that their children have an illness (obesity). Thus, the
Experimental Group (G3) consisted of 12 obese children (5 boys
and 7 girls) who participated in the intervention program. The
Control Group (G4) was composed of 11 children (4 boys and 7
girls) who did NOT participate in the intervention program.

The assignment of the participants to the experimental and
control groups in both phases was not carried out randomly.
Those children who were able to attend all the activities and
evaluations were assigned to the experimental group, while
those in the control group only attended the periodic evalua-
tions. The experimental groups (G1, G3) and control groups
(G2, G4) were separated during the study because of their
different recruitment contexts.

Table 1 shows the participants’ details, including BMI and
some demographic variables.

Instruments

The study involved the use of different instruments to analyze
different data in each study area. To measure body composition
and make biomedical measurements, the following were used:
digital scale with height meter, lipocalipter, inextensible tape mea-
sure, BMI formula, growth curve to determine the percentiles, and
blood tests were used to determine biochemical values. To analyze
the emotions during the intervention, we used the Emodiana [30],
an instrument that allows measuring ten basic emotions, represent-
ed using different emojis and their corresponding labels, adjusted
to the language used by children ages 8 to 12. To study the behav-
ior and personality of children and adolescents, we selected the
BASC (System for assessing the behavior of children and adoles-
cents) (Spanish adaptation of the CRC by Reynolds and R.W.
Kamphaus) [31], a multidimensional questionnaire that measures
numerous aspects of the child’s behavior and personality. In the
self-report, the child or adolescent describes their emotions and
perceptions and provides information on clinical, adaptive and
general parameters. To determine the children’s gaming profile,
we selected the Player Profile Test [32], a questionnaire with a total
of 12 questions that focus on the type of videogames that the minor
plays, the hours a week spent playing, and their values and beliefs
regarding videogames.
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Table 1 Participants’ details

Phase 1

Gl Sex Age  BMI* School Socio-economic level G2 Sex Age  BMI* School Socio-economic level
GEO1 F 11 333 Public L GCo01 M 6 22,91 Public L
GE02 F 8 22,16 Public M GC02 F 11 25,57 Private M
GEO03 M 10 26,96 Public L GC03 F 10 25,42 Public M
GE04 F 10 35,72 Public L GCo4 M 8 26,65 Public L
GEO05 F 7 40,32 Public L GC05 M 7 32,85 Public L
GE06 F 10 31,68 Private M GC06 F 8 29,28 Public L
GE07 F 6 21,73 Public M GC07 M 21,3 Public M
GEO08 M 11 34,82 Public L GC08 M 10 278 Public L
GE09 M 9 33 Public M GC9 M 8 25,78 Public L
GEI10 F 7 40,54 Public L GC10 M 10 26,75 Public L
GE11 M 11 31,01 Public L

GEI12 M 10 27,87 Public M

GE13 F 12 33,46 Public M

Phase 2

G3 Sex Age BMI* School Socio-economic level G4 Sex Age BMI* School Socio-economic level
GEl14 F 6 23,68 Public M GCl11 F 12 30,63 Public M
GEIS5 F 9 31,01 Public M GC12 M 10 29,88 Public M
GEIl6 F 8 34,94 Public L GCl13 M 9 28,1 Public M
GE17 F 11 31,17 Public M GCl4 M 12 24,95 Public H
GEI18 M 11 24,67 Public L GCl5 F 11 30,1 Public H
GEI19 F 10 25,64 Public M GCl6 M 10 23,52 Public M
GE20 M 9 30,13 Public L GC17 F 12 27,93 Public M
GE21 F 25,76 Public M GC18 F 10 25,56 Public M
GE22 M 11 23,63 Public M GC19 F 8 24,61 Public M
GE23 M 8 25,71 Public M GC20 F 8 21,33 Public M
GE24 F 8 28,65 Public L GC21 F 9 25,17 Public H
GE25 M 11 25,09 Public M

*Percentile > =97 according to WHO [28]

Next, we will focus on describing the questionnaire, the
results of which are discussed in this article:

* Healthy diet: To determine adherence to the
Mediterranean diet, the KIDMED questionnaire was se-
lected [33] (Appendix Table 6). This test has 16 yes/no
items to represent the main indicators of nutrition.
Affirmative answers to those questions that have a nega-
tive connotation in relation to the Mediterranean Diet are
worth —1 point, and affirmative answers to those questions
that represent a positive aspect in relation to the
Mediterranean Diet are worth +1 point. This index can
range between —4 and 12.

* Healthy habits in nutrition: In order to ascertain their phys-
ical activity habits and their perception of well-being, we
opted for the Adaptation of the Questionnaire on physical
activity/sports and health/well-being of M. Delgado and P.
Tercedor [34], a 22-item questionnaire that evaluates the
following categories: amount of physical activity
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(physical activity or sports practiced, days and hours a
week, hours of inactivity, etc.), enjoyment of physical ac-
tivity; self-perception of motor competence and utility of
physical activity and sport; nutrition; health and personal
well-being. In this study we present the results of category
related to nutrition (Appendix 2).

Procedure

The procedure for this study was as follows: First, the correspond-
ing permits and informed consent forms were requested. In phase
1, approval for the investigation was requested from the Ethics
Committee of HUC, and in phase 2, authorizations were also
requested from the Territorial Directorate of Education of the
Government of the Canary Islands and subsequently from
Management at each participating center.

Next, the study physicians conducted the search for poten-
tial participants. Once the sample was selected, an information
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letter was sent to the parents or legal guardians in which the
main characteristics of the study to be carried out were de-
tailed, ensuring the anonymity of the data and the scientific
purposes of the same. During a face-to-face meeting with the
parents, their questions were answered and they were asked to
participate in the study, either in the experimental or control
group. The study sample was confirmed once the parents or
guardians who decided to participate in it signed the informed
consent. Finally, the study was conducted to coincide with the
corresponding academic school year (from September to
June) for each annual phase. The work sessions were divided
into three quarterly stages: intervention, creation of the voca-
tional project and development of said project (Fig. 1). The
evaluations carried out with the instruments described in the
previous section were carried out before, during and at the end
of each of the annual phases.

First stage: Intervention

The intervention consisted of a two-hour, weekly group ses-
sion in person (a total of 12 sessions) (Fig. 2). In these ses-
sions, the participants were given training activities on healthy
habits and health education on obesity (60 min); traditional
motor games were practiced and activities involving an active
videogame with contents on healthy habits were carried out in
pairs (60 min). All the sessions were designed from a play
point of view, meaning that after the theoretical content was
presented, it was reinforced with a game (using motor games
and the active videogame TANGO:H [35]). Thus, each ses-
sion featured a game designed specifically for this content.
This was complemented with two weekly 30-min physical

Fig. 1 Stages and instruments
used in each annual phase

activity sessions at home with a commercial video game
(Wii Fit Plus). We also worked with the parents, mothers
and/or guardians of the minors, who received a 90-min edu-
cational session during which three topics were discussed:
healthy lifestyle habits, obesity as a disease, and false beliefs
about video games. We accounted for the diversity of the
geographical origins of the families (different Spanish auton-
omous communities, Venezuela, China, etc.) to educate them
in nutritional habits. There was a good rapport and communi-
cation between the team and parents, and in order to provide
support and motivation to positively influence changes in
habits, ICT tools such as instant messaging services
(WhatsApp), social networks (Facebook) and Google apps
were used to maintain this relationship.

a) Initial training in group sessions

b) Motor play in group sessions

¢) Nutritional activities in TANGO:H

d) Training with parents using Classdojo

Second stage: Creation of vocational project

This stage entailed the creation of a vocational project
intended to identify healthy activities that the participants
might like in their environment. This activity was supervised
through a weekly videoconference session and the use of the
Moodle virtual platform. Likewise, the program of activities
with Wii Fit Plus continued at home with two weekly sessions
lasting 30 min each.

Pre-intervention

*Design and sample
o Ethical consents
*Pre-tests

First stage:
Intervention
*12 Sessions in group

*120' (60" gamified
training + TANGO:H

active videogame+ 60'

motor play) once a
week

*12 Sessions in home
30" (Wii)
*90' Training families

Second stage:
Creation of
vocational project

* 24 Sessions at home with
WII (30')

* 12 Sessions by ICT tools
(videoconferences,
virtual environments)
(30)

* Support families &
children once a month
(E)]

Third stage:
Development of
vocational project

24 Sessions at home with
WINELD)

* 12 Sessions by ICT tools
(videoconferences,
virtual environments)
(30)

® Support families &
children once a month
(90)

s PRO ' TAO

Post- Intervention

* Post-tests
e Collect data
¢ Analysis data
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Fig. 2 Different moments and
strategies used in the educational
intervention. a Initial training in
group sessions. b Motor play in
group sessions. ¢ Nutritional
activities in TANGO:H. d
Training with parents using
Classdojo

i~ A D

The periodicity of the face-to-face group sessions be-
came monthly. These sessions lasted 2 h and focused on
reinforcing the activities carried out throughout the week.
Also done on a monthly basis were several orientation
activities with the parents to support the development of
their children’s vocational project, as well as to answer
questions regarding the use of the different ICT tools
(videoconference and Moodle platform).

Third stage: Development of vocational project

This last stage required each participant to develop their own
vocational project on healthy activities and provided support
the children as they started their new activities. To this end,
individual, home and continuous care was offered, supported
by ICT (videoconferences and the Moodle platform, and
Classdojo for follow-up). In addition, the two weekly at-
home physical activity sessions with the Wii Fit Plus were
continued, as was the counseling for parents on the develop-
ment of the vocational project. We also gave talks and work-
shops on healthy lifestyle habits to students from 3rd to 6th
grade in primary schools, showing them how to use
TANGO:H and other technological tools (Kahoot!) (Fig. 3).

In each phase of the study, we collected data for that
year for further analysis prior to, during and at the end of
the intervention.
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Results
Knowledge of nutrition throughout the study

In this section we analyze the participants’ answers involving their
knowledge of healthy nutrition. In all cases, higher scores indicate
better habits, knowledge and satisfaction. All the variables in-
volved in these analyses exhibit a normal distribution, as per the
Kolmogorov-Smirnov test. The comparison of the means of the
two groups in the baseline indicates that both presented similar
scores at the beginning of the study in the indices studied (Table 2).

Fig. 3 Use of active videogames in schools
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For each indicator, the analysis of repeated measure-
ments is performed, with a group as an inter-subject factor
and an intra-subject factor with three levels that we have
called “Tracking” (Table 3). Each level is defined by one
phase of the intervention: the baseline (measurements tak-
en before the intervention began), the immediate follow-
up (evaluation done at the end of the face-to-face inter-
vention phase), and the long-term follow-up (evaluation
done after finishing the intervention with the children and
removing the follow-ups). When the sphericity of the
variance-covariance matrices is not met, the epsilon cor-
rection is applied using the Greenhouse-Geisser method.
In the case of the main effects of the intra-subject factor, a
posteriori analysis is performed with the Bonferroni ad-
justment; likewise, if in the analysis of the main effects
the criterion of homogeneity of the variances is not met,
the robust Welch test is performed.

The interaction between the Tracking and Group factor
is not significant (F (2.50)=2582, p=.086, n2p =.094,
P =.492), there is no significant Group effect (F
(1.25)=10.503, p=.485, N2p =.020, P =.105). On the oth-
er hand, there is a significant follow-up factor effect (F
(2.50)=28.647, p=.000, n2p=.532, P>0.999). When
looking at the analysis by pairs with the Bonferroni ad-
justment, we find that the scores in the long-term follow-
up are significantly different from those of the baseline (t
(23)=7.002, p<.001; d =1.2) and those of the immediate
follow-up (t (23)=6.234; p<.001; d=0.99). Analyzing
the evolution of the means (See Fig. 4), and considering
the two groups together, shows that, in both cases, the
highest means for the knowledge variable are given in
the long term.

The graph representing the means indicates that, al-
though the interaction between the Tracking and Group
factor is not significant, there may be interaction between
the baseline and the immediate follow-up, that is, the one
done just after the face-to-face intervention phase.
Therefore, this phase will be analyzed independently. In
this case, the variance-covariance matrix does not exhibit
a sphericity pattern, so the Epsilon correction will be done
using the Greenhouse-Geisser method. The interaction be-
tween the immediate follow-up factor and the Group is
significant (F (1.00, 31.00)=6.911, p=.013, n2p=.182,
P =.721), as is the main effect of the immediate follow-up

Table 2 Mean and group (standard deviations) and statistics of the
difference of means of the scores in the questionnaires of the
participants in the baseline

Control Experimental F (1.43) p n2p P
N=20 N=25
Nutrition  27.00 (3.64) 26.40 (2.66)  0.41 5201 .10

Bonferroni adjustment

Table 3 Means and (standard deviations) of the indices of the
questionnaires reported by the two groups of minors in the follow-up
evaluations

Immediate Long term

Control Experimental ~ Control Experimental

N=16 N=17 N=16 N=15
Nutrition  27.00 (2.88) 28.71 (2.62)  29.56 (2.50) 30.87 (2.95)

Bonferroni adjustment

factor (F (1.00, 31.00)=6.911, p=.013, n2p=.182,
P=.721), but not of the Group factor (F (1.31)=0.215,
p=.646, N2p=.007, P=.073).

As shown in Fig. 4, when we averaged the scores of the two
groups, the means in the follow-up exceeded those of the
baseline; on the other hand, the interaction observed and the
review of the means indicates that the scores of each group
describe a different evolution between the baseline and imme-
diate follow-up.

Adherence to the Mediterranean diet

In this section we analyze the responses of the children in
the questionnaire on the quality of the Mediterranean diet
- KIDMED. We analyze the data of the pretest and the
immediate posttest (after the face-to-face intervention). As
the data show, at the beginning both groups had an aver-
age KIDMED index of 7 (average adherence). However,
after the intervention, the experimental group showed a
slight improvement in this index, while in the control
group it declined. These differences in the KIDMED in-
dex are not significant. Therefore, we decided to provide
the following tables where each item in the KIDMED
questionnaire is shown as a percent for both the control
group and the experimental group. These tables show sig-
nificant differences in vegetable intake (one or more), and
the consumption of fish, pasta and cereals. Also

31

26 T T
Pretest Pretest 1

Pretest 2

--- Control --- Experimental ---Both

Fig. 4 Knowledge about nutrition during the study
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Table 4 KIDMED index for different times and groups

Index Experimental Experimental Control Control
KIDMED  group group group group
Pre Post Pre Post
Min=5.00 / Min=5.00 / Min=4.00 / Min=5.00 /
Max=11.00 Max=10.00 Max=11.00 Max=10.00
Mean 7.67 7.75 7.11 6.78

significant is the number of children who have stopped
eating industrial pastries for breakfast.

Regarding the impact of the program on dietary habits, as
Table 4 shows, in the experimental group, the KIDMED index
exhibits a slight improvement that is not significant, while the
control group sees a worsening in its KIDMED index that is
significant.

In Table 5 below, we can see represented in percentages the
items according to the group to which they belong and the
time when all the participants were evaluated.

Relationship between results

Regarding the results on healthy habits [34] in particular, we
presented the results on the “nutrition” category. The results
show a slight improvement in the GE (baseline =26.40; post
immediate intervention =28; long-term post intervention =
30.87) compared with the GC (baseline = 27; post immediate
intervention = 27; long-term post intervention = 29.56), and as
Fig. 4 shows, a better evolution in GE than GC.

About the KIDMED [33], the results show a small im-
provement in the GE index (pre-test=7.67; post-test="7.75)
and a minor worsening in the GC index (pre-test=7.11; post-

test=6.78). Also, analyzing all the items that comprise the
KIDMED test according to the group to which they belonged,
it became clear that there were improvements in the experi-
mental group involving the consumption of vegetables (pre-
test=91.6; post-test = 100), fish (pre-test = 66.6; post-test =
83.3), or cereals for breakfast (pre-test = 83.3; post-test =
91.6), and that all of them stopped eating industrial pastries
for breakfast (pre-test = 8.3; post-test = 0). In contrast, the con-
trol group stopped having vegetables regularly (pre-test=
77.7; post-test=155.5), and also exhibited worse indicators
related to industrial bakery and sweets (pre-test = 0; post-test =
11.1). Then, the “t” test was performed for related samples,
which allowed us to confirm whether or not there were signif-
icant differences between the pretest and the posttest both in
the experimental group and in the control group. In both cases,
we must accept that the measure in the population in both the
experimental group (0.72) and the control group (0.563) is the
same, and no significant differences were found when the
values were greater than 0.5. Subsequently, the “t” test was
done for independent samples, relating first the pretest in the
experimental and control groups. This did not reveal any sig-
nificant differences in the questionnaire between the experi-
mental and control groups (0.54). Thus, we started with a
sample with homogeneous measurements in relation to the
quality of the Mediterranean diet, but after the intervention,
we found significant differences in the post-test of the exper-
imental and control groups (0.23). We can thus affirm that the
means corresponding to the two groups are equal, meaning
that the children who participated in the experimental group
managed to improve the quality of their diet.

To summarize the results, we observed a slight improve-
ment in the GE’s knowledge of healthy nutrition and a better
adherence to the Mediterranean diet compared to the GC, both
in the immediate post intervention and in the long term.

Table 5 Results by item of the KIDMED test
KIDMED test Experimental group Experimental group Control group Control group
Pre Post Pre Post
Has a fruit or fruit juice every day 66.6 66.6 77.7 66.6
Has a second fruit every day 25.0 0.0 333 333
Has fresh or cooked vegetables regularly once a day 91.6 100.0 77.7 555
Has fresh or cooked vegetables more than once a day 41.6 25.0 11.1 11.1
Consumes fish regularly (at least 2-3/week) 66.6 83.3 77.7 66.6
Goes >1/ week to a fast food restaurant (hamburger) 0.00 0.0 0.0 0.0
Likes pulses and eats them >1/week 91.6 833 717 66.6
Consumes pasta or rice almost every day (5 or more per week) 25.0 50.0 333 333
Has cereals or grains (bread, etc.) for breakfast 833 91.6 77.7 71.7
Consumes nuts regularly (at least 2—3/week) 16.6 16.6 333 55.5
Uses olive oil at home 91.6 91.6 100.0 100.0
Skips breakfast 0.0 0.0 0.0 11.1
Has a dairy product for breakfast (yogurt, milk, etc.) 100.0 100.0 88.8 88.8
Has commercially baked goods or pastries for breakfast 8.3 0.0 222 11.1
Has two yogurts and/or some cheese (40 g) daily 75.0 66.6 444 55.5
Eats sweets and candy several times every day 0.0 0.0 0.0 11.1
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Discussion and conclusions

Throughout the phases of the study, we observed a significant
improvement in both groups’ knowledge of healthy eating,
reaching higher levels in the long term than in the two previous
evaluations. On the one hand, this common drift may be reflecting
the benefits of formal, family and health education, which was
available to both groups in the community and whose access
was promoted by the Project. By focusing only on the times before
and immediately after the face-to-face intervention, we found a
different trend in the scores of both groups. Looking at the means,
we see how the experimental group’s knowledge of healthy eating
is higher than the baseline, while that of the control group remains
stable. From that moment, the knowledge of the two groups in-
creases with a similar profile, evolving in parallel. Having partic-
ipated in the experimental group seems to be a benefit, since the
gap in the knowledge gained by the experimental group after the
face-to-face intervention remains in the long term. Likewise, a
significant improvement was observed in adherence to the
Mediterranean Diet (MD) of the experimental group compared
to the control group. In addition, we observed that the control
group worsened in some items compared to the experimental
group. This result is important because the MD is traditionally a
model of heart-healthy food, one that is characterized by a high
consumption of vegetables, legumes, fruits, nuts and cereals and,
especially, olive oil. The MD also includes recipes and cooking
methods. It is probably one of the healthiest dietary models that
currently exists. Numerous epidemiological studies [36—38] high-
light the beneficial effects of this type of diet in combatting car-
diovascular diseases, diabetes, certain tumors and other patholo-
gies associated with oxidative stress. In this sense, the MD is
related to a higher life expectancy and a lower incidence of
chronic-degenerative diseases [39], evidencing that a small in-
crease in the rate of adherence to the MD leads to a significant
reduction in the risk of mortality and in the incidence of these
diseases [40]. This study, however, presents a series of limitations.
We must bear in mind that we had a sample of 46 participants
during the two phases; however, the participants’ withdrawal from
the study over the months meant the loss of data. In addition, the
participants came from different social contexts so we had to adapt
the recommendations on eating habits and physical activities to the
economic possibilities of each family. Moreover, in phase 1, the
participants attended private and public schools, so there was no
homogeneity of knowledge. Finally, the children had different
leisure interests and attention spans, so we had to work quickly
to create a circle of trust among the participants.

Finally, although it was not the goal of this paper to de-
scribe the general intervention program and all its results, we
will highlight its strong points:

*  The PROVITAO project has developed a gamified ed-
ucational program for healthy habits, based on active
video games and motor games. It has created and

validated a frame of reference for intervention, moni-
toring and emotional, biomedical, interactive, social,
psychological and educational evaluation, based on
games, applied to the treatment of childhood obesity
and to preventing associated complications. It has also
produced various technological products (exergames,
serious games, webapps, sensory libraries, wearables,
etc.).

* The program developed consists of a plan of activities
specifically designed around healthy habits with motor
games, commercial video games (Wii Fit Plus and apps),
and internally-developed games such as TANGO:H,
which can be presented at home and in group face-to-
face sessions. PROVITAO was applied to a total of 46
children with childhood obesity and their caregivers dur-
ing the school year, in two phases.

* The research design used was of the quasi-experimental
mixed type, with two control groups and two experimental
groups.

*  The research group has participated in various activities at
the local level (talks in schools, conferences, workshops,
etc.) to promote healthy habits.

* This study was carried out over 3 years, from 2014 to
2017, thanks to the joint work done by a multidisciplinary
team of professionals in the areas of Physical Education,
Psychology, Pedagogy, Health Sciences and Computer
Science who designed, supervised, executed and studied
the program proposed in this article.

Despite the limited scope of this study, it has great potential
to gain knowledge on the childhood population with obesity
because:

« It takes place in one of the Autonomous Communities
with the highest rates of obesity in Spain and in Europe.

+ It provides information on the healthy habits of an inter-
cultural population.

* Ininvolves an age group where healthy living habits can
be more easily promoted.

+ It educates and raises awareness in the entity that is ulti-
mately responsible for the eating habits and physical ac-
tivity of children: the family [41].

+ It is one of the first programs to use gamification tools
focused on non-formal educational learning involving
obesity and lifestyle and their long-term assessment.

Acknowledgements We would like to thanks to the children and their
families who have participated in this study. Also, we gratefully acknowl-
edge the researchers and collaborators of PROVITAO from different
areas: Health (Carmela Quirce Gonzélez, Norberto Marrero Gordillo,
Honorio Armas Ramos, Mariana E. Cairés Gonzalez, Josue Monzén
Diaz, Mercedes Murray), Technology (Yeray del Cristo Barrios Fleitas,
Alberto Mora Carrefo, Belén Armas Torres, Vanesa Muiioz Cruz,
Lorenzo Moreno Ruiz, Jesiis Rodriguez Alamo, Miguel A. Padron,

@ Springer



198 Page 10 of 12

J Med Syst (2019) 43: 198

Niobe Jerez, Belén Armas Torres, Pablo V. Torres Carrion) and Education
(Luis Navarro Campillo, Elisenda Espino Espino, Silvia Vera Gonzalez,
Isa Neves). Besides, we thank the Canary Islands Government Education
Counseling and the schools and teachers who collaborated with the
project.

Funding This study was funded by “Fundacién Caja Canarias” (grant
number OBEOS).

Compliance with ethical standards

Conflict of interest
interest.

Authors declares that they have no conflict of

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the research
committee of “Hospital Universitario de Canarias” and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Appendix 1

Table 6 KIDMED [20]

Test to assess adherence to the Mediterranean Diet

KIDMED test Scoring
Has a fruit or fruit juice every day +1
Has a second fruit every day +1

Has fresh or cooked vegetables regularly once a day +1
Has fresh or cooked vegetables more than once a ~ +1

day +1
Consumes fish regularly (at least 2-3/week) -1
Goes >1/week to a fast food restaurant (hamburger) +1
Likes pulses and eats them >1/week +1
Consumes pasta or rice almost every day (5 ormore +1

per week) +1
Has cereals or grains (bread, etc) for breakfast +1
Consumes nuts regularly (at least 2—-3/week) +1
Uses olive oil at home +1
Skips breakfast -1
Has a dairy product for breakfast (yogurt, milk, etc) +1
Has commercially baked goods or pastries for -1

breakfast

Has two yogurts and/or some cheese (40 g) daily
Eats sweets and candy several times every day

KIDMED index Adherence to Med
Diet

Score < =3 points Poor

Score 4-7 points Medium

Score > =8 points High

[20] Adapted from: Serra-Majem, L.; Ribas, L.; Garcia, A.; Pérez-
Rodrigo, C.; Aranceta, J. Nutrient adequacy and Mediterranean Diet in
Spanish school children and adolescents. Eur J Clin Nutr. 2003; 57, 35-9

@ Springer

Appendix 2

Health questionnaire [21]

(*) Category Nutrition: [the HIGHER the score, the BETTER
the knowledge of eating habits]

-Indicate which of these foods you consider to be more or
less healthy.

Healthy Unhealthy

Coffee

Milk or shakes

Refreshments

Packaged juices

Natural juices

Hamburgers or sausages
Sausages such as chorizo, mortadella, sausage ...
Homemade or bagged potato chips
Cakes and sweets

Vegetables

Fruit

Candies (candies ...)

Nuts (seeds, peanuts, nuts ...)
Legumes (chickpeas, lentils ...)
Butter or margarine

Yogurt

Fresh cheese

Yellow cheese

Chicken or turkey

Meat with a lot of fat

Fish

Eggs or omelet

o

e STy e T e R B NS U

S ORP O OO R OO R OO MFMPEMM=OF~O

-What foods should we consume daily, weekly and
monthly?

Daily =~ Weekly =~ Monthly
Eggs 0 1 0
Fish 0 1 0
Olive oil 1 0 0
Sweets 0 0 1
Vegetables 1 0 0
Cheese, milk, yogurt 1 0 0
Cereals, bread, pasta, rice, potatoes ... 1 0 0
Poultry 0 1 0
Meat 0 0 1
Fruits 1 0 0
Beans, legumes and nuts 1 0 0

-Overall, do you think your diet is healthy?
- No [0]

- Alittle [1]

- Enough / Could be improved [2]

~ Very [3]

- 1 do not know [0]
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