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Abstract
Objective: The study aimed to assess the impact of a game-based nutritional
intervention on food consumption, nutritional knowledge and self-efficacy in
the adoption of healthy eating practices.
Design: This cluster randomised controlled trial included both male and female
high school students from private schools in the Federal District, Brazil. Four
schools were randomly selected for each group. Investigated variables were
age, sex, monthly family income, maternal education level, dietary perceptions
and practices, nutritional knowledge and self-efficacy in the adoption of healthy
eating practices.
Setting: Intervention group participants were instructed to play Rango Cards, a
digital game developed for the study, on their own, for a period of 7–17 d, while
the control group was not provided with any game or material during the study.
Participants: The study included 319 adolescents (mean age= 15·8 (SD 0·7) years).
Results: Significant reductions were observed in the intervention group compared
with the control group for the following variables: habit of eating while watching
TV or studying and having meals at fast food restaurants. The intervention group
showed increased knowledge of the effects of fruit and vegetable consumption as
well as improved self-efficacy in the adoption of healthy eating practices such as
reducing Na intake and preparing healthy meals.
Conclusions: The design of Rango Cards is potentially capable of effecting positive
changes. Therefore, the digital game promotes autonomy and self-care among
adolescents with regard to healthy eating.
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Adolescence is a period of nutritional vulnerability as a
result of increased nutritional needs as well as unhealthy
dietary patterns(1–4). At this stage of life, sedentary lifestyle,
inadequate eating habits and susceptibility to social influ-
ence are major risk factors for chronic diseases in devel-
oping countries(3,4).

Despite advances in global health indicators, there has
been an exponential growth in the prevalence of over-
weight, especially among adolescents(5–7). Thus, actions
for the promotion of healthy dietary practices among
adolescents represent a large investment in their present
and future health and quality of life(3,4).

Brazilian research on health, diet and nutrition of
school-aged adolescents has revealed a critical situa-
tion. The prevalence of overweight and obesity has
exceeded 25 % in adolescence(7). Regarding dietary
behaviours, regular consumption of ultraprocessed foods
(e.g. sweets, cookies and soft drinks) has been observed
as well as low consumption of in natura and minimally
processed foods (e.g. fresh fruits and vegetables), lead-
ing to insufficient intake of micronutrients such as Ca
and vitamins A and E(8,9). Other problematic habits include
skipping meals during the day and adopting sedentary
behaviours(8,10).
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In this life stage, choosing what to eat is considered a
way of expressing autonomy and transforming the social
circle(11,12). These characteristics make adolescents a
potential target of educational actions that could promote
healthy eating habits for the lifetime(13). Nonetheless,
Ramos et al.(14) indicated that innovative methods should
be adopted to promote health education at school. In this
context, digital technologies emerge as a promising strat-
egy to be incorporated into food and nutrition education
programmes, aimed at this specific age group(15–17).

A systematic review on the use of technology in nutri-
tional interventions for this age group showed that the
ones involving games were effective in improving deter-
mining factors for the choice and consumption of healthy
food, such as decreased sugar consumption and increased
home availability of healthy food; intake of fibre, Ca, and
vitamins C and B2; and nutritional knowledge(18). As media
capable of influencing people’s behaviour, games can be
used for educational purposes. In the context of develop-
ment and expansion of cognitive and intellectual abilities,
they are called educational games, learning games or seri-
ous games(19). The literature also demonstrates that the use
of games aimed at fighting obesity in children and adoles-
cents may support an engaging and active process of
change, as a systematic review showed improvements
in nutritional knowledge, increased availability and con-
sumption of healthy foods and water, and greater self-
efficacy in vegetable intake(20).

This study aimed to assess the individual-level impact
of a nutritional intervention for high school students on
food consumption, nutritional knowledge and self-efficacy
in the adoption of healthy eating practices, based on the
use of a digital game that was developed to promote
healthy eating.

Methods

Study design
This cluster randomised controlled trial recruited both
male and female adolescents from private schools in
the Federal District, Brazil. Private schools were con-
sidered more appropriate because the intervention
required students to play the game on their own mobile
devices (smartphones and tablets), which tend to be
expensive and thus more accessible to private than public
school students. The study was conducted and reported
according to the Consolidated Standards of Reporting
Trials guidelines(21).

Participants

Randomisation and recruitment
After a simple randomisation procedure, eight schools
were drawn, four for each group, from a universe of
121 private schools(22). However, fifty-three schools
had to be invited (by email, phone and personal visit)

until eight agreed to participate. Sixteen schools refused
to participate and twenty-nine did not respond to or
denied the invitation because of excessive school activities;
lack of time for research involvement; development of
other activities related to healthy eating and non-authorisation
of underage participants. This explains the exclusion of
forty-five schools that were previously drawn (Fig. 1).
Each school unit was invited to participate in the study
without any previous knowledge of the allocation group.
After the schools agreed to participate in the study, the stu-
dents’ parents signed an informed consent form and
then the students were asked to express their interest.
This study had no exclusion criteria. Additional sampling
information has been published elsewhere(23).

Intervention
The digital game used in the intervention was developed
specifically for this study. The name Rango Cards com-
bines a Brazilian cultural expression related to food
(‘rango’) and an English reference to card games (‘cards’).
Its purpose is to present the concept of healthy and
adequate diet based on the Dietary Guidelines for the
Brazilian Population(24). The mechanics of the game is
similar to that of Hearthstone® (Blizzard Entertainment),
named the best multiplayer game by Google Play in
2017(25). In Rango Cards, however, the matches take place
on a dining table and the characters have common features
of Japanese animation (anime) and American comic
books, in order to create similarity with other popular
games. Figure 2 shows the general components of
the game.

The game is based on social cognitive theory, especially
the idea of determinants of eating behaviour, that is, knowl-
edge and self-efficacy(26,27). The virtual environment where
the narrative of Rango Cards unfolds is a school (consisting
of courtyard, library and auditorium), except for the third
phase, in which the player visits a restaurant that serves
healthy meals. The game is divided into seven phases,
addressing the following themes: food classification;
healthy eating practices; importance of the act of cooking;
food marketing focused on misleading advertisement
and importance of reading food labels to understand
the nutritional content of food items(24).

Game design, theme selection and phase order were
conceived to provide the player with a learning experi-
ence. Rango Cards is free, in Portuguese, compatible with
Android and iOS devices and available from Google Play
and App Store since April 2017. More information about
the game can be found in Chagas et al.(23).

Intervention group
Adolescents from the intervention group were instructed
to download the game. They first played it at school
accompanied by a researcher responsible for answering
questions. Then, they could play it at the time and space
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that best suited their routine, individually or collectively,
from 7 (minimum) to 17 (maximum) days.

Control group
Adolescents from the control group were not instructed to
play the game nor received any healthy dietary recommen-
dations, that is, the researchers did not provide them with
any additional material during the study.

Data collection
School recruitment and data collection were conducted
from June to September 2017. Previously trained unblinded
researchers were responsible for, after completion of the
pre-intervention questionnaire, guiding adolescents in
the intervention group on how to download and play
the game. Both groups completed previously tested
questionnaires, which were applied at schools before
and after the nutritional intervention. The following
variables were investigated: age, sex, monthly family

income, maternal education level, dietary perceptions
and practices, nutritional knowledge and self-efficacy
in the adoption of healthy eating practices. The pre-
and post-intervention questionnaires included the same
questions, except for the socio-demographic variables,
which were collected only at the first moment of the study.

Measures

Socio-demographic data, dietary perceptions and practices
The assessment of monthly family income and maternal
education level was based on questions included in
periodic population surveys conducted in Brazil(28).
Regarding dietary perceptions, participants were asked
to provide scores for how healthy they considered their
diet to be and how much they knew about the topic,
ranging from 0 to 10.

Dietary practices were assessed according to
National School-Aged Adolescent Health Survey criteria(8).

CONSORT 2010 Flow Diagram

Assessed for eligibility (n 53 schools; 7845 adolescents)

Excluded (n 45 schools; 6784 adolescents)

- Not meeting inclusion criteria: not applicable

- Declined to participate (n 16 schools; 2415

adolescents)

- Other reasons (n 29 schools; 4369 adolescents)

Analysed (n 117)

- Excluded from analysis

(absence of questionnaire) (n 105)

Lost to follow-up (missed) (n 105)

Discontinued intervention (give reasons) - not

applicable

Allocated to intervention (n 442)

- Received allocated intervention (n 222)

- Did not receive allocated intervention (missed,

incompatibility of data) (n 220)

Lost to follow-up (missed) (n 146)

Discontinued intervention (give reasons) - not

applicable

Allocated to control (n 619)

- Received allocated intervention (n 348)

- Did not receive allocated intervention

(missed, incompatibility of data) (n 271)

Analysed (n 202)

- Excluded from analysis (absence of

questionnaire) (n 146)

Allocation

Analysis

Follow-up

Randomised (n 8 schools; 1061 adolescents)

Enrolment

Fig. 1 (colour online) Flow diagram of adolescents’ participation in the study
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Participants were asked about frequency of consumption
of healthy (beans, vegetables and fruits) and unhealthy
foods (ultraprocessed foods, fried snacks, soft drinks,
sweets and fast foods) and frequency of having break-
fast, lunch or dinner with parents or guardians and of
eating while watching television or studying.

Knowledge and self-efficacy
Nutritional knowledge and self-efficacy in the adoption
of healthy eating practices were assessed based on the con-
tent of the game and on items from previous studies with
adolescents and young adults(29–31).

Regarding nutritional knowledge, the participants
should consider fifteen statements and express their
level of agreement using a five-point Likert-type scale,
ranging from 1 (‘I strongly disagree’) to 5 (‘I strongly
agree’) (see Supplementary material, Appendix I). Similarly,
self-efficacy was evaluated using nineteen statements, for
which the participants should express whether they
planned to, would be able to or would feel confident
to perform a list of actions, with scores ranging from 1
(‘No, not at all’) to 5 (‘Yes, certainly’) (see Supplementary
material, Appendix II).

The assessment of the validity of the questionnaire
included 539 first-grade high school students from eight
private schools in the Federal District, Brazil. Analyses were
performed using exploratory factor analysis. Kaiser-Meyer-
Olkin and Bartlett’s sphericity tests were performed to
determine whether data fitted the exploratory factor analy-
sis. Cronbach’s alpha (α) was used to determine the internal
consistency of nutritional knowledge and self-efficacy to
adopt healthy eating behaviours, and values of 0·808
and 0·875, respectively, were obtained. The analyses
confirmed the validity of the tool for nutritional knowl-
edge and self-efficacy to adopt healthy eating behav-
iours among adolescents.

Data management and analysis
After data collection, the answers to the questionnaires
were double-entered into electronic spreadsheets. Socio-
demographic variables were analysed descriptively using
means, standard deviations and frequencies. Then, for non-
parametric data, Pearson’s χ2 test (sex and age) and Mann–
Whitney U test (monthly family income and maternal
education level) were performed according to clusters.

To assess the impact of the intervention, unpaired
analyses were performed using the Student’s t test for
numerical variables (dietary perceptions) and Likert-type
scales (knowledge and self-efficacy) considered continu-
ous. The Mann–Whitney U test was used for dietary prac-
tices and consumption. The level of significance was set
at 5 %. For inferential analyses, pre- and post-intervention
differences were considered when assessing numerical or
ordinal responses. The statistical analyses were performed
using the Statistical Package for the Social Sciences (SPSS),
version 21.0.

Results

Initially, this study included 570 adolescents, being 348 in
the control group and 222 in the intervention group. There
were no significant differences between control and inter-
vention groups regarding age (P= 0·381), sex (P = 0·902),
monthly family income (P= 0·700) and maternal education
level (P = 0·765) (data not shown). Of those, 319 partici-
pants completed the study, being 202 in the control group
and 117 in the intervention group (Fig. 1).

The participants were homogeneously distributed in
terms of sex (57·4 %were girls), and almost all of themwere
between 13 and 16 years old (94·6 %), with a mean age
of 15·8 (SD 0·7) years. Of those who provided information
about monthly family income (n 175), 48 % reported

Fig. 2 (colour online) Screenshot of Rango Cards’ interface
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income of up to BRL (Brazilian Real or R$) 4685·00.
Regarding level of education, the mothers of only 19·7 %
(n 173) of adolescents did not complete high school. At
baseline, there were no significant differences between
control and intervention groups with regard to socio-
demographic data (Table 1), dietary perceptions (Table 2)
and practices, and the set of statements on nutritional
knowledge and self-efficacy in the adoption of healthy
practices.

The analysis of regular dietary practices revealed that
eating while watching TV or studying and having meals
at fast food restaurants reduced significantly in the interven-
tion group compared with the control group (Figs 3 and 4).

For the set of statements regarding nutritional knowl-
edge and self-efficacy in the adoption of healthy eating
practices, very similar mean scores were found between
the groups before and after the intervention, with no sig-
nificant differences. The items regarding knowledge of
fruit and vegetable consumption, intention to reduce
Na consumption and intention to prepare healthy meals
are worth mentioning. They achieved higher mean
scores in the intervention group at the second moment
of the study, with significant differences compared with
the control group. These results are shown in Table 3.

Discussion

This study innovates in the presentation of the concept of
healthy and adequate diet for adolescents using theDietary
Guidelines for the Brazilian Population(24). Few game-
based interventions have been created for such purpose.
As innovative media, digital games are potentially capable
of influencing health outcomes, providing engagement
and pleasure(18,32,33).

Several benefits have been attributed to game-based
learning, and Rango Cards includes the following:
opportunity for decision-making; attribution of meaning
to concepts difficult to understand; stimulation of players’
active participation; creation of motivation and personal sat-
isfaction; and use of different learning styles and skills(34,35). In
addition, the mechanics of Rango Cardswas inspired in a
major worldwide success. According to Bakkes et al.(36),
a player-centred game design leads to a stronger connec-
tion between the player and the technology, ensuring
increased playability and satisfaction, which could pro-
duce promising results, as those found in Rango Cards.

The Rango Cards intervention resulted in changes in
some dietary behaviours displayed by the adolescents.
Initially, a positive impact observed in the intervention

Table 1 Baseline study data, Federal District, Brazil, 2017*

Variables

Intervention Control Total

Pn % n % n %

Age (years)†
13–16 108 92·3 194 96·0 302 94·6 0·153
17–19 9 7·7 8 4·0 17 5·3

Sex†
Male 52 44·4 84 41·6 136 42·6 0·619
Female 65 55·6 118 58·4 183 57·4

Monthly family income‡
Up to BRL 4685·00 45 54·9 39 41·9 84 48·0 0·090
BRL 4685·01–9370 25 30·5 35 37·6 60 34·3
BRL 9370·01 or more 12 14·6 19 20·4 31 17·7

Maternal education level‡
Up to incomplete high school 17 20·5 19 19·0 26 19·7 0·301
Incomplete higher education 33 39·8 32 32·0 65 35·5
Complete higher education or further 33 39·8 49 49·0 82 44·8

BRL, Brazilian Real or R$.
*Only valid responses were considered for each variable. Income assessment based on the Brazilian National Household Survey (PNAD); minimum wage of R$937
(approximately US$226) considered.
†Pearson’s χ2 test.
‡Mann–Whitney U test.

Table 2 Dietary perceptions of the intervention and control groups before and after the intervention, Federal District, Brazil, 2017

Variables

Intervention Control Total

P*Mean SD Mean SD Mean SD

How healthy do you believe your diet is?
Pre-intervention 5·4 1·9 5·7 2·1 5·6 2·1 0·424
Post-intervention 5·8 1·9 6·0 2·1 5·9 2·0

How much do you know about healthy eating?
Pre-intervention 6·1 2·5 6·7 2·3 6·5 2·4 0·438
Post-intervention 6·6 2·4 7·0 2·3 6·8 2·3

*Student’s t test.
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group was a significant reduction of the habit of eating
while watching TV or studying. This dietary behaviour
is an important marker because of its association with
the consumption of unhealthy foods(37), whose explana-
tory mechanisms address food preferences and/or lack
of attention(38). Being attentive and aware while eating
is a determining factor for adherence to healthy eating(39,40)

and is recommended in the Brazilian guidelines(24). This

was considered in the elements of the game, including a
specific card that ensures gameplay to the player and
also explores the benefits of being calm during the match.

Regarding food consumption, the intervention had an
impact on the frequency of having meals at fast food
restaurants, which decreased in the intervention group.
Reducing high-energy, low-nutrient and ultraprocessed
food intake, which characterises fast food restaurants(41),

100 %

80 %

60 %

40 %

20 %

0 %

Intervention group -

Before

Intervention group -

After

Control group - Before Control group - After P = 0·042

53·8 %

9·4 %

12·0 %

4·3 %

10·3 %

10·3 %

41·9 %

9·4 %

20·5 %

6·8 %

13·7 %

7·7 %

Do you usually eat while watching TV or studying?

11·4 %

23·8 %

7·4 %

12·9 %

8·4 %

36·1 % 35·6 %

12·4 %

10·4 %

11·4 %

17·3 %

12·9 %

Fig. 3 Comparison between the habit of eating while performing other activities before and after the intervention, Federal District,
Brazil, 2017. , No; , rarely; , yes, 1–2 d/week; , yes, 3–4 d/week; , yes, 5–6 d/week; , yes, everyday

100 %

80 %

60 %

40 %

20 %

0 %
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Before

Intervention group -

After

Control group - Before

Having meals at fast food restaurants the week before the study

Control group - After

P = 0·010

25·6 %
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23·9 %
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6·8 %
2·6 %

16·7 %

20·2 %

20·2 %
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32·7 %

28·1 %

17·1 %
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4·5 %

6·0 %
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9·1 %6·8 % 5·3 %

Fig. 4 Comparison between having meals at fast food restaurants before and after the intervention, Federal District, Brazil, 2017.
, 5 d or more; , 4 d; , 3 d; , 2 d; , 1 d; , none
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is a target in the prevention of serious health damages, as
there is convincing evidence that nutritionally unbal-
anced foods lead to overweight(42–46). A possible explan-
ation for this finding is that Rango Cards implements a
system of measuring salt, sugar and fat, whose levels
alter after the use of ultraprocessed foods (nutritionally
unbalanced foods). The meters directly impact health
levels, energy and time available to play the match.

Fruit and vegetable consumption is a health marker
associated with diet quality and improved total energy
density(47). Thus, several educational strategies using
games for health promotion seek to expand nutritional
knowledge of the topic(33,48,49). In this study, the interven-
tion group acquired more knowledge of the importance of
fruit and vegetable consumption compared with the con-
trol group. This finding can be explained by the design
and mechanics adopted for this food category in Rango
Cards, in which in natura foods increase the maximum
energy available for the player at the beginning of a match.
The mechanics is in line with that suggested by Suttie
et al.(50), so that the process of learning how to play
the game provides the knowledge and skills intended
in the strategy. Nonetheless, no significant changes were
observed in the set of statements related to nutritional
knowledge after the intervention, which is consistent
with the lack of changes in the adolescents’ perception
of their knowledge of the topic.

The adolescents from the intervention group also
showed positive changes in two aspects evaluated for
self-efficacy in the adoption of healthy eating practices.
They reported planning to, being able to or feeling more
confident to reduce Na consumption and to prepare
healthy meals, which was a favourable outcome because
self-efficacy is a predictor of health behaviour change(26,27).
This finding suggests that Rango Cards is associated with

increased intention of making positive changes, which is
reinforced by the actions, mechanics and design of the
game. According to Lieberman(51), games allow players
to rehearse skills repeatedly until they win, providing prac-
tice and showing cause and effect, which may lead to
improved health outcomes. An increased level of motiva-
tion for small changes has also been found in other studies
using different mobile strategies(52–55), showing the impor-
tance of such technologies.

Strengths and limitations
Determinants of eating behaviour, specifically in this
study nutritional knowledge and self-efficacy in the
adoption of healthy eating practices, influence individuals
to make positive changes(19,26,27). Therefore, although lim-
ited to specific aspects of dietary consumption, practice,
knowledge and self-efficacy, the impacts of the nutritional
intervention with Rango Cardsmay be considered of great
relevance, especially because such changes may improve
adolescents’ health in the long term. Thus, the design of
Rango Cards is potentially capable of having an impact
on dietary outcomes and practices, as well as in determi-
nants of eating behaviour.

Other variables showed no significant differences
between the intervention and control groups. A possible
explanation is the duration of the intervention (7–17 d),
as the literature indicates that long-term strategies
may achieve better results(18,33). However, there is still
no consensus on intervention time, and relatively short
programmes have had effective impacts on health
prevention(56). We suggest the development of games
focusing on food and nutrition with a longer duration
of intervention or higher number of phases, thus enhanc-
ing the involvement and engagement of adolescents.

Table 3 Comparison between the responses provided for nutritional knowledge and self-efficacy in the adoption of healthy eating practices in
the intervention and control groups before and after the intervention, Federal District, Brazil, 2017

Variables

Intervention Control Total

P†Mean SD Mean SD Mean SD

Set of statements – nutritional knowledge
Pre-intervention 4·2 0·4 4·3 0·5 4·3 0·5 0·474
Post-intervention 4·2 0·5 4·2 0·6 4·2 0·5

Set of statements – self-efficacy
Pre-intervention 3·2 0·7 3·4 0·7 3·3 0·7 0·081
Post-intervention 3·4 0·5 3·4 0·8 3·4 0·7

I would have more energy if I ate fruits and vegetables
Pre-intervention 4·0 1·1 4·2 0·8 4·1 1·0 0·033*
Post-intervention 4·2 0·9 4·2 0·9 4·2 0·9

Do you plan to have a low-salt diet with few foods containing large amounts of Na (e.g. snacks, mortadella, sausage and others)?
Pre-intervention 3·0 1·2 3·4 1·3 3·2 1·3 0·032*
Post-intervention 3·3 1·2 3·3 1·2 3·3 1·2

Do you plan to prepare healthy meals?
Pre-intervention 3·2 1·2 3·3 1·2 3·3 1·2 0·031*
Post-intervention 3·4 1·1 3·2 1·2 3·3 1·2

†Student’s t test.
*P< 0.05.
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Because the game is free, available onmajor mobile app
distribution platforms, and had satisfactory short-term
results, it can be easily incorporated as an educational
resource in Brazilian public policies. However, because
Portuguese is the only language available in the game,
international dissemination is compromised; nonethe-
less, this has never been an objective of this study, as
the game is based on Brazilian nutritional material. We
suggest then that each country should develop its own
game consistent with local culture, food preferences
and health priorities.

The absence of mechanisms to evaluate usability,
including playing time, and to measure long-term effects
is another limitation of the present study. There is a gap
in the literature regarding maintenance of health behav-
iours, with few studies assessing the prolonged impact of
digital games on health promotion(48,49).

The extrapolation of the results to different age groups
and social contexts should be analysed with caution
because the present study allowed direct contact between
researchers, adolescents and the digital game. According to
Newman et al.(57), human contact may influence the results
of interventions using technological tools. Thus, future
studies using the present game should examine the mech-
anisms of influence on determinants of and changes in
eating behaviour; assess the maintenance of healthy eating
practices and determine the efficacy and usability of the
tool in other contexts, age groups and social classes.

Conclusion

This study found an impact of the intervention on the habit
of eating while watching TV or studying; on having meals
at fast food restaurants; on knowledge related to the impor-
tance of fruit and vegetable consumption and on self-
efficacy in the adoption of healthy eating practices such
as reducing Na intake and preparing healthy meals. The
results, although limited and not representative of Brazil,
confirm the potential of Rango Cards among Brazilian
adolescents who have access to mobile devices, providing
opportunities for discussion of innovative tools that exceed
the limits of space and time and promote autonomy and
self-care in relation to adequate and healthy eating.
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