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Abstract

Aim: To evaluate the effectiveness on lifestyle change of an mHealth intervention to
promote healthy behaviours in adolescence (TeenPower) and to analyse the predic-
tors of the mHealth intervention effectiveness.

Design: This study is designed as a non-randomized controlled trial with a two-arm
structure.

Methods: Adolescents of 12-16-year old were recruited from three school districts,
with access to the Internet and smartphone/tablet devices. The intervention group
was invited to engage in the mHealth intervention (TeenPower) for 6 months in ad-
dition to a school-based intervention. The control group only followed the school-
based intervention. A repeated measures factorial ANOVA was used and the main
effectiveness outcome was the lifestyle change measured by the adolescent lifestyle
profile.

Results: The outcomes of the mHealth intervention (TeenPower) show a significant
effect on nutrition (nzp = 0.03, p = .03), positive life perspective (r)2p = 0.04,p = .01),
and global lifestyle (112ID = 0.02, p = .05), with a dropout rate of 62.1%. The analy-
sis of the effectiveness predictors of the mHealth intervention suggested that older
adolescents tended to show a significant increase in the rates of stress management
(r=.40;p < .05).

Conclusions: Although the considerable dropout rate, the mHealth intervention pre-
sented significant impact on multiple lifestyle domains, providing support for the ef-
fectiveness of mHealth interventions for health promotion as an add-on to standard
interdisciplinary interventions.

Impact: Adolescents must have the necessary and appropriate knowledge for the cor-
rect and responsible decision-making regarding their health and lifestyle. Innovative

strategies (mHealth intervention) were used to promote healthy behaviours. This
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1 | INTRODUCTION

Comprehensive health promotion strategies, mainly in vulnerable
groups such as children and adolescents, are urgent and should be
addressed by healthcare institutions and professionals (Guarneri,
Brocca, & Piras, 2017; Velickovski, Orte, Sola, Tabozzi, & Lafortuna,
2017). Non-communicable diseases (NCD) such as diabetes and car-
diovascular diseases are crucial issues for the younger generation.
More than two-thirds of preventable adult NCD deaths are asso-
ciated with risk behaviours that start in adolescence, namely over-
weight/obesity (Hauerslev & Allen, 2018).

It is of utmost importance to increase the adolescents' ability to
manage their health, adopt healthy behaviours, and use health ser-
vices more effectively, ensuring their autonomy in the decision-mak-
ing process (Calvillo, Roman, & Roa, 2015; Guarneri et al., 2017,
Karlsson, Andersson, & Johansson, 2014). That is the main purpose
of the TeenPower project: an innovative, interdisciplinary, and mul-
ticentre intervention directed to empower adolescents and to pro-
mote healthy behaviours, using technological solutions. eHealth
literacy skills enable individuals to participate more fully in health-
care activities and play a role in improving their outcomes (Jackson
et al., 2019; Jacobs, Lou, Ownby, & Caballero, 2016). Studies have
shown that eHealth literacy is linked to healthier behaviours, weight
management, and body image dissatisfaction (Jackson et al., 2019;
Sharif & Blank, 2010).

It is progressively recognized that teamwork and cooperation
across health professionals are essential to empower individuals and
improve the safety and quality of health care (Courtenay et al., 2018).
Single interventions are not likely to be successful for all patients
due to the complexity in behaviour change, highlighting the need
for a multimodal and interdisciplinary approach (van Middelkoop et
al., 2017). A multimodal approach should implement cognitive-be-
havioural change strategies to improve eating behaviour, reduce
energy intake, increase levels of physical activity, and decrease in-
activity (Styne et al., 2017).

Information and Communication Technologies (ICT) are important
tools for health promotion and have been associated with increased
accessibility, equity, effectiveness, and quality of the provided services
(Bafios, 2011; Baulch, Chester, & Brennan, 2008). eHealth interven-
tions are associated with a more rational use of health services and
support the decision-making process (Modi, Zeller, Xanthakos, Jenkins,
& Inge, 2013; Schoeppe et al., 2017), turning health institutions more

study evaluates the effectiveness of an mHealth intervention (TeenPower) specifically
designed for adolescents. We found a significant impact in several lifestyle domains

such as health responsibility, nutrition, positive life perspective, and global lifestyle.

adolescence, case management, controlled clinical trial, health behaviours, mobile health,

efficient, skilled and flexible to meet the needs of patients and profes-
sionals (Tate et al., 2013; Turner, Spruijt-Metz, Wen, & Hingle, 2015).
mHealth solutions sustain the changing role of individuals from a
rather passive to a more participative role while improving their re-
sponsibility for their health. It raises individuals' awareness of health
topics through easy-to-understand information about their health sta-
tus, thus helping them make more informed decisions on their health
(European Commission, 2014).

The remainder of this article is organized as follows: section 2
refers to background studies where we supported the design and
execution of our mHealth intervention (TeenPower). Section 3 de-
scribes the methods, including its aim, design, sample, execution,
data collection, and analysis. In section 4, we report the main results
and in section 5 we discuss these results regarding the effectiveness
of the intervention. Finally, we conclude the paper in section 6 and
point out further research directions.

1.1 | Background

The success of a health intervention depends on lifestyle changes
and on the maintenance of therapeutic support (Bafos, 2011), due to
the potential of an ongoing patient-healthcare provider contact to in-
crease the adherence to these changes. The Internet has established
as a viable and promising option in this domain (Ahern, Phalen, Le, &
Goldman, 2007; Chen & Wilkosz, 2014; Nguyen, Kornman, & Baur,
2011; Turner et al., 2015). The new Global Action Plan to Promote
Physical Activity (WHO, 2018) also strikes the importance of digital
innovations to support and promote healthy behaviours. This is the
framework for action that supported the TeenPower team to take bet-
ter advantage of the use of ICT and digital platforms for this purpose.

Technological solutions are essential to empower people to be
responsible for their health, by providing support and information
(Ahern et al., 2007; Enwald & Huotari, 2010; Nguyen et al., 2011).
The citizens' health empowerment by technology (e-empowerment)
has the power to reduce the cost of healthcare services and improve
health. It can give citizens more control over their well-being and
health, empower health professionals and adolescents, and support
the development of new treatments (Calvillo et al., 2015; Karlsson et
al., 2014). The digital revolution in health may improve and provide
safer, better, and sustainable care (Sardi, Idri, & Fernandez-Aleman,
2017; Turner et al., 2015), changing the way the people relates to

health professionals and get information on health.
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Nowadays, the challenges and demands that adolescents
face create a need for innovative strategies for the promotion of
healthy behaviours with the inclusion of mHealth technologies
(Kim & Xie, 2017). mHealth interventions have emerged due to
the ubiquity use of mobile devices, mostly smartphones, making
it possible to deliver meaningful health information in people's ev-
eryday activities (Danaher, Brendryen, Seeley, Tyler, & Woolley,
2015; European Commission, 2014). This concept of mobility is
central for a participatory health care (Cameron, Ramaprasad,
& Syn, 2017), presenting diverse health intervention opportuni-
ties that range from disease management to smoking cessation,
or weight loss (Afshin et al., 2016; Bert, Giacometti, Gualano, &
Siliquini, 2014; Sousa, Fonseca, Gaspar, & Gaspar, 2015).

The TeenPower team tested this framework with users, care
professionals, and care organizations, adapted to a practice-based
research supported by local health stakeholders (school commu-
nity and health professionals), in the absence of a dynamic and
integrated strategy for the promotion of salutogenic adolescent
behaviours. This interdisciplinary intervention applied a case man-
agement approach, a collaborative process to assess, plan, coor-
dinate, and evaluate care, to meet an individual's health needs
(CMSA, 2016).

mHealth interventions towards the adolescent population are
growing in number and capitalizing an advantage to improve health
behaviours in young populations (Fedele, Cushing, Fritz, Amaro, &
Ortega, 2017; Simons et al., 2018) and, so far, the effectiveness of
these interventions has yielded mixed results. Currently, mHealth
systems are using a rich user experience that includes games to en-
gage adolescents (Orji, Tondello, & Nacke, 2018), improve health out-
comes, and empower behavioural change (Guarneri & Perego, 2017).

Presently, there are no clinically validated mHealth interventions
for adolescents in Portugal and few in Europe. International apps
aiming to promote healthy behaviours exist, but they are automated
and are not managed by healthcare professionals. Therefore, the
TeenPower intervention fills this gap and brings us the knowledge
that will also support clinical practice and research.

To develop emerging innovative experiences in mHealth inter-
ventions, it is crucial to understand health consumers' intention and
behaviour (Kim & Park, 2012), which underscores the importance of
the Health Information Technology Acceptance Model (HITAM) ad-
opted for the TeenPower project. However, this model has not been
previously tested in a similar setting. User acceptance of technology
is the main factor in applying ICT in healthcare services, depending
on perceived usefulness, perceived ease of use, and perceived threat
(Kim & Park, 2012).

2 | THE STUDY
21 | Aim

This paper evaluates the effectiveness on lifestyle change of an

mHealth intervention to promote healthy behaviours in adolescence

(TeenPower) and analyses the predictors of the mHealth interven-
tion effectiveness. Based on the literature review and the support
of the HITAM model (Kim & Park, 2012), we looked for evidence for
the general investigation hypothesis: adolescent lifestyle is positively

influenced by the mHealth intervention (TeenPower).

2.2 | Design

This paper presents the results of a non-randomized clinical trial
(quasi-experimental pre- and post-test design with a control group)
that evaluated an innovative mHealth intervention focused to pro-
mote healthy behaviours in adolescents, using collaborative and in-
teractive technologies that support a virtual therapeutic community
with a game-based approach. The full detailed trial protocol was al-
ready published (Sousa et al., 2019). This multicentre controlled trial
was conducted to determine the effectiveness of a 6-month complex
intervention (Craig et al., 2013). The trial was performed from October
2018-April 2019 at three school districts in Portugal. After a base-
line assessment, the adolescents were non-randomly allocated into
two groups (experimental group and control group), according to their

preference and the study flow diagram (Figure 1).

2.3 | Sample

Participants were recruited from three Portuguese school districts,
aged between 12- and 16-years old, with easy access to the Internet
and smartphone/tablet (inclusion criteria). Exclusion criteria were
the inability to communicate in writing and the presence of severe
cognitive limitations, evaluated by the school teachers and the inter-
disciplinary health team.

The experimental group was invited to engage in the mHealth
intervention (described below) and additionally to participate in a
structured school-based intervention (face-to-face psycho-edu-
cative sessions with nutritional, behavioural, and physical activity
counselling). The control group only followed the structured school-
based intervention (Sousa et al., 2019).

The sample size was calculated according to the power analysis
and was based on existing evidence in the literature. We expected to
show differences between the groups, estimating a small effect size
(0.2) (Sousa, Fonseca, et al., 2015). Bearing in mind the desired statis-
tical power level (0.80) and the level of statistical significance (0.05),
a minimum total sample size of 150 adolescents was needed for re-
peated measures 2 x 2 factorial ANOVA. Assuming a high dropout rate
and to maximize the statistical power of the study, we decided to ex-

pand the initial sample size recruitment to 361 adolescents (Figure 1).

2.4 | mHealth intervention (TeenPower)

The main goals for the implementation of this mHealth interven-

tion directed to adolescents were (a) to monitor individual health
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Adolescents eligibility assessment (N = 361)

|

Enrollment

]

FIGURE 1 TeenPower design and flow
diagram

Excluded (N = 8)
+ Not meeting inclusion criteria (N = 3)
+ Declined to participate (N = 5)

| TO—Baseline assessment (N = 353)
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Experimental group
(School-based intervention + TeenPower App)

+ Allocated to intervention (N = 140)

Control group
(School-based intervention)

+ Allocated to intervention (N = 213)

v Follow-up

4

L J

T1—Post intervention assessment (N = 53)

Lost to follow-up (N = 87)

T1—Post intervention assessment (N = 151)

Lost to follow-up (N = 62)

l Analysis

Analysed (N =53)

Analysed (N=151)

indicators, (b) to establish therapeutic interaction based on the ado-
lescent's individual needs, and (c) to establish interactive education
regarding adolescent health-promoting behaviours.

The intervention included nutritional, behavioural, and physical
activity counselling supported by the mHealth app. The intervention
took into account the most recent guidelines on obesity preven-
tion and health promotion among adolescents (Kelishadi & Azizi-
Soleiman, 2014; WHO, 2012, 2018), the contributions of previous
research and used the HITAM Model as a conceptual framework. In
addition to the case manager, the intervention also had the direct
support of an interdisciplinary team (psychology, nutrition, sport,
nursing, informatics, design, among others). Intervention length was
6 months. The e-therapeutic system included (Sousa et al., 2019) the

following:

1. TeenPower backoffice: a web-based software application cre-
ated for health professionals and teachers to support the
decision-making process regarding the personalization of the
mHealth intervention. The backoffice application contained the
following modules: users' management module, social inter-
action module (private chat and discussion forums), content
management system, and showcase contents (videos, images,
documents, and daily challenges), data analysis module with
interactive charts and filters (dashboard with all the users'
monitoring data such as eating habits, physical fitness, physical
activity, hydration, and sleep monitoring);

2. TeenPower mobile software application: created for adolescents to

provide them with educational resources (infographics, videos,

menus, and daily tips), social support (discussion forums, chat, and
personalized messages), self-monitoring features (BMI and waist
circumference adjusted for age and gender, eating habits, hydra-
tion, steps counter, sleep habits, and physical activity records
such as push-ups and sit-ups), interactive training modules and
motivational tools (positive reinforcement, progression of health
behaviours, and biometric data). The structure of the TeenPower
app used a game-based learning process, where the adolescent
engagement was rewarded with points and progress in a wall of

fame.

2.5 | Data collection

The intervention was evaluated at baseline (TO) and post-interven-
tion (6 months: T1). The main outcomes measured at 6 months were
the change in lifestyle and their multiple domains. The following in-
struments and measures were used in this study:

2.5.1 | Adolescent lifestyle profile (ALP)

This instrument measures the frequency of health-promoting be-
haviours in adolescents. The Portuguese version of ALP (Sousa,
Gaspar, Fonseca, Hendricks, & Murdaugh, 2015) is a 36-item sum-
mated behaviour rating scale that employs a 4-point Likert-type re-
sponse format, structured into seven factors (Health Responsibility,

Physical Activity, Nutrition, Positive Life Perspective, Interpersonal



SOUSA ET AL.

Relationship, Stress Management, and Spiritual Health). This scale
presents a high-reliability score (a = .87), with subscale reliability val-
ues between 0.49 and 0.75. A high ALP score relates to a healthier
lifestyle.

2.5.2 | Bodyimage dissatisfaction

Body Image perception was measured using a sequence of seven sil-
houettes (Collins, 1991) that evolve progressively from thinness (1)
to overweight (7). Each individual identified the silhouette that best
represented his/her body shape and the silhouette that they would
desire to have. Body dissatisfaction was estimated by the present
minus the desired body shape. Positive scores reveal that the indi-
vidual is dissatisfied by being heavier than desired; negative scores
reveal that the individual is dissatisfied by being lighter than desired;
a score of zero reveals satisfaction with body shape. The psychomet-
ric properties of this instrument indicate a good concurrent validity
in Portuguese children (Coelho, Padez, Moreira, Rosado, & Mouréo-
Carvalhal, 2013).

2.5.3 | eHealth literacy

This was measured by the eHealth Literacy Scale, a self-report tool
based on an individual's perception of her or his skills and knowl-
edge within each measured domain related to eHealth literacy. It in-
cludes eight items, with two additional items which complement the
information (items 1 and 2). Its score ranges from 1-5 and the higher
the score, the higher the levels of eHealth literacy. This instru-
ment is validated to the Portuguese population (Tomas, Queirds, &
Ferreira, 2014) and presents a good-reliability score (a = .84).

2.6 | Validity and reliability

The design of this controlled trial aimed to minimize the confound-
ing bias of sociodemographic data, assuming that these factors
could influence the results of the study. The use of multivariate
repeated measure analyses also considered these confounding
variables. Baseline differences between the two groups were
also analysed to evaluate whether the groups are comparable and
homogeneous.

2.7 | Ethical considerations

All study adolescents and their legal representatives gave written
informed consent, following the ethical principles of the American
Psychological Association and the Declaration of Helsinki. Voluntary
participation and confidentiality were assured. The study was ap-
proved by the ethics committee of the National Data Protection
Commission (11465/2017) in 2017 and approved by the Portuguese

Education Ministry (0254300004/2018) in 2018. The trial was also
registered in clinicaltrials.gov (NCT03516097).

2.8 | Data analysis

Results are presented according to the Transparent Reporting of
Evaluations with Non-randomized Designs (TREND) statement. In non-
inferiority trials as this, the per-protocol analysis is the recommended
procedure to explore the effectiveness of a new intervention (Hahn,
2012). Therefore, the analysis only included the participants who
benefited from the intervention, namely the participants from the
mHealth arm that successfully engaged in the TeenPower mobile
app, using the app at least once.

Participants were tracked using ID numbers. Statistical analyses
were performed to obtain descriptive statistics and to evaluate the
intervention effectiveness. Independent sample t tests and ANOVAs
were performed to compare continuous outcomes between groups.
The chi-square test was used for nominal variables and Pearson cor-
relations were computed to correlate continuous outcomes.

Repeated measures two-way analyses of variance (ANOVA) were
performed to analyse the longitudinal changes in each group and to
test the main effects of the intervention period on the same out-
comes. The effect sizes were calculated using the partial eta squared
(n2p) that indicates the amount of the total variability attributable to
a particular factor. All analyses were conducted using bilateral tests
and statistical significance of 0.05. For this purpose, version 24.0 of
the SPSS software was used. The predictive effect of sociodemo-
graphic (age, gender, and school district) and behavioural data (body
image dissatisfaction and eHealth literacy) on the effectiveness of
the mHealth intervention was also analysed.

3 | RESULTS

According to the defined inclusion/exclusion criteria, the eligibility
of the 361 adolescents was assessed (Figure 1). The baseline as-
sessment included 353 adolescents: 140 were allocated to the ex-
perimental group (TeenPower group) and 213 were allocated to the
control group. In the mHealth arm, 87 participants were lost to fol-
low-up, for not having accessed the app at least once or not having
completed the final evaluation. In the control group, 62 adolescents
were lost to follow-up. Therefore, the post-intervention assessment
and analysis included 53 adolescents in the experimental group and
151 adolescents in the control group.

The total of 204 adolescents are mainly women (57.8%), 12.43
(SD 0.87) years old, with moderate e-health literacy (mean = 3.53, SD
0.68), little body image dissatisfaction (mean = 0.46, SD 1.11) and a
moderate global lifestyle score (mean = 2.72, SD 0.40). Higher scores
were found in interpersonal relations (mean = 3.15, SD 0.56) and pos-
itive life perspective (mean = 3.07, SD 0.65) and lower scores were
found in spiritual health (mean = 1.86, SD 0.72) and health responsi-
bility (mean = 2.38, SD 0.60).
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Table 1 presents the descriptive statistics at baseline and the
main differences between mHealth and control groups. The two
groups can be considered comparable and homogeneous concerning
most of the characteristics. However, significant differences were
found regarding school district (42 = 6.70; p = .04).

Regarding the analysis of the effectiveness of TeenPower
compared with the standard school-based intervention (Table 2),
the general linear models indicated a non-significant main effect
of Time on the scores of all lifestyle dimensions (within-subjects'
analysis). However, a significant interaction between Time and
Groups on the scores of the health responsibility was found,
Wilks' Lambda = 0.98, F (1,202) = 3.72, p = .05. Multiple compar-
isons showed that the mean score of health responsibility in the
experimental group increased from the baseline and decreased
in the control group (Amean = 0.10, SD 0.59 vs. Amean = -0.07,
SD 0.53).

Results also indicated a significant group effect (between-sub-
jects' analysis) on the scores of nutrition, F (1,202) = 5.09, p = .03,
nzp = 0.03, positive life perspective, F (1,202) = 744, p = .01,
n’, = 0.04, and global lifestyle, F (1,202) = 4.08, p = .05, n*, = 0.02
(Table 2). Multiple comparisons showed that the mean score of nu-
trition (Amean = 0.02, SD 0.48 vs. Amean = -0.07, SD 0.42), positive
life perspective (Amean = 0.04, SD 0.72 vs. Amean = -0.07, SD 0.67),
and global lifestyle (Amean = 0.04, SD 0.40 vs. Amean = -0.06, SD

0.33) increased from the baseline in the experimental group and de-
creased in the control group.

Considering the baseline differences between groups regarding
the adolescents' school districts, we also conducted separate re-
peated measures analyses (general linear models) of the group effect
in each school district (Table 3). Results indicated a significant group
effect on the positive life perspective (TeenPower: Amean = -0.23,
SD 0.75; Control: Amean = -0.12, SD 0.56) and the stress manage-
ment (TeenPower: Amean = 0.10, SD 0.59; Control: Amean = -0.03,
SD 0.44) within school district B; a significant group effect on the nu-
trition (TeenPower: Amean = 0.10, SD 0.59; Control: Amean = -0.03,
SD 0.44), the positive life perspective (TeenPower: Amean = -0.02,
SD 0.53; Control: Amean = -0.09, SD 0.72), the interpersonal rela-
tions (TeenPower: Amean = -0.03, SD 0.57; Control: Amean = 0.08,
SD 0.52), the stress management (TeenPower: Amean = -0.05,
SD 0.46; Control: Amean = 0.04, SD 0.65), and the global lifestyle
(TeenPower: Amean = 0.05, SD 0.37; Control: Amean = -0.07, SD
0.34) in school district C.

Table 4 presents the results of the univariate analysis on the
predictors of effectiveness in the mHealth (TeenPower) group.
Results indicated that older adolescents tended to show a signifi-
cant increase in rates of stress management (r = .40; p < .05). The
other tested variables presented a non-significant association with

lifestyle change.

TABLE 1 Baseline characteristics of the participants of the TeenPower group and control group

Control group

Mean SD

Age 12.60 1.01
Body image dissatisfaction 0.40 1.08
eHealth literacy 3.50 0.69
Lifestyle

Health responsibility 2.39 0.59

Physical activity 2.76 0.72

Nutrition 2.86 0.47

Positive life perspective 3.02 0.63

Interpersonal relationship 3.12 0.57

Stress management 3.02 0.54

Spiritual health 1.88 0.70
ALP total score 2.70 0.40

N %

Gender

Male 63.00 41.7

Female 88.00 58.3
School district

School A 48.00 31.8

School B 25.00 16.6

School C 78.00 51.7

TeenPower group
Mean SD t p
12.40 0.86 1.63 .10
0.43 1.20 -0.23 .82
3.62 0.66 1.02 31
2.37 0.61 0.20 .84
2.84 0.63 -0.74 46
2.96 0.45 -1.35 .18
3.20 0.70 -1.79 .08
3.25 0.52 -1.50 14
3.11 0.54 -0.99 .32
1.83 0.77 0.41 .69
2.77 0.40 -1.04 .30
N % s p
23.0 43.4 0.05 .83
30.0 56.6
21.0 39.6 6.70 .04
15.0 28.3
17.0 321

Abbreviations: ALP, adolescent lifestyle profile; t, Student's t test statistic;)(z, Chi-squared test statistic.

Bold indicates statistically significant p < .05.
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TABLE 2 Comparison of lifestyle change between the TeenPower group and control group: within-subjects and between-subjects
analysis

A(T1-TO) Within-subjects (p-value) Between-subjects
Mean SD Time Time x group F p nzp
Health responsibility
TeenPower 0.10 0.59 0.71 0.05 0.59 44 0.00
Control -0.07 0.53
Physical activity
TeenPower 0.03 0.66 0.74 0.33 1.72 19 0.01
Control -0.06 0.59
Nutrition
TeenPower 0.02 0.48 0.54 0.20 5.09 .03 0.03
Control -0.07 0.42
Positive life perspective
TeenPower 0.04 0.72 0.78 0.29 7.44 .01 0.04
Control -0.07 0.67
Interpersonal relations
TeenPower -0.05 0.47 0.64 0.43 1.80 .18 0.01
Control 0.01 0.51
Stress management
TeenPower 0.02 0.59 0.69 0.41 2.76 .10 0.01
Control -0.06 0.59
Spiritual health
TeenPower 0.07 0.72 0.78 0.10 0.13 72 0.00
Control -0.10 0.61
Global lifestyle
TeenPower 0.04 0.40 0.63 0.09 4.08 .05 0.02
Control -0.06 0.33

Abbreviations: F, ANOVA test statistic; nzp, partial eta squared.
Bold indicates statistically significant p < .05.

TABLE 3 Repeated measures analyses of the group effect within each school district: between-subjects analysis

School district A School district B School district C

F p n’, F p n, F p "’
Health responsibility 1.10 .30 0.02 1.04 .32 0.03 3.01 .09 0.03
Physical activity 0.14 71 0.00 0.33 .57 0.01 1.84 .18 0.02
Nutrition 0.23 .64 0.00 1.22 .28 0.03 5.21 .03 0.05
Positive life perspective 0.06 .81 0.00 4.42 .04 0.10 5.50 .02 0.06
Interpersonal relations 0.48 49 0.01 2.02 .16 0.05 5.59 .02 0.06
Stress management 0.60 44 0.01 4.20 .05 0.10 4.61 .03 0.05
Spiritual health 1.10 .30 0.02 0.17 .68 0.00 1.68 .20 0.02
Global lifestyle 0.30 .59 0.00 2.76 A1 0.07 8.04 .01 0.08

Abbreviations: F, ANOVA test statistic; nzp, partial eta squared.
Bold indicates statistically significant p < .05.

4 | DISCUSSION conventional school-based intervention, regarding the promotion
of healthy lifestyles. Adolescence is the ideal lifetime to implement
This study aimed to evaluate the effectiveness of an adoles- health promotion programmes (Banspach et al., 2016; Rasberry

cent mHealth intervention (TeenPower) when compared with a et al., 2017) as they spend most of their day at school, where they
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TABLE 4 Analysis of predictors of effectiveness in the TeenPower group

AlLifestyle
AHR APA AN APLP AIR ASM ASH AALP
Sociodemographic data
Age (1) -.08 16 .23 19 .21 40* 12 .24
Gender (t) 0.17 -0.06 -0.23 -1.67 0.20 0.45 0.04 -0.19
School district (F) 2.23 1.41 0.58 0.63 1.92 0.32 0.74 1.83
Body image dissatisfaction 93 .39 .60 .90 92 95 .60 .60
(
eHealth literacy (r) .08 .03 -.05 -.18 -.08 -.22 .06 -.06

Abbreviations: ALP, adolescent lifestyle profile; F, ANOVA test statistic; HR, health responsibility; IR, interpersonal relations; N, nutrition; PA,
physical activity; PLP, positive life perspective; r, Pearson correlation statistic; SH, spiritual health; SM, stress management; t, Student's t test

statistic.
*p <.01.

adopt part of their lifestyle (Kelishadi & Azizi-Soleiman, 2014).
School-based health promotion programmes can have a major in-
fluence on the acquisition of healthy behaviours, including domains
such as nutrition, physical activity, health responsibility, stress man-
agement, positive life perspective, spiritual health, and interpersonal
relations (Ardic & Esin, 2015).

The baseline evaluation of the adolescents' lifestyle showed
that the domains with the lowest scores were the spiritual health
and the health responsibility and the highest scores domains were
the interpersonal relations and positive life perspective, similar to
other studies (Kim & Kim, 2018; Sousa, Gaspar, et al., 2015). It should
be noted, however, that other researchers found higher lifestyle
scores in the spiritual domain and health responsibility (Golmakani,
Naghibi, Moharari, & Esmaily, 2013; Shariferad, Shojaeezadeh, Tol,
& Tavassoli, 2013) and lower scores in physical activity (Geok et al.,
2015; Golmakani et al., 2013; Shariferad et al., 2013). Our data sug-
gest that, although adolescents have good interpersonal relation-
ships and a positive life perspective, they do not feel responsible for
promoting their health.

Our results support the initial hypothesis that the mHealth inter-
vention (TeenPower) is more effective than the standard school-based
intervention in the promotion of healthy behaviours. The improve-
ment of health behaviours by mHealth interventions had already been
verified in previous studies (Guarneri & Perego, 2017; Hervas, Ruiz-
Carrasco, Bravo, & Mondejar, 2017). Our results show a significant
time-group interaction in the health responsibility dimension, with
a positive change in the experimental group. This positive effect of
e-health interventions in the promotion of health responsibility is con-
sistent with previous studies (Sousa, Fonseca, et al., 2015) and system-
atic reviews (An, Hayman, Park, Dusaj, & Ayres, 2009; Nguyen et al.,
2011; Sousa, 2014). Responsibility for their health should be a social
and individual effort (Resnik, 2007) and this is one of the most com-
mon health promotion indicators pointed in previous studies (Ayres &
Pontes, 2018; Cohen, 2004).

Regarding the between-subjects effect, we found a small effect
of the mHealth intervention (TeenPower) on nutrition, positive life

perspective, and global lifestyle. The small effect might be related

to the reduced time of the intervention (6 months), shorter than the
previous studies (Kelishadi & Azizi-Soleiman, 2014) and the limited
exposure to the resources significant for the intervention, although
all participants have periodically received reminder notifications sent
through the platform (Sousa et al., 2019). Additionally, we must high-
light the fact that the control group in the study used a structured
intervention instead of being a ‘traditional’ control group without in-
tervention. This could explain the small differences between the two
groups (Wieland et al., 2012). The option for this control group was
based on the intention to minimize the dropout rate and on ethical
aspects. Furthermore, we chose to use mHealth as an add-on and
not as a substitute of the standard intervention, assuming the impor-
tance of the face-to-face contact with health professionals (Fonseca,
Prioste, Sousa, Gaspar, & Machado, 2016). Interestingly, the mean
scores of nutrition, positive life perspective, and global lifestyle de-
creased in the control group during the study period. These results
seem to indicate that the standard school-based intervention was not
able to improve or sustain the health behaviours against the stress
of the school environment. Previous studies have shown that school
demands are an important driver of stress in adolescents (Ostberg,
Plenty, L&ftman, Modin, & Lindfors, 2018).

In our study, the attrition rate of the mHealth intervention
(TeenPower) participants was 37.9% because several adoles-
cents were lost to follow-up or did not engage in the interven-
tion. The limited adherence to the eHealth interventions directed
to adolescents was already reported in previous studies (Sousa,
Fonseca, et al., 2015). Indeed, a well-known limitation related to
current mHealth interventions is app underuse. A previous report
(Clement, 2019) revealed that a quarter of all app is used only once
with a user retention rate of 32% for the first months of 2019.
Other authors reported retention rates in eHealth interventions
ranging from 0.5% (Eysenbach, 2005) to 93% (Hammersley, Jones,
& Okely, 2016). Therefore, user engagement in mHealth interven-
tions is considered as the main concern of this type of interven-
tion (Taki et al., 2017). The adolescents' lifestyle changes in both
intervention and control groups differed according to the school

district. These results may be due to the typology of the region
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where schools are located, school dynamics and organization and
even family involvement. Future studies should also focus on un-
derstanding the cultural and social influence of the school context
in such interventions.

A secondary objective of the study was the predictors' analysis
of the mHealth intervention effectiveness. We found that neither
gender nor body image dissatisfaction or eHealth literacy presented
significant influence in lifestyle changes in the TeenPower group.
These findings do not support previous studies that stressed the im-
portance of gender in health promotion, pointing gender differences
in physical activity, nutrition, positive life perspective, and stress
management (Scoloveno, 2017).

Despite several studies having identified the importance of
health literacy in the promotion of healthy lifestyles (Liu, Yen, Chiou,
& Liao, 2009; Mamedov, Garaev, Korkmazov, & Mirzabekova, 1988;
Yang, Luo, & Chiang, 2017), in our study, eHealth literacy was not a
significant predictor of lifestyle changes. It is noteworthy that the
baseline evaluation showed that adolescents presented eHealth lit-
eracy scores above the median of the scale.

The baseline evaluation of adolescents' body image dissatisfac-
tion showed a small intention for weight loss. However, body image
dissatisfaction did not significantly influence lifestyle change among
the TeenPower participants. These results do not support the con-
clusions of previous studies (Coelho, Fonseca, Pinto, & Mourio-
Carvalhal, 2016; Wilkosz, Chen, Kenndey, & Rankin, 2011); however,
it should be noted that these studies did not present an experimental
design.

Only adolescent age has been confirmed as a significant predic-
tor of the effectiveness of the mHealth intervention in improving
stress management. It seems that older adolescents tended to pres-
ent a significant increase in the ability to manage their stress after
the mHealth intervention (TeenPower). These results confirmed the
findings of previous studies that highlight the influence of adoles-
cents' age in the development of stress management skills (Hampel,
Meier, & Kimmel, 2008; Lee et al., 2019; Monteiro, Balogun, &
Oratile, 2014).

Among the strengths of this study, we highlight its innovative
character and contribution to the scientific knowledge in this do-
main since it is one of the few papers that evaluate an mHealth in-
tervention for adolescents, based in case management. Moreover, it
is important to mention the option for evaluating the intervention
effectiveness in detriment of its efficacy. The effectiveness analysis
is a more realistic approach that seeks to analyse the results under
conditions closer to real life, allowing for greater heterogeneity in
the sample (Sousa, Fonseca, et al., 2015). This reinforces the external

validity of the study.

4.1 | Limitations

We acknowledge the existence of some limitations in this study,
namely (a) the high attrition rate in the experimental group that

could bias the effectiveness analysis and (b) only one self-reported

measure was used to assess each psychosocial variable. The ad-
olescents' answers may be biased by the social desirability, an
aspect that we tried to minimize by the guarantee of anonymity
and the use of a validated questionnaire; (c) the absence of rand-
omization of adolescents to the experimental and control groups
threaten the internal and external validity, compromising the gen-
eralization of the results. Bearing that in mind, baseline character-
istics of both groups were evaluated concerning the homogeneity.
Despite the significant differences between school districts, glob-
ally both groups may be considered comparable and homogene-
ous. Nevertheless, we are conscious that generalization of results
should be done with caution; (d) the lack of long-term follow-up
to assess the maintenance of the behavioural change and (e) the
absence of data collection regarding the access frequency to the
e-platform as a measure of user engagement are also limitations

of these findings.

5 | CONCLUSION

Our findings provide support for the effectiveness of mHealth pro-
grammes for health promotion as an add-on to the standard inter-
disciplinary intervention. The mHealth intervention (TeenPower)
presented significant impact on multiple lifestyle domains, such as
health responsibility, nutrition, positive life perspective, and global
lifestyle. For a better understanding of the power of mHealth in-
terventions, these findings should be carefully evaluated in future
studies including a long-run follow-up and a wider set of measures.
Further research is required to be able to identify the secondary
outcomes of this intervention in the school context. The identifica-
tion of those outcomes may facilitate future dissemination of the
intervention at other institutions using the acquired strategies and
knowledge, which included a wide range of stakeholders (health pro-

fessionals, schools, and adolescents).
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