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Abstract 

Background A healthy lifestyle may improve mental health. It is yet not known whether and how a mobile interven-
tion can be of help in achieving this in adolescents. This study investigated the effectiveness and perceived underly-
ing mechanisms of the mobile health (mHealth) intervention #LIFEGOALS to promote healthy lifestyles and mental 
health. #LIFEGOALS is an evidence-based app with activity tracker, including self-regulation techniques, gamification 
elements, a support chatbot, and health narrative videos.

Methods A quasi-randomized controlled trial (N = 279) with 12-week intervention period and process evaluation 
interviews (n = 13) took place during the COVID-19 pandemic. Adolescents (12-15y) from the general population were 
allocated at school-level to the intervention (n = 184) or to a no-intervention group (n = 95). Health-related quality 
of life (HRQoL), psychological well-being, mood, self-perception, peer support, resilience, depressed feelings, sleep 
quality and breakfast frequency were assessed via a web-based survey; physical activity, sedentary time, and sleep 
routine via Axivity accelerometers. Multilevel generalized linear models were fitted to investigate intervention effects 
and moderation by pandemic-related measures. Interviews were coded using thematic analysis.

Results Non-usage attrition was high: 18% of the participants in the intervention group never used the app. 
An additional 30% stopped usage by the second week. Beneficial intervention effects were found for physical activ-
ity (χ2

1 = 4.36, P = .04), sedentary behavior (χ2
1 = 6.44, P = .01), sleep quality (χ2

1 = 6.11, P = .01), and mood (χ2
1 = 2.30, 

P = .02). However, effects on activity-related behavior were only present for adolescents having normal sports access, 
and effects on mood only for adolescents with full in-school education. HRQoL (χ2

2 = 14.72, P < .001), mood (χ2
1 = 6.03, 

P = .01), and peer support (χ2
1 = 13.69, P < .001) worsened in adolescents with pandemic-induced remote-education. 

Interviewees reported that the reward system, self-regulation guidance, and increased health awareness had contrib-
uted to their behavior change. They also pointed to the importance of social factors, quality of technology and auton-
omy for mHealth effectiveness.

Conclusions #LIFEGOALS showed mixed results on health behaviors and mental health. The findings highlight 
the role of contextual factors for mHealth promotion in adolescence, and provide suggestions to optimize support 
by a chatbot and narrative episodes.

Trial registration ClinicalTrials.gov [NCT04719858], registered on 22/01/2021.
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Background
The prevalence of mental health problems among youth 
is high [1, 2] and costly [3, 4]; chief amongst these are 
depression and anxiety. Because half of all mental dis-
orders emerge around the age of 14, early adolescence 
provides a window of opportunity for mental health 
promotion [5, 6]. One way to promote mental health is 
to teach adolescents socio-emotional and cognitive com-
petences that help them cope with stress and strengthen 
their resilience [7, 8]. Another way is to encourage ado-
lescents to adopt and maintain a healthy lifestyle [9, 10].

Lifestyle behaviors that may protect mental health 
include, amongst others, regular physical activity [11, 12], 
reduced sedentary time [13, 14], adequate sleep [15, 16], 
and a good quality breakfast as part of a healthy diet [17]. 
Providing adolescents with the necessary skills to adopt 
a healthy lifestyle may empower them to have more con-
trol over their physical and mental health [18]. A pre-
ventive intervention focusing on healthy lifestyles may 
furthermore be less stigmatizing for students struggling 
with mental health issues compared to interventions that 
directly focus on mental health and target those at risk 
for mental health problems [19].

Interventions to promote health behavior are increas-
ingly delivered by mobile devices [20]. So-called ‘mobile 
health’ or ‘mHealth’ is especially suitable for adolescents 
considering the integration of smartphones in their daily 
life [21]. There is a growing number of mHealth inter-
ventions targeting the promotion of one or more healthy 
lifestyle behaviors in adolescents. Despite their high fea-
sibility and acceptability, only about half of the mHealth 
intervention studies show an effect on health behavior 
[22, 23].

Several principles have been proposed for creating 
effective mobile health behavior change interventions. 
First, a human-centered design approach comprising 
an iterative, interdisciplinary, and collaborative devel-
opment process, is proposed to address the needs and 
preferences of end-users [24, 25]. A good fit with the 
end-user and context may ensure that the interven-
tion will be relevant for the target group and improve 
its adoption [10, 24]. Second, behavior change theories 
for identifying and targeting relevant environmental 
and personal determinants of behavior change should 
form the basis of the intervention [26, 27]. In particu-
lar, the provision of self-monitoring and feedback, the 
inclusion of reminders and notifications, and the use 

of rewards and gamification, have been put forward 
as promising strategies in mHealth for engaging youth 
towards healthier behavior [28]. Third, an mHealth 
technology needs to be persuasive to ensure attractive-
ness and engagement, and to be convincing to change 
behavior [24]. One key persuasion strategy is the com-
plementarity of direct route information processing 
(i.e., through explicit and reflective elaboration of the 
health information) with indirect routes (i.e., through 
implicit and automatic processing of information) (see 
Persuasive Systems Design model [29]). Especially for 
adolescents with low motivation or ability to process 
the health message, it is recommended to first com-
municate via an indirect route such as interweaving 
the health message in storytelling [30]. The hypothesis 
for narrative communication is that when the audi-
ence becomes absorbed in an engaging story and can 
identify with a main character, they will change their 
health attitudes according to the storyline [31]. Fourth, 
it is important to consider a social support feature in a 
mobile behavior change intervention [28, 32]. A chatbot 
providing human-like interaction has potential as inter-
active feature to facilitate the receipt of social support 
and increase user engagement [33]. Previous studies 
show that a chatbot was received positively by adoles-
cents as an innovative way to answer health questions 
[34] and that it might be effective for improving healthy 
lifestyles [35] and mental health [36].

Goal of this study
Only few mobile interventions for health behavior change 
have been developed to promote mental health, and they 
generally focus on mindfulness meditation or emotional 
regulation rather than on healthy lifestyles [37]. Moreo-
ver, mHealth interventions often target specific groups, 
and few are universal [38]. A health promotion approach 
targeting the general population, including non-clinical 
groups, can prevent problems and related costs at later 
age. Therefore, we developed the mHealth intervention 
#LIFEGOALS, a theory-based health promotion app 
integrating evidence-based techniques with engagement-
enhancing features to promote mental health by support-
ing the adoption of a healthy lifestyle. This study reports 
the effects of #LIFEGOALS on mental health and health 
behaviors, and the insights from users on the working 
processes of the different intervention components.

Keywords Mobile health applications, Adolescents, Mental health promotion, Healthy lifestyles, Digital behavior 
change interventions, Participatory development, Narrative persuasion, Conversational agents, Self-regulation 
techniques, Universal prevention
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Methods
Study design
This study used a mixed-methods two-armed cluster-
controlled trial with process evaluation (Fig.  1). Partici-
pants were assigned to either the intervention or control 
group in a 3:2 ratio to allow for more data on usage of 
the intervention. Participants in the intervention group 

received the #LIFEGOALS intervention over a period of 
12  weeks. Participants in the control group received no 
intervention. Mental health and behavioral outcomes 
were collected at baseline (T0) and post-intervention 
(T2). Health-related quality of life (HRQoL), the primary 
outcome, was also collected after six weeks of interven-
tion (T1). User perception of possible working processes 

Fig. 1 Study design and participant flow
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were assessed via individual interviews in the eight weeks 
following post-intervention assessment (T3). The study 
was preregistered at Open Science Framework [39] and is 
reported according to the CONSORT-EHEALTH check-
list v.1.6.1.

Participants and recruitment
The #LIFEGOALS project targeted adolescents in the 
first three years of secondary education (aged 12 to 
15  years) in Flanders (Belgium). Inclusion criteria were 
being proficient in Dutch. Exclusion criteria were attend-
ing special needs education or education for foreign-
language speaking children. From June 2020 on, eligible 
schools were selected from a public database via a com-
bination of random and convenience sampling. Schools 
received information about the study via e-mail, followed 
up by a phone call to discuss potential participation. To 
keep the cluster effect as small as possible, we aimed to 
recruit a minimum of nine schools. At the end of Sep-
tember 2020, 12 schools from 5 provinces in Flanders 
provided consent, and were invited to select one or more 
classes of between 20 and 40 students. Due to restricted 
COVID-19-related measures, one school had to with-
draw participation before data collection had started.

The process evaluation was undertaken in a subsam-
ple of the intervention group. Only participants from the 
second and third batch of data collection (i.e., data col-
lection for the trial started at three different moments) 
were included, because during the first batch there were 
some technical problems with the intervention which 
were corrected by the start of the second batch. Eligible 
were those participants who engaged with the app for 
20  min or more over the 12-week intervention period, 
as this was considered to reflect sufficient duration for 
purposeful usage. Participants were selected by means of 
stratified randomization to maximize variation in school, 
study year and gender. Invited participants were offered 
an online voucher of €20 as incentive, and recruitment 
continued until data saturation occurred.

Allocation
Stratified allocation to the intervention or control group 
occurred at school level. Adhering to the allocation ratio 
of 3:2, of schools with similar characteristics (i.e., same 
education type and school grade), the school with the 
highest number of selected students was assigned to the 
intervention group and the other school to the control 
group.

Data collection and procedure
Quasi‑RCT 
Data were collected between October 2020 and May 
2021 (during the second and third wave of the COVID-19 

pandemic in Flanders, Belgium). At baseline (T0), the 
study was explained to the participants, after which 
accelerometers were distributed with the instructions 
to wear the device day and night for the following seven 
days. Participants then filled out a web-based survey 
assessing sociodemographic information, mental health, 
and health behavior. Upon completion they received 
a first incentive (power bank for the value of €3). One 
week later, the accelerometers were collected. At that 
point, the intervention group received the #LIFEGOALS 
app together with a Fitbit Charge 2 or 3 (for self-moni-
toring as part of the intervention, not for measurement). 
Researchers helped install the #LIFEGOALS app on the 
participants’ smartphone, and helped connect the Fitbit 
to the app. A short presentation was given to explain how 
to use the app. No time was provided to explore the app. 
The control group was not provided an intervention, nor 
a Fitbit. Seven weeks after baseline, participants com-
pleted a brief web-based survey assessing HRQoL (T1). 
Due to the pandemic-related measures, not all students 
were allowed full-time in-school education, which is 
why some classes were instructed to complete the survey 
at home during remote education. Seven weeks later, at 
post-intervention measurement (T2), participants com-
pleted a final web-based survey assessing mental health 
and behavioral measures, and again accelerometers were 
handed out (after collecting the Fitbits in the intervention 
group). Participants who had worn their accelerometer 
correctly at baseline and had completed all previous sur-
veys, received an additional incentive (cinema voucher 
for the value of €10). The accelerometers were col-
lected one week later, and if worn correctly participants 
received a (second) cinema voucher.

Process evaluation interviews
Interviews were conducted online using Microsoft 
Teams. CP, KL, and four master thesis students trained 
in interview skills, followed a semi-structured interview 
guide (see Table  1). All interviewers had been involved 
in the data collection and were familiar with the app. 
Support and guidance were provided by EL, who has 
extensive experience in conducting qualitative research 
interviews. Interviews lasted between 15 and 45 min and 
were audio and video recorded.

#LIFEGOALS intervention
#LIFEGOALS is a multi-component mHealth interven-
tion and was introduced as an entertaining health app to 
improve lifestyle. The intervention targets four lifestyle 
behaviors: increasing physical activity, reducing seden-
tary behavior, improving adequate sleep, and daily taking 
breakfast. The intervention included: (a) self-regulation 
features among which goal-setting, action and coping 
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planning, and self-monitoring (using a Fitbit) to help 
bridge the intention-behavior gap; (b) a health narrative 
in the format of brief (3 to 6 min) weekly video episodes 
with an entertaining storyline evolving implicitly around 
lifestyle behaviors for mental health (videos available on 
YouTube [40]); (c) an automated chatbot for individual 
support by providing information and sending support-
ing messages; and (d) other behavior change techniques 
(BCTs) (rewards, information) for persuasion and raising 
knowledge. Figure 2 shows the home screen of the #LIFE-
GOALS app. Although the intervention was not intro-
duced as a tool to improve mental health, information on 
the benefits of lifestyle behaviors for mental health could 
be found in the information section and chatbot of the 
app. The use of the intervention was stimulated by install-
ing a roll-up banner with motivational visuals at a visible 
place in the classes. Users were free in when, where, what 
components and how often they used the intervention. 
No internet connection was required to use the app (only 
to load in the Fitbit data for self-monitoring and to watch 
the narrative video episodes).

The intervention design was informed by the Health 
Action Process Approach (HAPA) model [41] which 
includes self-regulation techniques to move from an 
intention to change behavior to actual behavior change, 
by the Elaboration Likelihood Model (ELM) [30] which 
theorizes that information processing may either occur 
via a direct or via an indirect route depending on the 
motivation and ability of the individual to elaborate 
on the message, and by the Persuasive Systems Design 
model (PSD)[29] which proposes several key princi-
ples for a persuasive design. Stakeholders and end-users 
were actively involved throughout the entire develop-
ment process. More detailed information on the content, 
theoretical rationale, and development process of the 

#LIFEGOALS intervention is publicly available on Open 
Science Framework [42].

During the first weeks of intervention (affecting par-
ticipants of the first batch of data collection), technical 
bugs were detected and resolved. These were related to 
the agenda (e.g., the impossibility to link the app with the 
smartphone’s agenda during installation, problems with 
compatibilization with a smartphone’s agenda in AM/PM 
instead of 24 h, or the impossibility to delete a planned 
activity from the agenda), certain crashes (e.g., when 
using the avatar), structural mistakes (e.g., a missing ‘own 
idea?’-button or check marks that were wrongly marked 
by default), or notifications by the chatbot (the failure of a 
badge to appear when receiving a new message). Partici-
pants from the first batch of data collection were sent an 
email with the instructions to update the #LIFEGOALS 
app with the new version.

Measures
Demographic variables
In Flanders (Belgium), secondary school students in the 
first two years follow either the A- or the B-track depend-
ing on their learning abilities (students with learning 
disabilities follow the B-track). From the 3rd year on, 
students from the A-track can choose between ‘gen-
eral’, ‘technical’, ‘art’ or ‘vocational’ tracks, and students 
from the B-track follow the ‘vocational’ track. To obtain 
a coding system that is equal for all school grades, edu-
cation type was categorized into ‘general or technical 
track’ (A-track, general, technical and art education) and 
‘vocational track’ (B-track and vocational education). 
Family affluence was assessed with the revised Family 
Affluence Scale (FAS) [43]. The scale consists of 6 indi-
cators of family welfare. However, one item (“How many 
times did you travel abroad for holiday/vacation last 

Table 1 Topics and guiding questions of the interview

a  Asked for each component of the app separately

Topic Interview guide question

Spontaneous impression – What comes to your mind when you think of the #LIFEGOALS app?

Feasibility – How was it to use the app?
– Why was it (not) easy to use?
– What did you (not) enjoy?
– What did you think about the looks of the app?

Mechanisms of action – With what has the app helped you?
– How/in what way did the app help you with that? / Why didn’t 
the app help with anything?

Used as intended? – Can you tell us some more about [component X]?a

– How have you used [component X]?a

Context and usage – When and where have you used the app?
– What has (de)motivated you to use the app?
– How did others (peers, family, teacher) feel about the app? What 
influence did this have on you?
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year?”) was omitted due to the pandemic-related restric-
tions on travelling outside of Belgium. This resulted in a 
FAS sum score ranging from 0 (low affluence) to 10 (high 
affluence). Flemish FAS-data from the 2017/18 Health 
Behavior in School-Aged Children (HBSC) study [44] 
were used to determine the cut points for this reduced 
FAS sum-score to create low (0–6), middle (7–8) and 
high (9–10) affluence groups, responding to respectively 
21.1%, 56.6% and 22.2% of the Flemish youth population.

Mental health
Health-related quality of life (HRQoL) was the primary 
outcome and was measured with the KIDSCREEN-10 
[45]. To get a more in-depth picture of participants’ men-
tal health, also the subscales psychological well-being (i.e., 
positive emotions, satisfaction with life, and feeling emo-
tionally balanced) and social support & peers (i.e., quality 
of interaction with friends and peers, and perceived sup-
port; further referred to as peer support) from the KID-
SCREEN-27 [46], and moods & emotions (i.e., depressive 
moods and emotions and stressful feelings; further 
referred to as moods) and self-perception (i.e., self-con-
fidence, self-satisfaction and body image) from the KID-
SCREEN-52 [47], were assessed. The KIDSCREEN-10 
and the used subscales have shown good reliability and 
validity [48, 49]. For each construct, the scores on the 
items were transformed into t-values (mean 50, SD 10) 
using the European norm data for adolescents [50] and 
averaged, with higher scores indicating better well-being.

Resilience was measured with the Brief Resilience Scale 
(BRS) [51]. We added a timeframe and adapted the word-
ing of the Dutch version of the BRS [52] to make the 
items adequate for young adolescents. This was discussed 
in team, and the adapted questionnaire was tested on 
comprehensibility with four adolescents. A higher mean 
score indicates greater capacity to bounce back after hard 
times.

Depressed feelings was measured using the Custom 
Short Form of the Dutch version of the Patient-Reported 
Outcomes Measurement Information System Pediatric 
Bank Depressive Symptoms v2.0 (PROMIS-PedDepSx) 
[53], showing good psychometric properties [54]. The 
four items were transformed into t-values (mean 50, SD 
10) using the health measures scoring service provided 
by PROMIS. Scores were averaged with a higher score 
indicating more depressed feelings.

Lifestyle behaviors
Physical (in)activity and sleep were measured using the 
3-axis accelerometer Axivity AX3. Axivities were worn 
on the non-dominant hand in a black wristband without 
display. These trackers are not to be confused with the 
Fitbit that was provided to the intervention group, where 
measurements are visible to the user and that were used 
as self-monitoring tool in the intervention. Accelerom-
eters were configured to record raw acceleration data at 
a frequency of 100 Hz with a range of ± 8  g using Open 
Movement GUI (OMGUI, V1.0.0.43). Raw accelerometer 
data (.cwa) were downloaded using the same software 
and were processed in R v4.0.5 using the GGIR package 
v2.3–0 [55]. Non-wear time was calculated based on the 
algorithm of Van Hees et al. [56]. A valid day was set at a 

Fig. 2 Home screen of the #LIFEGOALS app
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minimum of 10 h of wear time between 3 a.m. and 3 a.m., 
a valid night at a minimum of 8 h of wear time between 9 
p.m. and 11 a.m. Participants with a minimum of 2 valid 
weekdays/weeknights and 1 valid weekend day/night, 
were included in the analyses concerning accelerometry 
activity/sleep data.

The Euclidean Norm Minus One (ENMO) was used 
as parameter for physical activity. The ENMO met-
ric is a measure of the total volume of physical activity 
and is expressed in milligravity-based acceleration units 
(mg). ENMO was calculated using step 1–2 of the GGIR 
package v2.3–0 in R [56], applying imputation for miss-
ing data such as monitor non-wear. The average ENMO 
per awake minute was calculated over the valid days 
per participant per assessment point. Phillips cut points 
[57] were used to classify minutes into light, moderate 
or vigorous activity intensity levels. All minutes with an 
ENMO of less than 250  mg (Phillips cut point) and not 
classified as sleep, were considered sedentary time. The 
total amount of sedentary minutes was calculated over 
the valid days per participant per assessment point.

Weekday-to-weekend sleep time difference was used 
to measure participants’ sleep routine. A smaller sleep 
time difference is associated with better mental and (to a 
lesser extent) physical health [58]. The estimation of sta-
tionary sleep-segments was calculated using the OMGUI 
software (implementing the algorithm by Borazio et  al. 
[59]), upon which minutes of detected sleep between 9 
p.m. and 11 a.m. were summed to become sleep time per 
night. The following corrections were made: a) observa-
tions were detected as sleep if the interruption of non-
sleeping bouts was less than 30  s, and b) observations 
were not considered sleep if a sleeping-bout was less than 
30 min. Non-wear within the 9 p.m. – 11 a.m. sleep win-
dow was considered sleep if it lied between the average 
sleep–wake hours of Flemish Belgian young adolescents 
(i.e., 9:45 p.m.—6:49 a.m. on weeknights, or 11:14 p.m.—
9:37 a.m. on weekend nights [60]). Sleep routine was 
calculated by subtracting the average minutes of sleep 
during the week (from Sunday evening to Monday morn-
ing) from the average minutes of sleep during the week-
end (from Friday evening until Sunday morning).

Sleep quality and breakfast frequency were assessed 
in the web-based survey. For sleep quality, we selected 
items from the HBSC 2017/18 study [44] and the Adoles-
cent Sleep Wake Scale [61] to assess four core elements 
determining sleep quality: experience of sleep quality, 
sleep latency, sleep interruption, and daytime sleepiness. 
The items referred to the past week and were scored on 
a 5-point Likert scale (totally disagree – totally agree). A 
higher mean score indicates better perceived sleep qual-
ity. The frequency of taking breakfast was measured with 
two items from the HBSC 2017/18 study [44], assessing 

how often the participant usually takes breakfast on 
school days and weekends.

Log data
In-app duration was operationalized by summing all time 
in between opening the app, and leaving the app by either 
closing it, switching to another app or phone content, 
or the phone entering into screen-lock. In-app duration 
over the intervention period spanned the day of installa-
tion until exactly twelve weeks later.

Pandemic‑related measures
During the second wave of the COVID-19 pandemic in 
Belgium (at the start of data collection), the Belgian gov-
ernment implemented measures to limit spread of infec-
tions. The measures with the greatest impact on 12- to 
15-year-olds concerned restrictions for in-school educa-
tion and sports (see Additional file 1). Two variables were 
created to reflect the measures in force regarding educa-
tion (yes/no ≥ 50% remote education) and sports (yes/no 
restrictions to perform sports activities).

Data analyses
Quantitative analyses (quasi‑RCT)

Sample size Sample size calculation was performed for 
a design with imbalanced allocation ratio of 3:2, to detect 
a difference of 5 points in the mean score on the KID-
SCREEN-10 [62], assuming a power of 80%, and a level of 
evidence of 5% using a random intercept 2-level (school 
and student) nested model with a variance between 
schools of 4.55 and a residual variability of 140 [63]. To 
allow for a predicted drop-out rate of 20%, the required 
sample size of 216 participants was raised to a total of 
270, requiring 180 participants in the intervention group 
and 90 in the control group.

Statistical analyses Analyses were performed in R ver-
sion 4.0.5 with statistical significance determined at 
α = 0.05. To examine the intervention effects, the inter-
vention group was limited to the participants with a 
minimum in-app duration of 2  min. This selection per-
fectly coincided with the group of participants who in 
the post-survey answered ‘yes’ (compared to ‘no’) to the 
question whether they had taken a look at the app. For 
each outcome, a multilevel generalized linear model with 
random subject intercept was selected based on Akaike’s 
Information Criteria (AIC). A generalized linear mixed 
model with Gamma variance function and identity link 
function was selected for all mental health outcomes, 
physical activity, and sleep quality; and a Gaussian gen-
eralized linear mixed model with identity link function 
was selected for effects on sedentary time, sleep routine, 
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and breakfast frequency. Age, gender, and family afflu-
ence were included as covariates. For all the models, 
including school as random intercept did not signifi-
cantly improve the fit of the model. Models were run to 
investigate change in the dependent variables from base-
line (T0) to post-intervention (T2), and for HRQoL from 
baseline (T0) to intermittent (T1) to post-intervention 
(T2). Because pandemic-related measures may influence 
the intervention effects, it was checked whether pan-
demic-related education restrictions (for each outcome) 
and sports restrictions (for the activity-related outcomes 
physical activity and sedentary behavior) moderated the 
intervention effect. A three-way interaction between 
Time (T0, T1, T2), group (intervention vs. control) and 
pandemic-related restrictions (yes/no) was included in 
the multilevel generalized linear models. In case of mod-
eration, post hoc analyses were performed to analyze the 
intervention effects for the specific subgroups (no restric-
tions vs. restrictions).

Qualitative analyses (process evaluation interviews)
Interviews were transcribed verbatim and coded and 
analyzed in NVivo 1.5.2 using thematic analysis [64, 65]. 
CP, EL, and a master student performed an in-depth 
analysis of one interview, upon which a coding scheme 
was created. Data were analyzed with the aim to explore 
the most salient intervention elements and working pro-
cesses that improved health behavior or mental health 
(as experienced by the users), and to serve as an explana-
tory ground for the quantitative results. The same group 
of coders independently analyzed a next set of six inter-
views based on the pre-determined coding scheme, and 
new themes that emerged from the data were added. The 
remaining interviews (n = 6) were analyzed by two cod-
ers independently (CP and master student). In between, 
findings were discussed within the research team and 
led to subsequent adding or rewording of themes. The 
final coding scheme consists of subject areas, description 
of those areas and illustrative quotes. The findings were 
written out in a report that was read and revised by all 
authors, ensuring credibility of the reporting process.

Results
Quasi‑RCT 
Drop‑out, adherence and demographics
The flow of participants through recruitment, alloca-
tion and data collection is presented in Fig.  1. In total, 
of the 315 adolescents who completed baseline assess-
ment, 36 (11,43%) did not provide full informed consent 
or explicitly indicated to withdraw participation. Of the 
279 participants included in the study (mean age 13.63, 
SD 0.96), drop-out at posttest was 6.81% for survey data 

and 14.34% for accelerometer data. Of the 184 partici-
pants in the intervention group, 25 (13.59%) could not 
install the app on their smartphone (often because paren-
tal approval was needed to install an app, or because 
under 13-year-olds are not permitted to use test-versions 
of apps on iPhone), and 9 (4.89%) only installed the app 
but did not use it. Of the 150 participants who used the 
app, 56 (37.33%) only used the app in the first week, and 
an additional 44 (29.33%) stopped using the app within 
the first half of the intervention. Only 26 users (17.33%) 
reported having watched three or more of the twelve 
episodes of the narrative. Attrition rates of this study are 
discussed in more detail elsewhere [66]. Median in-app 
duration was 19 (MAD 15) minutes. Table  2 shows for 
each health behavior the percentage of participants who 
chose to work on the behavior.

The analyses for this paper were run on the 150 par-
ticipants in the intervention group who had used the app, 
and the 95 participants in the control group. Leaving out 
participants with insufficient accelerometer wear time, 
data of 220 participants at baseline (134 intervention 
and 86 control group) and 180 at posttest (104 interven-
tion and 76 control group) were included in the analyses 
for physical activity and sedentary time; and data of 187 
participants at baseline (109 intervention and 78 control 
group), and 171 at posttest (98 intervention and 73 con-
trol group) were included in the analyses for sleep time. 
Average minutes of non-wear time of the accelerometer 
at posttest was significantly higher in the intervention 
group (mean 228, SD 335) compared to the control group 
(mean 108, SD 256, P = 0.005), but not at baseline (inter-
vention: mean 141, SD 266; control: mean 98, SD 202, 
P = 0.70).

Descriptives and group differences at baseline are pre-
sented in Table 3. Groups did not differ in terms of gen-
der, grade or family affluence, but the intervention group 
comprised significantly more participants from the gen-
eral and technical than from the vocational track. The 
intervention group spent significantly fewer minutes in 
light intensity physical activity than the control group, 
but groups did not differ on the other lifestyle variables 
or on any of the mental health variables. On average, 

Table 2 Behavior focus of action plans (N = 150)

a Average number of action plans of the participants setting ≥ 1 plan for the 
specific behavior

Behavior n (%) Median (IQR)a

Physical activity (move more) 50 (33.33) 1.5 (2)

Sleep (get enough sleep) 41 (27.33) 1 (1)

Breakfast (have daily breakfast) 36 (24.00) 1 (1)

Sedentary behavior (sit less) 25 (16.67) 1 (0)

No action plans 68 (45.33) -
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participants were highly sedentary (9h32min per day), 
spent 3 h 50 min per day on light intensity physical activ-
ity, and 2 h 2 min on moderate to vigorous intensity phys-
ical activity. On average, participants slept 8  h 18  min, 
and the average sleep time difference between week and 
weekend days was 1  h 16  min. Half of the participants 
(47.84%) reported taking breakfast every day of the week, 
whereas 4.67% reported never taking breakfast.

Intervention effects
Pandemic-related education restrictions moderated the 
intervention effect on the primary outcome, HRQoL 
(χ2

2 = 13.13, P = 0.001). Among participants who had 
no pandemic-related education restrictions, there were 
no effects on HRQoL over time (χ2

2 = 0.97, P = 0.61); 
whereas for participants with partly remote education, 
HRQoL decreased more over time in the intervention 

Table 3 Baseline demographics and health-related characteristics for each group

Abbreviations: LPA light intensity physical activity, MVPA moderate to vigorous intensity physical activity
a  Selection of intervention group that used the #LIFEGOALS app (i.e., with in-app duration ≥ 2 min)
b  Difference between control and intervention group: χ2-test for categorical variables, t-test or Wilcoxon rank test for continuous variables
c  Total: n = 246, control: n = 86, intervention: n = 134
d  Total: n = 221, control: n = 88, intervention: n = 112
e  Total: n = 229, control: n = 80, intervention: n = 125

Total
(N = 279)

Control group (n = 95) Intervention  groupa 
(n = 150)

Group  diffb

n (%) n (%) n (%) P
Gender 0.14

 Girl 153 (54.84%) 59 (62.11%) 76 (50.67%)

 Boy 124 (44.44%) 36 (37.90%) 72 (48.00%)

 Other 2 (0.72%) 0 (0.00%) 2 (1.33%)

Education type  < 0.001

 General & tech. track 182 (65.23%) 43 (45.26%) 113 (75.33%)

 Vocational track 97 (34.77%) 52 (54.74%) 37 (24.67%)

Grade 0.15

  1st year of secondary 87 (31.18%) 22 (23.16%) 49 (32.67%)

  2nd year of secondary 92 (32.97%) 32 (33.68%) 53 (35.33%)

  3rd year of secondary 100 (35.84%) 41 (43.16%) 48 (32.00%)

Family Affluence 0.98

 Low 80 (28.67%) 28 (29.47%) 45 (30.00%)

 Middle 134 (48.03%) 45 (47.37%) 72 (48.00%)

 High 65 (23.30%) 22 (23.16%) 33 (22.00%)

mean (SD) mean (SD) mean (SD) P
Mental health

 HRQoL (t-score) 54.11 (6.96) 53.44 (6.40) 54.54 (7.28) 0.12

 Psychol. well-being (t-score) 52.10 (8.00) 52.06 (7.34) 52.12 (8.42) 0.70

 Moods (t-score) 48.57 (9.77) 48.32 (9.00) 48.73 (10.28) 0.50

 Self-Perception (t-score) 52.06 (8.71) 51.97 (8.32) 52.11 (8.97) 0.74

 Peer support (t-score) 54.71 (5.97) 54.18 (6.74) 55.04 (5.42) 0.50

 Resilience (range 1–5) 3.18 (0.64) 3.16 (0.65) 3.20 (0.64) 0.28

 Depressed feelings (t-score) 53.58 (8.53) 54.2 (7.84) 53.4 (9.12) 0.34

Lifestyle behaviors

  LPAc (min/day) 230 (105) 252 (107) 215 (99) 0.001

  MVPAc (min/day) 122 (49) 117 (35) 122 (52) 0.89

 Sedentary  timec (min/day) 572 (127) 587 (116) 570 (132) 0.55

 Sleep  weekdaysd (min/night) 476 (60) 472 (53) 480 (48) 0.14

 Sleep  weekende (min/night) 552 (79) 548 (75) 552 (68) 0.74

 Breakfast freq. (days/week) 5.15 (2.26) 4.87 (2.38) 5.29 (2.19) 0.30

 Sleep quality (range 1–5) 2.87 (0.84) 2.84 (0.83) 2.89 (0.83) 0.63
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than in the control group (χ2
2 = 14.72, P < 0.001) (see 

Fig.  3). For psychological well-being, pandemic-related 
education restrictions did not moderate the interven-
tion effect (χ2

1 = 2.20, P = 0.14) and there was no sig-
nificant effect of the intervention (χ2

1 = 0.13, P = 0.72). 
Pandemic-related education restrictions moderated 
the intervention effect on moods (χ2

1 = 9.37, P = 0.002), 
self-perception (χ2

1 = 4.45, P = 0.03) and peer support 
(χ2

1 = 11.10, P < 0.001). In case of normal in-school edu-
cation (i.e., no education restrictions), positive moods 
increased in the intervention group compared to no 
change in the control group (χ2

1 = 4.14, P = 0.04), but 
no group difference was found for change in peer sup-
port (χ2

1 = 0.06, P = 0.81) or self-perception (χ2
1 = 3.22, 

P = 0.07). In case of partly remote education (i.e., edu-
cation restrictions), positive moods (χ2

1 = 6.03, P = 0.01) 
and peer support (χ2

1 = 13.69, P < 0.001) decreased in 
the intervention compared to no change in the control 
group, whereas no group difference was found for self-
perception (χ2

1 = 1.52, P = 0.22). Pandemic-related educa-
tion restrictions did not moderate the intervention effect 
on resilience (χ2

1 = 0.42, P = 0.52) or on depressed feel-
ings (χ2

1 = 0.53, P = 0.47). There was no significant effect 
of the intervention on resilience (χ2

1 = 0.96, P = 0.33) or 
depressed feelings (χ2

1 = 0.45, P = 0.50).
Regarding the lifestyle behaviors, pandemic-related 

sports restrictions but not education restrictions moder-
ated the intervention effect on physical activity (sports: 
χ2

1 = 5.87, P = 0.02; education: χ2
1 = 2.67, P = 0.10) and 

on sedentary time (sports: χ2
1 = 11.96, P < 0.001; edu-

cation: χ2
1 = 2.98, P = 0.08). For participants who had 

normal sports possibilities, physical activity decreased 
significantly less (χ2

1 = 4.36, P = 0.04) and sedentary time 
increased significantly less (χ2

1 = 6.44, P = 0.01) in the 
intervention compared to the control group. For partici-
pants with sports restrictions, there were no intervention 
effects on physical activity (χ2

1 = 1.04, P = 0.31) or sed-
entary time (χ2

1 = 0.65, P = 0.42). There was no modera-
tion of education restrictions for sleep routine (χ2

1 = 0.14, 
P = 0.70), sleep quality (χ2

1 = 0.18, P = 0.67), or frequency 
of breakfast consumption (χ2

10.43, P = 0.51). Sleep qual-
ity significantly increased in the intervention compared 
to no change in the control group (χ2

1 = 6.11, P = 0.01). 
There was no intervention effect on sleep routine 
(χ2

1 = 1.21, P = 0.27) or frequency of breakfast consump-
tion (χ2

1 = 0.75, P = 0.39).
Parameter estimates of the moderation analyses are 

attached as additional material (Additional file 2). Param-
eter estimates of the intervention effects are presented 
in Table  4 and in line graphs (see Fig.  3 and Additional 
file 3).

Additional analyses
Pandemic-related restrictions for education or sports 
were dependent on age and grade, and differed depend-
ing on the time of data collection (see Additional file 1). 
Exploration in our sample (see Additional file 4) revealed 
that all participants with education restrictions were in 

Fig. 3 Intervention effects on health-related quality of life. Adjusted means and confidence intervals of health-related quality of life (HRQoL) 
at baseline (T0), intermittent assessment (T1) and post-intervention (T2) for the subgroup of participants with normal in-school education 
and the subgroup with partly remote education. The estimates are based on multilevel generalized linear models controlling for age, gender 
and family affluence
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the  3rd year of secondary education (χ2
2 = 245, p < 0.001), 

and participants in the  1st year of secondary education 
had fewer sports restrictions than participants from the 
 2nd or  3rd year (χ2

2 = 136.14, p < 0.001). The groups with 
or without restrictions did not differ in terms of gender, 
education type or family affluence.

Process evaluation interviews
Participant characteristics
Due to low response to the invitation messages (10/40, 
25%) or low willingness to participate (15/40, 38%), even-
tually all eligible participants (n = 40) were invited for a 
process evaluation interview. Of the 15 interviewed par-
ticipants, 2 did not provide the necessary consent forms 
to include their data. The characteristics of the remain-
ing 13 interviewees are presented in Table 5. Participants 
had a mean age of 13.45 years (SD 0.92), 54% were girls, 
and slightly more participants followed the general track 
(69%) and were in their first year of secondary education 
(46%). The interviewees had used the app for an average 
of 1  h over the 3-month intervention period (mean 57, 
SD 33, Mdn 54, MAD 43 min).

Table 4 Intervention effects, separate for subgroups in case of significant  moderationa

Abbreviations: PA physical activity, ENMO Euclidean norm minus one, SB sedentary behavior
a Multilevel generalized linear models testing the interaction effect between Time (T2 vs. T0, unless otherwise specified) and Group (control vs. intervention) 
controlling for age, gender and family affluence.
b In case of significant moderation by pandemic-related education measures, effects are presented for the subgroups ‘normal in-school education’ (In-school) or 
‘partly remote education’ (Remote). In case of significant moderation by pandemic-related measures for sports, effects are presented for the subgroups ‘normal sports 
possibilities’ (Normal) or ‘restricted sports possibilities’ (Restricted). In case of no significant moderation, effects are presented for the entire sample.
c Because here a Gauss model was fitted, Satterthwaite’s approximation is used for the calculation of the degrees of freedom.

Outcome Subgroupb β [95% CI] t test (df) P n

HRQoL T1 vs. T0 In-school 0.55[-1.22; 2.32] 0.61 (419) 0.54 155

Remote -3.09[-5.35; -0.82] -2.67 (232) 0.007 87

HRQoL T2 vs. T0 In-school 0.87[-0.88; 2.63] 0.97 (419) 0.33 155

Remote -4.10[-6.28; -1.93] -3.71 (232)  < 0.001 87

Psych. well-being Entire sample 0.28[-1.25; 1.82] 0.36 (460) 0.72 242

Moods In-school 2.76[0.10; 5.43] 2.03 (290) 0.04 155

Remote -3.43[-6.17; -0.69] -2.46 (161) 0.01 87

Self-Perception In-school 1.62[-0.15; 3.39] 1.79 (290) 0.07 155

Remote -1.58[-4.08; 0.93] -1.23 (161) 0.22 87

Peer support In-school 0.25[-1.80; 2.29] 0.24 (291) 0.81 155

Remote -5.69[-8.71; -2.68] -3.70 (161)  < 0.001 87

Resilience Entire sample 0.07[-0.07; 0.22] 0.98 (460) 0.33 242

Depressed feelings Entire sample 0.58[-1.11; 2.26] 0.67 (459) 0.50 242

PA (ENMO) Normal 19.11 [1.17; 37.06] 2.09 (100) 0.04 61

Restricted 3.33 [-3.07; 9.73] 1.02 (279) 0.31 169

SB (min/day) Normal -157.98[-279.98; -35.99] -2.54 (62.43c) 0.01 61

Restricted 19.11 [-27.30; 65.53] 0.81 (136.88c) 0.42 169

Sleep routine Entire sample 13.12 [-10.28; 36.53] 1.10 (168.33c) 0.27 210

Sleep quality Entire sample 0.24 [0.05; 0.43] 2.47 (459) 0.01 242

Breakfast freq Entire sample -0.23 [-0.74; 0.28] -0.87 (229.5c) 0.39 242

Table 5 Characteristics of interviewees (n = 13)

n mean (SD) 
app usage in 
minutes

Gender
 Girl 7 68 (32)

 Boy 6 45 (31)

Education type
 General & technical track 9 62 (31)

 Vocational track 4 47 (39)

Grade
  1st year of secondary 6 53 (38)

  2nd year secondary 3 40 (25)

  3rd year of secondary 4 77 (23)

Family Affluence
 Low 2 29 (8)

 Middle 7 63 (36)

 High 4 62 (31)
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Perceived behavior change processes
All interviewees reported that the intervention had 
helped them to increase physical activity, improve sleep, 
reduce sedentary time, and/or increase frequency of 
breakfast consumption. Upon analysis of interview 
transcripts, eight main themes were identified: reward 
system, action and coping planning, self-monitoring, 
support chatbot, narrative videos, importance of healthy 
lifestyle, autonomy, social influence and sharing, and 
physical and situational context. A summary of the find-
ings is presented below. The themes and their subthemes 
are described in more detail in Additional file 5.

The reward system was experienced as highly moti-
vating to use the app. Users liked that they could earn 
coins to change the appearance of their avatar, and the 
challenges in the app were an extra motivator for users 
to set and reach goals. Users indicated that the action 
planning, and to a lesser extent also the coping plan-
ning, had helped them to improve their health behaviors. 
The agenda and reminders were experienced as helpful 
to remember their action plans and to encourage them 
to put these into practice. Users moreover enjoyed self-
monitoring their behavior as it helped them gain insight 
in their own behavior. This functioned as a trigger to 
change their behavior, and the monitoring of reached 
behavioral goals even seemed to help in maintaining 
behavior change.

The chatbot was experienced as a fun element and was 
appealing to ask questions to. Participants mainly used 
the chatbot to better understand the functioning of the 
app, but also for questions concerning a healthy lifestyle. 
In case the chatbot could reply to their question, the 
answers were perceived as useful and facilitated behav-
ior change. However, the chatbot often failed to reply to 
their specific question, which demotivated further usage 
of this component. Notifications by the chatbot triggered 
users to engage with the app and were experienced as a 
good reminder to set goals.

The narrative videos were rarely watched. About half 
of the interviewees (6/13) had not initiated any episode. 
Reasons were that they already had other series to watch, 
a lack of personal interest in the episodes, forgetfulness, 
or a lack of time. Interviewees who had watched epi-
sodes, were very positive about them and reported that 
the narrative videos had encouraged usage of the app: 
the weekly appearance of a new video functioned as an 
incentive to use the app, and the storyline made view-
ers realize they should consider changing their behavior 
towards healthier alternatives.

The intervention as a whole and the usage experience 
raised awareness about the importance of a healthy life-
style by aiding in the understanding of the link between 
behavior and health-related outcomes. Both guidance 

and autonomy seemed to be important: the choice 
options and tips for creating action plans raised knowl-
edge and skills on which action plans to set, while the 
freedom to choose and add own action plans, and to 
choose when and how to use the intervention, were per-
ceived to have encouraged usage.

Comparing progress and discussing app content with 
friends was a strong motivator to use the intervention 
and helped clarify the functioning of the app. If the opin-
ion and usage of classmates would influence user behav-
ior seemed to be context- and person dependent. Adults 
appeared to exert only a limited impact on adolescents’ 
user behavior. Specific situations (e.g., boredom) or envi-
ronment (e.g., sports facilities) encouraged usage of the 
intervention, and in times of pandemic-related sports 
restrictions, the app offered alternative options to be 
active. The opportunity to move research forward was for 
some adolescents or their parents an additional motiva-
tor (to encourage their child) to use the app.

Discussion
Summary of the results
This study investigated the effects of the mobile health 
promotion intervention #LIFEGOALS on adolescents’ 
mental health and lifestyle behaviors. We found positive 
intervention effects on physical activity, sedentary behav-
ior, sleep quality, and moods. Pandemic-related measures 
moderated some of the effects, with beneficial effects on 
mental health outcomes only present for adolescents who 
could continue in-school education, and some negative 
mental health effects for adolescents with partly remote-
education. Despite our efforts to enhance engagement, 
usage attrition was high. Users of the intervention expe-
rienced that the reward system and self-regulation tech-
niques had contributed to their behavior change, but also 
mentioned social factors, quality of technology, auton-
omy, and the role of gaining awareness and insight in 
their own behavior.

mHealth effects on mental health and lifestyle behaviors
#LIFEGOALS was developed to help adolescents adopt 
a healthy lifestyle as a means to promote mental health. 
Unfortunately, we found limited effects on mental health. 
It may well be that effects on positive well-being would 
still take place in the long-term [67].

The intervention did show beneficial effects on physi-
cal activity, sedentary behavior, and sleep quality. In a 
pandemic situation with normal sports possibilities, 
using the intervention prevented a decline in daily physi-
cal activity and prevented an increase in daily sedentary 
time. Sleep quality improved regardless of pandemic-
related restrictions. In literature, the effects of mHealth 
interventions on activity-behaviors in adolescents are 



Page 13 of 19Peuters et al. BMC Public Health           (2024) 24:44  

mixed. One mHealth intervention combined with a Fit-
bit to promote physical activity in adolescents (the RAW-
PA), for example, observed no differences in MVPA 
post-intervention [68]. There were no intervention effects 
on sleep routine or frequency of breakfast consumption. 
Previous sleep interventions have also encountered dif-
ficulties for regularizing adolescent weekday-weekend 
sleep timing [69]. mHealth in general seems to be more 
effective in improving sleep quality than other dimen-
sions of sleep such as sleep duration [70]. It has been sug-
gested that the bioregulatory and environmental factors 
of sleep (e.g., late circadian rhythm and early school start 
times) in adolescence might be at the basis for the lack 
of intervention effects on sleep routine [71]. Regarding 
breakfast frequency, a meta-analysis showed that of the 
few breakfast interventions that observed an increase in 
frequency of breakfast consumption, making environ-
mental changes proved to be a promising strategy [72]. 
Although adding objects to the environment is a BCT 
that seems to be positively related to mHealth effective-
ness, it is not often used in health behavior change apps 
[37]. Future interventions addressing sleep and breakfast 
routine should consider including ways to induce envi-
ronmental changes (e.g., place the breakfast clearly vis-
ible or remove television from bedroom) to maximize 
health benefits.

Impact of pandemic measures
COVID-19 pandemic-related measures limiting in-
school education, moderated intervention effects on 
indicators of mental health: beneficial effects of the 
intervention were observed only in the group that could 
continue in-school education, and in contrast, using the 
intervention negatively influenced HRQoL, moods and 
perceived support for the subgroup of participants who 
had to change to partially remote-education. It may well 
be that using the app might have made participants more 
aware of the lack of social contact with peers, causing 
the negative impact by the intervention. Peer relation-
ships and interactions are important in adolescence, and 
the need to connect with friends from school also plays 
a role in mHealth [73, 74]. Of note, many interviewed 
users mentioned social sharing with friends as a motivat-
ing factor for using the app. Not being able to readily dis-
cuss progress in the app with peers, or the impossibility 
to plan an activity with a friend when suggested by the 
app, might have reinforced the negative influence of the 
pandemic on adolescents’ sense of belonging [75]. More-
over, going to school brings routine into adolescents’ lives 
and may help them cope with difficulties, especially those 
who are already vulnerable for mental health issues [76]. 
Finally, periods without school are also associated with 
unhealthier lifestyles as regards physical activity, screen 

time, sleep timing and diet quantity [77, 78]. The realiza-
tion of this decline (e.g., through self-monitoring in the 
app) may have negatively impacted mental health.

Pandemic-related measures limiting the sports activi-
ties that participants could do, moderated the interven-
tion effects on physical activity and sedentary behavior: 
only for the group for whom there were almost no restric-
tions for doing sports, positive effects were found. This 
might be because the intervention did not anticipate how 
to promote physical activity or reduce sedentary behav-
ior in a context where organized sports or social activi-
ties were greatly limited. Research on the impact of the 
COVID-19 pandemic confirms that social restrictions 
and ‘shelter-at-home’ recommendations have made it 
difficult for adolescents to engage in sports or other 
forms of organized physical activity, and have caused 
an increase in leisure screen time and thus sedentary 
behavior [79]. The #LIFEGOALS intervention was able to 
counteract these negative trends in case of normal sports 
possibilities, but not in a context of sports restrictions. 
Regarding sedentary behavior, especially the parents play 
an important role in providing boundaries with screen 
time [79], and a health app might not have been convinc-
ing enough to motivate adolescents away from the screen 
in times when sedentary behavior could not be replaced 
by sports activities.

Overall, our results point to the influence of context 
dependency on intervention outcomes. Interventions 
not only work by its presumed mechanisms of action, 
but may also require supportive factors (e.g., school and 
social environment), or may not work in case of contex-
tual hindrances (e.g., COVID-19 measures). There is a 
need to be transparent and explicit about these factors, 
which are often overlooked [80]. Identified causal pro-
cesses can then inform tailoring of mHealth interven-
tions to the context and population [81]. If #LIFEGOALS 
would have included information and tips on how to be 
more physically active or how to reduce sedentary behav-
ior in times of the pandemic (i.e., anticipating social and 
environmental hindrances), this might have had more 
beneficial effects on lifestyle and mental health.

User engagement
We attempted to enhance engagement and behavior 
change by including a chatbot and narrative videos. The 
chatbot was meant to be an attractive, interactive fea-
ture for providing information, for offering support, and 
for encouraging users to set health action plans. With 
the narrative, we aimed to reach adolescents with low 
motivation for health behavior change via entertainment 
communication, and to pull them back to the app with 
new episodes of the series. Despite these efforts, attrition 
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rates and sustained usage were similar to interventions 
without these engagement-enhancing features [82–85].

A first consideration regarding the low engagement is 
that the chatbot in #LIFEGOALS was not (yet) able to 
meet user expectations. Users were initially enthusias-
tic about the chatbot, but felt discouraged to continue 
using the chatbot when it failed to provide a meaning-
ful reply to their messages [86]. On the other hand, the 
tailored motivating messages by the chatbot encouraged 
users to set health behavior goals, pointing to a poten-
tially engagement-enhancing effect. Increasingly, studies 
are investigating the potential of a support chatbot within 
mHealth and point to its assets for timely, personalized 
and cost-effective support  [36, 87, 88]. Important con-
cerns, however, include the limitations of the algorithm 
to provide accurate responses, issues regarding ethics, 
privacy and security, and technological failures  [88, 89]. 
More studies are needed to invest in the development of 
a more extensive database and more sophisticated and 
versatile chatbot to further investigate the potential of an 
mHealth chatbot for increasing engagement and behav-
ior change.

A second reason for the low engagement may be that 
adolescents typically show a low interest in health behav-
ior [90]. To grab their attention, an option could be to 
design mHealth interventions more as entertainment, 
thereby shifting the focus away from the health concept 
[91]. The risk of an entertainment-oriented mHealth app, 
however, is that it must compete with other mobile enter-
tainment available for adolescents. This might be the case 
with #LIFEGOALS, as only a small number of partici-
pants actually watched the narrative. Despite our efforts, 
our episodes most probably lacked the level of appeal 
necessary for adolescents to prefer these videos over the 
extensive offer of series and videos already available via 
YouTube, Netflix and other channels. Many interviewed 
users proposed that if friends or influencers would have 
promoted the app by showing that they used it or by talk-
ing positively about it, this would have encouraged them 
to use the intervention more. Indeed, applying principles 
from social marketing or the use of social media influenc-
ers and memes to mHealth implementation, can influ-
ence the popularity, support and reach of mHealth [92, 
93]. For adolescents who lack the motivation to change 
their behavior, it might additionally be necessary to first 
form health behavior intentions by, for example, rais-
ing awareness and improving their health literacy. This 
may be more easily obtained via other approaches than 
mHealth (e.g., sensitization activities in school). But also 
for motivated adolescents, an unstructured stand-alone 
app might be challenging to engage with due to a lack 
of integration in their daily life and the absence of fixed 
moments to work with the app. Alternatives to provide 

universal health promotion to this age group might be 
to embed health promotion apps in multiple domains 
of adolescents’ surroundings and support systems (i.e., 
community, peers, school, family), for example into a 
broader health promotion strategy, or to consider non-
digital approaches such as nudging or environmental 
changes [26, 94, 95].

Process of behavior change
Within mHealth research, it remains an important chal-
lenge to identify the intervention components and mech-
anisms of action that lead to successful behavior change, 
often referred to as ‘the black box of mHealth’ [96, 97]. 
Although the current study was not designed to empiri-
cally investigate the working mechanisms (no different-
component(s) factorial design was run or no mediation 
analyses were performed [98]), we performed process 
evaluation interviews with participants who had actively 
used the app to provide complementary insights. All 
interviewees reported that #LIFEGOALS had helped 
them to improve their lifestyle. In terms of BCTs, our 
findings confirm conclusions from previous research 
in adolescents pointing to the importance of gamifica-
tion, self-regulation and reminders. Users perceived that 
mainly the reward system and the self-regulation tech-
niques (goal setting, action planning, overview in agenda 
and self-monitoring) had contributed to their behavior 
change. The prospect to earn coins by setting and com-
pleting action plans for personalizing an avatar, is a sort 
of gamification highly attractive to adolescents [38]. The 
guidance by the app for creating action and coping plans, 
whilst also leaving room for autonomy, appears to be an 
effective mHealth strategy for obtaining behavior change 
and mental well-being, as do the overview in the agenda, 
self-monitoring and reminders for planned actions [99–
101]. Also social comparison and feedback on behavior 
by discussing progress and content of the mHealth app 
with friends, is for some adolescents encouraging to use 
the intervention [102].

An mHealth intervention is more than a simple com-
bination of BCTs. BCTs should be considered within 
their context [83, 103], and also other mHealth interven-
tion features determine its success. Jeminiwa and col-
leagues [38] performed a systematic review upon which 
the authors developed a theoretical framework outlining 
five dimensions that should be met concerning mHealth 
apps for adolescent users. Besides ‘technical quality’, 
‘engagement’ (e.g., entertainment, interactivity, gamifica-
tion) and ‘support system’ (e.g., behavior change support, 
social support) that are discussed above, they also point 
to the importance of ‘autonomy’. Autonomy in mHealth 
can be defined as app accessibility in terms of costs and 
availability, and as the degree of adolescent control [38]. 
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Users of #LIFEGOALS appreciated that they were given 
the choice of which behavior(s) they wanted to tar-
get and the option to create their own personal action 
plans. Autonomy is an important motivational force in 
early adolescence [73], and our findings confirm that 
this should be taken into account when planning lifestyle 
interventions for this age group. However, persuasion 
techniques might be necessary to overcome the risk of 
reduced intervention exposure in case of complete free-
dom of use.

Furthermore, several users found it motivating that by 
using the intervention they gained insight in the actual 
state of their health behavior. A more accurate image of 
one’s health behavior can contribute to ‘consciousness 
raising’ and help a person transition from pre-intender 
towards an intention to improve their behavior [104]. 
Moreover, by receiving the intervention, users bet-
ter understood the link between health behaviors and 
psychological and social wellbeing, and realized the 
importance of a healthy lifestyle. The awareness of the 
importance of a healthy lifestyle appears necessary to 
avoid compensation of physical activity by unhealthy 
behavior [105]. It is not entirely clear what aspects of the 
intervention contributed to the improved awareness of 
lifestyle importance. One study found that adolescents 
perceived the Fitbit to increase their awareness [106]. The 
increased awareness may also partly be a consequence of 
the intervention complying with the fifth dimension as 
proposed by Jeminiwa and colleagues [38], being ‘safety, 
privacy and trust’. mHealth coming from a credible 
source (in case of #LIFEGOALS, a university) contributes 
to belief in the information quality, in its turn benefitting 
attitude towards continuous usage intention [107].

Strengths and limitations
This study has both strengths and limitations. First, the 
use of a controlled design allowed to determine whether 
the intervention was effective while minimizing con-
founding factors and maximizing statistical reliability. 
However, randomization was not perfect and the con-
trol group comprised a higher proportion of participants 
from the vocational track. Second, the outcomes were 
assessed almost immediately after the intervention, and it 
may well be that effects on mental health will only appear 
in the longer term as a consequence of a maintained 
healthy lifestyle [67]. Third, qualitative follow-up inter-
views provided insights into users’ perceptions of behav-
ior change. However, this was a small and selective group 
(only participants who had substantially used the app), 
which could give a biased image of the general user expe-
rience. Fourth, accelerometers provide more accurate 
measurement compared to self-reports about activity 
behavior. A disadvantage of accelerometry, however, is its 

higher probability for missing data. We had to deal with 
lost devices, technical failure, or non-adherence to wear-
ing instructions, for which 18.37% daytime and 26.94% 
nighttime accelerometry data were lost, compared to 
only 0,61% missing self-report data. Fifth, this study was 
run during the COVID-19 pandemic. This is (hopefully) 
an exceptional event, but it is yet unclear to what extent 
our results generalize to ‘normal’ times.

Conclusions
The health effects of #LIFEGOALS were mixed and 
moderated by pandemic measures. Beneficial effects on 
physical activity, sedentary behavior and moods were 
only present in a close-to-normal situation. Detrimen-
tal effects on mental health were found for adolescents 
with partially remote education. Sleep quality improved 
regardless of pandemic measures. The qualitative find-
ings substantiate the importance of gamification, self-
regulation, reminders, increased health awareness, 
quality of technology, autonomy, and social support for 
optimal mHealth adoption and effectiveness among an 
adolescent population.
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