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Abstract
Research has established associations between poor mental health and lifestyle risk behaviors among adolescents, yet gaps 
exist in understanding whether digital health interventions for adolescents targeting these behaviors will improve mental 
health and wellbeing. This study aimed to evaluate how effective digital health interventions targeting lifestyle risk behaviors 
are in improving mental health/wellbeing among adolescents (10–24 years old). We also aimed to understand how effects 
vary by participant and intervention characteristics, and intervention adherence and engagement. Through systematic review 
with meta-analysis, 5229 records were identified. 17 studies were included representing 9070 participants (15.3 mean age, 
1.2 SD). Interventions had small but statistically non-significant positive effects on physical and psychosocial quality of life, 
depressive symptoms and anxiety at follow-up compared to usual care controls. Digital health delivery methods included 
text messaging, mobile applications, websites and email, or a combination of these. Intervention adherence, engagement 
and satisfaction were measured poorly across studies. Despite small changes, potential exists for digital health interventions 
to improve mental health or wellbeing outcomes among adolescents due to the shared nature of risk and protective factors 
for mental health and chronic diseases.
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Introduction

Adolescence is a critical life-stage for development of physi-
cal and mental health. Health promoting behaviors need to 
be established and maintained to ensure good physical and 
mental health and wellbeing during adolescence and into 
adulthood (World Health Organization, 2014). However, 

due to an increase in unhealthy lifestyle behaviors adoles-
cents are at risk of chronic diseases in adulthood such as 
cardiovascular disease (Barbaresko et al., 2018) and obe-
sity (Farhat et al., 2010). Rates of mental health conditions 
among adolescents are increasing, with global estimations 
that 14% of 10–19-year-olds experience a mental health con-
dition or disorder (World Health Organization, 2021) and 
half of all mental disorders emerge at the age of 14 (Kessler 
et al., 2007). Emerging research demonstrates that during 
the first year of the Coronavirus Disease 2019 (COVID-
19) pandemic the prevalence of mental health conditions 
increased to 25% (Racine et al., 2021), yet whether this 
increased prevalence will remain and the potential long-
term implications of this are still unknown. Research has 
established associations between poor mental health among 
adolescents and lifestyle risk behaviors including physical 
inactivity (Sampasa-Kanyinga et al., 2020), sub-optimal diet 
(O'Neil et al., 2014), sedentary behavior (Rodriguez-Ayllon 
et al., 2019), poor sleep hygiene, alcohol intake (Lima et al., 
2020) and tobacco/e-cigarette smoking (Javed et al., 2022; 
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Lawrence et al., 2022). There is growing evidence that inter-
ventions to improve lifestyle risk behaviors are associated 
with improvements in mental health and wellbeing outcomes 
(Dale et al., 2014), as well as physical health outcomes, such 
as obesity (Galani et al., 2007). Yet, most previous research 
was conducted in adults and only 35% of these studies were 
conducted in healthy populations (Dale et al., 2014). This 
study aims to cover existing knowledge gaps in understand-
ing whether interventions targeting lifestyle risk behaviors 
will improve mental health and wellbeing among adoles-
cents, especially in the context of digital health.

Digital health interventions are increasingly popular for 
achieving health objectives such as healthy lifestyle man-
agement (Chatterjee et al., 2021) and address health sys-
tem shortcomings (e.g., access issues) (Kang et al., 2018). 
Healthcare systems need to provide preventive healthcare 
to adolescents in formats that are acceptable and engag-
ing to them and can be delivered on a large scale. Addi-
tionally, given half of all mental disorders are established 
in adolescence but are undetected for many years (World 
Health Organization, 2022), digital health interventions 
may provide an opportunity to reach these young people. 
Previous systematic reviews have demonstrated that digi-
tal health school-based interventions addressing multiple 
lifestyle risk behaviors were effective for improving physi-
cal activity, fruit and vegetable intake and reducing screen 
time (Champion et al., 2019). Previous systematic reviews 
have also shown the effectiveness of digital health interven-
tions for diet and physical activity behaviors (Rose et al., 
2017) and supporting weight management (Kouvari et al., 
2022) among adolescents. Furthermore, there is increasing 
research into the application of digital health interventions 
for prevention of mental health conditions among adoles-
cents (Bantjes, 2022; Bergin et al., 2020; Werner-Seidler 
et al., 2020). However, this is the first study of its kind to 
specifically focus on the effectiveness of such interventions 
on improving mental health or wellbeing outcomes.

Current Study

Emerging evidence suggests interventions which aim 
to improve lifestyle risk behaviors are associated with 
improvements in mental health and wellbeing outcomes, 
and digital health interventions provide the opportunity 
to be delivered at scale to reach adolescents and provide 
healthy lifestyle management. The current study aimed to 
investigate the effectiveness of digital health interventions 
targeting key lifestyle risk behaviors (physical activity, 
diet, sedentary behavior, sleep, alcohol and/or smoking) 
on mental health or wellbeing outcomes among adoles-
cents. A second aim is to evaluate how the effects of digi-
tal health interventions vary by participant characteristics 

(e.g., gender, age) intervention characteristics (e.g., deliv-
ery method, frequency, duration, type of risk behaviors) 
and intervention adherence and engagement.

Methods

Protocol and Registration

This systematic review was conducted and reported fol-
lowing the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) statement guide-
lines (Page et al., 2021) (Supplementary File 1) and fol-
lowed the predetermined methods documented in a pro-
tocol. The review was prospectively registered in the 
International Prospective Register of Systematic Reviews 
(PROSPERO; Registration Number: CRD42021247738).

Eligibility Criteria

Studies were included that met the following criteria: (1) 
randomised controlled trials (RCTs) or cluster randomised 
controlled trials (cRCTs); (2) participants were adoles-
cents 10–24 years, defined by the Lancet definition of ado-
lescence (Kinghorn et al., 2018), all genders were included 
who were free from existing mental health diagnosis, not 
pregnant or post-partum and free of acute illness or other 
significant chronic disease that requires specific diet and/
or physical activity management (e.g. type 1 diabetes 
mellitus); (3) intervention focused on one or more of the 
following six lifestyle risk behaviors: dietary behaviors, 
physical activity, sedentary behaviors, sleep, alcohol and/
or tobacco; (4) an outcome of mental health or wellbeing. 
The list of outcomes was adapted from another systematic 
review (Melissa Bujtor, 2019) and included both psycho-
logical well-being (self-efficacy, self-esteem, self-image, 
self-concept, quality of life, health related quality of life, 
positive affect) and psychological ill-being outcomes 
(stress, anxiety, depressive symptoms, psychological dis-
tress, negative affect); (5) digital health intervention of 
any duration, including mobile technology (mobile phone 
applications, text messaging), websites, social media, 
smart watches, activity trackers, email and Personal Digi-
tal Assistant use; (6) A comparator group receiving stand-
ard or usual care (no intervention); (7) All settings were 
included including community, home or school-based and 
health care; (8) published in any language and; (9) stud-
ies published after 2005. The cut-off date of 2005 was 
selected as the current generation of adolescents (‘Gen-
eration Z’) appeared in the population after 1995, and the 
oldest of this generation were 10 years old in 1995.
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Information Sources and Search Strategy

Ten major electronic databases (Pre-Medline, Medline, 
Cochrane, Cochrane Central Register of Controlled Trials, 
Embase, CINAHL, AMED, Informit, Scopus and Web of 
Science) were systematically searched on 25th June, 2021 
and updated on August 17, 2022. The database searches 
were developed in conjunction with an academic librar-
ian. Search terms included combinations, truncations and 
synonyms of the following (1) digital health (telehealth; 
eHealth, mHealth, mobile applications, text messaging, 
internet, social media, smartwatch, fitness tracker, per-
sonal digital assistant) (2) physical activity, diet, seden-
tary behavior, sleep, alcohol and/or smoking (3) mental 
health and wellbeing (self-esteem, self-efficacy, quality 
of life, anxiety, depressive symptoms, self-image, resil-
ience, stress) and (4) adolescent. Database RCT filters 
were applied to maximise the results of RCTs and cRCTs 
and limits were set to only identify papers published from 
2005 to current. The full electronic search strategy for 
each database is available in Supplementary File 2.

Study Selection

One author (RR) carried out all electronic database 
searches. Search results across databases were merged 
using Endnote X9 reference management software and 
duplicates of the same study were removed. Following 
merging the results in Endnote, they were then uploaded to 
the systematic review management tool, Covidence (Veri-
tas Health Innovation Ltd, Melbourne, Australia). Follow-
ing the Cochrane Handbook of Systematic Reviews and the 
PRISMA Statement for study selection, two researchers 
(RR and SSJ) independently screened titles and abstracts 
against the inclusion and exclusion criteria. Any disagree-
ments were discussed and resolved by consensus between 
two authors (RR and SSJ). Where a decision was unre-
solved, a third author (SRP) was consulted.

Data Collection Process

For studies meeting the inclusion criteria, information was 
extracted using a pre-designed electronic data extraction 
table in Covidence. Two authors independently extracted 
the data (RR and SSJ) and a third author independently 
cross-checked a 20% random sample for accuracy (AT). 
Extracted data included primary outcome data of interest 
and information on participant characteristics, study char-
acteristics and intervention characteristics. Corresponding 
authors were contacted for missing, incomplete or unclear 
data.

Data Synthesis and Analysis

A qualitative synthesis of baseline participant and overall 
study and intervention characteristics, as well as primary 
outcome data of interest and data on intervention satisfac-
tion, engagement and adherence was completed. Primary 
outcome data were grouped by each mental health or well-
being outcome for a quantitative synthesis. For example, 
any data from studies that measured change in anxiety 
between groups was pooled. Where possible, for all study 
arms, the mean and standard deviation for the outcome of 
interest was extracted at baseline, post intervention and any 
follow-ups. Next, data was entered into Review Manager 
(RevMan; version 5.4, Cochrane, London, UK) software 
for meta-analyses. If studies included multiple interven-
tion arms, only the most complex intervention was used 
in the meta-analyses, defined as having the largest num-
ber of intervention components. All outcomes of inter-
est were continuous in distribution. Where two or more 
studies measured the same continuous outcome, they were 
combined using an inverse variance random effects model, 
using the standardised mean difference (SMD) and 95% 
confidence interval (CI). Results of the meta-analyses are 
presented using forest plots for each outcome. Hetero-
geneity between studies was assessed using  tau2 and the 
 I2 statistic.  I2 statistic of > 50% indicate substantial het-
erogeneity between studies. Significance of heterogeneity 
was identified using the Cochran’s Q (χ2) test (P < 0.1). 
Sensitivity analyses were performed excluding the stud-
ies with high risk of bias to elucidate whether this caused 
any difference in the pooled results. For each outcome, 
small-study effects were evaluated using funnel plots. The 
published protocol was adhered to in full, however once 
data was synthesized the protocol was amended to add the 
sensitivity analysis to understand whether removing studies 
at high risk of bias improved precision, reduced possible 
heterogeneity and improved the reliability of the pooled 
effects.

Risk of Bias Assessment

The Cochrane Collaboration’s tool was used to assess the 
risk of bias at the individual study level (Sterne et al., 2019). 
Two Cochrane Risk of Bias tools were used: for randomized 
trials (RoB 2) and for cRCTs (RoB 2 cRCT). The RoB 2 and 
RoB 2 cRCT domains for risk of bias assessment included 
randomization process, deviations from the intended inter-
ventions, missing outcome data, measurement of the out-
come and selection of the reported result. The judgement 
within each domain was assessed to produce an overall risk 
of bias judgement as low risk, some concerns or high risk 
of bias. Two authors (RR and SJ) independently evaluated 
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each study for risk of bias. Any discrepancies were resolved 
by a third author (SRP).

Results

Study Selection

The search found 5362 articles from all electronic database 
searches. After exclusion of duplicates, 5229 articles were 
screened by title and abstract and 5089 were excluded. A 
total of 140 full-text articles were assessed for eligibility 
and 123 were excluded with reasons listed in Fig. 1. Seven-
teen full-text articles representing 17 unique studies were 
included in this review.

Participant and Study Characteristics

Thirteen of the studies were RCTs and four were cRCTs. All 
were published in English. Seven studies were conducted in 
the USA, three in the Netherlands, and one each in Hong 
Kong, Iceland, Spain, Australia, Taiwan, Turkey and Thai-
land. There was a total of 9070 participants, ranging in age 
from 10 to 24 years, with a pooled mean age (pooled SD) of 
15.3 (1.2). On average, 55.8% of participants were female 
(range 16–100%). Interestingly, some studies only reported 
a percentage of how many participants identified as male/
female/other and therefore the exact number of participants 
for each gender is not presented. 12/17 (70.6%) of studies 
reported ethnicity. Three studies included only participants 
of one ethnicity (n = 2 Chinese and n = 1 Thai) (Chan et al., 
2022; Chen et al., 2018; Likhitweerawong et al., 2021). Five 

Fig. 1  PRISMA flowchart of 
study selection
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of the studies were targeted at adolescents who had over-
weight or obesity (Chen et al., 2018; Jones et al., 2008; Köse 
& Yıldız, 2021; Likhitweerawong et al., 2021; Lopez et al., 
2021). For further participant details please refer to Table 1. 
Length of follow-up ranged from 1 to 25 months. Nine stud-
ies targeted more than one lifestyle risk factor (9/17, 52.9%) 
(Chen et al., 2018; Egilsson et al., 2021; Jones et al., 2008; 
Köse & Yıldız, 2021; Lopez et al., 2021; Lubans et al., 2012; 
Richardson et al., 2021; Rodgers et al., 2018; Slootmaker 
et al., 2010). Three studies targeted smoking only (Cremers 
et al., 2015; Graham et al., 2021; Guo et al., 2014), two stud-
ies targeted sleep only (Chan et al., 2022; De Bruin et al., 
2016) and one each targeted only diet (Likhitweerawong 
et al., 2021), physical activity (Thompson et al., 2016), and 
alcohol (Vargas-Martínez et al., 2019). Five studies spe-
cifically targeted adolescents with overweight or obesity 
(Chen et al., 2018; Jones et al., 2008; Köse & Yıldız, 2021; 
Likhitweerawong et al., 2021; Lopez et al., 2021). Attrition 
rates across studies varied, with four studies having attrition 
rates above 30% (Cremers et al., 2015; De Bruin et al, 2016; 
Egilsson et al., 2021; Vargas-Martínez et al., 2019). Full 
details of participant and study characteristics are available 
in Table 1 and 2 respectively.

Intervention Characteristics

The method of delivering digital health interventions varied 
across the 17 studies. Four interventions used a combination 
of digital health delivery methods including fitness trackers 
(Chen et al., 2018), websites (Chen et al., 2018; Cremers 
et al., 2015; Richardson et al., 2021), mobile phone appli-
cations (Chen et al., 2018; Lopez et al., 2021; Richardson 
et al., 2021) and text messaging (Chen et al., 2018; Cremers 
et al., 2015; Lopez et al., 2021). Five interventions were 
delivered via text messaging alone (Graham et al., 2021; 
Guo et al., 2014; Köse & Yıldız, 2021; Lubans et al., 2012; 
Thompson et al., 2016), four were delivered through a web-
site (De Bruin et al., 2016; Jones et al., 2008; Slootmaker 
et al., 2010; Vargas-Martínez et al., 2019), three were mobile 
phone applications (Egilsson et al., 2021; Likhitweerawong 
et al., 2021; Rodgers et al., 2018) and one was delivered via 
email (Chan et al., 2022). Intervention duration ranged from 
6 weeks (De Bruin et al., 2016; Egilsson et al., 2021; Rodg-
ers et al., 2018) to 12 months (Cremers et al., 2015; Lubans 
et al., 2010). Eleven of the interventions had the digital 
component only (Chan et al., 2022; Cremers et al., 2015; 
De Bruin et al., 2016; Egilsson et al., 2021; Graham et al., 
2021; Jones et al., 2008; Likhitweerawong et al., 2021; Rich-
ardson et al., 2021; Rodgers et al., 2018; Slootmaker et al., 
2010; Vargas-Martínez et al., 2019), whereas six studies 
were multicomponent and included the digital component 
alongside other intervention components e.g. classroom cur-
riculum, interactive workshops (Chen et al., 2018; Guo et al., Ta
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2014; Köse & Yıldız, 2021;  Lopez et al., 2021; Lubans 
et al., 2012; Thompson et al., 2016). Due to the complexity 
across interventions in terms of duration, components and 
exposure, the results are unable to be pooled to adequately 
demonstrate frequency of intervention exposure. There 
were several behavior change theories underpinning the 
interventions including cognitive behavioral therapy (CBT) 
(Chan et al., 2022; De Bruin et al., 2016; Jones et al., 2008), 
social cognitive theory (SCT) (Chen et al., 2018; Graham 
et al., 2021; Lubans et al., 2012), I-Change Model (Crem-
ers et al., 2015; Vargas-Martínez et al., 2019), motivational 
interviewing (Köse & Yıldız, 2021) and self-determination 
theory (SDT) (Thompson et al., 2016). Five of 17 studies 
used co-design with adolescents in intervention development 
(Egilsson et al., 2021; Graham et al., 2021; Guo et al., 2014; 
Richardson et al., 2021; Thompson et al., 2016). Full details 
of the intervention characteristics are available in Table 3.

Mental Health or Wellbeing Outcomes

For two of the included studies, the outcome data of interest 
was not presented in the manuscript and was unavailable 
after contacting the corresponding author (Cremers et al., 
2015; Thompson et al., 2016). All data used in the meta and 
sensitivity analyses are available in Supplementary File 3. 
Forest plots for meta-analyses are available in Fig. 2. Forest 
plots for sensitivity analysis are available in Fig. 3.

Quality of Life

Four studies (4/17, 23.5%) measured quality of life (QOL) 
(Chen et al., 2018; Köse & Yıldız, 2021; Likhitweerawong 
et al., 2021; Vargas-Martínez et al., 2019), with all having 
sufficient data to perform meta-analyses and used two QOL 
measures that are validated in adolescent populations: Pedi-
atric Quality of Life Inventory (PedsQL) (Chen et al., 2018; 
Köse & Yıldız, 2021; Likhitweerawong et al., 2021) and EQ-
5D-5L (Vargas-Martínez et al., 2019). One study measured 
QOL as the primary outcome (Vargas-Martínez et al., 2019). 
Only one study showed significant effects of the interven-
tion (Köse & Yıldız, 2021), which used text messaging to 
deliver the intervention over 6-months. Two separate meta-
analyses were performed due to one paper reporting QOL 
for the physical and psychosocial subscales separately and 
not the total summary score. Overall, meta-analyses indi-
cated that compared with usual care controls, interventions 
increased physical QOL levels but did not reach a significant 
level (SMD 0.30, 95% CI − 0.05 to 0.66, P = 0.10). There 
was significant heterogeneity amongst studies  (Tau2 = 0.09, 
 I2 = 70%; P = 0.02). Similarly, interventions increased psy-
chosocial QOL levels but did not reach a significant level 
compared to control with significant heterogeneity amongst 
studies (SMD 0.38, 95% CI −  0.08 to 0.83, P = 0.10; 

 Tau2 = 0.16,  I2 = 82%, P = 0.001). One study had high RoB 
(Köse & Yıldız, 2021) and therefore the sensitivity analysis 
was performed on the remaining three studies. For physical 
QOL, the sensitivity analyses showed non-significant posi-
tive effects of the intervention (SMD 0.05, 05% CI − 0.06 to 
0.16; P = 0.37) with no heterogeneity  (Tau2 = 0.00,  I2 = 0%, 
P = 0.41). For psychosocial QOL, there was also non-signif-
icant positive effects of the intervention compared to con-
trol (SMD 0.17, 95% CI − 0.18 to 0.52; P = 0.34) and there 
was substantial heterogeneity across studies  (Tau2 = 0.06, 
 I2 = 59%, P = 0.09).

Self‑efficacy

Five (5/17, 29.4%) studies measured self-efficacy (Chen 
et al., 2018; Cremers et al., 2015; Egilsson et al., 2021; 
Guo et al., 2014; Slootmaker et al., 2010). Self-efficacy 
was measured across different domains including physical 
activity (Chen et al., 2018; Slootmaker et al., 2010), nutri-
tion (Chen et al., 2018), smoking cessation (Cremers et al., 
2015; Guo et al., 2014) and general self-efficacy (Egilsson 
et al., 2021). Due to this variability, meta-analysis was not 
possible. Three studies used study-specific questionnaires 
(Cremers et al., 2015; Guo et al., 2014; Slootmaker et al., 
2010), one study used the Health Behavior Questionnaire 
(Chen et al., 2018) and one used the General Self Efficacy 
Scale (GSE) (Egilsson et al., 2021). Both the Health Behav-
ior Questionnaire and GSE have been validated in adolescent 
populations previously. No studies measured self-efficacy as 
a primary outcome. Significant effects of the intervention 
were seen across three studies measuring physical activity 
and nutrition self-efficacy (Chen et al., 2018), self-efficacy 
in smoking cessation (Guo et al., 2014) and self-efficacy 
in sports (significant among males only) (Slootmaker et al., 
2010).

Depressive Symptoms

Six studies measured depressive symptoms (6/17, 35.3%) 
(Chan et al., 2022; Egilsson et al., 2021; Graham et al., 
2021; Jones et al., 2008; Lopez et al., 2021; Richardson 
et al., 2021), with five having sufficient data for meta-anal-
yses (Chan et al., 2022; Egilsson et al., 2021; Graham et al., 
2021; Jones et al., 2008; Lopez et al., 2021). Depressive 
symptoms were measured using various validated measures 
including Hospital Anxiety and Depression Scale (HADS) 
(Chan et al., 2022), Children’s Depression Inventory (CDI) 
(Egilsson et  al., 2021), Patient Health Questionnaire-2 
(PHQ-2) (Graham et al., 2021) and Center for Epidemio-
logical Studies Depression Scale for Children (CES-DC) 
(Jones et al., 2008; Lopez et al., 2021). No studies meas-
ured depressive symptoms as the primary outcome. Over-
all, the results of the meta-analysis revealed that compared 
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with usual care controls, interventions decreased depressive 
symptoms but did not reach a significant level compared 
to control (SMD − 0.02, 95% CI − 0.09 to 0.05, P = 0.60) 
and results were homogenous across studies  (Tau2 = 0.00, 
 I2 = 0%, P = 0.60). For depressive symptoms, three studies 
had a high RoB (Egilsson et al., 2021; Jones et al., 2008; 
Lopez et al., 2021) and sensitivity analysis was performed 
on the remaining two studies. Sensitivity analysis showed a 
non-significant decrease in depressive symptom levels com-
paring intervention to usual care controls (SMD − 0.05, 95% 
CI − 0.21 to 0.12; P = 0.59), and results had little heteroge-
neity  (Tau2 = 0.01,  I2 = 23%, P = 0.26).

Anxiety

Four studies measured anxiety (4/17, 23.5%) all with suf-
ficient data for meta-analyses (Chan et al., 2022; De Bruin 
et al., 2016; Egilsson et al., 2021; Graham et al., 2021). 
Anxiety was measured using the following questionnaires: 
Hospital Anxiety and Depression Scale (HADS) (Chan 
et al., 2022), Youth Self Report (De Bruin et al., 2016), 
Multidimensional Anxiety Scale (MASC) (Egilsson et al., 
2021) and Generalized Anxiety Disorder (GAD-2) (Graham 
et al., 2021). No studies measured anxiety as the primary 
outcome. Overall, meta-analysis showed that compared with 
usual care controls, interventions decreased anxiety levels 
but did not reach a significant level with substantial hetero-
geneity amongst studies (SMD − 0.13, 95% CI − 0.45 to 
0.19, P = 0.42;  Tau2 = 0.07,  I2 = 69%; P = 0.02). Two of the 
studies measuring anxiety had a high RoB (De Bruin et al., 
2016; Egilsson et al., 2021). The sensitivity analysis on two 
remaining studies (Chan et al., 2022; Graham et al., 2021), 
showed a non-significant decrease in anxiety levels compar-
ing intervention to usual care controls in the sensitivity anal-
ysis (SMD − 0.04, 95% CI − 0.11 to 0.04) and results were 
homogenous across trials  (Tau2 = 0.00,  I2 = 0%, P = 0.61).

Positive and Negative Affect

One study measured both positive and negative affect (Rodgers 
et al., 2018) and one study measured negative affect only (De 
Bruin et al., 2016). Although meta-analysis is recommended for 
2 or more studies for better precision, significant heterogeneity 
existed between studies for negative affect and therefore results 
are summarised in a narrative synthesis. Affect was measured 
using Youth Self Report (De Bruin et al., 2016) and Positive 
and Negative Affect Schedule Children (PANAS-C) (Rodgers 
et al., 2018). No studies measured affect as the primary out-
come. Rodgers and colleagues found no interaction effects for 
positive or negative affect and De Bruin and colleagues found 
no significant intervention effects on negative affect.

Self‑esteem

One study measured self-esteem as a secondary outcome 
(Lubans et al., 2010, 2012) using the selective scales from 
Marsh’s Physical Self-Description Questionnaire which is 
validated in an adolescent population. There were no sig-
nificant effects of the intervention on self-esteem.

Intervention Satisfaction, Engagement 
and Adherence

Data on intervention satisfaction, engagement and adherence 
was poorly reported across studies. Four of 17 (23.5%) stud-
ies reported data on intervention satisfaction for participants, 
with over half of participants finding interventions accept-
able (satisfaction 57–91%) (Egilsson et al., 2021; Lubans 
et al., 2012; Slootmaker et al., 2010; Thompson et al., 2016). 
Eight of 17 (47.1%) studies reported data on participant 
engagement or adherence with the intervention, assessed by 
the amount of the intervention received or accessed by par-
ticipants which ranged from 22.5% to 83.1% across studies 
(Chan et al., 2022; Egilsson et al., 2021; Jones et al., 2008; 
Likhitweerawong et al., 2021; Lopez et al., 2021; Lubans 
et al., 2012; Slootmaker et al., 2010; Vargas-Martínez et al., 
2019). Adherence to the intervention was reported to drop 
over time in five studies (Chan et al., 2022; Egilsson et al., 
2021; Jones et al., 2008; Slootmaker et al., 2010; Vargas-
Martínez et al., 2019). One study had a technical issue and 
therefore could not assess engagement or adherence (Rodg-
ers et al., 2018).

Risk of Bias

Table 4 and 5 and Figs. 4 and 5 summarise the risk of bias 
assessment for RCTs and cRCTs. Nine of 17 studies (52.9%) 
had an overall RoB judged as high (Cremers et al., 2015; De 
Bruin et al., 2016; Egilsson et al., 2021; Guo et al., 2014; 
Jones et al., 2008; Köse & Yıldız, 2021; Lopez et al., 2021; 
Lubans et al., 2012; Rodgers et al., 2018). Twelve of 17 
studies (76.5%) were judged as some concerns or high in the 
domain’risk of bias due to deviations from intended inter-
vention’, largely due to not blinding the participants and 
study personnel to intervention assignment, which is typi-
cally not possible in digital health interventions. Three of 
these studies also did not use appropriate analysis techniques 
for their data (Köse & Yıldız, 2021; Lopez et al., 2021; 
Rodgers et al., 2018). Across cRCTs, all were judged as 
some concerns for their randomization process as no infor-
mation was provided. Of the four cRCTs, two had baseline 
differences between groups (Cremers et al., 2015; Vargas-
Martínez et al., 2019). No significant publication bias was 
found from assessing funnel plots (Supplementary File 4).
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2.1 QOL physical

2.2 QOL psychosocial

2.3 Depressive symptoms

2.4 Anxiety

Fig. 2  Forest plots of meta-analyses. CI confidence interval, IV inverse variance, QOL quality of life, SD standard deviation
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Discussion

Previous research has shown effectiveness of digital health 
interventions for improving diet and physical behaviors 
(Rose et al., 2017), supporting weight management (Kou-
vari et al., 2022) and prevention of mental health condi-
tions among adolescents (Bantjes, 2022; Bergin et  al., 

2020; Werner-Seidler et al., 2020), yet no previous research 
informs us of the effectiveness of digital health interventions 
which target lifestyle risk behaviors on improving mental 
health or wellbeing among adolescents. This study found 
that digital health interventions targeting lifestyle risk behav-
iors among adolescents were associated with small, but 
non-significant improvements in quality of life, depressive 

3.1 QOL physical

3.2 QOL psychosocial

3.3 Depressive symptoms

3.4 Anxiety

Fig. 3  Forest plots of sensitivity analyses. CI confidence interval, IV inverse variance, QOL quality of life, SD standard deviation
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symptoms and anxiety. After excluding studies at high risk 
of bias, the sensitivity analyses did not change the effects. 
This review also showed that digital health interventions 
were wide-ranging in delivery method, duration and targeted 
risk behaviors. Co-design was rarely used in intervention 
development and data on intervention satisfaction, engage-
ment and adherence were poorly reported across included 
studies, therefore it was unclear whether adolescents found 
the digital health interventions useful. Thus, mental health 
and wellbeing are measured outcomes in digital health inter-
ventions targeting lifestyle risk behaviors, but further work is 
needed to develop interventions for adolescents which have 
more of a holistic view, targeting the complex interplay of 
physical and mental health and measuring the transfer effect 
of one to the other.

This study identified several potential reasons for the 
small effects lifestyle digital health interventions can have 
on adolescent mental health and wellbeing. Firstly, many 
of the studies did not measure mental health or wellbeing 
as a primary outcome and so were possibly not powered to 
detect changes in these outcomes. Secondly, due to the spar-
sity of studies found in this review, results were pooled for 
conceptually related mental health and wellbeing outcomes 
(Johnston et al., 2022). Despite all being validated in an 
adolescent population, up to five different patient reported 
outcome measures were used. Furthermore, the small effect 
may be due to a floor effect. Incidences of mental health 
diagnosis for anxiety and depressive symptoms among 
adolescents range from 20–25% (Racine et al., 2021). As 
included studies only recruited otherwise healthy adoles-
cents (i.e., no existing mental health diagnosis), participants 
baseline scores may have been within a healthy range and 
therefore only minimal improvements were seen. However, 
studies have shown that there are risks and considerations 
to both including or excluding people with a mental health 
diagnosis from digital mental health interventions, with con-
sensus leaning toward ensuring that interventions are deliv-
ered to those who are in need (McCall et al., 2021). Previous 
research has suggested that small effects of digital health 
interventions targeting the prevention of mental health dis-
orders still hold potential to have broad impact due to the 
increased number of adolescents able to access the interven-
tion. Moreover, digital health interventions may be more 
acceptable because of the reduced stigma compared to tar-
geted mental health interventions (Cuijpers, 2022; Montero-
Marin et al., 2022). It must also be noted that five of the 17 
studies only recruited adolescents who had overweight or 
obesity (Chen et al., 2018; Jones et al., 2008; Köse & Yıldız, 
2021; Likhitweerawong et al., 2021; Lopez et al., 2021). As 
previous research shows, motivation is an important factor 
to sustain behavior change to promote weight loss in this 
population (Sundar et al., 2019; Woo & Park, 2020). How-
ever, this review did not choose to exclude these studies as 

per our protocol and due to the variation in weight categories 
of adolescents which exists naturally.

This review revealed that digital health interventions for 
lifestyle risk behaviors that assessed mental health or well-
being outcomes were diverse, both in their content or focus 
and in the delivery method. Due to interest in six different 
lifestyle risk behaviors, the review found that nine of 17 
(52.9%) interventions targeted more than one behavior, with 
physical activity and diet being the most prevalent. Further, 
only one of the 17 interventions assessed mental health or 
wellbeing as a primary outcome (Vargas-Martínez et al., 
2019). Interventions targeting lifestyle risk behaviors that 
specifically look to improve mental health or wellbeing may 
look different in relation to the content and behavior change 
techniques used, compared to those which focus specifically 
on improving lifestyle risk behaviors (Hollis et al., 2017; 
Martin et al., 2013). Previous research has shown that there 
is a ‘clustering effect’, where adolescents who engage in 
multiple lifestyle risk behaviors have a higher prevalence of 
mental health symptoms (Champion et al., 2018; Gardner 
et al., 2023). Today’s adolescents have reported that issues 
that affect their ability to maintain a healthy lifestyle are 
broad, but also interconnected and need to be considered 
in a multidimensional context (Valanju et al., 2022). Pre-
ventive interventions which target both the risk and protec-
tive factors for chronic diseases and mental health will also 
be cost-effective. Hence, there is likely to be considerable 
benefits when designing future digital health interventions 
by shifting the focus and aiming to improve lifestyle risk 
behaviors which are shared risk and protective factors for 
future development of chronic diseases and mental health 
(Carbone, 2020; Gardner et al., 2023).

There were vast differences in the digital health deliv-
ery method across the 17 included studies, with a combi-
nation of five different formats used. The differences in 
delivery methods for digital health interventions make it 
unclear which method is most effective. Adolescents are 
digital natives and use technology daily (Moreno et al., 
2022), however, to effectively engage with digital health 
interventions they must have high digital health literacy 
skills. Previous research has shown that adolescents often 
rate their digital health literacy higher than demonstrated 
(Taba et al., 2022). Furthermore, it is essential that ado-
lescents are engaged and satisfied with these interventions 
for them to be effective. Out of the 17 studies identified in 
this review, only five provided data on engagement with 
the intervention, which ranged broadly. Previous research 
has aimed to investigate adolescent engagement with 
digital health interventions across multiple areas (Asch-
brenner et al., 2019; Thornton et al., 2022; Wong et al., 
2020), however, all suggest that more rigorous RCTs are 
needed to understand engagement. Three strategies iden-
tified to increase adolescent engagement in digital health 
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interventions include personalization, just-in-time adapta-
tion, and co-design with the end user (Partridge & Red-
fern, 2018). Only five of the 17 studies included in this 
review discussed the use of co-design of the intervention 
with adolescents. Engaging with adolescents throughout 
the entire research process is recognized in the WHO 
framework for developing and implementing digital health 

interventions for young people (World Health Organiza-
tion, 2020). Lack of intervention co-design with adoles-
cents potentially explains the broad range of engagement 
across studies and lack of significant results. Interest-
ingly, three of the studies which reported co-designing 
the intervention with adolescents also reported data on 
satisfaction or retention, which was above 90% for two 

Fig. 4  RoB 2.0 quality assess-
ment for randomized controlled 
trials

Fig. 5  RoB 2.0 quality assess-
ment for cluster randomized 
controlled trials
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studies (Richardson et al., 2021; Thompson et al., 2016). 
Future digital lifestyle interventions should ensure the use 
of co-design, with meaningful engagement of adolescents 
at every step, as well as determining the digital health 
literacy level of participants and tailoring the intervention 
to suit. This is critical to ensure that adolescent’s knowl-
edge and views are recognised and represented to enhance 
engagement, satisfaction, and intervention effectiveness.

This study is not without limitations. Firstly, due to the 
variety of studies and outcomes included, meta-analyses 
were based on a small number of studies and significant 
heterogeneity was present for most outcomes except depres-
sive symptoms. Due to pooling of mental health and well-
being outcomes, the variation in measurements should be 
considered when interpreting results. Further to this point, 
we were not able to adequately address our second aim due 
to variations in the data. We have provided a narrative syn-
thesis of these variables where a quantitative analysis was 
inappropriate. Second, risk of bias was judged as high or had 
some concerns for many of the studies, which was mainly 
due to blinding of participants and outcome assessors. Third, 
the influence of publication bias must be considered. Grey 
literature was not searched in this review which may limit 
the number of included research studies, as negative study 
outcomes are less-likely to be published in peer-reviewed 
journals. Finally, very few studies reported a qualitative 
evaluation of the intervention to understand the barriers 
and enablers, which would enable a deeper understanding 
and interpretation of the usefulness of the interventions and 
allow planning for future research.

Conclusion

No previous research is available on the effectiveness of dig-
ital health interventions which target lifestyle risk behaviors 
on improving mental health or wellbeing among adolescents. 
This systematic review with meta-analyses revealed that 
digital health interventions targeting lifestyle risk behaviors 
amongst adolescents had small but non-significant positive 
effects on quality of life, anxiety and depressive symptoms 
at follow-up compared to usual care controls. Intervention 
satisfaction, engagement and adherence was poorly reported 
across included studies. Despite the shared nature of risk and 
protective factors for mental health and chronic diseases, 
this study highlights the scarcity of evaluation of mental 
health or wellbeing outcomes in digital health interventions 
targeting lifestyle risk behaviors among adolescents. It is 
recommended that future digital lifestyle health interven-
tions consider a more holistic approach, focusing on the 
interplay between lifestyle risk behaviors and mental health 
and wellbeing.
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